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EDITORIALS 


SOME   APPLICATIONS  OF  WROUGHT  TUNGSTEN  AND 
MOLYBDENUM. 

Only  a  lew  years  ago  a  number  of  the  elements 
were  classed  in  the  literature  as  brittle  and  had  never 
been  produced  in  a  condition  in  which  they  were  not 
brittle  at  room  temperature,  but  have  since  been  taken 
out  of  the  brittle  list.  Among  these  are  tungsten  and 
molybdenum. 

Prior  to  their  production  in  ductile  form,  tungsten 
and  molybdenum  as  such  (that  is,  other  than  in  alloys 
or  compounds)  had  but  one  application,  namely, 
in  an  incandescent  lamp,  the  one  as  filament,  and  the 
other  as  filament  support. 

Some  of  the  physical  properties  of  these  last-named 
industrially  new  elements,  together  with  a  rough  sketch 
of  the  investigation  work  leading  up  to  the  pro- 
duction of  ductile  tungsten,  have  been  published 
elsewhere  (Trans.  Am.  Electrochem.  Soc,  17,  229-234 
(1910);  Proc.  Am.  Inst.  E.  E.,  29,  Part  II,  961-965 
(1910)). 

It  is  the  purpose  of  this  paper  to  tell  of  some  of  the 
applications  which  are  being  developed  for  wrought 
tungsten  and  wrought  molybdenum.  The  writer 
presents  it  not  only  for  the  interest  of  the  work  itself, 
but  also  in  the  hope  that  it  will  stimulate  work  on  the 
other  so-called  brittle  metals,  and  it  seems  to  him 
that  some  of  our  industries  are  almost  certain  to  profit 
greatly  by  the  discovery  of  each  new  ductile  element. 

THE   DRAWN-WIRE  TUNGSTEN   INCANDESCENT   LAMP. 

A  year  and  a  half  ago  the  hope  was  first  publicly 
expressed  that  it  would  soon  be  possible  to  manu- 
facture lamps  on  a  large  scale  from  ductile  tungsten. 
This  hope  has  been  fulfilled,  and  the  commercial  de- 
velopment has  been  so  rapid  that  already  the  bulk 
of  the  tungsten  lamps  made  in  this  country  are  of 
drawn  wire,  and  the  manufacture  is  already  estab- 
lished on  a  large  scale  in  England  and  Germany. 
Some  anxiety  was  at  first  felt  lest  it  should  not  be 
possible  to  get  diamond  wire  drawing  dies  of  suffi- 
ciently small  aperture  to  produce  wire  fine  enough 
for  the  lowest  candle  power  lamps  which  might  be 
desired.  But  this  fear  proved  groundless  and  wire  is 
now  produced  in  quantity  down  to  0.0006  inch  in 
diameter. 

Ductile  molybdenum  is  used  in  some  types  of  lamp 
as  a  support  material  for  the  tungsten  filament. 

THE     TUNGSTEN     OR    MOLYBDENUM-WOUND     FURNACE. 

This  has  already  been  described  by  Winne  and 
Dantsizen  (This  Journal,  i9h,  p.  770),  and  has  proved 
to  be  an  exceedingly  useful  tool,  especially  so  in  con- 
nection with  the  production  of  wrought  tungsten  and 
molybdenum.  Extensive  factory  use  has  shown  it 
to  be  not  only  cheaper  but,  regardless  of  cost,  far 
superior  to  a  platinum-wound  electric  furnace.  When 
wound  on  a  body  of  alundum  it  permits  of  the  attain- 
ment of  higher  temperature  than  can  be  reached  with 
platinum.     This    attainment    of   the   higher   tempera- 


ture is  often  in  itselt   an  ge,  and  it  is  always 

an  advantage,  in  industrial  work,  to  be  relieved  from 
the  necessity  of  using  the  strictest  temperature  con- 
trol to  avoid  melting  a  furnace  winding.  This  is 
especially  true  in  cases  where  the  time  consumed  in 
heating  up  the  work  in  the  furnace'  is  important. 
For  in  these  cases  much  time  is  saved  by  not  using  a 
constant  current  supply  to  the  furnace  winding  but 
by  first  raising  the  current,  upon  the  introduction 
of  the  cold  work,  and  then  bringing  it  down  as  the 
temperature  of  the  work  rises. 

ELECTRICAL  CONTACTS  OF  TUNGSTEN  AND   MOLYBDENUM. 

Tungsten  and  molybdenum  are  destined  -to  play  a 
very  important  role  in  the  field  of  contact-making 
devices.  This  is  due  to  their  high  melting  point, 
which  prevents  them  from  welding  together;  to  their 
heat  conductivity  (about  twice  that  of  platinum) 
which  tends  to  keep  down  local  temperature  rise;  and 
to  their  hardness,  which  enables  them  to  stand  re- 
peated impact  without  flattening  out. 

The  natural  assumption  would  be  that  both  metals 
under  the  heat  of  even  minute  arcs,  which  form  when 
the  contacts  are  separated,  would  oxidize  at  the 
points  where  arcing  has  taken  place  and  that  non- 
conducting layers  would  thus  be  formed  which  would 
produce  a  high  and  variable  contact  resistance.  But 
several  things  intervene  to  prevent  this.  First, 
there  is  the  relatively  good  heat  conductivity  of  the 
dense  form  of  these  metals,  which  distributes  the  heat. 
Then  the  fact  that  the  metals  are  much  less  expensive 
than  platinum,  for  example,  makes  possible  the  use 
of  larger  contact  masses,  which  again  militates 
against  strong  local  heating.  Finally,  there  is  the  fact 
that  with  both  tungsten  and  molybdenum  the  oxides 
which  form  in  the  presence  of  a  sufficiently  limited 
amount  of  oxygen  are  conducting. 

Some  promising  applications  which  are  being  tested 
out  are  the  following: 

As  an  iridium  substitute  in  the  ''master"  contacts 
of  Tirrell  voltage  regulators. 

As  a  silver  substitute  in  the  relay  contacts  of  Tirrell 
voltage  regulators. 

As  an  iridium  substitute  in  feed-wire  voltage  reg- 
ulators. 

As  a  platinum  substitute  in  railway  signal  relays. 

As  a  substitute  for  platinum-iridium  in  the  contacts 
of  a  synchronously  driven  vibrating  mechanical 
rectifier. 

As  a  platinum  substitute  in  telephone  jacks. 

As  a  platinum  substitute  in  automobile  and  sta- 
tionary gas-engine  ignition  work,  for  spark  coil  con- 
tacts, magneto  circuit-breaker  contacts,  and  spark 
plugs. 

In  connection  with  the  above  there  was  at  first 
serious  difficulty  in  getting  satisfactory  heat  contact 
between  tungsten  or  molybdenum  on  the  one  hand, 
and  iron  or  brass,  as  the  case  might  be,  on  the  other. 
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This  was  due  to  the  fact  that  neither  tungsten  nor 
molybdenum  can  be  satisfactorily  soldered  by  any 
of  the  ordinary  processes.  This  difficulty  has  been 
finally  entirely  overcome. 

TUNGSTEN  AS  TARGET  IN  A  RONTGEN  (X-RAY)   TUBE. 

This  has  proved  to  be,  both  from  the  scientific 
and  practical  points  of  view,  an  exceptionally  inter- 
esting application. 

Until  recently  platinum  has  been  almost  universally 
regarded  as  the  best  target  material,  and  it  has  so 
long  held  undisputed  sway  in  this  field  that  the  Rontgen 
ray  worker  has  come  to  look  upon  its  limitations  as 
inherent  in  the  Rontgen  tube. 

It  has  not  been  possible  until  recently  to  produce 
dense,  forged  pieces  of  pure  malleable  tungsten.  But 
with  the  advent  of  this  material,  the  possibilities  of 
the  Rontgen  tube  are  greatly  extended. 

The  desiderata  in  a  material  to  be  used  as  the  anti- 
cathode  or  target  are  the  following: 

1.  High  specific  gravity. 

2.  High  melting  point. 

3.  High  heat  conductivity. 

4.  Low  vapor  pressure  at  high  temperature. 

The  reasons  why  the  above  qualities  are  desirable 
follow  readily  from  a  brief  consideration  of  the  theory 
of  Rontgen-ray  production. 

From  the  concave  cathode,  electrically  charged 
particles,  the  electrons,  are  shot  out  at  high  velocity 
in  a  direction  normal  to  the  surface.  The  paths  of 
these  particles  converge  and  the  target  is  placed  at  or 
near  the  point  of  strongest  convergence,  the  focus 
point.  When  the  electron  meets  an  obstruction,  as 
the  target,  its  velocity  ,is  reduced,  and  the  denser  the 
target  the  more  rapid  is  the  deceleration.  The  more 
rapid  the  deceleration  the  greater  is  the  amplitude 
of  the  electromagnetic  pulse,  the  Rontgen-ray,  sent  out. 
Here  then  is  a  need  for  high  specific  gravity;  that 
of  forged  tungsten  is  but  little  less  than  that  of 
platinum. 

In  modern  Rontgen-ray  practice,  powerful  apparatus 
running  sometimes  to  a  capacity  of  six  kilowatts  is  used 
to  excite  the  tube.  The  greater  part  of  the  energy 
delivered  to  the  tube  is  transformed  into  heat  at  the 
point  where  the  cathode  rays  bombard  the  target. 
Where  platinum  is  used  it  has  been  found  necessary, 
to  prevent  melting,  to  place  the  target  beyond  the 
focus  of  the  cathode  so  as  to  spread  the  bombardment 
over  a  larger  area.  As  a  radiograph  is  a  shadow 
picture,  and  as  the  source  of  the  Rontgen-ray  is  the 
bombarded  area  of  the  target,  this  enlarging  of  that 
area  is  clearly  an  undesirable  thing  to  do,  as  the  larger 
area  will  mean  more  overlapping  and  less  definition 
in  the  resulting  picture.  In  this  way,  the  melting 
point  of  platinum  has  been  the  limiting  feature  of  the 
Rontgen  tube.  The  capacity  of  the  tube  has  been  in- 
creased by  water  cooling  the  platinum  or  by  using 
as  a  target  a  large  mass  of  copper  having  a  very  thin 
platinum  face.  But  the  limit,  although  raised  by  this 
artifice,  has  still  been  the  melting  point  of  the 
platinum. 

Tungsten  has  a  much  higher  melting  point  (3000  °  C. 


as  against  1755°  for  platinum),  and  so,  even  with 
sharp  focusing  of  the  cathode  rays  on  the  target,  per- 
mits the  use  of  more  energy  than  has  hitherto  been 
possible;  for  the  high  temperature  to  which  it  can 
run  enables  it  to  radiate  more  heat,  and  its  better  heat 
conductivity  permits  a  more  rapid  flow  of  heat  from 
the  focus  spot  to  the  surrounding  metal. 

Stability  of  vacuum  in  a  Rontgen  tube  is  of  the 
utmost  importance,  as  the  character  of  the  rays  is  so 
largely  determined  by  the  vacuum.  Metal,  which 
under  the  influence  of  the  high  temperature  vaporizes 
from  the  target,  condenses  on  the  glass  in  finely 
divided  form  and  absorbs  relatively  large  amounts  of 
gas,  thus  changing  the  vacuum.  At  high  tempera- 
tures tungsten  vaporizes  least  of  all  the  metals. 

In  the  above  case,  practice  seems  to  be  in  full  accord 
with  the  theory,  and  the  tungsten  target  offers  great 
promise  to  the  Rontgen-ray  worker.  It  gives  him  what 
he  has  not  had  before,  an  indestructible  target,  so  far 
as  the  present  electrical  apparatus  goes,  together  with 
sharper  definition  and  much  shorter  exposure. 

TUNGSTEN    PROJECTILES. 

The  use  of  wrought  tungsten  as  a  projectile  is  being 
carefully  investigated.  It  offers,  in  this  field,  possi- 
bilities not  possessed  by  any  other  metal. 

The  present  small  arm  service  projectile  is  made  of 
lead  with  a  jacket  of  copper-nickel  alloy.  The  prin- 
cipal advantage  of  lead  over  iron,  which  4wouldf  of 
course  be  cheaper,  is  that  it  has  a  higher  specific 
gravity.  Because  of  this  fact  a  lead  bullet  will  have  a 
smaller  cross-section,  and  will  therefore  encounter 
less  air  resistance  to  its  flight,  than  will  an  iron  bullet 
of  the  same  weight,  and  will  therefore  "give  a  flatter 
trajectory  and  longer  range.  An  iron  bullet  of  the 
same  diameter  as  the  lead  bullet  could  of  course  be 
given  the  same  weight  by  increasing  its  length.  But 
this  would  at  once  necessitate  giving  it  a  higher 
rotational  velocity  to  keep  its  axis  tangential  to  its 
flight.  To  impart  this  added  rotational  velocity  calls 
for  the  expenditure  of  energy  and  so  leaves  less  for 
velocity  of  translation.  The  lead  bullet  then  with  its 
higher  density  makes  possible  a  flatter  trajectory 
and  longer  range.  With  the  exception  of  tungsten 
lead  is  the  densest  metal  which  can  be  considered  for 
this  purpose,  for  gold  is  the  cheapest  of  the  other 
elements  having  a  higher  specific  gravity  than  lead. 
The  density  of  wrought  tungsten  is  19.3  while  that  of 
lead  is  11.5. 

For  military  purposes,  the  softness^of  lead  is  not 
an  advantage,  a  soft  nosed  bullet  being  tabooed  in 
civilized  warfare.  For  this  reason  and  because  of  the 
fact  that  it  is  too  weak  to  hold  the  rifling,  it  has  to  be 
jacketed  with  the  copper-nickel  alloy.  To  take  the 
rifling  and  to  act  as  a  gas  check,  the  tungsten  bullet 
will  require  a  copper  band  or  its  equivalent  at  the  base. 

The  hardness  and  high  tensile  strength  of  wrought 
tungsten  will  give  high  penetrating  power. 

The  high  melting  point  of  tungsten  will  prevent  it 
from  being  harmfully  upset  at  the  base  by  the  com- 
bined action  of  the  high  temperature  and  rapid  im- 
pact  due   to   the   combustion   of   the   powder  charge. 
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(An  unsymmetrical  upsetting  oi  the  base  of  a  pro- 
jectile is  very  prejudicial  to  accuracy.) 

It    would    be   a    Very    Simple    matter   to   calculate    the 

constants  of  the  trajectory  ol  a  tungsten  projectile 
were  it  nol  for  the  fad  thai  the  high  density  removes 
it.  too  far  from  the  present  base  line.  Por  such  calcu- 
lations one  quantity  is  lacking,  the  so-called  "form 
factor."  This  factor  could  itself  be  calculated  if  it 
contained,  as  the  name  would  seem  to  imply,  only  the 
dimensions  and  the  specific  gravity;  but  there  are  also 
involved  in  it  all  of  the  errors  due  to  simplifying 
assumptions  which  have  been  made  in  connection 
with  the  mathematical  derivation  of  formulae.  It 
therefore  becomes  necessary  to  experimentally  deter- 
mine the  constants  of  the  trajectory  of  tungsten 
bullets,  and  preparations  for  this  work  are  now  being 
made.  W.   D.   Coolidge. 


"THE  FELLOW  WHO  DOESN'T  KNOW  ANY  BETTER." 

There  arc  in  the  United  States  according  to  the 
census  more  than  eight  thousand  chemists.  Most 
of  these,  chemists  have  spent  at  least  three  years 
and  many  have  spent  six  or  seven  years  in  the  college 
or  university  acquiring  a  knowledge  of  chemistry. 
Above  all  other  men  they  are  acquainted  with  chemi- 
cal laws  and  processes.  According  to  President 
Maclaurin  and  President  Lowell,  to  judge  from  some 
of  their  comparatively  recent  addresses,  the  earth 
and  the  fulness  thereof  during  the  present  century  is 
to  belong  to  the  chemist.  Aside  from  his  meekness, 
however,  does  the  chemist  today  show  any  indications 
of  entering  into  his  inheritance?  Is  the  chemist  today, 
in  this  country,  originating  as  many  new  products  and 
processes  as  he  should?  Is  he  even  originating  his  fair 
proportion  of  new  chemical  products  and  processes? 

In  the  older  and  more  strictly  chemical  industries, 
such  as  the  acid,  heavy  chemical,  alkali  and  dyestuff 
industries  for  instance,  the  chemist  seems  to  be  in 
control  and  progress  in  these  industries  may  be 
credited  to  him.  But  there  are  other  industries  in 
which  chemical  principles  of  the  highest  order  are 
involved  which  for  the  most  part  are  not  under  chem- 
ical control;  such  as,  the  paint,  varnish,  dyeing, 
leather,  alloy,  shoe  ink  and  shoe  polish  industries. 
There  are  in  some  instances  chemists  in  control  who 
are  making  good,  but'  for  the  most  part  the  chemist 
in  such  industries  as  are  mentioned  above  is  em- 
ployed in  testing  raw  materials  and  finished  products. 
He  may  be  even  essentially  ignorant  of  the  manu- 
facturing processes. 

Consider,  for  example  the  manufacture  of  shoe 
inks  and  polishes.  These  are  important  industries 
and  the  manufacture  of  these  products  is  a  chemical 
process.  Moreover,  American  shoe  inks  and  polishes 
are  sold  all  over  the  world,  some  of  our  largest  com- 
panies having  branch  factories  in  England,  Ger- 
many and  France.  But  in  this  essentially  chemical 
industry  there  are  almost  no  chemists.  Their  prod- 
ucts and  processes  have,  for  the  most  part  at  any 
rate,  originated  with  rule-of-thumb  men,  the  so-called 


practical  men         Conditions  in  the  Other  industries  men 

ti oncd  are  similar,  though  in  a  lessi  r  degree  perhaps. 

The  lirst  really  Buccei  Eul  om  se1  edgi  inl  for  shoes 
was  stumbled  on  by  a  man  who  added  e  basic  color 

to  an  emulsion  of  carnauba  wax  and  soap,  instead 
of  an  acid  color  as  called  for  by  the  formula.  II  he 
had  been  a  chemist  he  would  have  known  better.  lie 
would  have  known  that  a  basic  color  would  undergo 
double  decomposition  with  the  soap,  causing  a  coagu- 
lation of  the  emulsion.  That  is  just  what  the  basic 
color  did  in  this  case,  but  after  stirring  and  straining 
it  was  just  as  fluid  as  before.  The  blacking  man  now 
throws  his  wax  with  acid  to  get  the  desired  result. 
What  chemist  in  his  right  mind  would  have  added 
acid  to  an  emulsion  of  wax  and  soap  expecting  to  ob- 
tain a  desirable  result? 

It  keeps  the  chemist  busy  stretching  his  conception 
of  chemical  laws,  theories  and  hypotheses  to  explain  how 
the  despised  rule-of-thumb  man  gets  the  results  he  does. 

The  chemist,  at  any  rate  the  common,  garden- 
variety  of  chemist,  suffers  from  a  sort  of  chemico- 
sclerosis .  His  conceptions  of  chemical  laws  be- 
come hardened  and  his  theories  and  hypotheses 
inflexible.  He  knows  that  sodium  chloride  added 
to  a  silver  salt  solution  produces  a  precipitate,  but 
until  colloids  became  fashionable  how  many  chemists 
knew  that  in  the  presence  of  a  protective  colloid-like 
albumen  the  silver  chloride  would  not  precipitate? 
He  knows  that  silver  iodide,  bromide  and  chloride 
are  insoluble  and  concludes  that  silver  fluoride  is 
also.  He  knows  that  hydrogen  sulphide  gives  black 
'mercuric  sulphide  with  a  solution  of  mercuric  chloride 
and  so  the  United  States  Pharmacopoeia  states  that 
under  the  conditions  of  the  '  Gutzeit  Test'  for  arsenic, 
hydrogen  sulphide  gives  a  black  stain.  Under  usual 
conditions,  however,  the  stain  is  yellow  and  may  be 
thought  to  indicate  arsenic. 

The  chemist  finds  it  difficult  to  work  without  a 
theory  and  neglects  to  follow  the  leads  that  according 
to  his  theory  do  not  promise  results.  But  results 
have  been  obtained  that  were  not  in  exact  accor- 
dance with  the  preconceived  theory.  Perkin  had  a 
theory  for  making  quinine  and  found  the  first  aniline 
dye  in  spite  of  this  theory. 

There  is  also  a  certain  chemical  snobbery  that 
prevents  chemists  following  leads  of  dubious  respec- 
tability. In  1873  it  was  discovered  that  a  dye  resulted 
from  the  fusion  of  sawdust  and  sodium  sulphide. 
The  dye  was  weak  and  of  no  ascertainable  constitu- 
tion, but  that  such  a  fusion  gave  a  dye  at  all  was  a 
highly  significant  fact  and  even  a  moderate  amount 
of  investigation  would  have  improved  this  dye  ten- 
fold. But  as  the  father  of  the  dye  was  sawdust, 
of  course,  no  self-respecting  chemist  would  recog- 
nize it,  and  nothing  was  done  on  sulphur  colors  until 
twenty  years  later  a  sulphur  dye  of  perfectly  respec- 
table parentage  was  discovered.  Then  hundreds 
of  chemists  were  set  to  tilling  the  field. 

The  practical,  rule-of-thumb  man  with  a  natural 
bent  for  research  labors  under  none  of  these  handi- 
caps. He  is  free.  He  staves  ahead  untrammeled 
by   theory   and   now   and   then   gets   the   result.     He 
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may  put  on  the  market  a  wood  stain  reeking  with 
ammonia  as  an  acid  stain  but  it  sells  and  does  the 
work.  He  gets  results  often  enough  to  lend  a  color 
of  truth  to  the  statement  that  "It's  generally  the 
fellow  who  doesn't  know  any  better  who  does  the 
thing  that  can't  be  done. 


The  fellow  who  doesn't  know  any  better,"  will 
not  make  this  century  the  century  of  chemistry.  It 
will  be  done  by  the  chemist  who  realizes  the  flexi- 
bility of  our  great  laws,  the  instability  of  hypothesis, 
the  unreliability  of  analogy  and  who  is  not  afraid 
of  the  dark.  W.  H.  Watkins. 


ORIGINAL  PAPLRS. 


DETERIORATION  AND  SPONTANEOUS  HEATING  OF  COAL 
IN  STORAGE.' 

By  Horace  C    Porter  and  F.  K.  Ovitz. 
Received  December  11,   1911. 

Not  many  years  ago,  coal  was  commonly  regarded  as 
an  extremely  unstable  material,  subject  to  very 
serious  alteration  and  losses  on  exposure  to  the  ele- 
ments. E.  C.  Pechin,  in  1872,  speaking  before  the 
American  Institute  of  Mining  Engineers,  says:  "Fuel 
suffers  materially  by  storage;  especially  with  bitumi- 
nous and  semi-bituminous  coals  is  the  loss  heavy,  an 
exposure  of  only  two  weeks  causing  a  loss  of  carbon 
to  the  extent  of  10  to  25%."  Similar  views  have 
been  held  in  much  more  recent  times.  For  example, 
in  a  paper  before  the  U.  S.  Naval  Institute  in 
1906  we  find  the  statement:  "The  pressure  of  the 
weight  of  coal  causes  gases  to  be  evolved;  these 
gases  constitute  the  chief  and  only  value  of  the 
coal  in  that  they  furnish  the  heat  units.  It  is  claimed 
that  if  a  ton  of  fine  bituminous  coal  be  spread  out 
on  a  concrete  pavement  in  the  open  air  in  this  climate 
(Key  West,  Florida)  for  one  year,  it  will  lose  all  its 
calorific  properties.  The  gases  are  simply  free  to 
escape,  and  when  the  coal  has  lost  all  its  gas  it  will 
have  lost  all  its  heat  units  and  be  simply  coke." 
This  was  only  five  years  ago. 

In  1907  a  German  gas-works  engineer  claims  to 
have  found  that  moist  fine  coal  sustained  an  average 
loss  per  week  of  1.7  per  cent.,  this  loss  being  due  togas. 
The  1889  edition  of  Groves  and  Thorp's  "Chemical  Tech- 
nology of  Fuels"  says:  "In  some  places  coal  is  known 
to  lose  50  per  cent,  of  its  heating  value  in  six  months.  " 
Other  statements  like  these  are  to  be  found  in  recent 
literature,  but  probably  the  great  majority  of  chemists 
and  engineers  to-day  hold  no  such  exaggerated  ideas 
on  the  subject.  There  is,  on  the  other  hand,  a  well- 
defined  suspicion,  in  the  minds  of  many  that  suffi- 
cient loss  of  volatile  matter  and  sufficient  deterio- 
ration by  oxidation  does  occur  in  coal  to  be  of  indus- 
trial importance;  and  for  that  reason  the  investi- 
gations described  in  this  paper  were  undertaken  by 
the  Bureau  of  Mines  to  determine  accurately  the 
extent  of  the  deterioration  in  different  types  of  coal. 

First  a  study  was  made  in  the  laboratory  of  the 
loss  of  volatile  matter  from  crushed  coal  during  stor- 
age. A  number  of  samples  (20  lbs.  each),  representing 
a  variety  of  types  from  widely  separated  fields,  were 
broken  to   about  l/t-itich   size  and  immediately  placed 

1  Presented,  by  permission  of  the  Director,  Bureau  of  Mines,  at  a 
joint  meeting  of  the  New  York  Section.  American  Chemical  Society.  Ameri- 
can Electrochemical  Society,  and  the  Society  of  Chemical  Industry.  New 
York.  November  10.  1911. 


in  glass  bottles  in  the  mine.  At  the  laboratory  the 
accumulated  gas  was  withdrawn  and  a  free  con- 
tinuous escape  of  the  volatile  products  permitted 
at  atmospheric  pressure  and  temperature.  The  results 
of  these  experiments  have  been  published  in  Tech- 
nical Paper  No.  2,  Bureau  of  Mines,  entitled  "The 
Escape  of  Gas  from  Coal"  and  will  therefore  not 
be  given  here  in  detail.  Suffice  it  to  say  that  while 
several  coals  evolve  methane  in  large  volumes  es- 
pecially in  the  early  period  after  mining  the  coal 
suffered  in  one  year  a  loss  in  calorific  value  from  this 
cause  of  but  0.16  per  cent.,  as  a  maximum. 

It  seems  therefore  that  the  loss  due  to  escape  of 
volatile  matter  from  coal  has  been  greatly  overesti- 
mated. 

At  the  instance  of  the  Navy  Department,  however, 
which  is  a  purchaser  of  coal  to  the  extent  of  two  or 
three  million  dollars  annually,  and  stores  large  lots 
in  warm  climates  for  long  periods  of  time,  more  elab- 
orate tests  were  undertaken  to  determine  the  total 
loss  possible  in  high-grade  coal  by  weathering.  The 
extent  of  the  saving  to  be  accomplished  by  water 
submergence  as  compared  to  open-air  storage  was  a 
point  to  be  settled,  and  there  had  also  arisen  the 
question  as  to  whether  salt  water  possessed  any  pe- 
culiar advantage  over  fresh  water  for  this  purpose. 
An  English  railway  and  dock  superintendent  in  an 
article  in  the  London  Engineer,  1903,  reports 
that  he  has  found  coal  accidentally  submerged  for 
10  years  in  the  salt  mud  of  the  English  Channel, 
actually  improved  in  calorific  value  by  1.8  per  cent, 
which  offers  a  very  pretty  question  to  chemists  to 
say  why."  He  claims  that  salt  will  preserve  the  vir- 
tues of  coal  as  it  does  those  of  many  other  things, 
"if  coal  is  given  a  strong  dose  of  coarse  salt  and  water 
12  hours  before  using,  its  calorific  value  is  greatly 
improved. " 

Coal-storage  problems  have  assumed  importance 
during  the  last  few  years  on  account  of  the  uncertain- 
ties of  supply  due  to  strikes  and  transportation  diffi- 
culties. The  naval  coaling  stations,  the  Panama 
R.  R.  Co.,  the  Great  Lakes  commercial  coal  dis- 
tributing companies,  large  coke  and  gas  or  power 
plants  at  a  distance  from  the  coal  fields  and  the  rail- 
roads themselves,  particularly  those  in  the  west, 
keep  50,000-500,000  tons  in  storage  a  great  deal  of 
the  time. 

In  brief  outline,  the  tests  by  the  Bureau  were  carried 
out  as  follows:  four  kinds  of  coal  were  chosen: 
New  River  on  account  of  its  large  use  by  the  Navy; 
Pocahontas  as  a  widely  used    steaming    and    coking 
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coal  i"  the  eastern  section,  and  as  being  also  the  prin- 

I     fuel    used    in    the     Panama    canal     work;     Pitts- 

burgh  coal  as  a  type  ol  ri<  h  col  ing  and  gas  coal;  and 
Sheridan,  Wyoming,  subbituminous  or  "black  lig- 
nite" a  type  much  used  in  the  west.  Willi  the 
\>w  River  coal,  50-pound  portions  were  made  up 
ou1  of  one  large  Int.  which  had  been  crushed  to  l/^ 
inch  size  and  wall  mixed.  These  portions  confined 
in  perforated  wooden  boxes  were  submerged  under 
sea  water  at  three  navy  yards,  differing  widely  from 
each  other  in  climatic  conditions,  and  300-pound 
portions  from  the  same  original  lot  were  exposed 
to  the  open  air,  both  out  of  doors  and  indoors,  at  the 
same  places. 

With  the  Pocahontas  coal  test  was  made  only  at 
one  point,  the  Isthmus  of  Panama — run-of-mine 
coal  being  placed  in  a  120-ton  pile,  exposed  to  the 
weather.  Pittsburgh  coal  was  stored  as  run-of-mine 
in  open  outdoor  bins,  5  tons  capacity,  at  Ann  Arbor, 
Michigan,  also  in  300-pound  barrels  submerged 
under  fresh  water.  The  Wyoming  subbituminous 
was  stored  at  Sheridan,  both  as  run-of-mine  and 
slack  in  outdoor  bins,  holding  three  to  six  tons 
each. 

Every  test  portion  was  sampled  each  time  in  dupli- 
cate and  in  all  cases  except  the  outdoor  pile  at  Panama 
and  the  300-pound  open-air  piles  of  New  River 
coal  the  sampling  was  done  by  rehandling  the 
entire  amount.  In  the  excepted  cases  mentioned 
it  was  not  thought  fair  to  disturb  the  entire  lot,  and 
therefore  at  Panama  a  vertical  section  of  ten  tons 
only  was  removed  each  time  (eight  samples  being 
taken  from  the  10-ton  section),  while  in  the  case  of 
the  outdoor  lots  at  the  Navy  Yards  a  number  of 
small  portions,  well-distributed,  were  taken  from 
each  pile,  mixed,  and  quartered  down. 

Small  lots  and  a  fine  state  of  division  were  con- 
ditions purposely  adopted  with  the  New  River  coal 
so  as  to  make  the  tests  of  maximum  severity. 

Moisture,  ash,  sulphur,  and  calorific  value  deter- 
minations were  made  on  each  sample,  the  latter  by 
means  of  the  Mahler  bomb  calorimeter  and  a  care- 
fully calibrated  Beckmann  thermometer.  The  calori- 
metric  work  on  all  except  the  Sheridan,  Wyoming, 
tests  has  been  done  throughout  by  one  man,  Mr. 
Ovitz,  and  with  the  same  instrument.  All  the  calo- 
rific values  in  the  tables  have  been  calculated  to  a  com- 
parable unit  basis,  viz.,  that  of  the  actual  coal  sub- 
stance free  of  moisture,   sulphur,   and  corrected  ash. 

The  results  show  in  the  case  of  the  New  River  coal 
less  than  1  per  cent,  loss  of  calorific  value  in  one  year 
by  weathering  in  the  open.  There  was  practically 
no  loss  at  all  in  the  submerged  samples  and  fresh 
water  seemed  to  "preserve  the  virtues"  of  the  coal  as 
well  as  salt.  There  was  almost  no  slacking  of  lump 
in  the  run-of-mine  samples  and  the  crushed  coal 
in  all  cases  deteriorated  more  rapidly  than  run-of- 
mine. 

The  Pocahontas  run-of-mine  in  a  120-ton  pile  on 
the  Isthmus  of  Panama  lost  during  one  year's  outdoor 
weathering  less  than   0.4  per  cent,   in  heating  value, 


and  Buffered  little  Or  no  physical  deterioration  ol 
lumps. 

The  I'ni   burgh  gas  coal  during  six  months' out  d  001 

exposure  Buffered  no  loss  whatever  of  calorific  value, 
measurable  by  the  calorimetric  method  \ised,  not, 
even  in  the  upper  surface  layer  ol  the  bins. 

The  Wyoming  coal  lost  as  much  as  5.3  pe]  C(  a1 
in  one  of  the  bins  during  two  and  three  quarter  years, 
and  3.5  percent,  even  in  the  first  three'  months.  There 
was  bad  slacking  and  crumbling  of  the  lumps  on  the 
surface  of  the  piles  but  where  the  surface  was  fully 
exposed  to  the  weather  this  slacking  did  not  penetrate 
more  than  12-18  inches  in  the  2^/4-year  period. 

No  outdoor  weathering  tests  have  been  made  by 
the  Bureau  on  coal  of  the  Illinois  type.  Tho 
tests,  however,  on  this  type  have  been  reported  by 
Prof.  S.  W.  Parr,  of  the  University  of  Illinois, 
and  by  A.  Bement,  of  Chicago,  both  of  whom  find 
from  1.0-3.0  per  cent,  in  calorific  loss  in  a  year 
by  weathering.  Mr.  Bennet  reports  a  slacking  of 
lumps  (in  tests  on  small  samples)  of  over  80  per  cent, 
in  one  case  and  about  12  per  cent,  in  another.  It 
is  probable  that  in  this  type  as  in  the  Wyoming,  the 
slacking  in  a  large  pile  would  not  penetrate  far  from 
the  surface. 

Storage  under  water  unquestionably  preserves  the 
heating  value  and  the  physical  strength  of  coal.  But 
it  practically  necessitates  firing  wet  coal,  and  there- 
fore means  the  evaporating  in  the  furnace  of  an 
amount  of  moisture  varying  from  1-15  per  cent., 
according  to  the  kind  of  coal.  This  factor  is  an  im- 
portant drawback  to  under-water  storage  with  coals 
like  the  Illinois  and  Wyoming  types,  which  mechan- 
ically retain  5-15  per  cent,  of  water  after  draining, 
but  in  case  of  the  high-grade  eastern  coals,  if  firemen 
are  permitted,  as  is  ordinarily  the  case,  to  wet  down 
their  coal  before  firing,  "so  as  to  make,"  as  they 
say,  "a  hotter  fire,"  then  the  addition  during  storage 
of  the  2  or  3  per  cent,  moisture  which  these  coals 
retain  would  be  of  little  consequence.  Submergence 
storage  is  an  absolute  preventative  of  spontaneous 
combustion,  and  on  that  account  alone  its  use  may 
be  justified  with  some  coals,  but  merely  for  the  sake 
of  the  saving  to  be  secured  by  avoidance  of  weathering 
there  does  not  seem  to  be  good  ground  for  its  use. 

SPONTANEOUS    COMBUSTION. 

Losses  in  coal  due  to  spontaneous  heating  are  a 
much  more  serious  matter.  Oxidation,  i.  e.,  proba- 
bly in  the  main  an  absorption  of  oxygen  by  the  un- 
saturated chemical  compounds  in  the  coal  substance, 
begins  at  ordinary  temperature  in  any  coal,  attacking 
the  surfaces  of  the  particles,  thus  slowly  developing 
heat.  In  a  small  mass  of  coal  this  slowly  developed 
heat  can  readily  dissipate  itself  by  radiation  and  no 
rise  in  temperature  results.  If  radiation  is  restricted, 
however,  as  in  a  large  pile  densely  packed,  the  tem- 
perature slowly  rises.  Now,  the  curve  of  oxidation 
rate  plotted  against  temperature  rises  with  great 
rapidity,  and  when  the  storage  conditions  are  such 
as  to  allow  a  certain  point  (near  1000  C.)  to  be  passed 
the   rate   of   oxidation    is   great   enough   ordinarily   so 
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that  the  heat  developed  overbalances  the  heat  radi- 
ated and  the  temperature  will  rise  to  the  ignition 
point  if  the  air  supply  is  adequate.  The  importance 
therefore  can  be  seen  of  guarding  against  even  moderate 
heating  in  the  coal  either  from  internal  spontaneous 
causes  or  by  radiation  from  external  sources.  In- 
creased loss  of  heating  value  and  of  volatile  matter 
occurs  at  moderately  increased  temperatures  even 
though    the  ignition  point  is  not  reached. 

The  amount  of  surface  exposed  to  oxidation  in 
a  given  mass  depends  on  the  size  of  the  particles  and 
increases  very  rapidly  as  the  fineness  approaches 
that  of  dust.  Dust  is  therefore  a  dangerous  thing  in 
a  coal  pile,  particularly  if  it  is  mixed  with  larger  sized 
coal  which  forms  air  passages  to  the  interior.  Spon- 
taneous combustion  is  brought  about  by  slow  oxi- 
dation in  an  air  supply  sufficient  to  support  the  oxi- 
dation but  insufficient  to  carry  away  all  the  heat 
formed.  There  is  a  wide  variation  among  coals  in 
friability.  In  comparative  rattler  tests  under  cer- 
tain standard  conditions,  Pocahontas.  New  River 
and  Cambria  Co.,  Pa.,  coals  produced  nearly  twice 
as  much  dust  (through  l/t"  screen)  as  a  sample  from 
the  Pittsburgh  seam.  This  is  a  large  factor  in  spon- 

taneous combustion.  Mixed  lump  and  fine,  i.  e., 
run-of-mine,  with  a  large  percentage  of  dust,  and  piled 
so  as  to  admit  to  the  interior  a  limited  supply  of 
air,    make   ideal   conditions   for   spontaneous   heating. 

High  volatile  matter  does  not  of  itself  increase 
the  liability  to  spontaneous  heating.  A  recent  cir- 
cular letter  of  inquiry  on  spontaneous  combustion 
sent  by  the  Bureau  to  more  than  2,000  large  coal  con- 
sumers of  the  United  States  has  brought  1,200  replies, 
of  which  260  report  instances  of  spontaneous  com- 
bustion, 220  of  them  naming  the  coal.  Of  these 
220,  95  are  in  semi-bituminous  low-volatile  coals  of 
the  Appalachian  region,  and  55  in  western  and  middle 
western  coals.  This  result  shows  at  least  no  falling 
behind  on  the  part  of  the  "smokeless"  type  and  no 
cause  for  placing  special  confidence  in  these  coals 
for  safety  in  storage. 

A  serious  fire  in  cinder  filling  under  a  manu- 
facturing plant  in  Pittsburgh  was  recently  investi- 
gated by  the  Bureau  and  all  the  evidence  pointed 
to  spontaneous  combustion  as  the  cause,  induced 
by  external  heat  radiated  from  a  furnace.  The 
cinders  contained  40  per  cent,  of  carbon.  A  similar 
fire  occurred  two  years  ago  in  cinder  filling  under 
a  smelting  plant  on  Staten  Island  in  which  case 
the  cinders  contained  33  per  cent,  carbon.  Damage 
amounting  to  $20,000  was  done.  The  cause  was 
not  definitely  determined,  but  from  the  reports  of 
the  insurance  adjusters  spontaneous  heating  appears 
to  be  the  most  plausible  explanation  The  volatile 
matter  in  the  material  could  not  have  been  a  factor 
in  these  causes. 

Pocahontas  coal  gives  a  great  deal  of  trouble  with 
spontaneous  fires  in  the  large  storage  piles  at  Panama. 
It  is  reported  also  by  several  large  by-product  coke 
concerns  to  be  more  troublesome  in  this  respect  than 
their  high  volatile  gas  coals.  The  high  volatile  coals 
of  the  west  are,    to  be  sure,   usually   very   liable    to 


spontaneous  heating,  but  they  owe  this  property  to 
chemical  nature  of  the  substances  which  compose  the 
coal  rather  than  to  the  amount  of  volatile  matter. 
Strange  as  it  may  seem,  a  high  oxygen  content  in  coal 
appears  to  parallel  its  avidity  for  oxygen  and  to  promote 
therefore  its  tendency  to  spontaneous  combustion. 

The  influence  of  moisture  and  that  of  sulphur  upon 
spontaneous  heating  of  coal  are  mooted  questions 
much  discussed,  not  very  much  actually  investigated, 
and  certainly  not  yet  settled.  Richters  has  shown 
that  in  the  laboratory  dry  coal  oxidizes  more  rapidly 
than  moist,  but  the  weight  of  opinion  among  practical 
users  of  coal  is  that  moisture  promotes  spontaneous 
heating.  The  observation  by  the  Bureau  of  many 
actual  cases  has  not  developed  any  instances  where 
moisture  could  be  proven  to  have  had  such  an  effect. 
Sulphur  on  the  other  hand  has  been  shown  by  these 
investigations,  to  have  in  most  cases  only  a  minor  in- 
fluence. In  a  number  of  actual  cases,  samples  of  the 
heated  coal  from  areas  where  the  heat  was  greatest 
have  been  analyzed,  both  for  the  total  sulphur  and  that 
in  the  sulphate  form.  The  difference  between  these,  or 
in  other  words,  the  unoxidized  sulphur  was  in  no  case 
less  than  75  per  cent,  of  the  average  total  sulphur 
in  the  original.  In  other  words,  not  more  than  l/t 
of  the  total  sulphur  has  entered  into  any  heat-pro- 
ducing reaction.  The  possibility  remains,  however, 
that  all  of  the  sulphur  which  was  oxidized  was  con- 
centrated in  one  pocket  of  moist  flaky  pyrites,  and 
thus  sufficient  heat  was  developed  in  one  spot  to  act 
as  an  igniter.  On  the  other  hand,  a  Boston  company, 
using  Dominion  (Nova  Scotia)  coal  of  3-4  per  cent, 
sulphur,  has  much  trouble  with  spontaneous  fires  in 
storage,  but  a  number  of  samples  taken  by  the  Bureau 
from  exposed  piles  of  this  coal  in  which  heating  had 
occurred  showed  that  90  per  cent,  of  the  sulphur  was 
still  unoxidized.  Experiments  in  the  laboratory, 
passing  air  over  coal  at  1 20 °  C,  have  developed  enough 
heat  to  ignite  the  coal  and  no  change  was  found  in 
the  form  of  the  sulphur.  While  not  entirely  con- 
clusive, these  results  point  to  a  very  minor  contribu- 
tion, if  any,  on  the  part  of  sulphur  to  spontaneous 
heating  in  coal. 

Freshly  mined  coal  and  even  fresh  surfaces  exposed 
by  crushing  lump  coal  exhibit  a  remarkable  avidity 
for  oxygen,  but  after  a  time  become  coated  with  oxi- 
dized material,  "seasoned "  as  it  were,  so  that  the  action 
of  the  air  becomes  much  less  vigorous.  It  is  found  in 
practice  that  if  coal,  which  has  been  stored  for  six 
weeks  or  two  months  and  has  even  become  already 
somewhat  heated,  be  rehandled  and  thoroughly 
cooled  by  the  air,  spontaneous  heating  rarely  begins 
again.  A  large  power  plant  in  New  York  crushes  its 
coal  to  pass  a  4"  screen  immediately  after  unloading 
from  barges,  the  fines  and  dust,  50  per  cent,  or  more, 
being  left  in  the  coal  to  be  stored.  This  freshly 
crushed  coal  is  elevated  to  iron  hopper-shaped  bunkers 
directly  over  the  boilers  and  the  air  temperature  in  these 
often  reaches  ioo°  F.  As  the  coal  hangs  on  the  sloping 
sides  sometimes  three  or  four  months  at  a  time,  it 
seems  hardly  surprising  that  some  of  the  bunkers  are 
on  fire  practically  all  of  the  time. 


8 


THE  JOl  RNAL  >>!■   1NDI  STRIAL  AND  ENGINEERING  CHEMISTRY. 


Jan.,    l(;I2 


Willi  lull  appreciation  oi  the  fad  that  any  or  all 
illowing  recommendations  may  under  certain 
conditions  be  found  impracticable,  they  are  offered 
as  beinjj  advisable  precautions  lor  safety  in  storing 
coal  whenever  their  use  docs  not  involve  an  unreason- 
able expense: 

(i)  Do  not  pile  over  12  feet  deep  nor  so  that  any 
point  in  the  interior  will  be-  over  10  feet  from  an  air- 
cooled  surface. 

(2)  If  possible,  store  only  lump. 

(3)  Keep  dust  out  as  much  as  possible;  therefore 
reduce  handling  to  a  minimum. 

(4)  Pile  so  that  lump  and  fine  are  distributed  as 
evenly  as  possible ;  not  as  is  often  done,  allowing  lumps 
to  roll  down  from  a  peak  and  form  air  passages  at  the 
bottom. 

(5)  Rehandle  and  screen  after  two  months. 

(6)  Keep  away  external  sources  of  heat  even  though 
moderate  in  degree. 

(7)  Allow  six  weeks'  "seasoning"  after  mining 
before  storing. 

(8)  Avoid  alternate  wetting  and  drying. 

(9)  Avoid  admission  of  air  to  interior  of  pile  through 
interstices  around  foreign  objects  such  as  timbers 
or  irregular  brick  work;  also  through  porous  bottoms 
such  as  coarse  cinders. 

(10)  Do  not  try  to  ventilate  by  pipes  as  more  harm 
is  often  done  than  good. 


THE  DISTILLATION  OF  ALCOHOL.1 

By  A.  B.  Adams.  Chief  Chemist,  Internal  Revenue  Bureau. 
Received  July  13.  1911. 

The  production  of  alcohol  differs  essentially  from 
the  production  of  straight  whiskey,  because  it  is 
necessary  that  the  finished  product  be  as  near  pure 
ethyl  alcohol  as  is  possible,  by  mechanical  means, 
to  distil.  To  effect  this  the  processes  are  essentially 
the  same  up  to  a  given  point ;  that  is,  as  far  as  the  pri- 
mary distillation,  this  being  conducted  in  a  continuous 
beer  still  which  is  built  exactly  similar  to  the  continu- 
ous beer  still  used  in  a  majority  of  the  "Bourbon" 
houses.  The  distillate,  however,  is  produced  at  a  much 
higher  proof,  generally  at  about  160  degrees  or  80 
per  cent,  alcohol  by  volume.  The  high  wine  distillate 
is  reduced  with  water  to  about  10 1  proof,  and  passed 
through  charcoal  filters  under  pressure.  After  filtering, 
the  spirit  is  emptied  into  the  kettle  of  the  "column" 
still.  This  still  consists  of  a  series  of  plates  ranging 
in  number  from  18  to  30  or  more,  depending  on  the 
type  and  size  of  the  plant.  These  plates  act  as  de- 
phlegmators,  each  one  constantly  condensing  the 
products  of  higher  boiling  points,  permitting  the 
products  of  lower  boiling  points  to  proceed  upward. 
When  the  vapors  leave  the  top  of  the  still  they  enter 
a  series  of  condensers,  in  some  types,  called  a  "goose," 
which  consists  of  a  series  of  pipes  arranged  very  much 
like  a  radiator.  These  pipes  are  surrounded  by  cooling 
water  at  a  temperature  practically  one  degree  higher 

1  Published  by  authority  of  the  Commissioner  of  Internal  Revenue. 
See  companion  article,  "The  Distillation  of  Whiskey."  This  Journal. 
Feb..  1910. 


than  the  boiling  pi  1  alcohol      The  purpose 

■  ■I   this  apparatus  is  to  condense  all  products  .'is  Ear 

as  possible,  which  boil  .it  s  higher  temperature  than 
.ih.  I  alcohol  and   which  have  escaped   the  action  of 

the  plates  in  the  still.     Prom  th<      ise"  the  vapors 

pass  into  the  condenser.     In  recent  years,  on  accaua.1  o4 

the  excessive  weight  of  the  "goose,"  which  in  some 
distilleries  is  a  tank  as  large  as  a  good-sized  room, 
a  simpler  apparatus  has  been  devised,  called  a  "tubular 
separator;"  this  operates  on  the  same  principle  as 
the  "goose,"  namely,  is  cooled  by  water  at  the  same 
temperature.  This  is  considered  by  many  to  be  as 
efficient  a  piece  of  apparatus. 

At  the  "tail  box"  or  end  of  the  condenser,  the  dis- 
tillate is  separated  into  various  fractions,  depending 
on  the  quality,  by  the  operator  of  the  still.  These 
are  generally  called,  in  the  order  distilled,  "fore- 
shots,"  or  low  wines,  "heads,"  "middle  run,"  "tails," 
"low  wines"  and  lastly,  "fusel  oil."  The  point 
at  which  the  different  fractions  are  cut  out  depends 
upon  the  class  of  goods  desired  by  the  operator.  The 
"middle  run"  is  the  cleanest  p>art  of  the  distillation, 
and  when  a  very  clean  spirit  is  desired  is  frequently 
separated  in  a  No.  1  and  a  No.  2  spirit.  The  "fore- 
shots"  and  low  wines  are  the  poorest  parts  of  the  run, 
containing  the  greatest  amount  of  bad  smelling 
impurities,  which  render  them  unfit  for  commercial 
purposes.  In  this  condition  they  are  generally  col- 
lected for  several  days  and  then  redistilled  in  the 
"column."  (The  better  part  of  such  a  redistillation 
is  classed  as  "commercial  alcohol.")  The  "heads 
and  tails,"  if  separated  fairly  clean,  are  combined 
and  called  "commercial  alcohol."  The  "middle  run," 
No.  1  and  No.  2  spirit  go  into  the  trade  as  such.  The 
"fusel  oil"  is  not  run  off  at  the  end  of  each  charge  but 
is  permitted  to  remain  in  the  still  and  on  the  plates 
of  the  column  until  two  or  more  charges  have  been 
run,  when,  in  the  judgment  of  the  distiller,  sufficient 
"fusel  oil"  has  been  collected  to  warrant  its  distilla- 
tion; this  is  conducted  by  simply  turning  on  more 
steam  when  the  last  of  the  "low  wines"  have  been 
run  from  the  charge  then  in  the  kettle. 

The  last  portion  of  the  "low  wines"  will  consist  of 
increasing  proportions  of  fusel  oil  and  water.  When 
the  per  cent,  of  fusel  oil  is  so  great  that  it  does  not 
remain  in  solution,  the  flow  in  the  tail  box  becomes 
milky,  and  the  subsequent  distillate  is  distilled  into 
the  "fusel  oil"  tank.  The  fusel  oil  is  gradually  forced 
up  the  column  from  plate  to  plate,  being  carried  up- 
ward by  "steam  distillation."  Although  water  is 
of  a  lower  boiling  point  than  the  amyl  alcohols,  yet 
it  does  remain  on  the  plates  of  the  column  after  the 
fusel  oil  has  been  driven  up.  This  can  be  proven  by 
opening  the  try  cocks  at  each  plate  in  the  still  during 
the  course  of  the  distillation. 

METHODS    OF    ANALYSIS. 

The  analytical  methods  used  were  those  as  found 
in  Bulletin  107,  Bureau  of  Chemistry,  Department 
of  Agriculture,  under  "Distilled  Liquors,"  with  changes 
in  treatment  for  esters  and  higher  alcohols. 

Proof. — The  proof  of  the  samples  was  determined 
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with  a  regular  Internal  Revenue  hydrometer.  One 
degree  of  proof  is  equal  to  one-half  of  one  per  cent 
of  alcohol  by  volume. 

Acids. — Fifty  cc.  titrated  with  N/ 10  NaOII;  use 
phenolphthalein  as  indicator;  calculated  to  acetic 
acid. 

Esters.- — Saponify  with  soda,  titrate  excess  with 
sulphuric  acid,  calculate  results  to  ethyl  acetate. 
The  above  method  was  used  for  the  determination 
of  esters  in  all  of  the  samples  but  the  following:  Nos. 
36814  to  36826,  inclusive;  in  these  samples,  on  account 
of  the  content  of  aldehyde  bodies,  the  true  ester 
value  could  not  be  determined  until  they  were  removed. 
These  samples  were  treated  by  the  method  as  given 
in  Allen,  Third  Edition,  page  158.  The  spirit  being 
treated  with  1  cc.  aniline  and  1  cc.  phosphoric  acid, 
refluxed,   distilled,  then  proceed    in    regular    manner. 

1  find  that  this  method  gives  results  a  trifle  lower 
than  are  correct,  but  this  was  compensated  for  by 
adding  a  correction. 

Higher  Alcohols. — The  Allen-Marquardt  method  was 
used.  Samples  Nos.  36814  to  36828  had  to  be  treated 
to  remove  the  aldehydes  and  acetals.  This  was  done 
by  successive  treatments  with  alkali  to  form  conden- 
sation products,  distilling;  then  treat  with  HC1  to 
break  up  the  acetal  into  aldehyde;  then  treat  with 
alkali  and  distil,  repeating  until  the  distillate  was 
clean.  Blanks  were  run  to  see  that  this  treatment 
would  give  true  results. 

Aldehydes. — Determined  according  to  the  pre- 
scribed method,  being  a  colorimetric  comparison. 
Test  made  with  a  solution  of  fuchsin  dissolved  in  S02. 

Fur furols.— Used  prescribed  method,  a  colorimetric 
comparison.     Test  made  by  treating  the   spirit  with 

2  cc.  aniline  and  '/»  cc-  hydrochloric  acid. 

In  proceeding  with  the  plan  of  the  work  outlined 
a  distillery  was  selected  which  produced  alcohol  as 
a  by-product  from  the  manufacture  of  yeast.  The 
mash  is  made  in  the  usual  manner  in  about  the  fol- 
lowing proportions:     Malt  34%,  rye  5%,  corn  61%. 

Fermentation. — The  fermentation  is  a  very  rapid 
one  as  the  mash  is  aerated  during  the  entire  process, 
which  is  complete  in  sixteen  hours.  The  result  of 
such  aeration  produces  a  very  pure  and  a  very  strong 
yeast,  but  at  the  expense  of  more  or  less  alcohol  which 
is  lost  by  evaporation,  and  more  particularly  by 
oxidation  into  aldehydes,  etc.  On  account  of  the 
high  aldehyde  content  in  such  a  mash  or  "beer" 
it  is  acknowledged  to  be  one  of  the  most  difficult 
to  distil  clean;  that  is,  to  obtain  a  good  grade  of 
alcohol 

Primary  Distillation. — The  finished  fermentation, 
or  as  it  is  called,  the  "beer,"  is  distilled  in  a  large  con- 
tinuous beer  still,  the  operation  of  which  is  described 
in  a  previous  article.1 

The  still  is  three  feet  in  diameter,  containing  four- 
teen chambers,  each  eighteen  inches  in  height.  It 
produces  continuously  a  spirit  of  about  150  proof, 
called  "high  wines."  Such  a  still  after  it  has  been 
once  set  produces  a  similar  distillate  during  its  entire 
1  This  Journal.  Feb.,  1910. 


period  of  operation,  except  at  the  beginning  and  end, 
when  a  full  head  of  beer  is  not  on  the  still. 

Filtration. — The  product  of  the  beer  still  is  reduced 
to  about  10 1  proof  with  pure  water  and  is  then  passed 
through  charcoal  filters  under  pressure.  These  filters 
are  cast  iron  receptacles  about  3V2  ^eet  high  by  4 
feet  in  diameter,  tightly  packed  with  charcoal.  The 
purpose  of  such  filtration  is  to  eliminate  from  the 
high  "wines"  so.mle  of  the  raw  odors  of  the  spirit. 
It  was  at  one  time  thought  that  this  filtration,  or  as 
it  is  erroneously  called,  rectification,  removed  the 
fusel  oil.  The  results  of  the  analysis  of  these  samples, 
as  well  as  of  the  products  of  six  other  distilleries  using 
similar  filters,  prove  this  to  be  incorrect,  as  the  analy- 
ses in  no  case  show  more  than  a  slightly  lower  per 
cent,  of  higher  alcohols. 

For  example: 

Higher 
alcohols. 
Grams  per 
100  liters. 

Sample  No.  36.814:   Distillate  from  beer  still  after  reduction 100.2 

Sample  No.  36.815:   Distillate  from  beer  still  after  reduction 84  .2 

Sample  No.  36.816:  Average  sample  of   the  above  after  having 

been  through  the  charcoal  niters 86.2 

In  my  opinion  this  filtration  removes  from  the  spirit 
the  major  portion  of  certain  bodies  which  are  formed 
during  fermentation  and  which  are  soluble  in  water 
and  not  in  the  spirit,  probably  decomposition  products 
from  the  proteids  of  the  grain. 

Redistillation. — The  construction  of  the  column 
still  can  best  be  understood  by  referring  to  the  illus- 
tration and  the  cross  section  of  two  of  the  plates. 
Four  thousand  gallons  of  high  wines,  which  had  been 
reduced  to  ioi°  proof  and  filtered  through  charcoal, 
were  placed  in  the  kettle;  it  is  heated  by  means  of 
a  closed  steam  coil.  The  vapors  pass  up  from  the 
kettle,  entering  the  still  at  the  bottom,  as  they  ascend, 
striking  the  bottom  of  the  first  plate.  A  portion 
of  the  vapors  is  condensed ;  the  larger  portion  proceeds 
upward  through  the  three  pipes  which  are  under- 
neath the  "bonnets."  As  the  water  level  of  each 
plate  reaches  exactly  to  the  height  of  the  down  pipe, 
the  vapors,  as  they  leave  the  bonnet,  have  to  pass 
through  this  level  of  liquid.  More  of  the  vapors  are 
condensed,  the  remainder  pass  upward  against  the 
next  plate  and  enter  the  bonnets,  and  so  on.  Those 
products  which  are  condensed  flow  downward,  a  con- 
stant level  being  kept  on  the  plates  by  means  of  the 
down  pipes.  Products  which  flow  to  the  bottom  of 
the  still  are  returned  to  the  kettle  automatically. 
The  column  still  from  which  the  samples  were  taken 
has  twenty-three  chambers  and  one  boiling  dome. 
The  vapors  after  passing  through  the  highest  chamber 
enter  a  tubular  separator,  as  previously  explained; 
this  is  kept  very  near  the  boiling  temperature  of  ethyl 
alcohol.  Any  products  which  are  condensed  are 
returned  to  the  top  of  the  still  by  means  of  the  small 
trapped  pipe.  The  vapors  on  leaving  the  separator 
enter  the  condenser  where  they  are  condensed  to  a 
liquid.  It  takes  about  thirty  hours  to  run  off  one 
charge  of  the  kettle.  Three  charges  of  the  kettle 
are  run  and  the  fusel  oil  distilled  on  the  third  running 
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only,  the  still  being  thoroughl)   cleaned  ou1  aftei   thi 
distillation.     The  samples  wen-  taken  from  the  running 
ol   such  a   third  charge,  and,   therefore,  include  fusel 
■  Hi    samples,     By    referring    to    the    analytical    table 


it  will  be  seen,  when  the  samples  were  taken,  what 
part  of  the  run  they  represent,  and  the  analysis. 
Only  three  samples  were  taken  during  the  middle 
run  because  necessarily  this  would  be  a  clean  spirit. 
More  frequently  samples  were  taken  at  the  beginning 
of  the  distillation  and  at  the  end  on  account  of  the 
changes  occurring  in  these  portions  of  the  runs. 

The  first  two  samples,  Nos.  36817  and  36818,  are 
not  representative  of  the  very  first  runnings  of  the 
charge  in  the  kettle  at  the  time,  but  contain  an  ad- 
mixture of  products  left  on  the  plates  from  the  two 
previous  distillations.  When  the  third  sample,  No. 
36819,  was  taken,  the  still  appeared  to  be  running 
on  the  charge  in  the  kettle;  this  is  shown  by  the  drop 
in  the  proof.  The  proof  gradually  rises  until  191  ° 
is  reached  which  is  the  highest  proof  wanted.  The  speed 
of  the  distillation  is  regulated  by  the  operator,  it  being 
desired  to  eliminate,  in  the  first  part  of  the  distillation, 


as  much  as  possible  of  the  aldehydes  and  similar 
products.  After  the  middle  run  has  been  distilled 
the  proof  gradually  drops.  It  could  not  be  read 
after  [2.23  P.M.,  when  it  was  1650.  It  goes  lower 
than  this  but  as  the  flow  of  spirit  in  the  tail  box  is 
cut  out  of  the  hydrometer  cup  in  order  not  to  foul 
it  with  fusel  oil,  the  reading  coidd  not  be  made. 
Acids. — There  is  a  constant  appearance  ot 
in  the  distillate,  although  the  highest,  percentage 
appears  in  the  first  portions  of  the  run.  By  the  time 
the  middle  run  is  reached  the  spirit  is  nearly  free  of 
this  constituent. 


SECT  I  ON- THRU- CO  LOW 
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Esters. — The  same  thing  can  be  said  of  esters  as 
of  the  acids. 

The  Higher  Alcohols. — The  results  of  the  first 
three   samples   show   a   rather   definite   percentage   of 
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higher  alcohols.  I  am  of  the  opinion  that  this  is  due, 
not  so  much  to  the  distillation  of  this  charge,  but  to 
the  fact  that  fusel  oil  which  had  remained  upon  the 
plates  from  the  previous  distillation,  had  been  forced 
up  the  still  and  into  the  tail  box  before  the  still  could 
be  regulated.  In  the  next  sample  the  content  has 
dropped  to  19  which  is  a  rather  small  amount.  These 
results  practically  remain  constant  throughout  the 
remainder  of  the  distillation,  until  about  the  tail 
is  reached,  when  the  percentage  of  higher  alcohols 
begins  to  increase.  It  is  very  noticeable  in  sample 
No.  36835.  In  the  sample  taken  forty-five  minutes 
later  it  has  increased  to  nearly  a  per  cent.  In  the 
sample  taken  sixteen  minutes  later  it  has  increased 
to  2.6  per  cent.,  and  in  the  last  sample  taken,  which 
was  just  before  the  "fusel"  began  to  distil,  the  con- 
tent was  over  16.3  per  cent. 

Aldehydes. — As  previously  stated,  alcohol  produced 
by  the  aeration  of  the  mash  contains  an  excessive 
amount  of  aldehydes.  A  large  portion  of  the  alde- 
hydes go  over  in  the  first  runnings,  the  majority  having 
been  driven  off  at  the  end  of  two  hours'  distillation. 
When  the  middle  run  is  reached  the  content  of  alde- 
hyde is  almost  nil  and  remains  so  throughout  the 
distillation,  showing  that  practically  all  the  aldehydes 
have  been  distilled. 

Furfurol. — No  furfurol  was  found  in  the  products 
of  the  beer  still,  and  none  was  found  in  the  distillate 
of  the  column.  These  results  bear  out  the  statement, 
previously  made  from  this  laboratory,  that  furfurol 
had  never  been  found  in  the  distillate  from  a  con- 
tinuous beer  still. 

Acetal. — The  percentage  of  acetal  and  similar  bodies, 
other  than  aldehydes,  was  not  determined,  there 
being  no  feasible  method.  The  presence  of  acetal 
is  shown  in  samples  36814  to  36828,  inclusive;  only 
a  very  small  amount  was  found  in  the  last  few  samples. 
It  is  to  be  expected  that  such  bodies  will  be  present 
in  spirit  when  such  a  high  percentage  of  aldehydes 
is  contained  therein,  these  products  being  produced 
by  the  action  of  the  aldehydes  on  ethyl  alcohol. 

Quantities  in  Each  Fraction. — Of  the  4,000  gallons 
of  10 1  degrees  proof  of  spirit  in  the  charge  of  the 
kettle,  neglecting  the  water,  about  3  per  cent,  is 
separated  as  "fore-shots"  (low  wines),  30  per  cent, 
as  "heads,"  48  per  cent,  as  "middle  run,"  16  per 
cent,  as  "tails"  and  3  per  cent,  as  low  wines,  fusel 
oil,  0.25  per  cent.  An  examination  of  the  samples 
both  physical  and  chemical  would  indicate  that  the 
fractions  represented  by  the  two  sample^  taken 
before,  and  the  two  samples,  taken  after  the  middle 
run  could,  without  detriment,  be  added  to  the  higher 
grade  spirit  increasing  the  proportion  of  "middle 
run"  to  about  63  per  cent.  In  a  distillery  producing 
alcohol  from  an  unaerated  mash  the  proportion  of 
"middle  run"  is  as  would  be  expected  larger  than  this 
figure,  being  between  65  and  80  per  cent.,  depending 
entirely  on  the  quality  desired. 

SAMPLES    FROM    THE    PLATES    OR    CHAMBERS. 

In  order  to  see  at  just  what  stage  the  purification 
of  the  alcohol  occurs,  it  was  decided  to  take  samples 


from  the  plates  of  the  still  from  the  bottom  up.  The 
analyses  of  these  would  show  at  just  which  point 
the  spirit  was  cleansed.  As  previously  stated,  the 
charge  in  the  kettle,  which  was  sampled,  was  a  third 
one;  there  was,  therefore,  remaining  on  the  plates 
and  in  the  kettle  just  three  times  as  much  higher 
alcohol  as  was  present  in  one  charge.  I  thought  it 
best  to  wait  until  the  still  has  been  cleaned  out  and 
a  new  charge  in  process  of  distillation  before  taking 
samples  from  the  plates.  The  best  time  at  which 
to  take  representative  samples  is  during  the  middle 
of  the  distillation,  when  the  purest  spirits  come  over. 
I,  accordingly,  went  to  the  distillery  at  10  o'clock  p.m., 
at  which  time  the  middle  run  had  been  distilling  for 
two  hours.  By  referring  to  the  illustration  it  will 
be  seen  that  there  is  a  little  cock  just  above  each  plate 
in  the  still.  The  cocks  are  placed  about  four  inches 
above  the  water  line  of  the  plate.  Being  so  high 
it  made  it  difficult  to  obtain  samples  in  some  cases, 
as  only  vapor  came  from  the  cock.  The  three  chambers 
nearest  the  bottom,  could  not  be  sampled  as  the  cocks 
had  been  permanently  closed.  Samples  were  taken 
from  Nos.  4,  5,  6  and  7  chambers  from  the  bottom, 
and  then  from  every  other  chamber  to  the  top,  or 
23d  making  twelve  samples.  For  purposes  of  com- 
parison I  have  included  in  this  table  Sample  No. 
36829  which  is  a  sample  from  the  previous  run,  taken 
at  the  condenser,  at  about  the  same  relative  time, 
showing  that  the  highest  proof  is  reached  in  the  top 
chamber  of  the  still.  By  reference  to  the  analytical 
table  and  curves  it  is  seen  that  the  proof  rather  regu- 
larly increases  from  the  fourth  chamber,  where  it 
was  1640,  to  the  top  chamber  where  it  was  190.7  °. 

Acids  and  Esters. — The  content  of  the  acids  and 
the  esters  would  seem  to  indicate  that  both  of  these 
products  are  formed  in  the  column,  as,  if  this  were 
not  the  case,  there  would  be  no  reason  for  a  higher 
content  in  the  upper  than  in  the  lower  chambers. 

Higher  Alcohols. — Examination  of  the  higher  alco- 
hols proves  that  the  major  portion  of  them  is  con- 
densed out  of  the  spirit  on  the  lower  plates,  and  when 
the  seventeenth  chamber  is  reached  it  is  as  free  of 
this  product  as  the  still  can  make  it. 

Aldehydes. — The  determination  of  aldehydes  show 
only  a  faint  trace. 

Furfurol. — No  furfurol  was  found  in  any  of  the 
samples. 

CONCLUSIONS. 

The  results  seem  to  prove  that  the  essential  differ- 
ences between  the  column  still  and  the  pot  still,  or 
what  should  probably  be  called  a  "simple"  still, 
are: 

First:  That  a  much  higher  proof  can  be  obtained 
from  the  former. 

Second:  That  the  system  of  chambers,  the  source 
of  heating  being  a  steam  scroll,  fractionates,  from 
the  middle  portion  of  the  run,  practically  all  of  the 
higher  alcohols,  namely,  about  80  per  cent.,  whereas 
the  simple  still  not  only  does  not  fractionate  any 
of  these  constituents,  but  the  greatest  portion  distils 
over  in  the  middle  part  of  the  run. 
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Credit  should  be  given  Mr.  Peter  Valuer  for  the 
anal}  tical  work  on  the  aldehydes  and  furfurols. 

1  wish  to  thank  The  American  Copper  &  Brass 
Works,  of  Cincinnati,  Ohio,  for  the  loan  of  the  cut 
of  the  column  still. 

Note. — In  offering  this  paper  I  would  state  that 
it  is  not  as  complete  as  it  might  be,  as  more  work 
should  be  done  to  ascertain  the  different  constituents 


of  the  foreshots  and  heads,  and  also  the  relative  pro- 
portions of  the  different  higher  alcohols  in  the  last 
portion  of  the  run.  For  instance,  sample  No.  36838 
gives,  with  the  Allen-Marquardt  method,  for  higher 
alcohols,  16.3  per  cent,  by  weight;  this  would  be  ap- 
proximately 20  per  cent,  by  volume.  After  shaking 
this  sample  with  a  large  volume  of  water  40  per  cent, 
of  higher  alcohols  separate,   of  which  a  considerable 
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i  ,i>   No 

363  IS 
36816 


36817 
36818 
36819 

36821 
1682  ' 

36824 

36825 
36826 

36828 
36829 
36830 
36831 
36832 
36833 
36834 
36835 
36836 
36837 
36838 


Sample 


i '.  ,.  riptlon. 

Distillate  No.  l 

Distillate  No.  2 

Mixtur  e   0  f  above 

.i  1  i  <■  r    li  I  t  eri  ng 

through  charcoal 

average  of  kettle 


sami'i  i     iKi.M    \ 1 1  - .11. >l  Distillation. 

N  i   100  liters  (bused  on  original  (ample).      Heir  still  samples 
Proof. 
Callous.  Degrees.  A.  Ids 

2000  101  21.6 

•Dim  loi  21    6 


Higher 

(•ten. 

alcohola, 

Aldehydes. 

l'urfurol 

22.3 

100.2 

120 

0.0 

22  3 

86.2 

120 

0  0 

Samples  prom  Column. 


Proof. 

Higher 

Description. 

Time  taken. 

Degrees. 

Acids. 

Qsters. 

alcohols. 

Aldehydes. 

l-'urfurol 

i  mi  wines 

10.13  a  H. 

1S5 

32.6 

70.4 

47.5 

6000 

0.0 

Low  wines 

10.25 

185 

18.0 

79.2 

38.7 

6400 

0.0 

1  <.w  wines 

10.45 

180 

27.6 

82.7 

36.0 

4800 

Heads 

11.01 

185 

54.0 

78.6 

32.0 

2320 

Heads 

11.45 

187 

48.0 

71.6 

19.4 

2200 

Heads 

12.35 

189 

45.6 

45.2 

19.4 

800 

Heads 

1.15   P.M. 

190 

63.6 

38.2 

19.4 

426 

Heads 

2.15 

191 

60.0 

31.1 

19.0 

370 

0.0 

Heads 

3.  15 

191 

54.0 

25.8 

17.6 

96 

0.0 

Heads 

4.15 

191 

42.0 

24.1 

22.9 

42 

0.0 

Heads 

5.40 

191 

36.0 

17.6 

19.4 

13 

0.0 

Heads 

6.40 

191 

32.4 

21.1 

17.6 

7.2 

0.0 

Middle  run 

8.45 

191 

15.6 

21.1 

16.3 

1.8 

0.0 

Middle  run 

2.00  A.M. 

191 

12.0 

19.4 

18.0 

1.1 

Middle  run 

7.30 

191 

8.4 

24.6 

16.3 

1.2 

0.0 

Tails 

8.00 

190 

9.6 

28.2 

15.0 

1.3 

Tails 

9.13 

190 

8.4 

24.6 

21.1 

1.3 

0.0 

Tails 

10.10 

190 

3.6 

14.1 

25.0 

1.3 

Tails 

11.05 

187 

9.6 

28.2 

122.3 

trace 

0.0 

Low  wines 

11.50 

182 

16.8 

17.6 

840.0 

1.0 

Low  wines 

12.06  p  M. 

172 

10.8 

22.9 

2650.0 

1.0 

0.0 

Low  wines 

12.30 

8.4 

40.5 

16.3% 

2.2 

... 

Fusel  oil 

12.38  Begins 

Fusel  oil 

1 .00  Ends 

Water-clean  out 

Samples  from  Chambers  of  Column. 
Grams  per  100  liters  (original  samples). 


Higher 

^ab.  No. 

Proof. 

Acids. 

Esters. 

alcohols.      Aldehydes. 

Average  of  kettle 

36816 

when    charged. 
No.  of  chambers 

101% 

20.4 

22.3 

86.2 

125 

Lab.  No. 

from  bottom. 

36855 

4 

164.4 

6.0 

10  6 

336.2 

aint  trace 

36856 

5 

170.8 

6.0 

12.3 

292.9 

'aint  trace 

36857 

6 

174.4 

4.8 

12.3 

148.8 

aint  trace 

36858 

7 

180.4 

15.6 

61  .6 

111   0 

aint  trace 

36859 

9 

183.0 

8.4 

35.2 

54.3 

aint  trace 

36860 

11 

184.8 

13.2 

70.4 

58.1 

aint  trace 

36861 

13 

186.0 

8.4 

52.8 

41.4 

raint  trace 

36862 

15 

187.2 

7.2 

44.0 

35.2 

aint  trace 

36863 

17 

188.4 

7.2  . 

65.1 

15.0 

aint  trace 

36864 

19 

189.1 

7.2 

22.9 

17.6 

aint  trace 

36865 

21 

190.2 

13.2 

24.6 

14.1 

aint  trace 

36866 

23 

190.7 

10.8 

44.0 

17.6 

:aint  trace 

36829  at 

condenser 

finished  alcohol 

190.8 

15.6 

21.1 

16.3 

l.i 

proportion  distilled  at  less  than  128°,  proving  that 
the  Allen-Marquardt  method  estimates  only  about 
50  per  cent,  of  the  total  higher  alcohols  present  in 
this  particular  sample. 

Preliminary  fractionation  of  a  sample  of  salable 
fusel  oil  from  this  distillation  proves  it  to  contain 
at  least  75  per  cent,  of  amyl  alcohol,  boiling  at  1280- 
132  °;  therefore,  as  the  Allen-Marquardt  method 
estimates  practically  all  of  this  alcohol,  then  the  pro- 
portion of  the  lower  boiling  point,  higher  alcohols, 
in  this  sample  36838  must  be  greater  than  in  the 
marketable  fusel  oil. 

On   account   of   the   small   samples   taken   and    the 


Samples  from  Chambers  of  Column. 
Grams  per  100  liters  calculated  to  100  proof. 


Higher  Fur- 

Furfurol.    Acids.       Esters,     alcohols.  Aldehydes,  furol. 


3.6 

6.4 

204.6 

3.5 

7.2 

171.5 

2.7 

7.1 

85.3 

8.6 

34.1 

61.5 

4.6 

19.2 

29.7 

limited  time  available,  I  can  not  at  this  time  complete 
the  work  along  these  lines,  but  hope  to  carry  it  to 
completion  at  some  future  time. 


PURE  LINSEED  OIL. 

By  E.  J.  Sheppard 
Received  October  20,  1911. 

The  majority  of  writers  on  the  subject  of  linseed 
oil  state  that  linseed  invariably  contains  admixed 
seeds  and  straw  as  impurities;  but,  with  the  exception 
of  the  article  by  Ketel  and  Antusch,1  there  is  no  data 

1  Z.  angeu*.  Chem.,  1896,  581. 
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available  of  the  precise  effect  of  these  impurities  on 
the  constants  of  the  oil.  Church,  however,  calls 
attention  to  the  injurious  effect  of  weed  seeds  on  the 
color  of  the  oil.  The  following  investigation  was 
undertaken  in  order  to  establish  the  exact  influence 
of  these  impurities  on  the  oil. 


pletely  freed  of  impurities  by  screening  and  by  hand 
picking.  Portions  of  the  clean  seed  were  analyzed 
and  the  data  obtained  are  shown  in  Table  I.  On 
pressing  the  clean  seed,  oil  sample  C  was  obtained. 

Samples  r,  2,  3  and  4  are  considered  as  representative 
-I    seed   used   for  crushing  in   this  country;   5,   (>  and    7 


Fig.    1. 


It  was  thought  best  to  obtain  the  oil  by  the  pressure 
method  rather  than  by  the  extraction  method  as 
employed  by  Ketel  and  Antusch.  The  accompanying 
drawings  and  photographs  (Fig.  1)  show  the  details 
of  construction  of  the  special  press  designed  and 
built  for  this  purpose  by  Professor  A.  H.  Sabin: 
A,  in  Fig.  2,  is  a  cast-iron  base.  B  is  a  piece  of  steel 
tubing.  C,  in  Fig.  3,  is  a  perforated  steel  plate, 
the  grooves  of  which  serve  as  channels  for  the  oil; 
in  use  it  is  placed  with  grooves  down.  D  is  a  solid 
piece  of  shafting;  this  serves  as  a  piston.     In  practice, 


were  imported  in  a  small  quantity,  but  are  believed 
to  be  representative — no  authentic  factory  samples 
of  oil  could  be  obtained.  The  average  weight  per 
seed  was  obtained  on  4000  full-sized  seeds;  these  were 
afterward  used  for  the  specific  gravity  determination. 


Table  I. 

Non- 

Oil  in 

Average 

Oleagi- 

oleagi- 

total 

weight 

nous  im- 

nous im- 

impuri- 

Oil. 

Sp.  gr. 

per 

purities. 

purities. 

ties. 

Per 

15.5°  C. 

seed. 

Per 

Per 

Per 

Seed. 

cent. 

15.5°  C. 

Mg. 

cent. 

cent. 

cent. 

1 — American.  .  . . 

. .    39.67 

1.1388 

4.61 

1.50 

1.69 

10.0 

. .    39.40 

4.53 

1  .01 

1  .05 

3 — La  Plata 

...  36  98 

1.1415 

5.58 

0.58 

5.64 

14.1 

4 — Calcutta 

.  .    40.82 

1 .1326 

5.41 

4.85 

5.03 

14.9 

.  .    41.23 

1.1182 

7.88 

0  81 

2.80 

6 — S.  Russia 

(Kertch)... 

. .    39  . 1 1 

1.1375 

5.74 

5.05 

1  .71 

7 — N.  Russia 

(Riga) 

. .    36.95 

1.1458 

4.19 

3.31 

1.97 

a  piece  of  wire  gauze  fitting  inside  of  B  is  placed  on 
C;  this  prevents  the  charge  from  wedging  in  the  holes 
of  the  plate  C. 

Samples  of  seed,  as  used  for  pressing,  were  taken 
at  an  oil-mill  together  with  samples  of  the  oil  pressed 
therefrom — Samples  A.  Portions  of  the  seed  as 
received  were  pressed  in  the  special  press  and  gave 
samples  B.     About  300  grams  of  the  seed  were  com- 


The  per  cent,  of  oil  was  obtained  by  the  extraction 
method.  The  percentages  of  impurities  refer,  of  course, 
to  the  amounts  present  in  the  seed  as  received.  In 
the  case  of  the  Calcutta  seed,  the  percentage  of  total 
impurities  is  a  trifle  high,  as  the  average  of  .11  recent 
samples  was  6.90  per  cent. — containing  15. 1  per  cent, 
oil.  The  oil  in  the  clean  Calcutta  seed  averaged 
41.01  per  cent. 

Andes1  is  evidently  in  error  on  the  average  weight 
of  a  seed.  Wijs'  figures'  on  the  amount  of  impurities 
present  in  various  seeds  are  correct  in  some  cases. 
It  is  a  remarkable  fact  that  the  percentages  of  impuri- 
ties in  the  Calcutta  and  Russian  seeds  do  not  con- 
firm the  statements  of  most  writers  on  the  subject 
that  "Calcutta  and  Baltic  seeds  are  freer  from  foreign 
seeds  than  the  American  and  La  Plata  seeds,  and  that, 
consequently,  the  oils  are  of  better  quality."  Ap- 
parently,   this    prejudice    regarding    the    presence    of 

1  "Drying  Oils."  page  58. 

2  Andes,  Ibid.,  page  318. 
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foreign  seeds  in  commercial  American  linseed  is  un- 
founded 

In  preparing  the  oil,  the  seed  was  ground  in  a  i  offe< 
mill,   placed   in   a    Mason   jar  ami   steam   introduced, 
the  jar  covered  and  placed  in  a  steam  oven  I'M-  ■  hours. 

On  removal,  the  meal  was  at  mice  packed  in  cloth 
and  placed  in  the  press,  the  piston,  inserted  and, 
using  the  screw  of  a  filter-press,  pressure  was  applied. 
the  oil  draining  through  the  outlet  tube  into  a  bottle 
wired  to  the  press.  The  first  test-run  showed  that 
only  slightly  more  oil  was  left  in  the  cake  than  in 
regular  factory  practice. 

Table  II  contains  the  analytical  results  obtained 
on  the  oils.  In  all  cases,  the  oil  was  filtered  through 
paper  before  making  a  determination.  Sample  2A 
is  an  extraction  process  oil ;  all  the  other  factory  samples 
are  oils  manufactured  by  the  old  process  hydraulic 
method. 


Fig.  3. 

Analyses:  iA  and  2 A  give  the  results  obtained 
recently  on  the  factory  samples  of  oil,  while  iA, 
and  2A,  are  the  results  obtained  two  years  ago  on  the 
same  samples,  indicating  that  no  change  in  the  con- 
stants determined  took  place  in  the  oils.  Samples 
iB,  iC  and  2C  were  pressed  in  the  laboratory  from 
seed  kept  2V2  years  in  closed  Mason  jars. 


Sp.gr. 

Iodine 

15.5°  C. 

Ref.  index 

No. 

Oil. 

15.5°  C. 

at  25°  C. 

(Hanus.) 

Color. 

American — A 

0.9346 

1 .4802 

187.5 

yellow 

American — A, 

0.9347 

1.4800 

187.9 

yellow 

American — B 

0.9347 

1 .4800 

187.6 

yellow 

American — C 

0.9346 

1.4800 

187.5 

yellow 

American — A 

0.9330 

1.4800 

185.9 

yellow 

American — Ai 

0.9331 

1 .4797 

186.1 

yellow 

American — C 

0.9330 

1.4800 

186.5 

yellow 

La  Plata— A 

0.9316 

1.4782 

171  .4 

green 

La  Plata — B 

0.9316 

1.4782 

171  .8 

green 

La  Plata — C 

0.9317 

1.4783 

171  .1 

orange 

Calcutta — A 

0.9329 

1.4790 

178.9 

yellow 

Calcutta — B 

0.9327 

1.4792 

179.3 

yellow 

Calcutta — C 

0.9327 

1 .4793 

180.5 

yellow 

Bombay — C 

0.9316 

1 .4790 

176.9 

yellow 

S.  Russian  (Kertch) — C 

0.9317 

1.4795 

177.0 

orange 

N.  Russian  (Riga) — C 

0.9354 

1.4815 

196.4 

green 

published    giving    the    analysis    "t    oils    from    picked 

seed,     with     the    exception     of    Thomson    and    Dunlop' 

who  obtained  105.  1  a',  the  iodine  no.  on  oil  from  pick  d 
Riga  seed,  Inn  they  used  the  Wijs  method,  Ketel 
and  Antuselr  give  data  ol  the  effecl  on  the  oil  oi 
varying  amounts  ol  dotter  and  rape  seeds  added  to 
clean  linseed,  hut  thi  used  if"  1  traction  method 
for  obtaining  the  oil;  while,  in  a  later  article3  they 
admit  the  possibility  of  a  lower  iodine  no.  in  extracted 
oil,  they  state  that,  to  their  knowledge  this  has  never 
been  actually  tested.  It  may  also  be  mentioned  that 
the  amounts  of  dotter  and  rape  seeds  added  are  con- 
siderably out  of  proportion  to  those  actually  present 
in  the  commercial  seed  examined. 

Mastbaum  states*  that  "expressed  oil  has  a  higher 
iodine  no.  than  extracted  oil."  The  comparative 
analysis  of  2A  and  2C  would  seem  to  indicate,  however, 
that  this  is  not  necessarily  so. 

It  is  worthy  of  note  that  high  percentages  of  non- 
oleaginous  and  low  percentages  of  oleaginous  im- 
purities, as  in  the  La  Plata  seed,  do  not  affect  the  con- 
stants, but  do  affect  the  color  of  the  oil.  On  the  other 
hand,  with  the  Calcutta  seed,  the  variation  in  iodine 
no.  can  hardly  be  due  to  experimental  error — more 
likely  to  the  high  per  cent,  of  oleaginous  impurities' — 
whereas  the  color  is  only  slightly  affected.  The  green 
color  of  the  Riga  oil  must  be  due  to  some  coloring 
matter  present  in  the  seed  itself. 

The  typical  analyses  quoted  in  Table  II  fall  well 
within  the  limits  set  by  Wijs  when  the  usual  difference 
between  the  Hanus  iodine  no.  and  the  Wijs  no.  is 
considered. 

From  a  consideration  of  the  results  it  appears  that 

1.  Oil  pressed  from  clean  linseed  does  not  differ 
materially  from  commercially  pure  linseed  oil. 

2.  The  dark  green  color  of  the  La  Plata  oil  is  due 
to  the  non-oleaginous  impurities. 

3.  A  high  per  cent,  of  oleaginous  impurities  does 
not  affect  the  color  appreciably,  but  does  affect  the 
iodine  no.  slightly. 

4.  The  technical  manufacture  of  oil  by  the  extrac- 
tion process  does  not  lower  the  iodine  no. 

5.  The  constants  of  the  oil  pressed  from  the  seed 
which  had  been  kept  2V2  years  in  a  closed  container 
do  not  appear  to  be  affected  by  the  aging  of  the 
seed. 

Laboratory  National  Lead  Cojupany. 
Brooklyn.  N.  V. 


ARSENIC  IN  GLASS. 


So  far  as  the  writer  knows,   no  figures  have  been 


By  S.  R.  Scholes. 
Received  November  13,  1911. 

In  Hovestadt's  excellent  work  on  "Jena  Glass" 
arsenic  oxide  (As,05)  is  listed  among  the  constituents 
of  many  of  the  glasses  described,  in  quantities  of  from 
0.2  to  0.4  per  cent.  The  English  edition  of  this  book 
contains    a    note    by    Everett,    the    senior    translator. 

1  Analyst.  1906,  282. 

2  Loc.  cii. 

3  Z.  angew  Chem...  1897,  210. 
*  Ibid..  1896,  719. 
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who  takes  exception  to  this  view,  arguing  that  the 
pentoxide  would  be  reduced  at  the  glass-making 
temperature.  Rosenhain,  author  of  "(llass  Manu- 
facture," supports  the  latter  opinion,  and  adds  that 
he  believes  very  little  arsenic  remains  in  the  glass 
at  all.  It  seemed  of  interest,  therefore,  to  study 
this  question  from  the  analytical  standpoint,  by  ex- 
amination of  the  glass  itself.  Some  unexpected 
results  were  obtained. 

Two  varieties  of  glass  were  analyzed  for  arsenic: 
No.  1,  a  soda-baryta  glass,  of  fairly  high  alkali-con- 
tent; No.  2,  a  potash-lead  glass,  used  for  cut-glass 
ware.  In  No.  1,  the  arsenious  oxide  put  into  the 
batch,  or  raw  materials,  was  between  0.3  and  0.5 
per  cent,  of  the  glass  produced,  while  in  No.  2  it  was 
approximately  0.45  per  cent.  In  both  these  batches, 
potassmm  nitrate  was  used  in  considerable  quantity, 
and  in  No.  2  red  lead  was  one  of  the  main  constituents, 
so  that  there  was  abundant  opportunity  for  the  initial 
oxidation  of  the  arsenic  to  the  pentavalent  condition. 
The  method  used  for  determining  the  percentage  and 
state  of  oxidation  of  the  arsenic  remaining  in  the  glass 
was  as  follows: 

Samples  of  glass,  powdered  to  pass  a  40-mesh 
sieve,  were  weighed  into  a  platinum  dish  and  treated 
with  15-20  cc.  of  hydrofluoric  acid,  added  in  three 
portions.  When  reaction  had  ceased,  20  cc.  of  30 
per  cent,  sulphuric  acid  were  added,  and  the  mixture 
evaporated  on  a  water-bath  until  hydrofluoric  acid 
fumes  ceased  coming  off.  It  was  then  rinsed  into  a 
beaker,  making  a  total  volume  of  40  cc,  and  arsenic 
acid  determined  by  titration  after  the  manner  described 
in  Sutton's  "Volumetric  Analysis."  In  the  case  of 
the  lead  glass,  the  solution  was  filtered  before  the 
addition  of  potassium  iodide,  to  remove  the  lead 
sulphate  and  avoid  formation  of  lead  iodide.  After 
titrating  with  thiosulphate,  the  solution  was  nearly 
neutralized  with  sodium  carbonate,  20  cc.  of  a  saturated 
solution  of  sodium  bicarbonate  were  added,  the  arse- 
nious acid  was  titrated  with  iodine,  and  the  arsenious  ■ 
oxide  originally  present  determined  by  difference.  The 
standard  solutions  used  were  twentieth-normal.  Blank 
determinations  showed  that  the  reagents  contained 
no  measurable  quantity  of  arsenic.  The -data  obtained 
are  tabulated  below. 

Cc.  TV/20  Per  Per 

Glass.  Grams  thio-      Cc.  N/20  cent.  cent. 

No.  sample,  sulphate,  iodine.  As2Os.  As203  As2Os.  AS2O3. 

1  6.60  9.0.         9.1  0.02587  0.0003  0.39  0.00 

1  4.82  4.2            5.1  0.01207  0.0022  0.25  0.05 

2  4.25  5.9  6.6  0.01696  0.0017  0.40  0.04 
2  7.73  9.6  9.6  0.02760  0.0000  0.36  0.00 
21  6.00  8.6            8.6  0.02472  0.0000  0.41  0.00 

These  results  indicate  that  a  great  part  of  the  arsenic 
used  in  glass-making  remains  in  the  glass  as  the  higher 
oxide,  probably  as  arsenate  of  soda  or  potash.  This 
is  somewhat  surprising,  in  view  of  the  properties 
attributed  to  arsenic  in  justification  of  its  use.  It 
is  expected  to  volatilize,  aiding  in  the  mixing  of  the 
batch  as  the  latter  melts.  Moreover,  it  is' said  to  have 
an   oxidizing  effect,   but  the  fact   that  the  arsenious 

1  Sample  fused  with  sodium  carbonate  and  dissolved  in  sulphuric  acid 


oxide  originally  employed  appears  finally  in  the  glass 
with  a  gain  of  oxygen  does  not  bear  out  this  belief. 
On  the  contrary,  it  seems  that  the  use  of  arsenic  must 
reduce  the  available  oxygen  of  the  batch.  At  least  in 
cases  where  nitrates  are  present  and  the  melting 
tarried  on  in  closed  pots,  as  in  the  manufacture  of 
the  glasses  here  examined,  the  value  of  the  arsenic, 
if  any,  obviously  lies  in  neither  its  volatilizing  nor 
its  oxidizing  powers. 

The    glass    used    and    the    data    concerning    it    were 
furnished  by  one  of  the  glass  companies  of  this  vicinity. 

Laboratory  of  Industrial  Research. 
University  of  Pittsburgh. 
Pittsburgh. 


THE  DETERMINATION  OF  CHROMIUM   AND  ITS  SEPARA- 
TION FROM  VANADIUM  IN  STEELS. 
By  J.  R.  Cain. 
Received  November  10,  1911. 

While  attempting,  recently,  to  determine  chromium 
in  chrome-vanadium  steels,  difficulties  with  some  of 
the  usual  methods  were  encountered.  If  a  steel  con- 
taining chromium  as  chromate  and  vanadium  as 
vanadate  is  titrated  against  ferrous  solutions,  using 
ferricyanide  to  indicate  the  point  at  which  all  the 
vanadium  and  chromium  are  reduced  and  an  excess 
of  titrating  solution  is  present,  there  is  sometimes 
an  indefinite  end-point,  because  as  soon  as  some  vana- 
dium is  reduced  to  the  vanadyl  condition  this  reacts 
with  the  ferricyanide  indicator,  reducing  it  to  ferro- 
cyanide  which  then  gives  the  usual  color  with  the 
ferric  salts  present.1  An  experienced  operator  can 
oftentimes  judge  the  end-point  sufficiently  closely 
for  practical  work,  but  the  difficulty  increases  with 
increasing  vanadium,  and  it  is  almost  always  necessary 
to  run  blanks  of  various  kinds,  increasing  to  that 
extent  the  uncertainties  of  such  methods.  If  the 
excess  of  ferrous  solution  is  titrated  back  with  per- 
manganate some  correction  is  also  necessary  for  chro- 
mium oxidized  by  permanganate.2  If  in  the  preliminary 
oxidation  of  the  vanadium  and  chromium,  any  man- 
ganese dioxide  separates,  as  where  potassium  per- 
manganate or  potassium  chlorate  are  used,  some 
chromium  may  be,  and  often  is,  carried  down  by  the 
manganese.3  If,  in  order  to  separate  vanadate  from 
chromate,  the  nitric  acid  solution  of  the  steel  (with 
or  without  preliminary  ether  extraction  of  most  of 
the  iron)  is  poured  into  excess  of  sodium  hydroxide 
solution  and  boiled,  usually  an  appreciable  amount 
of  chromium  goes  into  the  filtrate  with  the  vanadium. 
Many  methods  take  no  account  of  this  chromium. 
The  amount  so  lost  increases  with  the  manganese 
in  the  steel  and  the  time  of  boiling,  the  manganese 
being  converted  in  part  to  peroxide  and  this,  in  the 
strongly  alkaline  solution,  oxidizing  the  chromium 
to  chromate.4 

Many  careful  tests  having  shown  that  chromium  in 

1  Cain.  This  Journal,  3,  476  (191 1);  other  references  will  be  found  here  . 

2  Cain.  loc.  cit. 

3  Arnold  and  lbbottson.  "Steel  Works  Analysis,"  3rd  Ed.  p.  180. 
also  Cain.  loc.  cit. 

1  Cain,  loc  cit. 


c8 


THE   J0URNA1    OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY, 


1912 


much  larger  amount  than  the  usual  commercial  Bteels 
can  1"'  precipitated  completely  in  a  few  minutes 
by    b  1     nearly    neutralized    (ferrous)    solution 

oi  the  steel  with  barium  carbonate,  cadmium  carbonate 
zinc  oxide  or  magnesium  oxide,  it  was  decided  to  base 
a  method  Eor  determining  chromium  on  one  of  these 
methods  of  separation  from  iron.  Probably  the 
reason  why  such  separations  have  not  come  into  more 
genera]  use  is  because  practically  all  writers  have 
directed  to  make  the  carbonate  or  oxide  precipitation 
in  the  cold,  which  requires  many  hours'  standing  and 
is  even  then  sometimes  incomplete.  The  work  done 
here  has  shown  that  but  ten  or  fifteen  minutes'  boiling, 
with  proper  precautions,  is  all  that  is  ever  necessary, 
the  filtrates  being  free  from  even  traces  of  chromium 
(<»r  \  anadium). 

Noyes  and  Bray1  have  given  conditions  for  com- 
pletely precipitating  chromates  in  the  presence  of 
vanadates  which  make  possible  a  good  separation 
of  the  two  elements.  The  work  here  having  com- 
pletely confirmed  their  results,  this  separation  was 
incorporated  in  the  method. 

DESCRIPTION    OF    THE    METHOD. 

Dissolve  in  a  covered  300  cc.  Erlenmeyer  flask 
an  amount  of  drillings,  which  will  give  not  to  exceed 
6  or  7  centigrams  of  chromium,  using  about  10  cc.  of 
concentrated  hydrochloric  acid  per  gram  of  steel. 
The  concentrated  acid  (specific  gravity  1.20)  seems  to 
dissolve  the  steel  much  more  readily  than  a  diluted 
acid.  When  no  more  hydrogen  is  given  off,  dilute  to 
100  or  150  cc.  with  hot  water,  nearly  neutralize  with 
saturated  sodium  carbonate  solution,  add  barium 
carbonate  emulsion  in  slight  excess,  place  on  the  hot 
plate  and  boil  vigorously  ten  or  fifteen  minutes,  with 
small  additions  of  the  barium  carbonate  emulsion  every 
two  or  three  minutes.  The  flask  should  be  kept 
covered  during  all  operations  so  as  to  exclude  air 
as  completely  as  possible.  Too  great  an  excess  of 
barium  carbonate  should  not  be  used,  as  this  increases 
the  difficulty  of  extracting  the  chromium  in  the  sub- 
sequent fusion.  An  excess  of  a  gram  or  two  is  the 
most  that  should  be  present.  Remove  the  flask  from 
the  plate,  let  the  precipitate  settle,  and  filter  at  once 
on  a  1 1  cm.  white  label  No.  589  filter,  washing  twice 
with  hot  water.  These  operations  should  be  carried 
out  rapidly  and  without  delay.  Place  the  filter  and 
precipitate  in  a  sufficiently  large  platinum  crucible, 
burn  off  the  filter,  add  2  grams  of  sodium  carbonate 
and  about  1/i  gram  potassium  nitrate,  and  fuse  for 
20  minutes.  Support  the  inverted  and  inclined 
crucible  on  a  glass  triangle  which  has  glass  legs  about 
3/4  inch  long  fused  to  its  corners  for  supports,  place 
on  the  bottom  of  a  250  cc.  beaker,  cover  it  with  boiling 
water  and  digest  a  few  minutes  until  the  fusion  is 
disintegrated.  Filter  into  a  flask,  add  1  or  2  cubic 
centimeters  of  hydrogen  peroxide  to  the  filtrate  and 
boil  for  five  or  ten  minutes  to  destroy  the  excess  of 
peroxide.  Cool,  transfer  to  a  250  or  300  cc.  separatory 
funnel,  add  a  slight  excess  of  nitric  acid  (1-1),  and 
shake  vigorously  a  few  minutes,  allowing  the  liberated 

1  Technology  Quarterly,  21,  14  (1908). 


carbon  dioxide  to  escape  by  inverting 

I  i  in  in  1      .mkI      opt  inn",      I  In'     BtO] 1  I 

250  cc.  beaker,  just  neutralize  with  sodium  hydroxide 

solution,  and  then  add  nitric  aeid  11  [),  .>  cc.  for  1 
100  cc.  of  solution.  Add  20  cc.  of  a  .>o  per  cent. 
lead  nitrate  solution  to  the  cold  solution,  stirring 
vigorously.  The  precipitate  settles  quickly,  It,  is 
filtered  on  asbestos,  and  washed  three  or  four  times 
with  cold  water.  The  asbestos  mat  *s  transferred  to 
a  beaker  or  flask,  and  the  lead  chromate  decomposed 
with  hot  hydrochloric  acid  (1-4).  The  solution  is 
cooled,  the  volume  made  up  to  150  or  200  cc.  and  it 
is  titrated  against  approximately  N/10  ferrous  sul- 
phate solution  with  ferricyanide  as  outside  indicator. 
Or,  if  desired,  an  excess  of  the  ferrous  sulphate 
solution  is  added  and  the  excess  titrated  back  against 
bichromate.  The  standard  iron  solution  should  be 
compared  with  bichromate  or  permanganate  on  the 
day  it  is  used.  Table  I  gives  results  obtained  with 
synthetic  solutions  and  with  the  chrome-vanadium 
standard  steel  of  the  Bureau  of  Standards.  The  syn- 
thetic solutions  were  made  by  adding  the  chromium 
from  a  carefully  standardized  bichromate  solution 
and  the  vanadium  from  a  sodium  vanadate  soluticm 
to  the  hydrochloric  acid  solution  of  a  vanadium  and 
chromium  free  steel. 

Table  I. 


Iron 

No.  of 

present. 

Vanadium 

Chromium 

Chromium 

Differ- 

expt. 

Grams. 

present. 

present. 

found. 

ence. 

1 

1 

0.0012 

0.0140 

0.0137 

—0.0003 

2 

1 

0.0024 

0.0280 

0.0277 

—0.0003 

3 

1 

0.0024 

0.0420 

0.0420 

0.0000 

4 

1 

0.0036 

0.0560 

0.0558 

—0.0002 

5 

1 

0.0048 

0.0700 

0.0700 

0.0000 

6 

1 

0.0060 

0.1120 

0.1122 

4-0.0002 

7 

1 

0.0120 

0.1680 

0.1685 

+  0.0005 

8 
9' 

1 

4 

0.0180 

0.2800 

0.2805 
0.0536 

+  0.0005 

NOTES    AND    PRECAUTIONS. 

Numbers  6,  7  and  8  of  Table  I  show  that  very  large 
amounts  of  chromium  can  be  completely  precipitated 
by  the  barium  carbonate  method  carried  out  as  above 
described.  However,  if  the  amount  of  chromium  ex- 
ceeds that  recommended  in  the  method  described 
herein,  it  cannot  be  readily  extracted  by  2  grams  of 
sodium  carbonate,  particularly  if  too  great  an  excess 
of  barium  is  present.  The  amount  of  sodium  car- 
bonate used  was  governed  by  the  directions  of  Noyes 
and  Bray2  who  state  that,  for  a  successful  separation 
of  chromium,  not  too  much  sodium  nitrate  should  be 
present.  The  separations  described  herein  were  made 
in  a  volume  of  250  cc,  and  inasmuch  as  2  grams  of 
sodium  carbonate  were  used  for  fusions,  the  resulting 
sodium  nitrate  concentration  was  about  1.3  grams 
per  100  cc.  The  filtrates  were  tested  for  chromium 
by  removing  the  excess  of  lead  with  sulphuric  acid, 
filtering,  concentrating  to  about  10  or  15  cc.  and 
making  alkaline  with  sodium  hydroxide.  No  color 
indicative  of  chromate  was  ever  obtained,  even  after 
adding    a    little    hydrogen    peroxide    and    boiling    to 

1  Chrome-vanadium  standard:  4  determinations;  each  gave  1.34  per 
cent.  Average  of  results  of  cooperating  analysts:  per  cent,  chromium  1.36. 
per  cent,  vanadium  0.204. 

2  Loc.  cil..  p.  48,  Note  4. 
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oxidize  any  chromium  that  may  have  been  reduced. 
Possibly  the  larger  amounts  of  chromium  could  have 
been  completely  extracted  by  one  fusion,  had  more 
sodium  carbonate  been  used,  but  the  manipulation 
is  then  less  convenient;  moreover,  with  the  usual 
range  of  chromium  content  in  commercial  steels  one 
need  never  work  with  more  than  7  or  8  centigrams  to 
secure  an  accurate  determination. 

The  boiling  with  hydrogen  peroxide  in  alkaline 
solutions  before  precipitation  with  lead  nitrate  is  done 
in  order  to  destroy  any  nitrite  formed 'during  the 
fusion.  If  this  were  present  when  the  solution  is 
acidified,  the  resulting  nitrous  acid  would  possibly 
reduce  some  chromium  or  vanadium.  Five  minutes' 
boiling  will  insure  destruction  of  the  excess  of  peroxide 
if  only  2  or  3  cc.  of  the  usual  3  per  cent,  solution  are 
used.  The  hydrogen  peroxide  should  be  completely 
removed  before  acidifying,  inasmuch  as  it  reduces 
chromic  acid.1 

The  freeing  of  the  solution  from  carbon  dioxide  is 
an  important  step,  for  if  this  is  not  done,  the^pre- 
cipitate  does  not  settle  out  rapidly  and  is  not  so  easy 
to  filter;  shaking  in  a  separatory  funnel,  as  described, 
is  a  convenient  way  of  accomplishing  this. 

The  solutions  containing  the  chromium,  after 
titration,  were  treated  with  enough  sulphuric  acid  to 
precipitate  the  lead,  which  was  filtered  off  and  washed 
with  dilute  sulphuric  acid.  The  filtrates  were 
evaporated  on  the  hot  plate  until  free  from  hydro- 
chloric acid  and  then  electrolyzed  with  a  mercury 
cathode1  until  free  from  iron  and  chromium.  The 
solution  in  the  electrolyzing  apparatus  was  then 
tested  for  vanadium  by  hydrogen  peroxide,  none 
being  found  in  most  cases  and  in  others  only  traces, 
showing  that  the  separation  under  the  conditions 
given  is  practically  perfect.  It  is  well  to  examine  the 
insoluble  from  the  fusion  for  chromium  by  again 
fusing  it  with  sodium  carbonate  and  potassium  nitrate. 
The  solution  from  the  second  fusion  is  almost  in- 
variably colorless  when  working  under  the  conditions 
herein  recommended.  Should  there  be  a  slight 
yellow  color,  however,  the  chromium  causing  it  can 
be  estimated  colorimetrically.  A  determination  of 
chromium  can  be  made  easily  in  i'/j  hours. 

CONCLUSIONS. 

1.  Sources  of  error  in  some  of  the  usual  methods  for 
determining  chromium  in  chrome  or  chrome-vanadium 
steels,  which  limit  the  accuracy  of  the  results,  are 
described. 

2.  The  precipitation  of  chromium  from  solutions  of 
steels  and  its  separation  from  practically  all  the  iron 
can  be  effected  quickly  and  easily  by  boiling  with  a 
number  of  precipitants,  herein  described. 

3.  The  chromium  may  be  readily  extracted  from  the 
precipitates  by  fusion,  and  separated  from  vanadium 
by  precipitating  as  lead  chromate,  under  the  con- 
ditions prescribed. 

Bureau  op  Standards. 
Washington. 

1  Perchromic  acid  is  first  formed,  but  is  rapidly  decomposed. 

2  Cain,  loc-  cit. 


THE   BISMUTH  ATE  METHOD  FOR  MANGANESE. 

By  D.   J.  Demorest. 

Received  October  20.  1911. 

There  seems  to  be  considerable  misapprehension 
as  to  the  effect  which  chromium  has  upon  the  bis- 
muthate  method  for  manganese.  Thus  it  has  been 
stated  that  chromium  affects  the  results  for  man- 
ganese by  this  method.  If,  however,  the  method  is 
properly  carried  on,  the  chromium  has  no  influence. 
It  is  true  that  the  bismuthate  oxidizes  some  of  the 
chromium  to  chromic  acid,  and  this  is  titrated  along 
with  the  manganese  if  the  manganese  is  titrated  by 
adding  an  excess  of  ferrous  sulphate  and  then  titrating 
the  excess  with  permanganate.  This  is  not  the  proper 
way.  If  the  permanganic  acid  is  titrated  directly 
with  sodium  arsenite  until  the  pink  color  disappears, 
the  chromic  or  vanadic  acids  which  may  be  present 
do  not  interfere  at  all  and  the  results  are  accurate. 

To  show  this,  the  vanadium  steel  standard  issued 
by  the  Bureau  of  Standards  was  analyzed  for  man- 
ganese with  and  without  the  addition  of  chromium. 
The  Bureau  gives  0.669  Per  cent,  as  the  manganese  in 
the  steel.     The  following  results  were  obtained. 

Without  adding  With  3  per  cent,  chromium 

chromium.  added  as  K2Cr2OT. 

0.666  0.669 

0.666  0.666 

0.666  0.671 

Another  steel  was  run  in  the  same  way  obtaining: 


0.468 


0.468 


The  acid  open-hearth  steel  standard  issued  by  the 
Bureau  of  Standards,  and  for  which  the  Bureau  gives 
0.407  as  their  average,  and  the  average  by  the  co- 
operative chemists  as  0.412  was  analyzed  with  and 
without  3  per  cent.  Cr.  The  results  were  0.403  per 
cent.  Mn  without,  and  0.405  per  cent.  Cr  with  3  per 
cent,  chromium.  Another  sample  gave  0.489  per 
cent,  without  addition  of  Cr  or  V  and  0.488  per  cent. 
with  the  addition  of  3  per  cent.  Cr  and  il/2  per  cent. 
V. 

The  method  as  used  in  this  laboratory  is  as  follows: 
One  gram  sample  is  dissolved  in  45  cc.  of  water  and  15 
cc.  HNO3  (sp.  gr.  1.42)  and  the  solution  boiled  until 
nitrous  fumes  are  gone.  After  cooling  a  little  some 
''bismuthate"  is  added,  a  little  at  a  time,  until  the 
resulting  permanganic  acid  or  manganese  dioxide 
persists  after  a  few  minutes'  boiling.  Now  KN02  is 
added  to  dissolve  the  Mn02  and  the  solution  is  boiled 
a  few  minutes  to  expel  nitrous  fumes.  It  is  then 
cooled  to  tap  water  temperature.  When  cold,  bis- 
muthate is  added  a  little  at  a  time,  while  the  solution 
is  shaken,  until  about  I/J  gram  has  been  added.  After 
settling  a  moment  the  solution  is  filtered  through 
asbestos  on  glass  wool  (for  speed)  and  the  asbestos 
washed  well.  Then  sodium  arsenite  is  run  in  from  a 
burette  until  the  pink  tinge  just  disappears.  There 
should  not  be  a  brownish  color  at  the  end.  If  there 
is,   it  indicates   insufficient  acid. 

The  arsenite  is  made  by  adding  to  21/*  g.  As20, 
in  a  beaker  a  hot  solution  of  Na2C03  until  the  As2Os 
dissolves.     It  is  then  diluted  to  21/J  liters. 

Department  of  Metallurgy. 

Ohto  State  University, 

Columbus. 
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SALT-RISING     BREAD    AND    SOME     COMPARISONS    WITH 
BREAD  MADE  WITH  YEAST.' 

By     111  Ml       \       K  DM  MAN. 

R.eceh  ed  I  ictobet  12,  191 1. 

Bread  is  made  lighl  and  porous  by  two  methods 
ui  aeration.  The  oldesl  of  these  and  the  one,  which 
is  most  extensively  used  at  present,  involves  a  process 
of  fermentation,  in  which  various  microorganisms 
produce  the  gas  necessary  to  raise  the  bread;  by  the 
other  method  it  is  given  a  porous  character,  either 
by  forcing  carbon  dioxide  under  pressure  into  the 
dough  while  it  is  being  mixed,  as  is  done  in  making 
aerated  bread,  or  by  mixing  with  the  other  ingredients 
certain  chemicals,  which,  when  they  come  in  contact 
with  the  water  used  in  making  the  dough,  evolve 
gas,  either  immediately  upon  mixing  the  bread  or 
later  when  it  becomes  hot  during  the  process  of  baking. 

The  method  of  preparing  bread  with  the  aid  of 
yeast  has  been  extensively  investigated  and  the  func- 
tion of  this  microorganism  in  bread  is  now  thoroughly 
understood.  By  means  of  the  saccharifying  enzyme, 
diastase,  which  is  present  in  flour,  a  part  of  the  starch  is 
converted  into  sugar,  which  as  well  as  that  normally 
present  in  flours  and  that  added  in  making  the  dough 
either  as  sugar  in  some  form  or  other,  or  malt  extract, 
is  partly  converted  by  the  yeast  into  alcohol  and 
carbon  dioxide  which  aerates  the  bread. 

Another  type  of  bread,  involving  a  process  of  fer- 
mentation, the  so-called  salt-rising  bread,  is  made 
by  many  housewives  and  bakers,  particularly  in  the 
south  and  is  not  so  thoroughly  understood  and  offers 
far  greater  difficulties  in  its  preparation.  In  its 
preparation  there  is  added  neither  yeast  nor  a  portion 
of  fermented  dough  from  the  previous  baking,  as  is 
done  in  making  certain  kinds  of  rye  bread  and  a  type 
of  white  bread  as  well.  In  fact  there  is  nothing  added 
that  can  be  called  leaven,  and  each  day's  baking 
is  dependent  upon  a  new  and  independent  spontaneous 
fermentation.  The  method  that  is  commonly  employed 
is  as  follows:  Cornmeal,  salt  and  soda  are  thoroughly 
mixed  and  stirred  into  enough  hot  milk  or  water, 
often  boiling,  to  make  a  batter  of  the  consistency  of 
corn  meal  mush.  This  batter  or  "emptyings,"  as  it 
is  commonly  called,  is  kept  in  a  warm  place  15  to  20 
hours  or  until  it  becomes  light  and  shows  the  evolution 
of  gas,  and  is  then  mixed  with  flour  and  water  to  make 
a  slag  sponge.  The  sponge  is  allowed  to  come  up 
well  which  may  take  from  one  to  three  hours,  and  is 
then  mixed  with  the  remainder  of  the  ingredients 
to  make  a  dough  of  the  usual  stiffness.  The  dough 
is  allowed  to  stand  not  longer  than  an  hour  but  is 
usually  moulded  into  loaves  immediately  upon  mixing. 
After  it  has  risen  to  the  degree  of  lightness  desired, 
it  is  baked  in  the  usual  way. 

The  literature  on  the  subject  indicates  that  the 
theory  of  the  leaven  in  this  bread  is  very  incompletely 
worked  out  and  that  there  are  conflicting  views  both 
in  regard  to  the  nature  of  the  organism  or  organisms 
involved  and  to  its  source. 

1  This  work  was  done  under  the  Fellowship  established  in  the  Univer- 
sity of  Kansas,  by  the  National  Association  of  Master  Bakers,  and  the  re- 
sults have  in  part  been  made  public  in  papers  read  in  conventions,  and 
through  a  series  of  articles  in  The  Bakers'  Review. 


in  reference  to  Bait-rising  bread  Margaret  Mitchell1 

says:  "When  a  brew  is  prepared,  but  no  stack  vast. 
or  raw  dough  is  added,  it  will  still  be  found  that  in 
time  the  mixture  will  ferment  if  kept  warm.  This 
spontaneous  fermentation  is  due  to  the  fact  that 
yeast  spores,  when  dried,  are  very  light,  and  are  blown 
about  so  that  they  are  present  almost  everywhere. 
These  floating  spores  may  be  those  of  the  household 
yeast,  or  those  of  'wild'  yeasts  which  are  common, 
for  instance,  in  drying  fruit,  etc.,  but  which  are  not 
often  cultivated.  The  spores  can  enter  the  brew 
from  the  air  or  from  utensils  used  in  mixing.  When 
accidentally  planted  they  grow,  as  any  yeast  would, 
and  produce  fermentation.  Along  with  the  'wild' 
yeast  obtained  in  this  method  of  making  bread,  there 
are  usually  also  obtained  a  large  number  of  bacteria, 
which  form  bodies  of  characteristic  odor  and  flavor 
in  the  course  of  their  fermentation ;  and  to  this  is  due 
the  peculiar  odor  and  flavor  of  the  salt-rising  bread." 

She  says  further:  "The  uncertainty  of  this  method 
of  making  bread  is  one  of  its  disadvantages,  but 
when  it  is  made,  often  in  the  same  place  the  'wild' 
yeast  most  successful  in  raising  this  kind  of  bread 
is  apt  to  be  more  abundant  in  the  air,  utensils,  etc., 
than  other  'wild'  yeasts." 

Professor  F.  C.  Harrison'  says  the  following:  "There 
is  another  method  of  making  risen  bread,  that  is 
the  method  called  'salt-rising.'  It  is  the  result  of 
a  spontaneous  fermentation,  and  is  therefore  a  matter 
of  chance  whether  good  bread  will  be  produced,  al- 
though in  places  where  such  bread  has  been  made 
for  some  time  there  is  less  likelihood  of  failure,  as  the 
utensils  and  air  of  the  rooms  in  which  the  bread  is 
made  contain  large  numbers  of  the  desirable  germs." 
Dr.  E.  H.  S.  Bailey-*  describes  the  process  as  follows: 
"The  salt-rising  process  depends  on  preparing  a 
favorable  medium  in  which  the  yeast  germs  will 
grow,  and  then  allowing  them  to  get  into  the  dough 
from  the  air,  or  from  the  ingredients  used  in  making 
the  sponge.  The  bread  is  started  by  the  use  of  flour, 
or  cornmeal,  warm  milk,  and  salt.  The  meal  begins 
to  ferment  after  a  short  time,  if  kept  in  a  warm  place, 
but  the  fermented  material  will  not  have  the  same 
taste  and  odor  as  the  sponge  from  yeast,  as  various 
'wild'  yeasts  are  sure  to  be  present.  It  is  probable 
that  lactic  and  butyric  fermentation  also  take  place 
to  some  extent.  Although  salt,  in  any  quantities 
above  1.4  per  cent.,  retards  alcoholic  fermentation, 
yet  as  it  even  to  a  greater  extent  retards  the  growth 
of  foreign  ferments,  such  as  lactic  and  certain  'wild' 
ferments,  it  is  probable  that  its  addition  is  an  ad- 
vantage, on  the  whole,  if  this  method  of  fermentation 
is  used.  Salt-rising  bread  is  finer  grained  than  yeast 
bread  and  has  a  peculiar  and  characteristic  odor, 
which  is  due,  no  doubt,  to  the  lactic  fermentation 
which  has  taken  place." 

Helen  W.  Atwater*  describes  it  thus:  "The  so-called 
'salt-rising'  bread  is  interesting  as  an  illustration 
of    self-raised    bread.     In    it    the    ferments    originally 

1  U.  S.  Department  Agricultural  Bulletin,  200,  p.  45. 

2  Ont.  Agricultural  Bulletin,  118,  p.  16. 

3  "Sanitary  and  Applied  Chemistry,"  p.  168. 

1  U.  S.  Dept.  Agr.,  Farmers'  Bulletin,  389,  p.  21. 
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present  or  acquired  from  the  air  produce  the  fermenta- 
tion which  leavens  it.  To  make  it  warm  milk  and 
cornmeal  are  mixed  together  into  a  stiff  batter  which 
is  left  at  blood-heat  until  the  whole  mass  is  sour — that 
is,  until  the  ferments  present  have  produced  fer- 
mentation throughout.  Next  a  thick  sponge  is  made 
of  wheat  flour  and  hot  water  in  which  a  little  salt 
has  been  dissolved.  This  sponge  and  the  sour  batter 
are  thoroughly  kneaded  together  and  set  in  a  warm 
place  for  several  hours.  The  leavening  action  started 
in  the  batter  spreads  through  the  dough  and  produces 
a  light,  porous  loaf,  which  many  persons  consider 
very  palatable.  Such  a  bread  is  comparatively  free 
from  acidity,  as  the  presence  of  the  salt  hinders  un- 
desirable acid  fermentation." 

P.  G.  Heinemann  and  Mary  Hefferan,1  in  an  in- 
vestigation of  salt-rising  bread,  isolated  a  bacillus 
which  agrees  in  morphology,  staining  properties 
and  other  cultural  characteristics  with  B.  bulgaricus. 
In  a  stain  from  the  mixture  of  cornmeal,  milk,  salt 
and  soda  the  bacilli  present  showed  a  granular  ap- 
pearance, but  after  growing  in  milk  they  stained 
uniformly.  These  bacilli,  the  authors  failed  utterly 
to  isolate  by  plating  on  ordinary  laboratory  media, 
but  they  were  readily  isolated  if  cultivated  in  milk 
at  370  C.  or  if  plated  with  milk-agar.  In  milk  the  pure 
culture  forms  a  soft  creamy  coagulum  which  does 
not  separate  from  the  whey.  After  14  days  the  milk 
showed  an  acidity  of  1.65  per  cent,  and  the  authors 
think  that  the  milk  is  a  necessary  part  as  without 
it  the  bacillus  is  unable  to  produce  the  acid  necessary 
to  liberate  the  carbon  dioxide  from  the  added  soda. 
By  inoculating  sterile  milk  with  cornmeal  it  was  demon- 
strated that  the  origin  of  the  organism  was  the  corn- 
meal and  not  the  milk. 

Erbert  J.  Clapp,2  in  a  paper  on  salt-rising  bread, 
tells  of  the  extreme  difficulties  encountered  in  making 
it  and  enumerates  the  conditions  and  ingredients 
that  he  finds  important.  It  is  his  experience  and 
that  of  bakers  as  well  that  success  depends  to  a  large 
extent  upon  the  king  of  cornmeal  used.  Kiln-dried 
meal  is  found  to  give  poor  results.  Best  of  all  he  finds 
coarse  meal,  "hulls,  shucks  and  all,"  as  he  describes 
it.  The  hulls  and  shucks  are  strained  out,  however, 
in  making  the  sponge.  He  enumerates  potatoes 
which  are  not  generally  used  as  one  of  the  essential 
ingredients,  but  says  that  river  bottom  potatoes 
which  are  high  in  moisture  and  low  in  starch  do  not 
give  satisfactory  results. 

Mr.  Clapp's  formula  differs  also  from  the  one  ordi- 
narily given  in  that  it  includes  ginger  as  one  of  the 
essential  ingredients;  milk,  on  the  other  hand,  is  not 
used  at  all  and  he  says  its  use  is  to  be  avoided  entirely. 

He  emphasizes  the  fact  that  it  is  important  to  scald 
the  vessels  used  in  making  the  bread  and  to  guard 
against  souring.  The  evolving  gas  he  observed  would 
burn  (explode)  when  a  lighted  match  is  applied 
which    he    attributes   to    the    generation    of    alcohol. 

It  is  evident  that  while  there  arc  conflicting  views  in 
the  above  references,  there  are  also  some  points  of 
agreement.     All  of  the  writers  agree  that  the  methods 

1  Science.  June  25,  1909,  29,  No.  756.  p.  1011. 
■Bakers1  Helper,  Nov.,  1908.  22,  1164. 


of  making  this  type  of  bread  are  exceedingly  uncertain; 
it  is  a  prevalent  opinion,  too,  that  success  is  dependent 
very  largely  upon  preparing  a  favorable  medium  and 
allowing  the  desirable  organisms  to  get  into  it  either 
from  the  air  or  utensils.  Dr.  Bailey  and  Margaret 
Mitchell  state  definitely  that  the  leavening  power 
is  due  to  the  presence  of  "wild"  yeasts  and  that 
various  bacteria  contribute  more  or  less  to  the  odor 
and  flavor  of  the  bread;  the  bacterial  fermentation, 
in  the  opinion  of  Dr.  Bailey,  is  due  to  lactic  and 
butyric  ferments.  Professor  Harrison  and  Helen 
Atwater  do  not  specify  what  the  germs  are  that 
cause  the  spontaneous  fermentation. 

P.  G.  Heinemann  and  Mary  Hefferan  observed  a 
bacillus  which  they  were  able  to  isolate  but  they  do 
not  say  whether  yeast  was  present  or  not.  This  ba- 
cillus, they  maintain,  is  enabled  by  the  use  of  milk 
to  produce  the  acid  necessary  to  liberate  the  carbon 
dioxide  from  the  soda. 

"sauerteig"   method. 

There  is  another  type  of  bread  made  by  the  use 
of  the  "Sauerteig,"  which,  while  it  differs  from  salt- 
rising  bread  in  many  respects,  has  sufficient  bearing 
upon  the  subject,  as  will  be  seen  later,  to  warrant 
a  brief  review  of  some  of  the  literature  on  the  subject. 

Long  before  the  existence  of  microorganisms  was 
discovered,  it  was  known  that  when  meal  or  flour 
and  water  were  made  into  a  paste  it  would,  after 
a  time,  begin  to  ferment  and  evolve  gas.  This  was 
early  made  use  of  in  the  preparation  of  bread  and  it  was 
soon  learned  that  a  portion  of  the  dough  could  be  saved 
to  start  the  fermentation  in  the  next  baking.  This 
portion  of  dough  would  continue  to  ferment  and  become 
sour,  hence  its  name  "Sauerteig,"  but  when  mixed 
with  fresh  flour  and  water  it  would  again  become 
active  and  raise  the  bread.  This  method  of  making 
bread  was,  and  in  some  countries  is  still,  used  very 
extensively,  particularly  in  making  whole  meal  bread 
("Schwarzbrot")  and  rye  bread.  It  is  similar  to  the 
salt-rising  method  in  that  the  fermentation  in  both 
is  spontaneous ;  they  differ,  however,  in  that  the  former 
is  started  with  hot  water  or  milk,  usually  boiling, 
while  the  latter  is  made  with  tepid  water.  They 
differ  also  in  that  salt-rising  bread  is  made  from  fresh 
meal  each  time  while  by  the  "Sauerteig"  method 
a  portion  of  fermented  dough  is  saved  for  the  next 
baking,  and  when  a  housewife  or  baker  is  out  it  is 
usually  obtained  from  a  neighbor.  This  method 
of  making  bread,  while  it  is  crude  and  uncertain  com- 
pared with  the  methods  of  to-day  which  involve  the 
use  of  compressed  yeast,  is,  as  would  be  expected, 
more  certain  than  the  salt-rising  method  because 
each  time  a  portion  of  dough  is  saved  for  the  next 
baking  which  insures  the  presence  of  the  essential 
organisms  although  they  may  be  badly  contaminated 
with  others. 

A  microscopic  examination  of  a  "Sauerteig"  re- 
veals both  yeast  cells  and  various  bacteria  in  great 
numbers;  at  times  the  former  and  at  times  the  latter 
exceed  in  numbers,  and  it  has  been  the  subject  of  many 
investigations  to  determine  the  r61e  of  each  in  the 
preparation  of  bread  by  this  method. 
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The  earliest  view  was  thai  this  bread  was  leavened 
by  means  of  an  alcoholic  fermentation  due  to  the 
presence  of  yeast."  This  view  was  supported  by 
various  analyses  thai  showed  the  presence  of  both 
sugars  and  saccharifying  enzymes  in  Hour,  and  later  the 
alcohol  in  the  fermented  dough.  Further,  microscopic 
examination  revealed  the  presence  of  yeast  which  was 
shown  to  have  the  cultural  characteristics  of  Sac- 
charomyces minor  Engel. 

In  the  year  1883  Chicandard*  advanced  a  new  theory, 
according  to  which  the  fermentation  in  this  bread 
is  due  to  a  bacterium,  which  he  claims  produces  gas- 
eous products  from  the  albuminous  substances  in 
flour. 

In  support  of  this  theory  he  says  that  diastase  does 
not  saccharify  starch  at  ordinary  temperatures  and 
that  there  is  no  decrease  in  the  sugar  content  of  dough 
during  fermentation.  As  a  matter  of  fact,  however, 
sugar  is  a  normal  constituent  of  flours,  and  diastase 
has  been  shown  to  be  active  even  at  the  temperatures 
at  which  doughs  are  ordinarily  fermented. 

Further,  he  maintains  that  there  is  no  alcohol  in 
dough  which  also  has  been  proved  to  be  contrary 
to  fact.  As  a  further  support  of  his  theory  he  gives 
an  analysis  of  the  evolving  gases  which  consist  of 
about  70  per  cent,  of  carbon  dioxide  and  the  remainder 
of  hydrogen  and  nitrogen.  These  gases  are  similar 
to  those  evolved  from  decaying  albumin,  which 
he  gives  as  additional  evidence  in  favor  of  his  theory. 
Peters3  thinks,  however,  that  the  carbon  dioxide 
may  have  been  produced  by  yeast,  that  the  nitrogen 
may  have  come  from  enclosed  air  and  the  hydrogen 
may  have  been  produced  by  a  butyric  ferment. 

Laurent4  found  that  an  organism  which  he  called 
Bacillus  panificans  is  normally  present  in  flours. 
This  organism  is  killed  only  after  heating  to  ioo°  C. 
for  10  minutes  and  is  probably  not  killed  in  the  baking 
of  the  bread.  When  growing  in  dough,  it  produces 
acetic,  lactic  and  butyric  acid,  together  with  C02 
but  no  hydrogen  nor  nitrogen.  According  to  Laurent 
it  is  the  cause  of  ropiness  in  bread,  and  in  the  opinion 
of  Maurizio  is  identical  with  Bacillus  mesentericus 
vulgatus. 

An  investigation  by  Dunnenbergers  leads  him  to 
believe  that  the  essential  organism  in  the  preparation 
of  bread  by  this  method  is  yeast  and  that  the  presence 
of  bacteria  is,  at  least,  unnecessary  if  not  even  harm- 
ful. 

In  three  papers  on  "Die  Organismen  des  Sauerteigs 
und  ihre  Bedentung  fur  die  Brotgahrung,"  Peters5 
reviews  the  literature  on  the  subject  and  gives  the 
results  of  his  own  exhaustive  investigation.  He 
finds  numerous  yeast  cells  and  many  bacteria  as  well, 
in  a  normal  "Sauerteig."  He  succeeds  in  isolating 
Saccharomyces  minor,  which  has  been  obtained  by 
previous  investigators,  another  yeast  which  resembles 
this    species    closely,    Mycoderma  vini   (Sacchar.   my- 

1  Botanische   Zeitung,   47,    404    (1889). 

2  Ibid..  47,  407    (1889). 

3  Ibid  .  47,  408   (18891. 

4  "Getreide  Mehl  und  Brot.  Maurizio."  p.  238 

6  Botanische  Zeitung.  47,  410  (1889);  (Botanische  Centralblatt.   1889). 
•  Ibid..  47,  405,  420  and  435  (1898). 


codertna)  and  Saccharomyces  cerevisiae.  In  addi- 
tion i"  i  bese  four  spei  ;  ast  he  isola 
differenl  bacteria  which  he  describes  minutely.  He 
concludes  from  the  results  of  his  investigation  that 
the  fermentation  of  bread  by  means  of  the  "Sauerfc 
is  complex  in  its  nature  and  that  no  single  organism 
is  responsible  for  all  the  changes  that  take  place. 
The  Saccharomyces  are  important  in  that  they  pro- 
duce the  alcoholic  fermentation  which  aerates  the 
bread  and  the  bacteria  render  soluble  a  portion  of 
the  constituents  of  the  flour  and  produce  a  certain 
percentage  of  acidity  which  checks  various  other 
bacteria  that  cause  diseases  in  bread. 

According  to  Lehmann's1  investigation  there  is 
present  in  the  "Sauerteig"  together  with  numerous 
yeast  cells  a  gas-forming  bacterium.  Upon  a  gelatin 
plate  made  from  the  dough  numerous  yeast  colonies 
develop,  which  upon  further  examination  agree  in 
morphology  and  cultural  characteristics  with  Sac- 
charomyces minor  Engel.  Among  the  yeast  colonies 
there  usually  appear  comparatively  few  colonies  of 
bacteria.  If,  however,  an  agar  plate  is  made  and 
incubated  at  about  37°  C.  the  yeast  colonies  do  not 
appear,  but  numerous  colonies  of  bacteria  develop, 
among  which  one  form  greatly  predominates,  others 
appearing  far  less  plentifully  and  regularly.  This 
predominating  organism  which  he  calls  Bacillus  levans 
grows  on  gelatine  plates  in  white  water  colonies  which 
are  spherical  in  shape  with  a  rather  darker  zone  in 
the  center.  It  is  facultative  anaerobe  and  grows 
in  an  atmosphere  of  C02.  It  is  a  gas  former  and  now 
and  then  bubbles  will  appear  even  in  sugar-free  bouillon 
gelatine  media.  In  the  presence  of  sugar  it  produces 
gas  in  gelatine'  and  agar  media  both  on  plates  and  in 
stab  cultures.  In  bouillon  media  it  produces  cloud- 
iness while  if  sugar  is  added  gas  is  evolved.  The 
organism  is  motile ;  does  not  form  spores. 

The  gases  that  evolve  from  sugar  bouillon,  outside 
of  a  little  nitrogen,  consist  of  approximately  I/3 
hydrogen  and  3/3  carbon  dioxide.  Hydrocarbons 
were  not  detected.  In  sugar-free  bouillon  only  very 
small  quantities  of  hydrogen  were  produced  and  no 
carbon  dioxide.  A  more  complete  analysis  of  the 
gases  produced  by  this  organism  is  given  by  Maurizio.2 
It  was  grown  in  sugar-bouillon  and  the  results  of  the 
gas  analysis  follow: 

/  Diluted  Sugar-free 

Beerwort.  beerwort.  bouillon. 

1.                   2.  3. 

Carbon  dioxide 68.9              66  8  63  . 7 

Hydrogen • 25.4              28.7  31.8 

Nitrogen 5.7                4.5  5.5 

The  variation  indicated  by  the  figures  above  he 
attributes  to  the  fact  that  carbon  dioxide  is  absorbed 
to  some  extent  by  the  medium. 

When  grown  in  different  media  the  gases  produced 
by  this  bacillus  show  considerable  variation. 

Diluted  Sugar-free 

Beerwort.      beerwort.  bouillon. 

4.                   5  6. 

Carbon  dioxide 68  4              63  8  0 

Hydrogen 22.1              28   7  67.1 

Nitrogen 9.2                 7.5  32.9 

Centralblatt  jiir  Bacteriologie.  1894,  p.  350. 
2  "Getreide  Mehl  und  Brot.  Maurizio."  p.  235. 
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There  were  obtained  from  600  cc.  1  per  cent,  sugar- 
bouillon  300  cc.  of  gas,  while  in  sugar-free  bouillon 
only  30  cc.  of  gas  were  obtained  from  the  same  amount 
of  media. 

The  acids  that  this  organism  normally  produces 
in  media  containing  sugar  are  designated  as  acetic, 
lactic  and  oxalic. 

Lehmann  succeeded  in  setting  up  a  gaseous  fer- 
mentation in  flour,  which  had  been  sterilized  by  sub- 
merging in  ether  for  several  days  and  regained  from 
the  ether  by  evaporation,  by  subsequent  moistening 
with  sterile  water  and  inoculating  with  this  Bacillus 
levans.  The  evolving  gases  were  the  same  as  those 
from  sugar-bouillon  fermented  by  this  bacillus,  and 
the  odor  the  same  as  that  of  the  "Sauerteig."  A 
similar  portion  of  the  sterile  flour  inoculated  from 
the  "Sauerteig"  fermented  in  apparently  the  same 
way  but  an  analysis  of  the  gases  showed,  however, 
that  hydrogen  was  invariably  absent,  which  would 
indicate  that  this  is  due  to  the  presence  of  yeast  and 
that  the  gas  in  the  "Sauerteig"  is  not  produced  by 
Bacillus  levans. 

A  control  in  which  the  sterile  flour  was  inoculated 
with  both  Bacillus  levans  and  yeast  also  failed  to 
yield  hydrogen  in  the  evolving  gases,  which  would 
perhaps  indicate  that  the  bacillus  is  not  active  in 
the  presence  of  the  yeast.  Also  when  both  organisms 
were  inoculated  into  the  media  the  maximum  evolution 
of  gas  was  obtained  much  sooner  and  with  a  smaller 
degree  of  acidity  than  when  the  fermentation  was 
du*e  to  Bacillus  levans  alone. 

Outside  of  the  role  that  Bacillus  levans  plays  in 
bread-making,  whether  it  be  desirable  or  not,  it  is 
of  interest  from  another  point  of  view.  It  was  observed 
by  Wolffin  and  Lehmann  that  it  strikingly  resembles 
Bacillus  coli  commune  especially  in  its  morphology. 
Also  it  was  possible  to  set  up  the  same  gaseous  fer- 
mentation in  a  paste  made  from  sterile  flour  and  water 
with  Bacillus  coli  commune,  as  occurs  when  the 
same  material  is  inoculated  with  Bacillus  evans. 
Both  ferment  maltose,  grape  sugar  and  lactose. 
Bacillus  coli  differs,  however,  in  that  it  coagulates 
milk  and  also  in  the  composition  of  the  gases  it  pro- 
duces. 

When  bouillon  with  1  per  cent,  of  grape  sugar  added 
was  fermented  with  Bacillus  levans  and  Bacillus  coli 
commune  the  following  gases  were  obtained: 

.  Bacillus  coli 

Bacillus  levans.      commune. 

Carbon  dioxide 66.5  22  3 

1 1  ydrogen 28  . 6  75  . 6 

Nitrogen 4.9  2.1 

The  gases  collected  from  a  paste  of  sterile  flour 
and  water  exhibit  no  marked  variation  from  the  above 
table  as  may  be  seen  from  the  following: 

Bacillus  coli 
Bacillus  levans.      commune. 

Carbon  dioxide 66 . 5  23 . 3 

Hydrogen 27.7  .  74   0 

Nitrogen 5.8  2.7 

Lehmann  questions  whether  these  differences  in 
the  composition  of  the  gases  are  sufficient  to  dis- 
tinguish this  bacillus  from  the  coli   group,  particularly 


when  the  variability  of  these  bacteria  is  taken  into 
account.  Members  of  this  group  have  been  known 
to  lose  their  ability  to  coagulate  milk,  or  to  ferment 
sugar  after  having  been  grown  on  sugar-free  media 
for  some  time.  Maurizio  also  is  of  the  opinion  that 
Bacillus  levans  belongs  to  the  coli  group  and  he,  too, 
concludes,  as  Peters,  that  it  is  the  function  of  the  yeast 
to  produce  the  gas  necessary  to  aerate  the  bread,  and 
further  that  various  lactic  bacteria  are  desirable  in 
that  they  check  the  action  of  objectional  forms  such 
as  butyric  bacteria  and  members  of  the  coli  group. 
The  disagreement  in  regard  to  the  theories  con- 
cerning the  leavening  agent  in  salt-rising  bread  and 
the  necessary  ingredients,  the  uncertainty  of  manu- 
facture, and  the  lack  of  uniformity  in  the  finished 
product  lead  the  author  to  investigate  the  subject, 
in  order  to  ascertain  definitely,  if  possible,  what  the 
leavening  agent  really  is:  whether  "wild"  yeasts, 
as  the  majority  of  writers  on  the  subject  claim;  or 
the  interaction  of  lactic  acid  formed  by  bacterial 
fermentation,  with  soda  as  others  claim;  and  then 
perhaps  to  obtain  the  desirable  organism  in  pure 
culture  and  propagate  it  for  the  production  of  bread 
of  uniform  quality,  thus  substituting  more  scientific 
methods  for  making  this  type  of  bread. 

OBSERVATIONS. 

The  first  step  in  the  investigation  was  to  start  the 
fermentation  from  cornmeal,  as  is  regularly  done, 
and  then  also  to  make  the  bread  in  order  to  be  certain 
that  the  fermenting  mass  contained  the  essential 
organisms.  The  first  experiences  of  the  author  in 
making  this  bread  were  in  harmony  with  the  references 
on  the  subject  in  regard  to  the  uncertainty  of  the 
method,  and  even  after  the  bread  had  been  made 
successfully  a  number  of  times,  failures  were  of  frequent 
occurrence,  although  care  was  taken  to  control  tem- 
peratures, proportions  of  ingredients,  etc. 

After  having  made  the  bread  successfully  a  number 
of  times,  a  microscopic  examination  of  the  "empty- 
ings" prepared  in(  the  customary  way  was  made. 
This  was  found  to  be  literally  teeming  with  bacteria 
while  yeast  cells  were  not  to  be  found.  Since  this 
was  contrary  to  what  was  found  in  the  literature, 
the  examination  was  repeated  again  and  again;  each 
time,  however,  bacteria  were  present  in  great  numbers 
while  yeast  cells  were  invariably  absent.  This  in- 
dicates that  yeasts  play  no  part  in  this  bread,  and  the 
question  arises  as  to  how  these  bacteria  function 
in  the  dough,  whether  by  producing  acid  which  liber- 
ates carbon  dioxide  from  the  soda  or  by  decomposing 
some  of  the  constituents  of  the  flour  into  gaseous 
products.  It  was  observed  that  if  a  portion  of  these 
"emptyings"  was  transferred  to  sterile  milk  by  means 
of  the  platinum  loop,  gas  began  to  be  evolved  after 
8  or  io  hours,  and  that  a  curd  which  was  broken  and 
full  of  holes,  due  to  gas  bubbles,  would  form.  It  was 
possible  to  transfer  these  bacteria  from  tube  to  tube 
and  each  time  the  same  gaseous  fermentation  would 
be  set  up,  which  would  indicate  that  the  evolving  gas 
is  produced  by  the  bacteria  from  the  milk  itself,  and 
it  becomes  of  interest  to  determine  the  relationship 
of   the   bacteria   present    in    the   fermenting   batter. 


24 


THE   JOl  A' Y.I/.  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


Jan  .  i  g  i  • 


li  is  only  m  exceptional  cases,  ti  ever,  thai  a  sample 

Ol     natural    media    contains    but.    a    single    species    of 

microorganism     when    in    a    state    of    fermentation, 

Often  the  activity  of  two  or  more  species  in  the  same 
media  produce  changes  which  neither  could  do  of 
itself.  When  several  species  are  simultaneously  en- 
gaged  in  the  consumption  of  the  same  medium,  their 
association  is  termed  symbiosis;  as  an  example  of 
this  we  may  refer  to  the  kefir  grains  which  contain 
at  least  one  species  of  yeast  and  two  species  of  lactic 
bacteria,  the  simultaneous  growth  of  which  produces 
from  milk  the  beverage  known  as  kefir.  Another 
common  association  of  microorganisms  is  styled 
metabiosis,  in  which  one  species  by  its  activities 
renders  the  medium  suitable  for  the  growth  and  de- 
velopment of  another.  A  good  example  of  this  is 
the  formation  of  vinegar  from  cider,  due  to  the  pres- 
ence of  yeasts  which  form  alcohol  from  the  sugar, 
and  acetic  bacteria  which,  after  the  alcoholic  fer- 
mentation has  ceased,  transform  the  alcohol  into 
acetic  acid.  The  "Sauerteig"  is  perhaps  an  example 
of  both  symbiosis  and  metabiosisj  inasmuch  as  there 
is  the  simultaneous  consumption  of  sugar  by  yeasts 
and  lactic  bacteria,  which  relationship  is  that  of  the 
former,  and  later  the  conversion  of  part  of  the  alcohol 
formed  by  the  yeast  into  acetic  acid,  which,  as  it 
occurs  in  the  manufacture  of  vinegar,  has  already 
been  referred  to  as  an  example  of  metabiosis. 

The  microscopic  examinations  having  shown  that 
active  microorganisms  in  salt-rising  bread  are  bacteria, 
it  becomes  a  question  whether  or  not  a  pure  culture 
can  be  obtained  from  the  "emptyings"  with  which 
alone  the  bread  can  be  made,  or  whether  the  neces- 
sary gaseous  products  of  fermentation  owe  their 
origin  to  the  combined  activity  of  several  species 
growing  side  by  side. 

After  transferring  the  bacteria  from  one  milk  tube 
to  another  for  several  times  and  incubating  at  40  °  C, 
it  was  observed  that  there  was  exhibited  no  great 
variety  of  forms,  indeed  the  cells  were  strikingly 
alike  except  for  slight  differences  in  the  length  of 
rods. 

It  was  therefore  assumed  that  the  fermentation 
is  due  to  a  single  species  and  plates  were  made  to 
obtain  it  in  pure  culture.  The  first  set  of  plates  was 
made  with  an  agar-bouillon  media  and  incubated 
at  40  °  C.  After  about  15  hours  a  good  growth  had 
appeared  and  a  number  of  milk  tubes  were  inoculated 
from  those  colonies  which  seemed  to  show  differences 
and  incubate  at  40  °  C.  The  next  day  all  the  tubes 
showed  a  growth,  for  a  soft  curd  had  formed  in  the 
milk,  but  none  of  them  showed  any  signs  of  gas  pro- 
duction while  the  one  inoculated  from  the  tube  from 
which  the  plating  was  made  was  giving  off  gas.  Since 
the  first  plating  resulted  in  a  failure,  it  was  repeated. 
Again  numerous  colonies  appeared  in  the  usual  time 
and  this  time  a  larger  number  of  tubes  were  inoculated 
from  them  and  incubated  at  40  °  C.  Again  a  curd 
formed  in  each  of  the  tubes  but  there  were  no  signs 
of  gas.  After  making  numerous  plates  with  this 
agar  bouillon  medium  and  isolating  many  cultures 
without  obtaining  any  that  would  produce  gas  it  was 


thought  thai  perhaps  the  medium  was  not  favorable 
for  the  gas  forming   bacteria   and   that  it  cither  did 

iimI   appear  upon  the  plates  at   all  or  became  attenuated 

during  the  planting  and  lost  its  ability  to  produce 
.gas. 

Since  soda  is  commonly  used  in  making  the  bread 
it  was  thought  that  an  alkaline  medium  might  be  more 
suitable.  Therefore  a  portion  of  nutrient  agar  medium 
with  1.0  per  cent,  added  lactose  was  titrated  with 
phenolphthalein  to  an  alkalinity  of  1  per  cent,  and 
another  to  an  acidity  of  1  per  cent.  With  each  of 
these  plates  were  made,  both  directly  from  the  "empty- 
ings," and  a  tube  that  was  the  result  of  several  trans- 
fers, and  numerous  tubes  inoculated  and  incubated 
at  the  usual  temperature  of  40  °  C,  but  again  all 
efforts  to  obtain  a  gas-forming  culture  were  in  vain. 

An  effort  was  made  to  make  a  medium  as  similar 
as  possible  to  the  original  "emptyings"  by  adding 
a  portion  of  cooked  flour  to  the  agar  medium.  This 
medium,  however,  was  so  opaque  that  it  could  not 
be  used  successfully  and  was  abandoned.  As  milk 
is  commonly  used  in  making  this  bread,  plates  were 
made  with  a  milk-agar  medium  and  a  number  of  milk 
tubes  inoculated  and  incubated.  Upon  observing 
them  the  next  day  one  of  them  showed  the  char- 
acteristic gaseous  fermentation.  From  this  tube 
another  set  of  plates  was  made  and  several  tubes 
inoculated.  These  again  were  giving  off  gas  after 
incubating  over  night.  Since  milk-agar  plates  are 
always  rather  opaque  it  was  thought  advisable  to 
plate  this  culture  upon  clear  media  so  as  to  be  more 
certain  that  it  was  pure.  This  was  done  but  not 
a  tube  produced  any  gas  after  incubating.  This 
then  was  either  not  a  pure  culture  or  it  lost  its  ability 
to  produce  gas  during  the  plating  on  clear  media. 
Further  attempts  to  obtain  another  gas-forming  culture 
by  plating  with  milk-agar  failed  utterly. 

It  was  observed  that  when  the  predominating  culture 
from  the  fermenting  batter  was  isolated  and  grown 
in  milk  that  after  a  curd  had  formed  the  milk  began 
to  be  peptonized  near  the  surface  and  after  standing 
a  few  days  a  large  part  of  the  curd  was  peptonized. 
The  same  effect  was  observed  when  milk-agar  tubes 
were  inoculated  with  this  culture,  onlyT  the  peptoniza- 
tion proceeded  downward  in  the  tube  much  slower. 
In  milk-agar  tubes,  inoculated  direct  from  the  ferment- 
ing batter,  the  peptonization  of  the  milk  was  also 
observed  near  the  surface  while  farther  down  gas  was 
formed  which  at  times  pushed  part  of  the  media  to- 
gether with  the  cotton  plug  out  of  the  tube.  This  latter 
effect  was  observed  in  broth-agar  tubes  also  when  the 
media  was  boiled  to  expel  air.  Plates  made  from 
the  organisms  after  having  been  grown  under  these 
anaerobic  conditions  yielded  no  culture  that  would 
produce  gas. 

When  milk-agar  plates  are  poured  in  Petri  dishes 
about  3/4  of  an  inch  deep  and  6  inches  in  diameter, 
the  milk  begins  to  peptonize  from  the  top  downward 
until  after  several  days  the  medium  loses  its  opaque 
character  entirely  and  becomes  yellowish  in  color. 
In  these  deep  plates  gas  bubbles  at  times  form  near 
the   bottom   of   the   plates   which    may   be    due   either 
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to  a  single  organism  or  to  several.  To  obtain  cultures 
of  these,  the  plate  was  inverted  to  allow  the  medium 
to  drop  out,  when  tubes  could  be  inoculated  by  touching 
the  gas  bubble  with  a  platinum  loop.  Milk  tubes 
inoculated  in  this  way  showed  the  characteristic 
gaseous  fermentation  after  incubating  over  night, 
but  when  plates  were  made  from  them  and  tubes 
inoculated   from   colonies,    no   gas   appeared. 

Single  cells  isolated  from  the  fermenting  batter 
by  Dr.  M.  A.  Barber's  pipette  method  reacted  in  milk 
as  those  obtained  by  plating.  A  soft  curd  was  first 
formed  which  later  was  peptonized  from  the  top 
downward.  When  allowed  to  grow  under  a  cover 
glass  in  an  incubator  at  40  °  C.  a  good  growth  was 
observed  both  in  milk  and  broth.  Spores  formed 
readily.  Single  spores  put  into  sterile  milk  and 
incubated  produced  the  same  reaction  in  milk  as  the 
cells  themselves.  No  culture  was  obtained  by  this 
method  that  produced  gas. 

After  all  these  failures  to  obtain  a  culture  that  was 
pure  without  a  doubt  and  would  retain  its  gas-pro- 
ducing power,  it  was  thought  that  perhaps  this  gas 
formation  was  due  to  a  mixture  of  cultures — perhaps 
a  case  of  symbiosis  or  metabiosis.  Upon  this  as- 
sumption plates  were  made  and  a  number  of  tubes 
inoculated  and  incubated.  After  a  good  growth  had 
set  in,  the  tubes  were  numbered  and  fresh  tubes  in- 
oculated from  them  by  means  of  a  platinum  loop, 
mixing  the  various  cultures.  For  example  one  tube 
was  inoculated  from  Nos.  1  and  2,  another  from  1, 
2  and  3,  etc.  The  results  of  this  mixing  of  cultures 
was  as  fruitless  as  all  previous  efforts,  not  a  single 
tube  showed  any  gas. 

When  sterile  milk  is  inoculated  from  the  fermenting 
batter,  gas  is  driven  off  after  incubating  6  to  10  hours 
and  a  curd  is  formed  which  is  carried  to  the  top  by 
the  gas  bubbles  and  then  assumes  a  tough  leathery 
character.  If  after  incubating  for  three  or  four  days, 
sometimes  less,  a  transfer  to  sterile  milk  is  made, 
no  gas  appears.  The  same  loss  of  gas  production 
occurs  in  three  or  four  bays  if  transfers  are  made  at 
intervals  of  either  12  or  24  hours.  A  falling  off  of 
gas  production  is  also  observed  in  the  fermenting 
batter;  after  gas  bubbles  begin  to  form  the  rate  of 
gas  production  increases  for  about  three  or  four 
hours  and  then  gradually  decreases.  After  fermenting 
for  8  to  10  hours,  it  becomes  very  much  weaker  and 
does  not  regain  its  strength  if  used  in  making  the 
sponge  and  dough.  In  the  latter  the  weakness  is 
even  more  apparent  than  in  the  former,  and  when 
once  the  batter  has  fermented  too  long,  the  loaves 
are  apt  to  be  only  about  one-half  the  normal  size. 
This  gradual  weakening  of  the  batter  has  been  ob- 
served by  bakers,  as  well,  and  is  popularly  termed 
"working  itself  out."  They  also  observed  that  when 
once  it  has  become  weakened  and  lost  its  gas-pro- 
ducing power  that  it  will  not  regain  its  strength  by 
the  addition  of  fresh  food  material  as  is  done  in  making 
the  sponge  and  dough.  While  it  was  not  possible 
to  propagate  the  bacteria  in  liquid  media  from  time 
to  time  to  be  used  in  making  bread,  a  dried  product 


was  prepared  which  could  be  used  at  will  with  good 
results. 

The  product  was  used  by  the  author  in  making 
salt-rising  bread  in  numerous  experiments  and  was 
also  given  out  to  a  number  of  housewives  who  used 
it  successfully.  That  the  artificial  cultivation  of  bac- 
teria can  be  of  value  to  the  manufacturing  baker 
as  well  was  demonstrated  by  giving  this  product 
a  thorough  trial  in  a  modern  baking  plant  where  the 
bread  was  not  uniform  and  it  was  necessary  at  times 
to  add  compressed  yeast  to  insure  proper  aeration. 
From  800  to  1000  loaves  were  made  daily  for  a  month 
and  the  bread  was  uniform  in  quality  and  was  ready 
for  the  bench  at  the  desired  time  every  day  while 
formerly  it  was  often  ready  sooner  or  later  than  de- 
sired and  consequently  upset  the  system  of  the  plant. 
The  batter  made  from  the  product  begins  to  ferment 
not  only  more  regularly  but  sooner  than  if  made 
with  meal.  One  pound  is  sufficient  for  the  production 
of  400  to  500  loaves  of  bread. 

The  fact  that  the  fermenting  "emptyings"  made 
from  this  product  reveal  cells  which  are  strikingly 
alike,  a  large  sporebearing  motile  rod  greatly  pre- 
dominating, and  that  once  a  gas-forming  organism 
was  obtained  by  plating,  and  this  one  lost  its  ability 
to  produce  gas  after  incubating  several  days,  indicates 
that  the  gas  formation  owes  its  origin  to  a  single 
organism,  which  becomes  attenuated  during  the 
plating.  This  is  corroborated  by  the  fact  that  a 
falling  off  of  gas  formation  is  observed  both  in  the 
batter  and  when  transfers  are  made  to  sterile  milk, 
and  is  further  supported  by  the  fact  that  from  either 
broth  or  milk-agar  plates,  in  which  the  colonies  were 
extremely  thick,  portions  of  media  so  large  that  all 
organisms  should  be  included  could  be  transferred 
to  sterile  milk  and  no  gas  would  be  evolved,  which 
seems  clearly  to  indicate  attenuation. 

Another  instance  in  which  the  loss  of  gas  production 
was  observed  may  be  referred  to  here.  In  a  modern 
bakery  bread  is  mixed  with  huge  mixers  in  lots  of 
about  800  to  1500  pounds  of  dough.  A  certain 
make  of  these  mixers  is  run  at  very  high  speed  making 
about  '60  revolutions  per  minute,  which  is  several 
times  that  of  the  average  mixer.  This  extreme 
treatment  is  considered  very  desirable  in  making 
ordinary  bread  as  it  develops  the  elasticity  of  the 
gluten  and  improves  the  color  of  the  bread.  A  batch 
of  salt-rising  bread  was  tried  in  one  of  these  mixers, 
taking  out  a  portion  of  dough  after  mixing  6,  15  and 
30  minutes,  respectively.  The  loaves  made  from 
the  dough  that  was  mixed  6  minutes  rose  very  slowly, 
and  were  poor  in  quality,  while  the  loaves  from  the 
portions  of  dough  that  were  mixed  15  to  30  minutes, 
respectively,  failed  utterly  to  rise,  even  after  standing 
several  hours,  while  when  mixed  in  a  slow-speed  mixer 
they  rise  in  30  to  45  minutes. 

Such  variation  is  not  without  parallel  as  may  be 
seen  from  observations  made  by  Klein,1  on  Bacillus 
enteriditis  sporogenes.  If  deep  liquid  sugar-gelatine 
tubes  (8  cm.)  are  inoculated  with  the  bacilli  or  spores 

1  Centralblatl  jiir  Bakteriologie,  18,  I  Abteilung.  No.  24,  p.  737  (1895). 
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oi  this  organism  and  incubated  a1  ap°  C,  the  medium 
is  liquefied  after  48  hours,  with  the  Formation  of  very 
lew  indeed,  if  any,  gas  bubbles  and  the  organism  sporu 
lates  lively.  If,  011  the  other  hand,  a  stab  culture 
is  made  from  the  same  culture  into  a  similar  medium, 
gas  formation  begins  within  24  hours  and  the  medium 
is  torn  and  rent  by  the  evolving  bubbles.  In  such 
a  culture  in  which  gas  is  abundantly  given  off,  complete 
liquefaction  takes  8,  14,  or  even  20  days,  instead  of 
48  hours,  and  spore  formation  is  not  observed.  The 
gas  is  principally  methane. 

A  violent  evolution  of  gas,  after  incubating  from 
1  to  2  days  which  breaks  the  layer  of  cream,  ac- 
companied with  the  formation  of  a  curd  which  separates 
from  the  clear  acid  whey,  is  given  by  Klein1  as  the 
typical  characteristic  of  this  organism  in  milk. 

If  two  gelatin  tubes  are  inoculated  with  spores 
and  the  bacilli  of  the  organisms,  respectively,  and 
incubated  for  several  days,  the  results  are  so  different 
that  it  is  difficult  to  believe  that  the  two  cultures  are 
identical,  for  the  former  shows  the  typical  spherical 
liquefying  colonies,  while  in  the  latter  only  small 
non-liquefying  spots  appear. 

By  transferring  spores  of  the  organism  to  fresh 
sugar-gelatine  for  a  number  of  times,  it  undergoes 
marked  changes  in  its  cultural  characteristics.  It 
soon  acquires  greater  liquefying  powers,  a  tendency 
to  form  threads  and  the  ability  to  rapidly  form  spores. 
In  milk  these  variations  are  quite  pronounced,  for 
it  no  longer  produces  the  changes  which  have  been 
described  as  typical.  Instead  of  the  violent  evolution 
of  gas  which  disturbs  the  layer  of  cream,  the  formation 
of  a  curd  and  the  separation  of  a  clear  whey,  the  milk 
undergoes  an  entirely  different  transformation,  in 
which  there  is  no  gas  whatever  evolved  and  the  cream 
is  not  disturbed.  After  several  days  the  milk  im- 
mediately underneath  the  cream  begins  to  be  de- 
composed into  a  yellowish  solution  which  remains 
separate  from  the  white  coagulum  underneath.  The 
whey  in  the  typical  milk  culture  smells  of  butyric 
acid  and  reacts  acid  while  the  yellow  solution  of  the 
atypical  culture  is  weakly  alkaline  and  has  a  foul 
odor.  The  bacilli  in  the  typical  milk  culture  are 
short  rods  without  spores,  while  those  of  the  atypical 
culture  often  appear  in  threads  which  as  well  as  the 
short  rods  sporulate  within  a  few  days.  When  once 
the  organism  has  changed  so  that  spores  when  re- 
peatedly transferred  to  milk  continue  to  give  the 
atypical  culture  characteristic,  the  change  is  permanent 
and  it  does  not  revert  to  the  original  form.  The 
virulence    in    the  atypical   is  almost  or  entirely  lost. 

On  the  suggestion  of  Professor  Stephens  some 
"emptyings"  were  obtained  from  a  lady  who  makes 
salt-rising  bread  which  he  at  one  time  found  to  be 
teeming  with  both  yeast  cells  and  bacteria.  This 
was  contrary  to  what  had  been  observed,  but  as  it 
agreed  with  a  number  of  the  references  a  micro- 
scopic examination  was  made,  but  again  many  bacteria 
were  present  and  no  yeast  cells.  From  these  "empty- 
ings" a  set  of  plates  was  made  and  a  number  of  tubes 
inoculated.     On  removing  them  from    the    incubator 

1  Cenlralblalt  fiir  Baktcriologie.  22,  I  Abteilung,  p.  577. 
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oi  these  cultures  \va  plated  repeatedly  on  both  milk 
and  broth-agar  media  and  each  time  all  the  colonies 
appeared  alike  and  all  the  tubes  inoculated  were 
evolving  gas  after  standing  in  the  incubator  for  about 
15  hours,  which  is  sufficient  evidence  that  it  is  a  pure 
culture,  and  it  becomes  a  question  as  to  whether  it 
is  capable  by  itself  to  properly  ferment  bread.  The 
mere  fact  that  it  will  produce  gas  when  growing  in 
milk  is  not  sufficient  evidence  that  bread  can  be  made 
with  it,  for  often  the  "emptyings"  will  apparently 
be  fermenting  normally,  but  when  made  into  a  sponge 
by  the  addition  of  water  and  flour  the  production 
of  gas  almost  ceases,  and  when  the  dough  is  made 
it  fails  utterly  to  rise.  Indeed  at  times  both  the 
"emptyings"  and  sponge  will  appear  normal  and  the 
dough  will  fail  to  rise,  and  it  has  happened  in  practice 
that  a  batch  of  about  iooo  pounds  of  dough  was  run 
through  the  mixer,  divider  and  moulder,  and  after 
being  put  into  pans  failed  to  rise  and  had  to  be  taken 
from  the  pans  and  mixed  with  compressed  yeast. 

In  order  to  determine  whether  this  bacterium  is 
of  itself  capable  of  aerating  bread,  it  is  of  course  de- 
sirable to  use  sterile  flour;  this  unfortunately  cart  be 
obtained  only  with  difficulty  and  perhaps  not  at  all 
without  altering  the  character  of  the  flour  and  destroy- 
ing to  a  certain  extent  its  bread-making  qualities. 

One  of  the  two  methods  that  have  been  employed 
is  by  heating  the  flour  to  a  temperature  of  1150  to 
1200  C.  This  temperature  is  not  sufficiently  high 
to  completely  sterilize  the  flour  for  spore-forming 
organisms  certainly  survive,  and  besides  it  darkens 
the  flour  and,  according  to  Peters,  destroys  its  ability 
to  form  a  dough.  The  other  method  of  submerging 
the  flour  under  ether  for  several  days  is  more  satis- 
factory, as  it  is  less  injurious  to  the  flour,  but  it  is  a  diffi- 
cult matter  to  sterilize  enough  to  be  used  in  baking  tests. 

In  these  experiments  it  was  thought  best  not  to 
sterilize  the  flour  but  to  grow  the  bacteria  in  sterile 
media  up  to  the  time  the  sponge  was  made,  which 
would  give  the  bacteria  in  the  flour  only  from  two  to 
four  hours  to  become  active,  for  it  was  never  more 
than  four  hours  from  the  time  the  sponge  was  made 
until  the  bread  was  put  into  the  oven  and  usually 
between  two  and  three  hours.  When  a  dough  was 
made  without  the  addition  of  either  bacteria  or  yeast, 
no  marked  changes  were  apparent  within  three  or 
four  hours,  and  if  yeast  was  then  worked  into  it, 
it  would  begin  to  rise  and  after  fermenting  properly, 
nearly  normal  bread  could  be  made,  which  would 
indicate  that  the  bacteria  in  flour  do  not  have  a  marked 
effect  upon  a  dough  within  three  or  four  hours. 

As  already  stated,  milk  is  a  common  ingredient 
in  salt-rising  bread,  and  as  it  can  be  sterilized  con- 
veniently, it  was  used  in  the  following  baking  experi- 
ments. With  this  pure  culture  bread  was  made 
from  the  following  ingredients:  800  grams  of  flour, 
100  cc.  sterile  milk,  410  cc.  water,  12  grams  salt 
and  15  grams  sugar.  The  sterile  milk  was  inoculated 
with  the  pure  culture  obtained  and  incubated  17 
hours,  when  it  was  made  into  a  sponge  with  175 
grams  of  flour  and  200  cc.  water.     After  the  sponge 
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began  to  drop,  which  took  about  two  hours,  the  dough 
was  made  by  mixing  the  sponge  with  the  remainder 
of  the  ingredients  and  moulded  into  loaves  and  put 
into  pans  at  once.  The  bread  rose  well  and  was 
baked  in  the  usual  way  and  had  the  characteristic 
odor  and  taste  of  salt-rising  bread.  This  experiment 
was  repeated  a  number  of  times,  which  indicates 
that  this  bacterium  is  able  by  itself  to  properly  aerate 
bread.  Bread  was  also  made  by  the  "straight  dough" 
process  in  which  all  the  ingredients  are  mixed  at 
once  leaving  out  the  sponge  stage.  In  this  experi- 
ment the  whole  of  the  liquid  used  was  milk  fermented 
by  this  bacterium,  which  was  made  into  a  dough 
by  mixing  with  the  other  ingredients.  The  dough 
was  at  once  moulded  into  loaves  and  put  into  pans. 
It  rose  rather  slower,  than  when  a  sponge  was  made, 
and  produced  bread  of  poorer  quality.  "Straight 
dough"  bread  was  also  made  by  using  as  the  liquid 
V2  fermented  milk  and  1/1  water;  also  by  allowing 
the  bread  to  rise,  as  is  always  done  in  making  yeast 
bread,  previous  to  moulding  into  loaves.  This  bread 
rose  faster  in  the  pans  and  the  loaves  had  more  of 
a  tendency  to  crack.  The  bread  was  coarser  in  texture 
and  when  cut  crumbled  easily. 

This  bacterium  could  be  propagated  by  transferring 
to  fresh  milk  occasionally.  After  standing  two  months, 
however,  it  had  become  much  weaker,  and  while 
it  would  still  produce  gas  when  grown  in  milk,  it 
would  no  longer  raise  bread.  Even  by  transferring 
to  fresh  milk  a  number  of  times  it  failed  to  regain 
its  strength.  After  200  cc.  of  milk  fermented  with 
this  organism  had  been  kept  for  9  months  in  a  German 
flask  closed  with  a  cotton  plug,  it  was  impossible 
to  abtain  any  growth  whatever  by  inoculating  sterile 
milk  from  it. 

An  effort  was  made  to  prepare  a  dry  product  con- 
taining this  organism  to  be  used  in  making  bread. 
This  was  done  by  growing  the  pure  culture  in  sterile 
milk  and  then  mixing  flour  to  make  a  sponge.  After 
the  sponge  had  risen  and  fallen  it  was  spread  on 
panes  of  glass  in  thin  layers  and  allowed  to  dry. 
Some  of  this  dried  product  was  mixed  with  meal 
and  was  used  in  starting  the  bread  in  the  usual  way. 
When  the  liquid  used  in  starting  the  "emptyings" 
was  heated  to  the  boiling  point  the  addition  of  some 
of  this  dried  material  seemed  to  make  no  appreciable 
difference  either  in  the  regularity  or  the  time  it  would 
take  to  show  the  formation  of  gas  bubbles,  as  was 
observed  by  setting  at  different  times,  a  number  of 
emptyings  in  Erlenmeyer  flasks  plugged  with  cotton, 
both  with  and  without  any  added  material.  When  the 
meal  was  stirred  into  the  boiling  milk  a  temperature 
of  85  °  to  90 °  C.  was  obtained.  When  the  milk  was 
heated  to  90  °  C,  it  seemed  rather  doubtful  whether 
the  addition  of  some  of  this  product  was  noticeable ; 
if  heated  to  80 °  or  70 °,  however,  it  was  observed  that 
gas  began  to  form  both  sooner  and  more  regularly 
if  a  portion  of  the  dried  product  was  added,  which 
would  indicate  the  possibility  of  preserving  this 
organism  in  the  dry  state  for  its  economic  use. 

The  source  of  the  organisms  involved,  especially 
when  the  bread  is  made  without  adding  them  by  arti- 


ficial means,  is  one  of  the  important  considerations 
in  making  this  kind  of  bread.  It  is  the  opinion  of 
Dr.  Bailey,  Professor  Harrison  and  Margaret  Mitchell 
that  they  get  into  the  prepared  medium  either  from 
the  air  or  utensils  and  that  failures  are  far  less  frequent 
in  places  where  the  bread  has  been  made  for  some  time. 
To  determine  whether  or  not  the  desired  bacteria 
get  into  the  medium  from  the  air,  a  number  of  Erlen- 
meyer flasks  were  partially  filled  with  the  usual  in- 
gredients in  the  proportions  that  they  are  used  in  the 
"emptyings."  These  flasks  were  plugged  with  cotton 
and  sterilized  by  steaming  for  about  45  minutes  on 
three  or  four  consecutive  days.  After  incubating 
for  a  few  days  to  make  certain  that  all  life  in  the 
flasks  was  destroyed,  the  plugs  were  pulled  and  the 
flasks  set  in  a  gas  oven  which  had  been  repeatedly 
used  as  a  place  to  keep  the  "emptyings"  and  sponges 
as  well  while  they  were  fermenting.  If  these  bacteria 
are  propagated  from  one  baking  to  another  by. means 
of  the  air  then  this  oven  should  prove  a  particularly 
fertile  source,  and  as  the  media  was  properly  prepared 
and  the  temperature  carefully  regulated,  these  flasks 
should  soon  show  the  characteristic  fermentation. 
As  a  matter  of  fact,  however,  it  was  only  occasionally 
that  a  gaseous  fermentation  would  develop  in  these 
flasks  and  then  with  great  irregularity;  the  gas  bubbles 
would  first  appear  near  the  top  of  the  media  and  later 
they  would  form  farther  down  and  never  did  they 
occur  uniformly  throughout  the  media  as  is  the  case 
when  the  "emptyings"  are  set  in  the  usual  way. 
Often  an  abnormal  fermentation  would  occur  in  these 
flasks;  at  times  this  would  become  manifest  in  a  sour- 
ing of  the  media  without  any  gas  formation,  and  at 
other  times  various  moulds  would  appear  on  the 
surface  of  the  media.  This  would  indicate  that  the 
air  is  not  the  true  source  of  the  gas-forming  organism, 
and  although  it  may  get  into  the  media  from  the  air 
at  times  it  cannot  be  relied  upon  to  produce  the  desired 
fermentation  with  any  certainty  or  regularity. 

In  how  much  the  utensils  serve  as  a  means  of  propa- 
gating the  bacteria  evidently  depends  to  some  extent 
upon  the  operator;  if  they  are  thoroughly  cleaned 
each  time  after  use,  the  chances  are  that  the  bacteria 
are  nearly  all  removed  with  the  ingredients;  on  the 
other  hand  if  carelessly  cleaned,  it  is  possible  that 
enough  bacteria  will  be  retained  to  again  start  the 
fermentation.  At  best,  however,  this  cannot  be  a 
reliable  source,  and  as  the  bacteria  would  be  only 
on  the  sides  of  the  vessel,  some  time  would  elapse 
before  they  would  get  into  the  center  of  a  non-liquid 
medium.  It  is  the  experience  of  the  author  that  it 
matters  little,  if  any,  whether  the  "emptyings"  were 
made  in  vessels  that  had  been  previously  used  or  not. 

Evidently  the  milk  is  not  the  source  of  the  or- 
ganisms for  the  bread  can  be  made  with  water,  also 
it  is  possible  to  obtain  the  gaseous  fermentation  by 
inoculating  sterile  milk  with  cornmeal.  The  true 
source  seems  to  be  the  cornmeal,  and  it  is  the  experi- 
ence of  bakers  and  housewives  that  the  more  highly 
cleaned  meals  do  not  give  as  good  results,  which  would 
indicate  that  it  is  associated  in  some  way  with  the 
exterior  of   the   grain   of   corn.      It   is   the   experience 
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of  housewives,  and  canning  factories  as  well,  thai   il 

is    a  difficult  matter  to  can  corn  so  that  it  will  keep; 
i  the  ends  of  the  cans  bulge  out,  owim;  to  the  for- 
mation of  gas  which  may  be  due  to  the  survival  of 
the  salt-rising  organisms. 

As  already  stated,  it  lias  been  a  matter  of  much 
dispute  as  to  what  ingredients  are  necessary  in  making 
salt-rising  bread,  and  something  over  two  hundred 
baking  experiments  were  made  to  determine  the  neces- 
sary ingredients,  the  proportions  in  which  they  would 
be  used,  the  most  favorable  temperature,  etc.  These 
baking  experiments  were  taken  up  as  systematically 
as  possible,  observing  the  effect  of  changing  one 
thing  at  a  time  both  upon  the  rate  of  the  evolution  of 
the  gas  and  the  character  of  the  bread  produced,  and 
keeping  a  careful  tabulated  record  of  the  results, 
some  of  which  will  be  given  here.  One  series  of  these 
experiments  was  made  to  determine  the  effect  of  milk, 
and  the  following  table  shows  the  proportions  of  the 
ingredients  used,  when  they  were  mixed  in  "emptyings," 
sponge  and  dough,  and  the  temperature  of  each 
(see  Table  I).     The  ingredients  in  Nos.   101,  102  and 


1909. 

Date 

No 

H20 

Dried  milk. 
5   4  Cornmeal. .  . 

Sugar 

Starter 

Soda 

Time 


hi the   growth    oi    the    bacteria  and   consequently 

upon  the  character  of  the  bread  produced.  Various 
baking  experiments  were  made  to  determine  to  which 
of  the  constituents  of  the  milk  to  attribute  this. 

It  was  found  that  whole  milk  did  not  give  appreci- 
ably better  results  than  skimmed,  which  would  in- 
dicate that  the  butter  fat,  while  certainly  it  has  a 
"shortening"  effect,  as  all  fats  do,  has  no  bearing 
upon  the  gas  production  of  the  organism.  The  other 
two  important  constituents  of  milk,  namely  the  casein 
and  milk  sugar,  were  used  separately  in  making  the 
bread.  Four  different  samples  of  casein  were  obtained : 
two  made  from  the  buttermilk  and  two  from  skim 
milk. 

It  was  found  that  when  the  "emptyings"  were  set 
as  in  No.  101  with  10  grams  of  casein  instead  of  10 
grams  of  powdered  skim-milk,  gas  began  to  form 
several  hours  sooner,  especially  when  the  butter- 
milk caseins  were  used,  as  may  be  seeen  from  bakings 
132  and  134.  Even  five  grams  of  casein  which  is 
about  the  equivalent  of  casein  in  10  grams  of  powdered 
skimmed    milk    was    more    effective    than    the    latter 


h2o 

Dried  milk. 

Flour 

NaHC03. . . 

Time 

I  Temp 


H=0 

Flour 

"5   I  Sugar 

o   I  Salt 

0  I  Oil 

j  Time 

I.  Temp 

Oven 

Out 

1  A  in  133  and  134  is  casein  from  skim-milk. 

2  B  in  135  is  casein  from  another  sample  of  skim-milk  casein. 

3  M  in  112  is  malt  extract. 

4  C  in  115  is  asparagin. 

Note-  All  batters,  except  in  No.  378,  were  set  in  the  evening  at  the  time  given  and  the  sponges 
in  one  day. 


1910 

11/3 

11/3 

11/3 

11/14 

11/14 

11/14 

11/14 

11/  10 

11/10 

5/9 

101 

102 

103 

132 

133 

134 

135 

112 

115 

378 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

10 

10 

10 

10 

5A1 

10A1 

5B2 

10M3 

3C 

5 

20 

20 

20 

20 

20 

20 

20 

20 

20 

22 

4 

4 

4 

0 

0 

0 

0 

0 

0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2'A 

2M 

2% 

2K 

2H 

2'A 

2M 

2M 

2M 

2 

9.30 

9.30 

9.30 

10.30 

10.30 

10.30 

10.30 

10.30 

10.30 

8.30 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

150 

150 

150 

150 

150 

150 

150 

150 

150 

0 

0 

0 

0 

0 

0 

0 

0 

8.50 

9.30 

9.30 

12.05 

9.30 

9.30 

9.30 

8.30 

2  20 

40 

41 

41 

43 

42 

40 

40 

40 

41 

200 

200 

200 

200 

200 

200 

200 

200 

200 

650 

650 

650 

650 

650 

650 

650 

650 

650 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

12 

12 

12 

12 

12 

12 

12 

12 

0 

0 

0 

0 

0 

0 

0 

12 

0 

10.00 

11.00 

11  .40 

1.05 

10.50 

10.45 

10.35 

9.55 

3.30 

37 

37 

37 

38 

39 

38 

38 

39 

41 

11.00 

12.10 

2  00 

10.15 

12.00 

12.00 

11  .05 

4.25 

11.45 

11.35 

the  morning  of  the  next  day.     No.  3/8  was  finished 


103  are  precisely  the  same  in  quantity,  differing 
only  in  that  No.  101  had  the  milk  added  in  the  "empty- 
ing," No.  102  in  the  sponge  and  103  in  the  dough. 
It  is  evident  from  the  table  that  the  emptyings  in 

10 1  were  light  and  ready  to  be  made  into  the  sponge 
by  8:  50,  while  102  and  103  required  40  minutes  longer; 
in  the  sponge  it  was  observed  that  10 1  was  more 
active  than  102  and  103  still  more  sluggish.  In  the 
dough  the  advantages  of  adding  the  milk  in  the  early 
stages  were  still  more  apparent.  The  bread  from  101 
was   largest   in   volume   and   best   in   every  way,    No. 

102  was  rather  heavy  and  103  failed  to  rise  more  than 
about  one-half  the  usual  height.  From  these  experi- 
ments it  is  evident  that  milk  has  a  marked  influence 


and  almost  as  effective  as  10  grams  of  the  same  ma- 
terial. In  baking  Nos.  133,  134,  135,  all  of  which  were 
made  with  casein,  the  gas  began  to  be  evolved  about 
2'/2  hours  sooner  than  in  No.  132  which  was  made 
with  powdered  skimmed  milk.  No.  134  showed 
signs  of  gas  about  1/2  hour  sooner  than  133  and  135 
but  it  was  made  into  a  sponge  about  the  same  time. 
When  lactose  was  used  instead  of  milk  in  the  above 
formula  the  gas  began  to  form  little  sooner  than  if 
it  was  not  used.  Both  lactose  and  casein  used  to- 
gether were  apparently  no  more  effective  than  the 
same  amount  of  casein  alone.  These  experiments  would 
indicate  that  the  essential  constituent  of  the  milk 
is  the  casein  rather  than  the  milk  sugar  or  butterfat. 
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The  two  samples  of  buttermilk  casein,  as  stated  above, 
favored  the  gas  production  more  than  those  made 
from  skim-milk  and  also  more  than  the  powdered 
milk  itself.  This  may  perhaps  be  partly  explained 
by  the  fact  that  the  casein  from  buttermilk  under- 
goes a  partial  hydrolysis  during  the  fermentative 
process  of  buttermaking,  which  may  render  it  more 
assimilable  by  the  bacteria.  Also  it  was  observed 
later  that  2V2  grams  of  soda  in  the  above  formula 
made  the  media  rather  alkaline  and  checked  the  fer- 
mentation somewhat,  and  as  the  caseins,  especially 
those  made  from  buttermilk,  reacted  acid,  neutralized 
a  part  of  this  alkali  and  made  the  medium  more 
favorable  to  the  growth  of  the  baeteria. 

Malt  extract  which  is  used  extensively  in  making 
ordinary  bread  also  proved  to  be  of  value  in  making 
salt-rising.  By  the  use  of  10  grams  of  malt  extract 
as  in  baking  No.  112  it  was  possible  to  make  good 
salt-rising  bread.  The  value  of  malt  extract  is  per- 
haps to  be  attributed  both  to  its  content  of  maltose 
and  various  soluble  nitrogenous  substances,  and  it 
is  a  question  whether  the  enzymes  have  the  same  value 
that  they  do  in  making  bread  with  yeast,  especially 
those  that  have  a  proteolytic  action,  for  the  bacteria 
themselves  have  a  marked  action  upon  the  gluten. 

The  addition  of  three  grams  of  asparagin,  as  in 
No.  115,  was  detrimental  and  there  was  no  gas  pro- 
duction even  after  standing  for  several  days.  Am- 
monium nitrate  was  added  to  the  formula  in  quan- 
tities varying  from  l/2  to  5  grams,  and  it  was  found 
to  retard  the  production  of  gas  in  all  cases  and  when 
more  than  about  2  grams  were  used,  gas  failed  to  be 
produced  at  all.  Potatoes  and  ginger,  which  are  at 
times  used,  were  tried  but  no  beneficial  effects  were 
observed. 

A  series  of  "emptyings"  were  set  in  the  same  way 
using  different  sugars,  i.  c,  maltose,  cane  sugar,  dex- 
trose and  lactose,  and  it  was  found  that  the  gas  began 
to  evolve  sooner  than  if  no  sugar  was  added  to  the 
meal.  These  sugars,  as  near  as  could  be  observed 
from  the  time  bubbles  began  to  form,  were  all  fer- 
mented equally  well  and  also  as  far  as  the  production 
of  bread  is  concerned. 

These  results  were  confirmed  by  adding  1  per  cent, 
of  cane  sugar,  maltose  lactose,  dextrose  and  dextrin 
respectively  to  separate  portions  of  a  nutrient  agar 
medium  and  inoculating  with  a  small  loop  full  direct 
from  the  fermenting  batter.  The  agar  medium 
to  which  the  carbohydrates,  named  above,  were  added 
contained  10  grams  peptone  and  5  grams  beef  extract 
to  a  liter  of  water.  Seven  hours  after  inoculating 
the  tubes  containing  carbohydrates  were  all  rent 
with  gas  bvibbles  and  the  medium  in  each  tube  was 
raised  to  about  twice  the  initial  volume.  The  tube 
containing  no  sugar  showed  only  a  few  small  bubbles 
which  did  not  increase  appreciably  with  longer  in- 
cubation, while  in  a  control  no  gas  bubbles  were  ob- 
served. The  dextrin  and  sugars  were  all  fermented 
equally  well. 

The  addition  of  milk  accelerates  both  the  pro- 
duction of  gases  and  acids.  It  was  repeatedly  observed 
that    those    "emptyings"    which    were    set  with   milk 


or  casein  began  to  throw  off  gas  sooner  and  more 
rapidly  and,  too,  that  the  evolution  of  gas  ceased  sooner 
and  the  medium  became  sour.  For  example  on  one 
occasion  the  "emptyings"  made  without  milk  were 
allowed  to  stand  at  a  temperature  of  40  °  C.  for  31 
hours  or  25  hours  after  gas  bubbles  appeared  and  it 
was  still  alkaline  and  gas  was  given  off,  while  when 
milk  is  added  it  becomes  sour  in  a  very  much  shorter 
time  and  the  evolution  of  gas  ceases.  This  has  been 
observed  by  bakers  as  well,  and  the  author  has  been 
told  that  the  addition  of  milk  causes  the  fermenting 
material  to  "work  itself  out"  much  sooner.  When 
once  the  evolution  of  gas  has  ceased  the  "emptyings" 
no  longer  work  well,  if  at  all,  when  used  in  making 
the  sponge.  This  is  quite  different  in  fermenting  either 
a  batter  or  a  clear  wort  with  yeast,  for  after  the  fer- 
mentation has  ceased  and  the  yeast  settled  to  the 
bottom,  it  can  be  saved  for  a  week  or  more  and  used 
in  making  a  sponge.  This  also  accounts  for  the  fact 
that  a  portion  of  salt-rising  dough  cannot  be  saved 
for  the  next  baking  with  the  same  success  as  can  a 
portion  of  dough  made  with  "Sauerteig,"  for  the 
ferments  in  the  former  rapidly  lose  their  gas-pro- 
ducing power  and  fail  to  regain  it  with  the  addition 
of  fresh  flour  and  water.  The  "emptyings"  as  well 
fall  off  in  gas  production  after  fermenting  for  some 
time.  After  the  first  bubbles  appear,  the  rate  of 
evolution  of  gas  increases  to  a  maximum  and  then 
gradually  decreases.  When  once  this  maximum  has 
been  passed  they  no  longer  give  good  results  when 
used  to  make  bread,  for  the  weakening  in  gas  pro- 
duction becomes  even  more  pronounced  in  sponge 
and  dough. 

It  is  well  known  that,  in  all  fermentative  processes, 
the  temperature  is  of  great  importance,  and  in  a  modern 
baking  plant  the  temperature  of  the  dough  is  under 
almost  perfect  control,  varying  only  a  degree  or  two 
from  day  to  day  during  the  four  seasons  of  the  year. 
Bakers  who  make  salt-rising  bread  have  found  that 
26. 6°  (80°  F.),  the  temperature  at  which  ordinary 
bread  is  fermented,  is  far  too  low  for  this  type  of 
bread.  To  determine  at  what  temperature  the  salt- 
rising  organism  is  most  active  a  number  of  "empty- 
ings" were  made  in  the  usual  way  and  placed  in  ovens 
at  a  temperature  of  35  °  C,  400  C,  45 °  C,  500  C, 
550  C.  and  6o°  C,  respectively.  It  was  found  that  the 
optimum  temperature  lies  somewhere  between  40  ° 
and  50 °  and  that  it  is  possible  to  ferment  bread  of 
about  equal  quality  anywhere  between  these  two 
temperatures.  At  35  °  the  gas  is  evolved  very  much 
slower  and  when  the  bread  is  put  into  pans  it  takes 
considerably  longer  for  it  to  rise  to  the  usual  height. 
When  set  at  55  °  C.  the  gas  is  formed  slower  than  at 
lower  temperatures  while  at  60 °  C.  only  a  few  bubbles 
of  gas  are  formed  in  24  hours.  From  these  results 
it  is  apparent  that  the  bacteria  grow  and  can  be  used 
in  making  bread  through  as  wide  a  range  of  temperature 
as  yeast  although  it  is  about  15  °  C.  higher. 

It  is  the  experience  of  the  author  that  best  results 
are  obtained  by  fermenting  the  "emptyings"  and  sponge 
at  a  temperature  rather  lower  than  the  optimum  and 
then   taking  the  water  used  in  making  the  dough  hot 
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enough  to  bring  it  to  a  temperature  of  .12°  to  46  °  C. 
In  broad  made  with  yeast  as  well  it  is  in  accordance 
with  the"  best  bakery  practice  to  increase  the  tem- 
perature toward  the  latter  Stages  of  the  fermentation. 
Sudden  changes  of  temperature  seem  to  have  no 
marked  influence  upon  the  bacteria  other  than  ac- 
celerating or  retarding  the  rate  of  fermentation, 
for  good  bread  was  made  from  "emptyings"  that  had 
cooled  to  220,  by  making  the  sponge  in  the  usual  way 
at  390  C.  and  the  dough  at  42  °  C.  This  is  of  practical 
importance,  for  often  in  practice  the  "emptyings" 
are  not  kept  at  constant  temperature.  In  the  later 
stages,  however,  especially  in  the  dough,  it  is  essential 
that  the  temperature  should  be  up  to  40 °  C.  or  over, 
f To  be  continued  in  February.'] 
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A  RAPID  METHOD  FOR   THE   DETERMINATION   OF  SUL- 
PHUR IN  ROASTED  BLENDE. 
By  C.  C.  Nitchie. 
Received  November  10,   1911. 

As  usually  conducted,  the  sampling  and  analysis 
of  the  roasted  ore  drawn  from  a  blende  roasting  kiln 
furnishes  information  useful  only  for  purposes  of 
record.  A  small  portion  is  taken  from  each  car  load 
drawn  and  all  such  portions  are  mixed  at  the  end  of 
a  day  to  make  an  average  sample,  which  is  analyzed 
on  the  following  day. 

This  practice  gives  only  average  results,  is  of  no 
value  in  determining  the  quality  of  ore  from  the  in- 
dividual draws,  and  fails  entirely  to  detect  the  oc- 
casional car  of  poorly  roasted  ore  which  is  transferred 
to  the  storage  bins.  It  relies  only  on  the  judgment 
of  the  kiln  men  to  determine  when  the  ore  is  suffi- 
ciently roasted  to  be  suitable  for  use  in  the  spelter 
furnaces,  and  when  it  should  be  returned  to  the  kiln 
for  additional  roasting. 

In  order  to  put  the  disposition  of  the  ore  on  a  defi- 
nite basis,  each  draw  should  be  sampled  and  ana- 
lyzed for  sulphur  immediately  after  leaving  the  kiln. 
No  ore  should  be  placed  in  storage  until  the  analy- 
sis is  reported,  showing  that  the  sulphur  is  below 
a  previously  fixed  maximum. 

The  usual  gravimetric  method  of  sulphur  determi- 
nation is  unsuitable  for  such  control  analyses,  on  ac- 
count of  the  time  required,  which  would  necessitate 
holding  the  ore  in  the  car  for  a  considerable  length 
of  time. 

About  a  year  ago  Mr.  M.  F.  Chase  suggested  to  the 
writer  that  a  rapid  method,  suitable  for  such  deter- 
minations, might  be  devised  by  heating  the  ore  sam- 
ple in  a  current  of  air,  absorbing  the  resulting  oxides 
of  sulphur  in  an  excess  of  a  standard  alkali  solution 
and  titrating  the  excess.  Based  on  this  suggestion, 
the  method  to  be  described  was  worked  up  and  has 
been  in  regular  use  since  January,  191 1.    . 

In  the  kiln,  the  constituents  of  the  original  ore  are 
mainly  converted  into  oxides.  Some  remain  partly 
in  the  original  sulphide  condition,  while  a  small  part 


of  the  zinc,  some  of  the  lead,  and  all  of  the.  lime  are 
present  as  sulphates.  On  heating  this  ore  in  a  cur- 
rent of  air  to  a  bright  red,  all  of  the  sulphides  arc  oxi- 
dized, giving  the  corresponding  metallic  oxides  and 
sulphur  dioxide  with  a  little  sulphur  trioxide.  The 
sulphates  of  zinc  and  lead  are  decomposed,  giving  zinc 
and  lead  oxides  and  sulphur  trioxide.  The  calcium 
sulphate,  however,  is  not  easily  decomposed  by  heat 
and  remains  unchanged,  unless  the  temperature  is 
raised  to  a  point  much  higher  than  would  be  practi- 
cable in  any  roasting  furnace.  Strontium  and  barium 
would  probably  be  present  as  sulphates.  This  has 
not  been  confirmed  as  none  of  the  ores  on  which  the 
method  has  been  used  have  contained  these  elements. 

At  first  thought,  this  property  of  the  calcium  sul- 
phate might  seem  to  be  a  drawback  to  the  method, 
but,  as  the  result  wanted  is  an  index  of  the  complete- 
ness of  the  roast,  and  as,  even  under  the  best  con- 
ditions at  the  kiln  the  calcium  in  the  ore  will  always 
retain  its  equivalent  in  sulphur,  no  real  error  is  intro- 
duced. The  result  obtained  is  the  so-called  '  'false 
sulphur,"  the  sulphur  which,  under  proper  conditions, 
might  have  been  removed  from  the  ore  in  the  kiln. 

An  unforeseen  phenomenon  is  the  evolution  of  co- 
pious fumes  of  zinc  oxide  as  long  as  any  sulphide  re- 
mains unoxidized.  This  undoubtedly  comes  from 
the  reduction  of  the  zinc  oxide  and  sulphate  by  the 
zinc  sulphide  (reactions  analogous  to  the  well  known 
reactions  in  the  smelting  of  lead  sulphide  ores)  with 
volatilization  of  the  zinc  and  subsequent  oxidation 
by  the  air  current. 

2ZnO  +  ZnS  =  3Zn  +  S02 
ZnSO,  +  ZnS  =  2Zn  +  2S02 
2Zn   +  02   =  2ZnO 

The  cessation  of  this  evolution  of  zinc  oxide  fur- 
nishes a  very  accurate  indication  of  the  completion 
of  the  decomposition  of  the  sulphides  and  sulphates 
of  the  ore,  and  of  the  absorption  of  the  sulphur  oxides. 

The  fume  is  not  appreciably  dissolved  by  the  alkali 
solution.  Numerous  tests  after  absorption  have 
shown,  at  most,  faint  traces  of  zinc,  not  enough  to 
affect  the  determination.  To  prove  that  it  is  zinc 
oxide,  it  was  collected  over  distilled  water  in  an  in- 
verted bottle  which  was  then  covered  and  allowed  to 
stand  until  the  fume  had  settled.  It  was  then  dis- 
solved in  a  little  dilute  hydrochloric  acid  and  potas- 
sium ferrocyanide  solution  added.  This  gave  the 
white  zinc  ferrocyanide  precipitate. 

Phenolphthalein  is  used  as  the  indicator  in  the 
titrations,  as  it  is  equally  sensitive  to  sulphurous 
and  sulphuric  acid,  showing  neutrality  with  the  nor- 
mal salts  of  both. 

For  heating  the  ore  sample  to  drive  off  the  sul- 
phur, nothing  can  be  superior  to  the  electric  tube 
furnace,  on  account  of  its  simple  manipulation,  ac- 
curacy of  temperature  control  and  cleanliness.  The 
furnace  which  has  been  in  use  here  is  one  similar  to 
that  described  by  Mr.  G.  M.  Berry,1  with  a  fused  silica 
combustion  tube.  It  has  given  even  better  service 
than  was  claimed  by  Mr.  Berry,  as  the  original 
winding  was  in  service  over  4,000  hours  at    10000    C, 

1  This  Journal,  2,  255. 
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part  of  that  time  for  about  twelve  hours  a  day,  and 
for  nearly  four  months  continuously  without  a  shut 
down. 

The  ends  of  the  tube  are  cooled  by  wrapping  with 
strips  of  cotton  gauze  which  dip  into  distilled  water. 


Tap  water  should  not  be  used  as  it  soon  forms  a  crust 
of  salts  over  the  gauze,  decreasing  the  cooling  effect. 
An  excellent  reservoir  for  the  cooling  water  consists 
of  a  rectangular  box  of  galvanized  sheet  iron  of  about 
the  same  length  as  the  combustion  tube,  about  six 
inches  high  and  two 
inches  wide.  This  is 
tightly  closed  except  for 
two  small  openings, 
which  communicate  with 
laterally  projecting 
troughs  at  the  bottom 
near  each  end.  This 
reservoir  is  filled  with 
water  and  placed  back 
of  the  furnace,  with  the 
small  troughs  under  the 
ends  of  the  combustion 
tube  to  receive  the  free 
ends  of  the  gauze.  At- 
mospheric pressure  keeps 
the  water  from  flowing 
into  the  troughs  except 
when  evaporation  has 
lowered  the  water  level 
to  the  'top  of  the  open- 
ings. This  reservoir  con- 
tains   enough    water    to 

last  a  week  or  two.  Even  where  the  ends  of  the  tube 
arc  water-cooled,  there  is  danger  that  the  rubber  stop- 
pers may  be  overheated  by  the  radiant  heat.  To 
avoid  this  the  ends  of  the  stoppers  are  protected  b; 
discs  of  Vs"  asbestos  board  of  the  same  diameter  as 


the  tube,  held  in  place  by  bordering  the  ends  of  the 
small  glass  tubes  as  shown  in  Fig.  1. 

A  convenient  device  for  introducing  the  boat  with- 
out the  necessity  of  looking  into  the  tube  to  make 
sure  that  the  boat  is  not  overturned  is  shown  in  Fig. 
2.  It  is  made  of  a  piece  of  heavy  wire,  preferably 
of  nickel  or  some  other  metal  not  easily  corroded  or 
rusted.  One  end  is  flattened  out  and  so  bent  that  the 
end  projects  over  the  end  of  the  boat  and  in  contact 
with  it  when  both  boat  and  wire  are  resting  on  the 
bottom  of  the  combustion  tube.  The  other  end  of 
the  wire  is  bent  at  a  right  angle  to  make  a  hook 
for  withdrawing  the  boat  and  also  to  indicate  when 
the  rod  is  in  the  proper  position  to  keep  the  boat  up- 
right. A  notch  is  filed  around  the  wire  or  a  finer  wire 
wrapped  around  it  as  a  guide  at  the  point  which  is 
flush  with  the  end  of  the  tube  when  the  boat  has  been 
pushed  to  the  middle  of  the  tube. 

The  solutions  needed  are  an  accurately  standard- 
ized solution  of  sulphuric  acid  and  one  of  equivalent 
strength  of  sodium  hydroxide.  A  convenient  solution 
is  equivalent  to  5  milligrams  sulphur  per  cc.  One 
cc.  will  then  equal  0.5%  sulphur  on  a  i-gram  sample. 
The  two  solutions  should  be  as  nearly  equal  as  possi- 
ble to  avoid  the  necessity  for  corrections  in  reading 
one  in  terms  of  the  other.  There  should  be  provided 
a  reservoir  of  distilled  water  on  an  elevated  shelf, 
with  a  siphon  tube  for  use  in  diluting  the  contents 
of  the  absorption  bulb  to  the  proper  volume,  and  for 
washing  it  out  after  the  absorption. 

The  most  convenient  form  of  absorption  vessel 
which  we  have  found  is  the  Murray  potash  bulb. 


Fig.   2. 

The  method  as  in  use  at  present  is  as  follows: 

Each  car,  as  it  is  brought  from  the  kiln,  is  sampled 

in    two   places   by   a   spear  sampler.     This   sample   is 

cut  down  with  a  riffle  to  about  50  grams  and  ground 

with   a   few   turns  of  the   muller   in   a    Buck's   mortar. 
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rinding  is  undesirable  as  u  prolongs  the  time 
necessary  Eor  the  analysis  by  restricting  the  free  cir- 
culation of  air  through  the  ore.  All  that  is  necessary 
is  to  grind  fine  enough  so  that  a  one-gram  sample 
will   be   Fairly   representative. 

A  measured  quantity  of  the  standard  alkali  solu- 
tion is  run  into  the  absorption  bulb.  Seven  to  10  cc. 
will  suffice  in  practically  all  cases.  'Phis  is  diluted 
with  distilled  water  to  a  volume  that  will  bring  the 
solution  into  the  fifth  bulb  when  the  air  current  is 
passing.  The  bulb  is  then  attached  by  a  bent  glass 
tube  to  the  exit  end  of  the  furnace. 

One  gram  of  the  ore  is  placed  in  a  combustion  boat 
and  introduced  into  the  tube  of  the  furnace  which 
has  already  been  heated  to  about  iooo0  C.  A  moder- 
ately rapid  current  of  air,  freed  from  carbon  dioxide 
by  caustic  potash  or  soda  lime,  is  passed  through  the 
apparatus  until  the  sulphur  is  completely  driven 
over  into  the  alkali  solution.  This  usually  takes 
about  six  minutes.  When  the  zinc  oxide  fume  has 
completely  disappeared  from  the  large  bulb  of  the 
absorption  vessel,  the  air  current  is  stopped.  The 
absorption  bulb  is  disconnected  and  the  solution 
transferred  to  a  beaker,  the  bulb  being  thoroughly 
rinsed  out  with  distilled  water.  A  few  drops  of 
phenolphthalein  are  added  and  the  standard  acid  is 
run  in  until  the  solution  is  colorless.  If  the  acid  and 
alkali  solutions  are  exactly  equivalent,  the  volume 
of  acid  required  is  subtracted  from  the  volume  of 
alkali  originally  taken  for  the  absorption.  The 
difference  is  the  volume  of  acid  equivalent  to  the 
sulphur  which  has  been  burned  out  of  the  ore.  If 
the  solutions  are  of  the  concentration  mentioned 
above,  this  volume  is  divided  by  2  to  give  the  per 
cent,  of  false  sulphur  in  the  ore. 

When  the  acid  and  alkali  solutions  are  not  exactly 
equivalent,  the  value  of  1  cc.  of  the  alkali  in  terms  of 
the  acid  solution  must  be  determined.  The  volume 
of  alkali  taken  for  absorption  is  multiplied  by  this 
factor,  giving  the  equivalent  volume  of  the  acid  solu- 
tion. The  volume  of  acid  used  in  the  titration  is 
then  subtracted  from  this  equivalent  volume  and 
the  result  divided  by  2  to  give  the  per  cent,  of 
false  sulphur. 

If  total  sulphur  is  wanted,  it  is  only  necessary  to 
add  to  the  false  sulphur  32/56  oi  the  Per  cent-  of  lime- 
With  most  ores  the  lime  varies  within  comparatively 
narrow  limits.  It  is  usually  sufficient  for  technical 
purposes  to  calculate,  for  a  given  grade  of  ore,  the 
correction  corresponding  to  the  average  per  cent, 
of  lime  in  that  grade,  and  to  add  this  correction  to 
all  determinations. 

This  method  has  been  carefully  checked  up  by 
running  daily  samples,  both  by  the  new  method  and 
by  the  gravimetric  method.  The  accompanying  table 
shows  the  results  for  twenty  consecutive  days  on 
Wisconsin  magnetic  separator  concentrates. 

As  a  further  check  on  the  method,  a  number  of 
ores  were  analyzed  for  (1)  total  sulphur  by  the  gravi- 
metric method,  (2)  lime,  (3)  false  sulphur  by  the  new 
method,   and   (4)   fixed  sulphur  remaining  in   the   ore 
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detennincd  Total  Total 

liy  new  method,  sulphur  sulphur 

Percent.  CaO.     CaO  X  32/56.   'calculated),    (gravimetric). 

0.6  3.4  1.9  2.5  2.8 

1.1  3.0  1.7  2.8  2.8 

1.1  3.1  1.8  2.9  2.9 

1.2  3.0  1.7  2.9  2.9 
0.9  3.3  1.9  2.8  2.8 
0.9  3.5  2.0  2.9  3.0 
1.2  3.1  1.8  3.0  2.8 
1.2  3.0  1.7  2.9  3.1 
1.0  3.0  1.7  2.7  2.7 
0.9  2.8  1.6  2.5  2.6 
1.0  2.8  1.6  2.6  2.9 

1.0  3.0  1.7  2.7  2.7 

1.1  3.0  1.7  2.8  2.8 

1.0  2.8  1.6  2.6  2.8 

1.1  2.8  1.6  2.7  2.9 
0.9  2.4  1.4  2.3  2.5 

1.2  2.8  1.6  2.8  2.5 
1.5  2.5  1.4  2.9  3.0 
0.9  3.0  1.7  2.6  2.6 
0.9  3    1  1.8  2.7  2.8 


Average,   2.73 


2.80 


after    the    volatilization    of    the    false    sulphur, 
results  are  given  in  the  following  table: 


The 


Fixed  S       False  S        Total  S  (sum' 


Total  S 

CaOX 

(gravi- 

(new 

of 

false  and 

(gravimetric). 

CaO. 

32/56. 

metric). 

method). 

fixed  sulphur) 

2.3 

3.0 

1.7 

1  .6 

0.7 

2.3 

2.3 

3.0 

1.7 

1.8 

0.6 

2.4 

5.9 

0.9 

0.5 

0.5 

5.5 

6  0 

2.5 

0.6 

0.3 

0.4 

2.2 

2.6 

These  figures  show  that,  under  the  prescribed  con 
ditions,  the  fixed  sulphur  calculated  from  the  per 
cent,  of  lime  is  the  same  as  that  found  by  analysis, 
and  that  the  total  sulphur  calculated  from  the  false 
and  fixed  sulphur  is  the  same  as  that  determined  by 
analysis. 

Attempts  to  use  the  method  for  the  determination 
of  sulphur  in  raw  ores  have  led  to  low  results,  either 
from  failure  to  absorb  the  larger  quantities  of  sul- 
phur gases  or  from  condensation  of  part  of  the  sul- 
phur trioxide  in  the  cooled  portions  of  the  tube.  As 
there  is  not  the  same  demand  for  a  rapid  method  in 
the  case  of  raw  ores  as  in  that  of  the  roasted,  these 
attempts  have  not  been  continued. 

There  is  every  reason  to  believe  that  a  similar 
method  could  be  applied  to  the  determination  of  sul- 
phur in  other  roasted  ores  besides  those  of  zinc,  for 
example,  pyrites  cinders,  copper  ores,  etc.,  where 
the  sulphides  and  sulphates  are  easily  decomposed 
by  air  and  heat. 

CONCLUSIONS. 

i.  The  method  is  very  rapid,  less  than  ten  minutes 
being  required  from  taking  the  sample  to  completing 
the  titration  and  calculation. 

2.  The  results  are  sufficiently  accurate  for  control 
work  in  the  operation  of  the  plant. 

3.  The  operations  are  all  so  simple  that  they  may 
be  entrusted  to  boys  with  but  little  training  in  chem- 
ical manipulation. 

Depuf,  III. 
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JAMAICA  CAMPHOR. 
By  H.  W.  Emerson  and  E.  R.  Weidlein. 
Received  November  1.  1911 

Up  to  the  time  of  the  Japanese-Russian  war,  the 
growth  of  the  Laurus  camphora  outside  of  the  control 
of  the  Japanese  government  for  industrial  purposes 
was  unknown.  On  account  of  the  existing  high  prices 
of  camphor  during  the  war,  and  the  continuation  of 
these  high  prices,  afterwards,  a  stimulus  for  the  ex- 
tension of  the  camphor  industry  was  furnished. 
It  therefore  became  evident  that  we  must  soon  de- 
pend upon  synthetically  prepared  camphor  or  look 
for  new  fields  in  which  the  camphor  can  be  cultivated. 
The  former  was  naturally  the  first  to  supply  the  needs 
of  the  time,  but  the  latter  proposition  was  also  taken 
up  and  is  just  beginning  to  show  the  great  advantage 
it  possesses. 

Camphor  has  been  prepared  synthetically  for 
a  number  of  years.  However,  on  account  of  the 
constantly  increasing  cost  of  the  raw  materials,  pinene 
and  crude  turpentine,  the  synthetic  preparation 
of  camphor  has  never  proved  a  paying  undertaking. 

The  objects  of  this  investigation  are  to  determine 
the  quality  and  amount  of  camphor  and  oil  that  can 
be  obtained  from  leaves  and  twigs  of  camphor  trees 
growing  in  Jamaica. 

The  method  for  determining  the  yield  of  camphor 
was  to  place  weighed  camphor  leaves  in  a  large  gal- 
vanized iron  can,  about  two  feet  high  and  one  and 
one-half  feet  in  diameter,  and  containing  a  false  bottom 
of  copper  gauze,  four  inches  above  the  stationary 
bottom.  Steam  distillation  was  carried  on  for  about 
two  hours,  at  the  end  of  which  time  the  leaves  were 
exhausted.  A  number  of  experiments  were  carried 
on  to  determine  the  time  necessary  for  the  complete 
exhaustion  of  the  leaves,  and  it  was  found  that  the 
odor  of  the  distillate  was  an  accurate  indicator  as  to 
whether  the  leaves  were  exhausted  or  not.  Long 
distillations  caused  a  decomposition  which  gave  the 
distillate  a  peculiar,  unpleasant  odor,  which  was  very 
difficult  to  remove.  The  steam,  together  with  the 
camphor  in  the  vapor  form,  was  led  through  a  large 
condenser,  connected  with  a  two-liter  balloon  flask, 
which  was  surrounded  by  running  water,  and  this 
in  turn  was  connected  with  a  second  condenser,  lead- 
ing into  a  large  bottle  filled  with  alcohol.  Almost 
all  the  camphor  was  condensed  in  the  balloon  flask, 
but  a  very  little  passed  over  and  was  condensed  in 
the  second  condenser.  The  camphor,  together  with 
the  oil,  was  collected  on  the  water,  as  it  is  soluble 
in  water  to  the  extent  of  only  one  part  to  one  thousand, 
and  was  separated  from  the  water  by  filtration.  The 
camphor  in  this  form  was  a  heavy  brownish-white 
substance   containing  oil   and   other  impurities. 

There  was  sent  to  us  a  total  of  787.5  pounds  of  leaves, 
twigs,  trunk  and  roots  and  as  we  received  it  it  weighed 
620.25  pounds,  making  a  loss  of  21.2  per  cent,  during 
transportation. 

Sack  No.  I  was  labeled  "Green  Leaves"  and  was 
marked  "weight  149  pounds."  It  weighed  when  we 
received  it  109  pounds,  and  it  had  lost  26.8  per  cent, 
of  its  weight  in  transportation,  due  largely  to  drying. 


Table  I. — Sack  No.  I. 
Crude  camphor 


Leaves. 

and  oil. 

Grams. 

Grams. 

Per  cen 

2,000 

54.09 

2.7 

5,000 

119.00 

2  4 

2,000 

44.5 

2  2 

5,000 

130.0 

2.6 

2,000 

42.0 

2    1 

5.000 

105   0 

2.1 

2,000 

45   0 

2.3 

5,000 

132.0 

2.6 

This  was  the  best  sack  of  green  leaves  and  gave 
a  little  higher  per  cent,  of  camphor. 

Sack  No.  II  labeled  "Green  Leaves"  weighed  135 
pounds,  but  when  we  received  it  it  weighed  99  pounds, 
a  loss  of  26.6  per  cent. 


Tab 

LE 

II. — Sack 

No 

II. 

Leaves. 

Camphor  and  oil. 

Grams. 

Grams. 

Per  cent 

2,000 

23  0 

1.2' 

2,000 

305 

1.52' 

5,000 

93   5 

1.8/1 

2,000 

38  0 

1   90 

2,000 

38.0 

I   90 

5,330 

137.0 

2  57 

This  was  a  sack  of  wettest  leaves  and  the  leaves 
were  mildewed  considerably,  and  this  seems  to  de- 
crease the  percentage  of  camphor  more  than  would 
be  accounted  for  by  the  increased  moisture.  The 
mildew  possibly  causes  the  breaking  up  of  the  cells 
which  contain  the  camphor  and  which  seem  to  hold 
it  quite  effectively  during  ordinary  drying. 

Sack  No.  Ill  weighed  82  pounds  when  shipped 
and  58  pounds  when  received,  a  loss  of  29.3  per  cent, 
during  transportation. 

Sack  No.  IV  weighed  45.5  pounds  when  shipped 
and  33.25  pounds  when  received,  a  loss  of  27  per  cent. 
Sacks  Nos.  Ill  and  IV  were  used  together. 


2.0 

1.98 

1.95 
2.33 
2.00 
2  09 

2  4 

2.1 
3.1 

2.98 

3  00 

2.38 


The  difference  in  the  per  cent,  yield  as  noted  in 
the  leaves  was  largely  due  to  the  difference  in  moisture 
contained  by  them,  which  ranged  from  25  per  cent. 
in  the  leaves,  on  the  outside  of  the  sack,  to  40  per 
cent,  in  the  wet  leaves  in  the  center  of  the  sack. 

The  weight  expressed  as  crude  camphor  in  the 
above  three  tables  is  a  mixture  of  gum  camphor,  oil 
of    camphor    and    water.     The    condensed    camphor 

'  Omitting  because  of  leaks  and  using  only  those  in  which  there  was 
no  known  loss  of  Camphor  give-,  an  average  of  2.27  per  cent. 


Table  III 

Leaves. 

Ca 

inphor  and  oil. 

Grams. 

Grams. 

1,500 

30  0 

2,000 

39.5 

2,000 

39.0 

2,000 

46.5 

2,000 

40.0 

2,000 

41    8 

2,000 

48  0 

140  (500  leaves)       3   0 

2,000 

62.0 

2,000 

59  5 

2,000 

60  0 

24 
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and  oil  of  camphor  was  filtered  through  a  cotton  plug 
and  the  camphor  containing  the  oil  of  camphor  thus 
separated  from  the  water.  No  attempt  was  made 
to  separate  the  camphor  contained  in  this  saturated 
water.  It  was  used  in  refilling  the  steam  chamber 
and  m  moistening  the  leaves  in  the  still. 

SUMMARY     or     THE     CAMPHOR     AND     OIL     IN     THE     GREEN 
LEAVES. 


Sack    VII    weighed    when    shipped    100    pounds    and 
when  received  95  pounds,  a  loss  of  5  per  cent. 


Table  IV 

Crude  camphor 

1  1  l\  .- 

and  oil 

Grains 

Grams. 

Per  cent. 

19  640 

469.3 

2.38 

9.350 

213.0 

2.27 

27.950 

671.5 

2.40 

56  940 

1353.8 

2.35 

EMOVING 

THE       OIL      FROM 

THE       CAMPHOR. 

The  mixture  of  crude  camphor  and  oil  of  camphor, 
containing  some  water,  was  separated  by  placing 
it  in  cotton  sacks  in  a  hand  press  and  subjecting  to 
pressure.  The  fluid  thus  forced  out  consisted  of 
oil  of  camphor  and  water.  The  residue  was  a  white 
crystalline  camphor.  The  camphor  was  purified,  by 
mixing  with  charcoal  and  slaked  lime,  and  sublimed. 
The  oil  was  separated  from  the  water  by  means  of 
separating  funnels  and  Table  V  gives  the  result  of 
this  purification. 

CAMPHOR    FROM    GREEN    LEAVES. 

Table  V. 
Per  cent 

1  .32  pure  camphor 

0 .  54  oil  of  camphor 

0.38  water 

0.11  loss  in  manipulation  and  impurities. 

2.35 

CAMPHOR    FROM    DRIED    LEAVES. 

Sack  V  contained  when  shipped  99  pounds  and 
when  we  received  it  94  pounds,  a  loss  of  5  per  cent. 


Table  VT. 

Leaves. 

Camphor  and  oil. 

Grams. 

Grams. 

Per  cent. 

6,000 

160 

2.66 

6,000 

142.0 

2  36 

2 ,  500 

70.0 

2.80 

6,000 

176.0 

2  93 

Sack    VI    weighed    when    shipped    77    pounds    and 
when  received  65  pounds,  a  loss  of  15.6  per  cent. 


Table  VII. 

Leaves 

Camphor  and  oil. 

Grams 

Grams. 

Per  cent. 

2,000 

38  0 

1    90 

5,000" 

70  0 

1    40 

2,000 

48.0 

2.40 

5,000 

100  0 

2.00 

5,000 

133   0 

2  66 

2,000 

54.5 

2.73 

1  Mii  1:   \  III       Sack   No.   VII. 


' 

Camphor  and  oil. 

C.j. mis 

Crams 

Pa  ■  -  j  ■  1 

5,000 

125.0 

2  50 

2,000 

44.0 

2.20 

5,000 

135.0 

2.72 

2,000 

48  0 

2  40 

5  ,  000 

126.0 

2.52 

2,000 

55.0 

2.75 

5,000 

140.0 

2   80 

2,000 

154.0 

2   70 

2,500 

70  0 

2.80 

SUMMARY    OF    RESULTS    OF    DRIED    LEAVES. 

Removing  the  oil  and  water  from  the  crude  camphor 
the  three  fractions  gave  the  following  results: 


Table  IX. 

Leaves. 

c 

amphor  and 

oil. 

Grams 

Grams. 

Per  cent. 

20,500 

548.0 

2.69 

16,000 

373.5 

2.33 

30,500 

798.0 

2.60 

Table  X. 

Grams. 

Per  cent. 

600  grams  gave  365  camphor 

60.83 

,                        110  oil 

18.33 

120  water 

20 .  00 

5  loss 

0.84 

Table  XI. 

Grams. 

Per  cent. 

500  grams  gave  305  camphor 

61   00 

90  oil 

18.00 

95  water 

19.00 

10  loss 

2.00 

Table  XII. 

Grams. 

Per  cent. 

600  grams  gave  380  camphor 

63.33 

105  oil 

17.5 

105  water 

17.5 

10  loss 

1.67 

1  Omitting  because  of  leak  in  the   still    16.000    grams  of    leav< 
grams  of  camphor  and  2.33  per  cent,  of  oil. 


The  2.54  per  cent,  of  crude  camphor  is  made  up  as 
follows: 

Table  XIII. 
Per  cent. 
1  .  569  pure  camphor 
0  457  oil 
0  482  water 
0.031  loss  in  manipulation  and  impurities. 

2.54 

• 

A  comparison  of  the  results  between  the  camphor 
yield  in  the  wet  and  dried  leaves  is  unfortunately 
only  of  comparative  value  because,  as  noted  before, 
the  green  leaves  had  dried  more  or  less  in  shipment 
and  the  dried  leaves  were  not  thoroughly  dried,  but 
were  assayed  as  sent  to  determine  the  best  time  to 
harvest  the  leaves.  The  results  indicate  that  there 
is  very  little  or  no  loss  of  camphor  during  ordinary 
weather  drying,  but  that  the  cells  of  the  leaves  hold 
quite  securely  the  gum  camphor.  This  is  important 
as   it   makes   possible     an    economical    harvesting    of 
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the  leaves.  The  leaves  may  be  left  to  fall  and  can 
be  gathered  at  convenient  intervals. 

The  dried  leaves  contain  proportionately  less  oil 
of  camphor  and  more  camphor  than  the  green  leaves. 
This  is  probably  due  to  an  accelerated  oxidation  of 
oil  of  camphor  during  the  last  stages  of  life  in  the 
leaves.1  This  also  shows  that  the  camphor  is  so  well 
enclosed  in  the  vegetable  cells  that  it  is  not  easily 
dispensed.  This  is  further  substantiated  by  the  fact 
that  the  dead  leaves  still  contain  a  considerable  quan- 
tity of  camphor. 

The  dead  leaves  weighed  12  pounds  when  shipped 
and  7.5  pounds  when  received,  making  a  loss  during 
transportation  of  37.5  per  cent.  This  marked  loss 
in  weight  of  the  dead  leaves  is  entirely  unexpected. 

2730  grams  of  dead  leaves  (leaves  from  a  dead  tree) 
yielded  38  grams  of  camphor  or  1.39  per  cent.  This 
is  less  than  the  yield  from  green  or  dried  leaves  and 
this  camphor  contained  very  little  oil  of  camphor. 

CAMPHOR      IN      THE      TWIGS      FROM      GREEN      LEAVES. 


Table  XIV. 

Twigs. 

Camphor  and  oil. 

Grams. 

Grams 

Per  cent. 

2.275 

24.15 

1.06 

2.800 

22.00 

0.81 

2.800 

38.00 

1.36 

4.000 

51.00 

1.27 

10.550 

138.00 

1   30 

22.425 

273.15 

1.16 

Table  XV. 

Grams. 

Per  cent. 

136  609  camph 

or 

50       camphor 

60.28 

oil 

22       oil 

61.24 

water 

22  .4  water 

15.03 

loss 

5  0  loss 

The  green  twigs  then  yielded: 

Table  XVI. 
Per  cent. 

0  580  camphor 
0  255  oil  of  camphor 
0  260  water 
0.065  loss 

TWIGS   FROM   DRIED   LEAVES. 

8770  grams  of  twigs  yielded  0.84  gram  of  crude 
camphor  and  46.2  grams  of  pure  camphor  =  0.5445 
per  cent,  camphor. 

CAMPHOR    FROM    WOOD. 

1800  grams  of  wood  yields  11  grams  of  camphor; 
0.61  per  cent  of  camphor. 

.  The  camphor  thus  obtained  is  a  white  crystalline 
substance.  When  first  taken  from  the  press  it  has 
a  melting  point  of  1 7  5 . 5  °  C.  and  upon  resubliming 
and  crystallizing  from  petroleum  ether  it  melts  at 
1 77 °  C.  and  boils  at  204. 50.  It  is  dextrorotatory 
42.82  °.     Specific  gravity  0.980. 

The  properties  of  camphor  required  by  the  U. 
S.  P.  are  as  follows: 

Melting  point 174°  C. 

Boiling  point 204°  C. 

Specific  gravity 0.990 

Dextrorotatory 41  ° 

1  J.  Soc.  Chem.  Ind.,  21,  1036 


The  above  analyses  indicate  this  to  be  a  good,  pure 
gum  camphor  possessing  all  the  properties  required 
by  U.  S.  P.« 

The  oil  obtained  from  the  green  leaves  was  fraction- 
ated as  follows: 

Table  XVI I. 


Degree 

Per  cent 

Boiling  point. . 

158-165 
165-173 
173-178 
178-190 
190-195 

Table  XVIII 
Degrees. 

11.2 
14.5 

9  285 
10  20 

5  45 

Per  cent 

Boiling  point. . 

195-205 

12.9    ] 

205-228 

21.1     \ 

15.2  per 

cent,  cam- 

228-240 

5.45  j 

phor 

obtained 

240-255 

3.63 

from 

these  frac- 

Residue,     1.82 

tions. 

The   oil  from  the   dried   leaves  gave   the   following 
results: 


Table 

XIX. 

Degrees. 

Per  cent. 

loiling  point. . 

158-175 
175-185 
185-195 
195-205 
205-220 
220-240 
240-252 

19 
20 
20 
10 
10 
5 

Resid 

ue, 

9 

After  several  fractionations  the  following  fractions 
were  obtained: 

Table  XX. 


Boiling  point.  . 

158-170 
170-175 
175-185 
185-195 

9.3 
10.3 
21.7 

7.0 

195-205 

24.4 

camphor 

205-215 

6  3 

separated 

215-230 

7.7 

230-235 

2.7 

235-240 

1.3 

240-260 

2  3 

260-280 

2.3 

P 

.esidue 

,     6.4 

Table  XXI. 

Degrees. 

Per  cent. 

Boiling  point. . 

.      150-195 
195-220 
220-245 

41    5 

41.5 

8.5 

Residue 

red  oil 

,     8.5 

The  oil  has  a  specific  gravity  of  0.915. 

400  cc.  of  the  oil  obtained  by  combining  fractions 
which  distilled  at  the  same  temperature  were  re- 
distilled with  the  following  results: 

Table  XXII. 


Specific 

Degrees. 

Cc. 

Per  cent. 

gravity. 

I. 

158-165 

20      ' 

5 

0.844 

II. 

165-173 

76 

19 

0  860 

III. 

173-178 

43 

10 

0.870 

IV. 

178-192 

56 

14 

0.899 

v. 

192-202 

8 

2 

0  915 

(Vo) 

Camphor  101  grams 

25 

VI. 

202-215 

26 

6 

5 

0.924 

VII. 

215-228 

20 

5 

0 

0.928 

VIII. 

228-236 

18 

4 

5 

0  931 

IX. 

236-252 

16 

4 

0 

0.933 

X. 

Residue 

20 

5 

0 

100  0 
1  Pharmacopoeia  of  the  United  Stales.  Eighth  Decennial  Revision,  p.  88. 
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V  andVl  are  the  results  ol  six  fractionations  distilling 
between  [9a  '  ais°and  freezing  oul  successively. 

una  ol  i  unphor 
!6  gi  mis  of  camphor 

it  Rraiiis  of  camphor 
<>  Kr.mis  ni  camphor 

101  (Vo) 

Thus  from  400  cc.  of  oil  of  camphor  from  the  Ja- 
maica leases  we  obtained  101  grams  of  camphor 
or  25.25  per  cent,  of  camphor. 

Comparing  the  analysis  of  the  oil  obtained  from 
Jamaica  camphor  with  that  as  published  in  Schimmel1 
we  have  the  following: 


Table 

XXIII 
ramaica 

Schimmel. 

Degrees. 

Per  cent. 

Per  cent. 

B< 

iling  point. . 

175-180 

34 

26-38 

180-185 

14 

30-14 

185-190 

7 

11-19 

190-215 

31 

10     camphor 

215 

18   5 

4     safrol 

eugenol 

The  last  three  constituents  are  valuable. 

The  oil  as  first  obtained  in  pressing  the  camphor 
is  a  colorless  liquid,  which  soon  turns  yellow  on  ex- 
posure to  the  air.  The  first  fractions  are  colorless 
and  transparent  and  have  a  specific  gravity  of  870- 
910.  These  distil  between  150-1950.  The  chief 
constituents  are  pinene,  phellandrene,  cineol,  dipentene 
and  some  camphor.  On  further  fractionating,  a 
yellow  and  a  red  oil  are  obtained.  The  camphor 
is  separated  out  from  the  yellow  oil  and  safrol  from 
the  red  oil. 

From  this  report,  it  is  evident  that  the  determina- 
tions are  almost  all  made  from  the  leaves  which  in 
all  cases  were  richer  in  camphor  than  the  wood.  How- 
ever, the  percentage  of  camphor  contained  in 
the  leaves,  with  the  cheap  labor  and  the  good  methods 
for  obtaining  the  camphor  and  oil,  which  has  been 
found  to  possess  equal  properties  with  the  best  camphor 
placed  on  the  market,  renders  possible  the  industry 
of  camphor  in  Jamaica.  This  can  be  accomplished 
by  harvesting  the  leaves  only,  thus  allowing  the  trees 
to  grow  and  become  larger,  more  vigorous,  and  con- 
sequently more  valuable  each  year. 

Department  of  Industrial  Research. 
University  of  Kansas 


THE  INDEX  OF  REFRACTION  OF  THE  MIXED  ACIDS  OF 

FATTr  OILS. 

By  W.  B.  Smith. 

Received  November  1,  1911. 

This  study  was  begun  because  of  the  anomalous 
figures  given  by  Lewkowitsch,2  Allen^  and  Van  Nos- 
trand,-»  for  the  index  of  refraction  of  the  mixed  acids 
of   rape   oil   and   cocoa   butter.      Without   doubt   these 

i  Schimmel  &  Co.,  Allen's  "Organic  Analysis,"  Vol    II.  Part  III.  p.  804. 
2  "Oils,  Fats  and  Waxes."  1904,563,728.  196;  1909,  II.  202.481:1.411. 

"Organic  Analysis."  3rd  Ed  .  2,   137.  166;  4th  Ed.,  2,  124.  178. 
*  Chemical  Annual.  1909,  60.  63. 


ire    typi  graphical    errors,    i .  199 1    instead   of    1   1  19  1 ' 

for    rape    oil    at     60",    and     [.43a    instead    of    1.442'    for 
cocoa    butter       It.    seemed    worth    while,    however,    to 

find,   ii   possible,  a  general  formula  for  this   constant 

and  the  following  is  offered  its  the  solut  ion; 


Table  I. — Ratio  op  Ac 

us   TO 

I'.I.Vl   1    KIIH   S 

Produced  from 

Refractive 

Index. 

'Refraction 

ratio" 
acid/ 

glyceride. 

Tri- 

Temp 

Acid      Glycerol 

glyceride. 

Glyceride. 

Acid. 

°C. 

glyceride. 

Per  cent. 

Butyrin. . . . 

...    1.43587 

1 .39906 

20 

0.9744 

87.44 

30.46 

. . .    1 .44265 

1.41635 

20 

0.9817 

90.16 

23.96 

..    1.44817 

1 .42825 

20 

0.9862 

91.91 

19.58 

. . .    1 .44461 

1 .42855 

40 

0.9889 

93.14 

16.67 

. . .    1 .44039 

1 .42665 

60 

0.9905 

94.04 

14.42 

. .    1 .44285 

1 .43075 

60 

0.9916 

94.75 

12.74 

Palmitin.  .  . 

. .    1 .43807 

1 .42693 

80 

0.9922 

95.29 

11  .42 

. .    1 .43987 

1 .43003 

80 

0.9932 

95.73 

10.34 

. .    1 .4636 

1.4546 

40 

0.9938 
(0.9935)  ? 

95.70 
95.67 

10.41 

10.48 

Linolcnin    . 

(0.9935)  ? 

95.63 

10.55 

There  have  been  collated  in  Table  I  the  refractive 
indices  of  triglycerides  and  their  corresponding  acids, 
as  given  by  Lewkowitsch,  as  well  as  the  amounts 
of  fatty  acid  and  of  glycerol  produced  on  hydrolysis, 
and  from  these  data  has  been  calculated  the  ratio 
of  the  refractive  index  of  the  acid  to  that  of  the  glycer- 
ide.    By  comparing  these  figures  and  from  the  curve 

I.Rcid    V -reduced 
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shown  it  is  seen  that  this  ratio  depends  upon  the 
percentage  of  acid  in  the  glyceride.  The  irregularities 
in  the  curve  may  be  due  to  the  differences  of  the  temper- 
atures of  reading. 

It  is  seen  that  the  "refraction  ratios"  of  stearin 
and  olein  are  practically  the  same.  As  linolin  and 
linolenin  have  nearly  the  same  percentage  composition 
as  stearin  and  olein,  there  is  no  reason  to  doubt  that 
their  "refraction  ratio"  is  not  much  different.  Hence, 
it  is  reasonable  to  suppose  that  the  refractive  index 
of  the  mixed  insoluble  acids  of  the  fatty  oils  may  be 
closely  calculated  by  multiplying  the  refractive  index 

I  Thoerner.  J.  Soc.  Ckem.  Ind.,  1895,  43. 

other  errors  noted:  Index  of  refraction  of  black  mustard  oil.  1.4672 
at  15 .5°,  Leuk.,  1904,  572;  1909,  II.  214:  Van  Nostrand.  p  58:  given  by 
Tolman.  Bull.  77,  Bureau  Chemistry,  p.  45.  as  1.4762. 

Allen.  3rd  Ed  .  p.  72,  4th  Ed  .  p.  43,  gives  0  000176  instead  of  0.000365 
as  the  factor  for  correction  for  temperature. 

Lewkowitsch,  1904,  196;  1909,  I.  411.  should  read  for  the  refraction 
of  the  oils  themselves:  cocoanut  oil,  1.441;  lard.  14539 .  beef  tallow.  1.4510. 
mutton  tallow.  1.4501. 
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of  the  oil  by  0.9938,  the  ratio  of  oleic  acid  to  olein. 
A  preponderance  of  laurin,  myristin,  or  palmitin 
should  lower  this  factor. 

To  test  this  hypothesis  the  published  data  was 
examined,  and  the  best  of  it  is  given  in  Table  II. 

The  greater  number  of  these  figures  give  "refraction 
ratios"  not  greatly  different  from  0.9938.  Some, 
however,  vary  considerably  from  this,  and  conse- 
quently experimental  data  appeared  desirable.  A 
number  of  oils  were  procured  from  as  reliable  sources 
as  was  convenient.  Rapeseed  oil  was  extracted  from 
the  seed  by  ether  and  corn  oil  from  yellow  maize  in  the 
same  way.  The  linseed,  cod  liver,  peanut  and  olive 
oils  and  cocoa  butter  were  purchased  from  trust- 
worthy dealers,  hence,  although  showing  no  evidences 


in  each  case  were  read  at  the  same  temperature, 
and  when  necessary  corrected  to  40  °  by  the  use  of 
the  factor  0.000365,  the  error  being  negligible  within 
short  ranges  of  temperature.  The  results  are  shown 
in  Table  III. 

Owing  to  the  danger  of  oxidizing  the  acids  if  dried 
too  long,  the  refractive  indices  of  the  acids  are  probably 
accurate  to  only  about  three  units  in  the  fourth 
decimal  place.  The  oils  themselves  are  more  nearly 
correct. 

The  ratio  for  peanut  oil  is  no  doubt  high  because  of 
the  depression  of  the  refraction  of  the  oil  due  to  the 
large  amount  (11  per  cent.)  of  free  acid  present.  Ex- 
cluding this,  the  nine  liquid  oils  range  from  0.9933 
to     0.9942,     the     average    being     0.99376.      Although 


Table  II. — Published  Data. 


Index  of  refraction. 


Oil                                                   Oil  Acids. 

Linseed 1.4660  1.4546 

Linseed 1   480  1    472 

Cod  liver 1.4621  1.4521 

Soybean 1.4718  1.4650 

1 .4728  1 .4655 

Rapeseed 1   4667  1.4491 

1.4667  1 .4991  i  - 

Castor 1.4636  1.4546 

Sunflower 1.4611  1.4531 

Poppyseed 1.4586  1.4506 

Cottonseed 1  .4570  1  .4460 

fMax 1.4654  1.4567 

11   samples -j  Min 1.4647  1.4552 

[Av 1.4649  1.4557 

Sesame 1  .4561  1   4461 

1.4651  1.4559 

Almond 1.4555  1.4461 

1   4674  1   4589 

Apricot  kernel 1.4674  1.4590 

Peach  kernel 1  .4630  1  .4558 

Almond.  Java 1.4602  1.4512 

Peanut 1.4545  1.4461 

Olive 1.4548  1.4410 

Cashew  nut  fat 1.4545  1.4459 

Lard  (fat  1 1.4539  1.4395 

Lard,  very  oily 1.4541  1.4450 

Lard.  American 1  .4594  1  .4500 

Lard.  German 1.4578  1.4484 

Lard.  German 1.4582  1.4481 

Chicken 1.4576  1.4499 

Turkey 1.4565  1.4470 

Rabbit 1.4587  1.4495 

Palm 1.4510  1.4441 

Tallow,  beef 1.4510  1.4375 

Tallow,  mutton 1  .4501  1  .4374 

Butter 1.445-1.448  1.437-1.439 

Butter 1.4550  1.4470 

Margarin 1.453  1.444 

Cacao  butter 1.4496  1.442 

1.4496  1.422  (?) 

Palmnut .      1.4431  1.4310 

Cocoanut  oil '.  .      1.4410  1.4295 

of  adulteration  are  not  guaranteed  to  be  absolutely 
pure.  The  other  oils  were  obtained  from  known 
sources. 

Separation  of  the  acids  was  performed  by  saponify- 
ing with  alcoholic  soda,  boiling  off  the  alcohol,  dissolv- 
ing in  water,  treating  with  dilute  H2SO,,  separating 
the  oily  layer  and  drying  and  filtering  if  necessary. 
Drying  was  curtailed  as  much  as  possible  to  avoid 
oxidation.  The  refractive  index  was  determined 
on  an  Abbe-Zeiss  refractometer  with  heatable  prisms, 
a  temperature  of  40  °  being  used  except  where  the 
fats  were  solid  at  this  temperature.  The  oil  and  acids 


"Refraction 

ratio." 

0 

.9922 

0 

.9946 

0 

.9932 

0 

.9954 

0 

.9950 

0 

.9880 

1 

.0221 

0 

.9939 

0 

.9945 

0 

.9945 

0 

.9902 

0 

.9941  ] 

0 

.9934  j- 

0 

.9937  J 

0 

.9931 

0 

.9937 

0 

.9935 

0 

.9942 

0 

.9943 

0 

.9950 

0 

.9938 

0 

.9942 

0 

.9905 

0 

,9941 

0 

.9901 

0 

.9931 

0 

,9936 

0 

,9936 

0 

9931 

0 

9947 

0 

9935 

0 

9937 

0 

9952 

0 

9907 

0 

9912 

0.9945-0.9938 

0. 

9945 

0. 

9938 

0. 

9948 

0. 

9810 

0. 

9916 

0. 

9920 

Temp.  ratio."  Authority 

Thoerner 
Jensen 
Thoerner 

Oettinger  and  Buchte 
Oettinger  and  Buchte 
Thoerner 
Alien 
Thoerner 
Thoerner 
Thoerner 
Thoerner 

Wagner  and  Clement 

Thoerner 

Utz 

Thoerner 

Ross  and  Race 

Ross  and  Race 

Ross  and  Race 

Pactrovitch 

Thoerner 

Thoerner 

Smith  and  Clark 

Thoerner 

Richardson 

Arnold 

Arnold 

Arnold 

Ross  and  Race 

Ross  and  Race 

Lewkowitsch 

Thoerner 

Thoerner 

Thoerner 

Thoerner 

Arnold 

Thoerner 

Thoerner 

Allen 

Thoerner 

Thoerner 

only  a  few  samples  were  examined,  the  closeness  of 
the  result  to  the  factor  derived  from  Table  I  indicates 
that  it  is  correct,  while  the  variety  of  oils  tested  would 
show  that  it  is  of  general  application.  The  nine 
samples  of  solid  fats  range  from  0.9941  to  0.9923, 
averaging  0.9932.  The  lower  acids  were  evidently 
washed  out  of  the  butter.  The  other  fats  show  a 
lower  factor  in  proportion  as  they  contain  much  palmi- 
tin, myristin  or  laurin. 

The  last  column  in  Table  III  shows  refractive  indices 
of  other  observers  calculated  to  40  °,  excluding  the 
incorrect   figures  on   rape   oil  and   cocoa   butter.      The 
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result  obtained  bj  Thoener  on  olive  oil  does  not  seem 
admissible,  as  the  refractive  index  of  oleic  acid,  which 
forms  75  to  90  per  cent,  of  the  fatty  acids,  is  1.4471 
at  60 °,  or  1,4546  at  40 °.  If  we  take  as  a  basis  for 
calculation  the  index  of  refraction  of  linolic  acid  as 
approximately  14643  at  400  and  the  composition 
of  the  fatty  acids  of  an  olive  oil  as  10  per  cent,  palmitic 
acid,  8  1  per  rent,  oleic  and  6  per  cent,  linolic,  the  re- 
fractive index  of  the  mixture  is  about  1.4539  a*  4°°. 
while  Thoerncr's  figure  of  1.441  at  60 °  is  about  1.4483, 
against  the  value  on  Table  III  of  1.4528. 

Table  III. — Experimental  Results. 

"Re-  Refractive  index 

Index  of  refraction,     frac-  mixed  acids. 

• ' .     tion  other  observers, 

Oil.                              Oil.         Acids.       ratio."  calc.  to  40°. 

Linseed  oil 1.4734      1.4635     0.9933  1.4619-1.4647 

Codliveroil 1.4711      1.4625     0.9942  1.4594 

Soy  bean  oil 1.4682     1.4586     0.9935  1.4610 

Corn  oil1 1.4677      1.4583     0.9936  1.4585 

Corn  oil- 1.4675      1.4585     0.9939  1.4585 

Rapeseed  oil 1.4658      1.4572     0.9941  1.4564 

Cottonseed  oil 1.4637      1.4545     0.9937  1.4533-1.4567 

Peanut  oil 1  .46333    1.4552     0.9947  1.4534 

Olive  oil 1.4619      1.4528     0.9938  1.4483 

Lard 1.4590      1.4491      0.9932  1.4468-1.4500 

Lard  stearin  (very  soft)     1.4585      1.4487     0.9933  

Oleo  oil 1.4578      1.4479     0.9932     (tallow  1.4447-1.4448) 

Cocoa  butter 1.4563     1.4475     0.9939  1.449 

Butter  (renovated) 1.4544      1.4458     0.9941  1.444-1.447 

Oleostearin 1.4549      1.4437     0.9923     (tallow  1.4447-1.4448) 

Palmnut  oil 1.4496      1.4392     0.9928  1.4383 

Cocoanut  oil 1.4494      1.4386     0.9925  1.4368 

(80%  cottonseed) 1.4624      1.4527     0.9934  

(20%  oleostearin) 

Effect    of    Unsaturated    Acids. — The    data    given    in 

this  paper  show  that  the  iodin  value  and  the  higher 

refraction   of   unsaturated   acids,    due   to   double   and 

triple    linkages,    do    not    effect  this  factor   materially. 

As   the   iodin   value   and   the   refraction   of   the   acids 

increase,   those   of  the  glycerides   increase  also.     The 

difference    between    the    refraction    of    the    glycerides 

and  of  the  acids,   averaging  0.0092   for  fatty  oils,   is 

so  small  in  comparison  with  the  total  refraction  that 

the  absolute  refraction  has  little  effect  on  the  factor. 

•        1.4908 
The   extremes   of    1.5    and    1.4   would   give    -        -   = 

1.5000 

A  I'39°8  rrU-  r 

0.9939     and =  0.9934.      Ihis     is,     of    course, 

1.4000 

true  only  of  these  oils.     The  relation  between  iodin 

value  and  this  factor  is  shown  in  Table  IV. 

Table  IV. —Effect  of  Unsaturation. 


Index  of  refraction. 

Glyceride.        Acid. 

Olein 1.4563  1    4471 

Stearin 1.4472  1.4373 

Linseed  oil...  1.4734  1.4635 

Corn  oil 1.4677  1.4583 

Olive  oil 1.4619  1.4528 

Lard 1  .4590  1    4491 

Oleo  oil 1.4578  1.4479 

Cocoa  butter.  1.4563  1   4475 

1  Extracted  in  laboratory. 

2  Outside  source. 

3  Eleven  per  cent,  free  acid 


Per  cent 

unsatu- 

Iodin 

rated 

no. 

acids. 

Temp. 

Degrees. 

60 

Factor. 
0.9937 

(Estimated.) 

86.2 

100 

60 

0.9932 

0.0 

0 

40 

0.9933 

185 

90 

40 

0.9936 

120 

92 

40 

0.9938 

85 

90 

40 

0.9932 

62 

70 

40 

0.9932 

50 

55 

40 

0  9939 

35 

40 

Here  there  is,  with  olein  and  stearin,  a  differenci 
in  refraction  of  0.0091,  oi  iodin  value  ol  xr,...,  and  in 

saturation  of  100  per  cent.,  yet,  the  factor  is  about 
the  same.  With  the  oils  given,  which  consist  very 
largely  of  glycerides  of  acids  of  eighteen  carbon  atoms, 
hut  which  differ  widely  in  refraction,  iodin  value, 
and  saturation,  the  variation  in  the  factor  is  within 
the  limits  of  error. 

CONCLUSIONS. 

1.  The  values  1.4991,  1.422  and  1.441  for  the  re- 
fractive indices  at  60  °  of  the  insoluble  acids  of  rape 
oil,  cocoa  butter  and  olive  oil,  respectively,  are  not 
correct. 

2.  The  relation  between  the  refraction  of  the  oil 
and  the  refraction  of  the  acids  depends  upon  the  per- 
centage of  acid  in  the  glycerides,  being  nearly  independ- 
ent of  the  total  refraction  and  of  the  iodin  value. 

3.  The  refractive  index  of  the  insoluble  acids  of 
fatty  oils  should  be  close  to  the  refractive  index  of 
the  oil  multiplied  by  0.9938. 

4.  For    solid    fats    this    factor    should    lie    between 

0.992  and  0.994,  according  to  the  composition  of  the 

fat. 

Laboratories  U.  S.  Bureau 
of  Animal  Industry. 


THE  CHLORINE  CONTENT  OF  MILK.1 

By  Paul  Poetschke. 
Received  October  29,  1911. 

In  a  previous  publication2  concerning  the  determi- 
nation of  sodium  chloride  in  milk,  the  author  gave 
preliminary  consideration  to  the  ratio  existing  between 
ash  and  sodium  chloride  as  a  means  of  detecting 
added  salt.  The  present  paper  is  the  result  of  an  ex- 
tended study  of  this  ratio. 

All  of  the  chlorine  determinations  recorded  in  this 
paper  were  made  by  the  author's  method.  Briefly, 
this  consists  in  removal  of  the  fat  and  proteids  with 
copper  sulphate  and  sodium  hydroxide.  The  filtrate 
is  acidified  with  nitric  acid  and  titrated  by  Volhard's 
method. 

Total  solids  were  determined  with  the  aid  of  a 
special  pipette3  devised  to  deliver  five  grams  of  milk. 
The  lactometer  readings  recorded  in  all  of  the  present 
work  were  taken  with  the  instrument  described  in 
the  same  paper  on  total  solids.  Fat  was  determined 
by  the  Babcock  method.  Incinerations  for  ash  were 
made  in  a  muffle,  care  being  taken  to  prevent  the 
platinum  dishes  from  being  heated  to  visible  redness. 

Richmond'*  states  that  the  chlorides  in  milk  can  be 
titrated  with  silver  nitrate,  using  potassium  chromate 
as  indicator,  and  that  10  cc.  of  milk  took  on  an  average 
3.45  cc.  N/10  silver  nitrate  with  extremes  of  3.35  and 
3.6  cc.  in  nine  samples. 

It  is  well  known  that  phosphates  interfere  with  the 
determination  of  chlorine  by  this  method.  In  the 
case  of  milk,  a  proper  end  point  can  not  be  obtained. 

1  Read  before  N.  Y.  Section.  October,  1911. 

2  This  Journal.  2,  No.  5. 

3  Ibid.,  3,  No.  6. 

4  Analyst,  34,  208. 
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Instead  of  changing  to  a  reddish  color  when  all  of 
the  chlorine  is  converted  to  silver  chloride,  a  yellow- 
color,  gradually  becoming  deeper  and  developing  into 
orange,  is  noted.  A  reddish  color  is  observed  only 
after  a  considerable  excess  of  silver  nitrate  is  present. 

In  Table  I  is  given  the  results  obtained  by  direct 
titration  with  silver  nitrate  using  potassium  chromate 
as  indicator.  The  results  obtained  with  the  author's 
method  are  given  for  comparison. 

The  direct  titrations  with  chromate  indicator  were 
made  on  10  cc.  of  milk,  with  and  without  dilution. 
In  each  case  the  same  amount  of  indicator  was  used 
and  the  titration  continued  until  the  first  change  to 
a  deeper  yellow  was  noted.  The  milk,  containing  the 
same  amount  of  indicator,  was  used  as  a  control 
to  note  the  first  change  in  color. 

Table  I — Sodium  Chloride  in  Grams  per   100  cc. 
Direct  titration  with  chromate  indicator. 


Number 
71.884 
71,885 
71.888 
71.900 


0  246 
0  238 
0.248 
0.167 


10  cc.  diluted  with 
90  cc.  of  water. 
0.324 
0.276 
0.315 
0   ZM 


Author's 
method. 
0.180 
0   167 
0.183 
0.194 


These  results  show  that  direct  titration  of  milk 
with  silver  nitrate,  using  potassium  chromate  as 
indicator,  is  impossible.  Richmond  fails  to  give  any 
data  concerning  the  accuracy  of  the  direct  titration. 
The  five  experiments  which  he  records,  showing 
"salt  added"  and  "salt  found,"  may  be  correct  in  so 
far  as  the  added  salt  is  concerned,  provided  the  titra- 
tion is  carried  to  the  same  end  point  as  the  original 
milk.  This  is  no  proof  whatever  that  the  chlorine 
in  milk  can  be  determined  by  direct  titration. 

Milk  from  individual  cows  may  vary  greatly  from 
the  normal.  Certified  milk  offers  an  opportunity 
to  study  the  mixed  milk  of  healthy  cows.  Such 
milk  is  produced  under  the  regulations  of  a  medical 
or  scientific  milk  commission  or  else  inspected  by 
law. 

Table  II  gives  the  results  obtained  on  ten  samples 
of  certified  milk. 

Table  II. 


Ratio 

Lactom- 

ash/ 

Total 

Pro- 

eter  at 

Sodium 

sodium 

Number. 

solids. 

Fat. 

teids. 

60°  F. 

Ash 

chloride. 

chloride 

57,025 

12   50 

3.60 

3   28 

115 

0   781 

0    181 

4  31 

53,989 

12    18 

3.60 

111 

0.730 

0    158 

4.62 

53.990 

12   24 

4.10 

105 

0.725 

0.205 

3   54 

58,037 

14   40 

4.90 

121 

0  739 

0   111 

6.66 

67,526 

13  05 

4.60 

2  66 

105 

0.693 

0   154 

4.50 

64,304 

14.01 

5.50 

3.25 

104 

0  740 

0.200 

3.70 

68.808 

12.74 

4.00 

112 

0.745 

0    143 

5   21 

71,617 

12.54 

3.90 

3.22 

110 

0.790 
0.729 

0.195 
0.163 

4  05 

4.47 

b. 

0  759 

0.186 

4  08 

Maximum 

0.790 

0.205 

6  66 

Minimum 

0.693 

0.111 

,i   54 

0.743 

0   170 

4   51 

Table  III  gives  the  results  obtained  on  twenty-two 
samples  of  market  milk. 

The  sixty-nine  samples  of  milk,  recorded  in  Table 
V,  are  from  individual  cows.  As  far  as  it  was  possible 
to  ascertain,  these  samples  were  taken  under  condi- 
tions which  prevented  their  being  watered  or  other- 
wise   tampered   with.      It    was    necessary    to   preserve 


Number. 

59.604 

65,055 

65.056 

65,057 

65,058 

65,059 

65,060 

64.907 

64.909 

64,910 

64.933 

64,934 

64,935 

64,936 

64.937 

64.938 

64.256 

64.257 

69.190 

69.191 

69.192 

69.193 

Maximum 

Minimum 

Average.  . 


Total 
solids. 
16.12 
11.81 
II  81 
11.34 
10.77 
11  .72 

11  80 
12.17 

12  04 
12  47 
12.78 
12.49 
12  04 

I  1  63 
12  01 
12  04 
12.46 
12.37 

II  .57 
11  38 
10.92 
11.17 


Table  ill 

Ratio 

Lactometer 

Sodium 

ash/  so- 

at 60°  F. 

Ash. 

chloride. 

dium  chloride 

118 

0.816 

0.180 

4  53 

110 

0  760 

0    149 

5.10 

110 

0.760 

0. 113 

6.73 

104 

0  680 

0    158 

4.30 

104 

0.690 

0    149 

4.63 

109 

0.720 

0.149 

4.83 

108 

0.610 

0.153 

3  99 

112 

0.666 

0.167 

3.97 

111 

0.716 

0.193 

3   70 

114 

0  698 

0.180 

3.87 

112 

0  696 

0.169 

4    12 

112 

0.720 

0.176 

4  09 

109 

0.730 

0   159 

4  50 

110 

0.700 

0.154 

4.54 

112 

0.726 

0.169 

4  29 

111 

0.734 

0    154 

4.75 

0.710 

0    143 

4.96 

0.710 

0    130 

5.46 

97 

0.684 

0  220 

3    11 

96 

0.696 

0    193 

3  62 

92 

0.705 

0.228 

3  09 

93 

0.677 

0 .  206 

3    28 

0.816 

0.228 

6   73 

0.610 

0.113 

3  09 

0.709 

0    168 

4  34 

these  samples.      Formaldehyde  was  added  in  the  pro- 
portion of  about  i  to  2000. 

An  experiment  was  made  to  determine  whether 
formaldehyde  in  any  way  interfered  with  the  determi- 
nation of  chlorine.  A  sample  of  milk  was  treated 
with     formaldehyde     (approximately     40     per     cent.) 


,  QtiART,.!  . 

5iriOWJM<5    PERCENTAGE. 

Or  MifaK  jAWPJ  ii.^ 


SWSVM'  Gtit.O KJE>£ 


RATIO 


.SODIUM    CHLORIDE 


in  the  proportion  of  1  to  1000  and  1  to  500.      Chlorine 
was  determined  in  the  original  and  treated  samples. 

The  results  given  in  Table  IV  show  that,  even  in 
this  unusually  large  proportion  of  formaldehyde, 
no  error  is  introduced. 
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Number, 
68.344 

68.345 

68.346 

68.347 

68.348 

68.349 

68.350 

68.351 

68.352 

68.353 

68.354 

68.355 

68.356 

68.357 

68,358 

68.359 

68.360 

68.361 

68.362 

68,363 

68,364 

68.365 

68.366 

68,367 

68.368 

68.369 

68.370 

68,371 

68.372 

68.373 

68,374 

68,375 

68.376 

68,377 

68.378 

68.379 

68.380 

68.381 

68,382 

68.383 

68,384 

68.385 

68,386 

68.387 

68,388 

68,389 

68,390 

68.391 

68.392 

68,393 

68.394 

68.395 

68.396 

68.397 

68.398 

68.399 

68,400 

68.401 

68,402 

68,403 

68,404 

68,405 

68.406 

68,407 

68.408 

68,409 

68.410 

68.411 

68.412 

Maximum 

Minimum 

Average .  . 


Origin*]  sample 

Treated  with  1    1000  formaldehyde 
Treated  with  1  500  formaldehyde 
Tabi  1    \ 


Sodium  chloride 
Per  ecru. 

a  0   144 

b  0.143 

o.  0.147 

6.  0.142 

a  0.144 

b.  0.144 


fotal 
solids 

13  01 
12.66 
12.79 
11  89 
12.62 
11.68 
12.18 
14.73 
11  .41 
13.33 
11.67 
14.18 
11  37 
11.63 
13.05 
12.30 
12.57 
13.64 
12.55 
1117 
12.72 
12.81 
12.99 
12.21 
12.17 
14.75 
10.87 
11.47 
12.19 
12.66 
13.26 
12.21 
14.43 
13.73 
14.49 
11.29 
12.19 
11.09 

11  .57 
11.10 
12.52 

12  63 
12.93 
11.73 
11.22 
12.50 
11.02 
12.39 
12.03 
10.92 
12.03 
13.08 
11.49 
11.41 
12  56 

9.75 
11  64 
12.30 
11.74 

9.78 
11  .46 
10.88 
11.73 
11.15 
11  .82 
12.18 

9.70 
11  .77 


3.75 
3   70 

3  40 
5  50 
3.20 

4  85 
3  45 
4.90 
3.30 
3   20 


3.40 
4  00 
4.20 


3.40 
3.40 
3.00 
2.80 
2.70 
3.60 
4.00 
4.30 
3.60 
2.50 
3.80 
2.95 
3.70 
3.40 
2.50 
3.70 


2.30 
3.00 


.V50 
4  90 


Lactometer 
at  60°  F. 


Ratio 

ash/ 

sodium 

chloride. 

4    11 


4.41 
4  00 


4.09 

4.47 


Several  samples  of  milk,  found  to  contain  large 
amounts  of  add'  d    ialt,  are  given  in  Table  VI.     Thesi 

samples  were  all  very  salty  to  the  taste.  Evidently 
the  salt  was  added  in  these  cases  by  persons  who 
sought  to  satisfy  a  personal  grudge  against  the  dealer 
or  consumer.  The  samples  were  received  for  examina- 
'  tion  for  foreign  substances. 

TABLE    VI 

Ratio 

ash/ 
Total  Lactometer  Sodium  sodium 

Number,      solids.        Fat.       at  60°  F.        Ash,       chloride,       chloride. 
64.908  12.23  3  40  118  0.780  0  415  1.88 

49,383  12.10         3  50  117  1.140  0.615  1.85 

67.819  14  84  5.80  ...  3.160  2.610  1.21 

One  sample  of  milk  containing  both  added  water 
and  salt  is  given  below.  The  taste  of  this  sample 
was  not  distinctly  salty. 

Sample   No.   54,284. 

Per  cent. 

Lactometer  at  60"  F 81 

Total  solids 8.00 

Fat 2  .00 

Ash 0.65 

Sodium  chloride 0 .  239 

Ratio  ash/sodium  chloride 2.71 

Table  VII  gives  the  maximum,  minimum  and  average 
results  obtained  on  certified  milk,  market  milk  and 
milk  from  individual  cows. 

Table  VII. 

Ratio 
ash/ 
Sodium  sodium 

Ash.  chloride.  chloride. 

{Maximum  0.790  0.205  6.66 

Minimum  0.693  0.111  3.54 

Average  "57tT3  ^T75  4    SI 

„     ,            .„           f  Maximum  0  816  0.228  6.73 

Market  nulk.        j  ,,.   .                          n „    , ,  „  ,   „„ 

<  Minimum  0  610  0   113  3  09 

22  samples         j  

I  Average  0.709  0.168  4.34 

Milk  from  indi-    (Maximum  0.928  0.335  6.63 

vidual  cows,     i  Minimum  0.532  0.112  2.45 

69  samples         l  Average  0.728  0.173  4.33 

Table   VIII  shows  the  percentage  of  milk  samples 

Ash 

found  within  various   ratios  of   — — — — — 

sodium  chloride 

» 

Table  VIII. 

Ratio  ash/sodium  chloride            2  to  3       3  to  4  4  to  5  5  to  6  6  to  T 

Certified  milk,  10  samples             0                20.0%  60.0%  10.0%  10.0% 

Market  milk.  22  samples                0                36.4%  50.0%  9.1%       4.5%, 
Milk  from  individual  cows,  69 

samples                                            1.5%        33.3%  47.8%  14.5%        2.9%, 

The  results  given  in  Table'  VIII,  represented  graphic- 
ally in  Cha,rt  I,  show  that  90  per  cent,  of  the  certified; 
milk  samples,  95.5  per  cent,  of  the  market  milk  samples, 
and  95.6  per  cent,  of  the  samples  of  milk  from  individual 
cows  be  within  the  ratio  of  3  to  6.  Comparatively- 
few  samples  fail  to  come  within  this  range. 

It  is  apparent  that  the  chlorine  content  of  milk- 
is  subject  to  wide  variation  and  that  the  average 
chlorine  content,  expressed  in  terms  of  sodium  chloride, 

Ash 

is  0.17  per  cent.      The  average  ratio  of  — -p ri — rj-' 

'  r  &  sodium  chloride 

is  4.5. 

In  conclusion  I  wish  to  acknowledge  my  indebted- 
ness to  my  assistants,  Messrs.  Carl  Marx  and  J.  Schroff , 
for  their  assistance  in  the  analytical  work. 

Lederle  Laboratories, 
New  York  City. 
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TEMPERATURE  CORRECTIONS  IN  RAW  SUGAR  POLARIZA- 
TIONS.1 

By  W.  D.  Horne. 
Received  November  23,  1911. 

In  polarizing  raw  sugars  at  temperatures  other 
than  the  standard  20 °  C,  errors  are  introduced  that 
are  of  serious  moment.  Much  has  been  written  on 
the  subject  and  temperature  corrections  have  been 
worked  out,  but  unfortunately  they  have  not  been 
generally  adopted. 

One  of  the  best  methods  of  effecting  the  necessary 
corrections  is  that  described  by  Dr.  C.  A.  Browne 
at  the  7th  International  Congress  of  Applied  Chemistry, 
to  be  described  later;  and  the  present  paper  is  to  ] ire- 
sent  results  on  many  hundreds  of  analyses,  which 
entirely  corroborate  the  reliability  of  this  method 
of  correction. 

In  the  spring  of  1909,  when  the  New  York  Sugar 
Trade  Laboratory  was  planned,  I  made  some  pre- 
liminary experiments  on  temperature  corrections  in 
my  own  laboratory  to  ascertain  the  relative  results 
of  polarizing  at  20  °  and  at  higher  temperatures, 
and  later  I  have  made  continued  close  comparisons 
between  the  polarizations  of  the  Sugar  Trade  Labora- 
tory at  20  °  and  polarization  of  the  same  sugars  in 
other  laboratories  at  ordinary  room  temperatures. 

In  the  early  experiments  it  was  necessary,  for 
polarizing  at  20  °:  1,  that  the  solution  of  the  normal 
weight  of  sugar  should  be  made  up  to  too  cc.  at 
200  C. ;  2,  that  it  should  be  polarized  at  2o°C;  3, 
that  the  polariscope  should  be  at  20 °  C. 

In  order  to  accomplish  these  ends  I  cooled  the  solu- 
tion of  sugar  in  a  flask  with  a  thermometer  in  ice-water 
to  20  °  C,  filling  to  the  mark  with  a  few  drops  of  water 
at  about  this  same  temperature.  The  solution  was 
then  shaken  and  filtered  at  room  temperature,  which 


polariscope.     These    caps    fit    tightly    over    the    ends 
of  the  observation  tube  and  each  has  a  glass  windowed 
end  and  an  annular  space  inside  filled  with  soda  lime, 
which  was  found   to  be  much  better  for  this  purpi 
than  calcium  chloride  or  caustic  alkali. 

The  polariscope  was  kept  at  20  °  C.  by  enclosing  the 
working  parts,  including  both  polarizing  and  analyzing 
nichols,  in  a  galvanized  iron  box  covered  with  a 
5/,-inch  layer  of  cork  board  made  by  the  Armstrong 
Cork  Company,  of  Pittsburgh,  and  containing  two 
Vj-inch  copper  tubes,  running  along  each  side  of  the* 
inside  of  the  box,  through  which  ice-cold  water  was 
circulated. 

It  was  found  advisable  to  pass  water  at  1  °  C. 
through  this  tube  at  the  rate  of  100  cc.  per  minute, 
which  cooled  the  polariscope  to  20 °  C.  as  shown  by  a 
thermometer  passing  through  the  box  and  covering, 
near  the  analyzer  and  compensating  quartz  wedges. 
The  water  issued  at  about  13  °  C.  when  the  tempera- 
ture of  the  room  was  between  23  °  and  31  °  C.  The 
polariscope  was  maintained  at  20 °  C.  about  an  hour 
before  polarizations  were  made  and  the  observation 
tube  when  inserted  at  other  than  20  °  quickly  came  to 
this  standard,  a  change  of  as  much  as  two  degrees 
taking  place  in  four  minutes. 

Cane  sugars  polarized  at  temperatures  higher  than 
20°  C.  are  subject  to  a  temperature  correction,  which 
may  be  divided  into  two  parts:  1,  the  temperature 
correction  for  pure  sucrose,  given  by  the  formula 
P.  20  =  P.'fi.o  +  0.0003^  —  20)]  and  2,  the  tempera- 
ture correction  as  applied  to  pure  levulose,  the  formula 
being  P.  20  =  P*  —  o.oo8i2L(Z  —  20).  By  prop- 
erly applying  the  combination  of  these  formulas  to  a 
raw  cane  sugar  polarized  at  temperatures  other  than 
20°,  it  is  possible  to  arrive  at  a  result  very  close  indeed 
to  that  which  would  be  obtained  when  polarizing  the 
sugars  at  20  °,  as  may  be  seen  by  the  following  set  of 


Table 

;  I. 

Difference  of 

Calculated  correction 

calculated  polarization 

Calculated  correction 

Calculated  correction 

for  both  levulose 

fror 

n  actual  polarization 

At  2OT 

At  26.5. 

Diff. 

for 

sucrose  alone. 

for  levulose. 

and  sucrose. 

at  20°  C. 

95.4 

95.3 

—0.10 

+  0.1868 

—0.0330 

+  0.1538 

+  0.0538 

At  21   C. 

95.5 

95.25 

— 0.25 

+  0.1572 

—0,0279 

+  0.1293 

—0.1207 

95.5 

95.2 

—0.30 

+  0.1571 

—0.0279 

+  0.1292 

—0.1708 

95.3 

95.15 

— 0.15 

+  0.1570 

—0.0279 

+  0.1291 

—0.0409 

At  20C 

95.3 

95.15 

— 0.15 

+  0.1855 

— 0.0330 

+  0.1525 

+  0.0025 

95.5 

95.4 

—0.10 

+  0.1862 

—0.0330 

+  0.1532 

+  0.0532 

95.3 

95.2 

—0.10 

+  0.1855 

—0.0330 

+  0.1525 

+  0.0525 

95.2 

95.0 

— 0.20 

+  0.1856 

—0.0330 

+  0.1526 

—0.0476 

necessarily  warmed  it  up  a  little,  as  the  laboratory 
was  usually  above  20°  C.  This  filtrate  was  put  into 
a  tubulated  200  mm.  observation  tube,  containing 
a  centrally  located  thermometer,  and  immersed  in 
ice-water  until  the  temperature  fell  a  little  below  20  ° 
C.  (about  180  C),  the  tube  dried  with  a  towel,  two  pro- 
tecting caps  containing  granular  soda  lime  to  prevent 
condensation  of  atmospheric  moisture  on  the  cold 
end  glasses  slipped  on,   and  the  whole  put   into  the 

1  Paper  presented  at  the  meeting  of  the  Association  of  Official  Agri- 
cultural Chemists.  Washington.  November  22.  1911. 


Average       —0.0247 

observations,  on  eight  raw  sugars,  giving  the  polariza- 
tions actually  obtained  at  20 °  C.  (the  polariscope,  the 
solution  and  containers  all  being  at  this  same  degree), 
as  compared  with  polarizations  of  the  same  sugars 
at  higher  degrees,  as  indicated  in  Table  I.  These 
950  sugars  were  assumed  to  contain  1.25  per  cent, 
invert  sugar  on  the  average,  and  having  calculated  the 
corrections  for  the  sucrose  and  levulose  separately 
and  having  united  all  these  results,  it  was  found 
that    these    corrected    polarizations   were   only    0.0^47 
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polariscopic    degrees    lower    than     the    polarizations 
U j  made  at    10'  ' 
\s  the    invert-sugar    contenl    oi    these  sugars  was 
not   definitely    known,    a    further   investigation   of    12 

samples  of  raw    sugar   was  made  in  which  the  invert - 
,.  Hit.  ni    of    each    was    accurately    determined, 
giving  the  results  shown  in  Table  II. 


By  use  of  the  formulas  above  given,  the  polariza- 
tions of  all  the  raw  sugars  coming  to  two  technical 
laboratories  have  been  arranged  in  groups  covering 
monthly  periods,  corrected  for  temperature  and 
compared  with  the  corresponding  average  polariza- 
tions obtained  in  the  Sugar  Trade  Laboratory,  when 
tested  at  20 °  C. 


Calculated  corre<  1 

Lt  20°. 

At  28°. 

IJilT 

for  sucrose  alone. 

95.25 

95.1 

— 0.  15 

+  0.2282 

86.80 

85.7 

—0.10 

4-0.2057 

94.25 

94.0 

i)  25 

+  0.2256 

94.3 

94.1 
At  25" 

—0.20 

+  0.2258 

93.5 

93.3 

—0.20 

+  0.1400 

94.7 

94.55 

— 0   15 

+  0.1418 

85.8 

85.7 

—0.10 

+  0.1286 

94.7 

94.6 

—0.10 

+  0    1419 

94.6 

94.4 
At  27° 

—0.20 

+  0.1416 

87.6 

87.6 

— 0  00 

+  0   1839 

95.3 

95.15 

— 0.15 

+  0.2001 

94.6 

94.4 

— 0  20 

+  0.1998 

Tablb 

II. 

Difference  of 

Calculated  correction 

calculated  polarization 

ert  sugar. 

for  levulose  alone. 

Combined  corrections. 

from  polarization  at  20°. 

1  .33 

—0.0432 

+  0.1850 

+  0.0350 

2.50 

—0.0812 

+  0.1245 

+  0.0245 

1.45 

—0.0471 

+  0.1785 

—0.0715 

1.39 

—0.0451 

+  0.1807 

— 0.0193 

1.84 

—0.0374 

+  0.1026 

—0.0974 

0.81 

—0.0164 

+  0.1254 

—0.0246 

1  .77 

—0.0359 

+  0.0927 

—0.0073 

1.07 

—0.0217 

+  0.1202 

+  0.0202 

1    45 

—0.0294 

+  0.1122 

— 0.0878 

2.15 

—0.0595 

+  0.1244 

+  0.1244* 

0.91 

—0.0260 

+  0.1741 

+  0.0241 

1.48 

—0.0421 

+  0.1577 

—0.0423 

Having  applied  the  formulas  for  correction  of 
sucrose  and  levulose,  the  results  obtained  in  the  last 
column  show  the  differences  of  the  polarizations  made 
at  high  temperatures  and  calculated  back  to  20°, 
from  the  polarizations  actually  made  at  20 °.  The 
average  of  12  such  determinations  gives  us  a  result 
for  the  sugars  polarized  above  20 °  of  only  0.0273 
polariscopic  degrees  lower  than  the  polarizations 
actually  made  at  20 °  C.  If  we  omit  the  tenth  sample 
in  the  above  series,  which  seems  to  be  irregular,  we 
find  that  the  average  calculated  polarization  is  only 
0.0186  polariscopic  degrees  lower  than  the  polariza- 
tion actually  made  at  20  °. 

These  observations  are  quite  in  accord  with  those" 
made    by    Browne,    on    mixtures    containing    known 
amounts  of  sucrose   and  levulose  in   raw  sugars  and 
molasses    and    reported   by    him    in    the    article   above 
cited. 


Laboratory 

"A". 

Date. 

Sucrose 

Levulose 

Total 

Diff.  from 

1911. 

cor. 

cor. 

cor. 

Trade  Lab. 

M  arch 

+  0.0800 

.     — 0.0140 

+  0.0660 

— 0.0070 

April 

+  0    1290 

— 0.0236 

+  0.1054 

+  0.0140 

May 

+  0  2002 

— 0.0303 

+  0.1699 

+  0.1190 

June 

+  0.1977 

— 0.0575 

+  0.1402 

+  0.0436 

July 

+  0.2235 

— 0.0576 

+  0.1659 

+  0.0273 

Aug. 

+  0.2329 

— 0.0634 

+  0.1695 

+  0.0625 

Sept. 

+  0.1379 

—0.0373 

+  0.1006 

+  0.0047 

Average  — 0.0101 
Average  without*  =  — 0.0205 

The  results  found  are  expressed  in  the  following 
table,  which  gives  in  decimal  fractions  of  a  single 
degree  polariscopic  the  variations  of  my  laboratory 
"A"  and  laboratory  "B"  results  after  calculating  to 
200  C,  from  the  results  obtained  in  the  Sugar  Trade 
Laboratory  when  conducting  the  whole  operation 
at  200  C. 

Thus  we  see  that  the  average  discrepancy  in  this 
series  of  about  one  thousand  samples  is  only  +0.0148 
polariscopic  degree,  but  that  if  the  levulose  correction 
has  not  been  applied  this  quantity  would  be  in- 
creased to  +  0.0499. 

The  levulose  correction  is  thus  twice  as  great  as 
the  total  experimental  error  and  should  by  no  means 
be  ignored.  The  ideal  method  is,  of  course,  to  con- 
duct the  entire  operation  of  polarizing  sugars  at  20  °, 
but  as  this  requires  an  expensive  plant  or  somewhat 
increased    work    and    time    by    the    method    outlined 


Sucrose 

cor. 
+  0.0424 
+  0.0239 
+  0 . 0990 
+  0.1832 
+  0.2373 
+  0.1177 
+  0 . 1666 


Average  corrections  for  both  laboratories      +0. 1486 


Laboratory 

"B." 

Levulose 

Total 

Diff.  from 

cor. 

cor. 

Trade  Lab. 

—0.0059 

+  0.0365 

— 0.0096 

—0.0036 

+  0.0203 

+  0.0200 

—0.0180 

+  0.0810 

+  0.0710 

— 0.0355 

+  0.1477 

+  0.0117 

— 0.0580 

+  0.1793 

— 0.0170 

— 0  0344 

+  0.0833 

+  0.0193 

—0.0520 

+  0.1146 

—0.0267 

—0.0351 

+  0.1135 

+  0.0148 

In  order  to  get  a  further  comparison  between 
polarizations  made  at  20 °  C,  and  those  made  at  higher 
temperatures,  and  calculated  to  20  °  C,  I  have  made 
monthly  comparisons  between  the  polarizations  of 
many  hundreds  of  samples  tested  both  at  the  Sugar 
Trade  Laboratory  and  at  other  laboratories. 


above,  cases  will  arise  where  a  temperature  correction 
will  be  required.  My  contention  is  that  if  any  such 
correction  is  to  be  applied  it  should  be  done  in  accord 
with  a  full  appreciation  of  the  significance  of  levulose 
as  well  as  of  sucrose  and  thus  be  made  as  correct 
as  our  present  knowdedge  will  allow. 


Jan.,  19 1 2 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


43 


LABORATORY  AND  PLANT. 


AN  ELECTRIC  LABORATORY  FURNACE. 
By  Raymond  C.  Bennek. 
Received  August  16,  1911. 

In  taking  up  the  subject  of  methods  of  ignition, 
we  must,  of  necessity,  go  back  to  the  time  of  Bunsen. 
He  would  feel  quite  at  home  in  this  field,  for,  here, 
things  have  been  at  a  standstill  and  we  have  remained 
about  where  he  left  us  until  within  the  last  year  or 
so,  since  which  time  more  attention  has  been  given 
to  this  important  subject.  In  most  places  the  Bunsen 
burner  and  air  blast  furnish  the  sole  sources  of  heat 
for  ignition  purposes. 

In  order  that  a  given  compound  may  have  a  definite 
and  constant  composition  for  weighing,  both  the  man- 
ner and  temperature  of  ignition  must  be  taken  into 
consideration.  In  the  case  of  many  elements  such 
as  silicon  and  calcium,  the  form  in  which  they  are 
usually  weighed  is  not  altered  by  the  highest  tem- 
peratures obtainable  with  the  Bunsen  burner  or  the 
laboratory  blast  lamp.  For  such  as  these,  this  method 
of  ignition  may  be  used  with  perfect  satisfaction. 

Another  factor,  however,  to  be  reckoned  with,  is 
the  loss  of  weight  undergone  by  the  platinum  crucibles 
when  ignited  in  the  open  flame.  By  heating  a  plati- 
num crucible  weighing  about  15  grams  by  means  of 
gas,  which  contained  considerable  sulphur,  the  author 
has  found  this  loss  to  be  as  high  as  1  mg.  per  hour. 

The  question  of  temperature  is  likely  to  be  the  one 
of  most  importance,  and  one  in  which  the  analyst 
is  most  likely  to  err,  since  the  various  texts  give  but 
an  idefinite  idea  as  to  the  maximum  temperature 
which  certain  precipitates  will  stand  before  un- 
dergoing decomposition,  or,  on  the  other  hand,  as 
to  what  temperature  it  is  necessary  to  use  in  order 
to  obtain  a  compound  of  definite  composition. 
Treadwell's  "Analytical  Chemistry,"-  N.  Y.,  1910,  p.  167, 
says,  in  regard  to  the  ignition  of  cadmium  sulphate 
in  a  double  crucible:  "The  outer  crucible  can  be  heated 
to  the  full  red  heat  of  the  Teclu  burner  without  running 
risk  of  decomposing  the  cadmium  sulphate.  It  is, 
however,  not  necessary  to  heat  it  so  strongly."  In 
regard  to  the  ignition  of  manganese  sulphate,  the 
following  statement  is  found  in  Fresenius,  •'Quan- 
titative Analysis",  N.  Y.,  1896,  p.  158:  "It  resists 
a  very  faint  red  heat,  but  upon  exposure  to  a  more 
or    less    intense    red    heat,    it  suffers  decomposition." 

Electricity  makes  the  most  convenient,  cleanest 
way  of  obtaining  heat  for  many  laboratory  purposes, 
but  when  platinum  resistance  furnaces  are  utilized, 
the  likelihood  of  their  burning  out,  as  well  as  first 
cost,  often  makes  their  use  prohibitive.  With  the 
advance  in  the  study  of  alloys,  it  has  been  found  thai 
an  alloy  of  nickel  and  chromium,  called  "Nichrome," 
possesses  properties  which  make  it  an  ideal  wire  for 
laboratory  resistance  furnaces  for  temperatures  up  to  a 
maximum  of  1 100  °  C.  This  alloy  which  melts  at  about 
28000  F.  is  not  easily  corroded  by  ordinary  laboratory 
fumes  and  has  a  resistance  of  abotit  68  times  that  of  cop- 
per.    This   high   resistance    makes    it    possible    to   use 


electricity  at  no  to  220  volts  with  very  little,  if  any, 
external  resistance  in  the  circuit.  This  renders  pos- 
sible the  construction  of  small  laboratory  furnaces  for 
temperatures  up  to  iooo0  C.  or  11000  C,  not  only 
at  low  cost,  but  with  the  additional  advantage  of 
economical  operation  because  of  the  utilization  of  the 
currents  ordinarily  at  hand.     The  furnaces  most  largely 
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employed  by  us  are  of  two  types,  but  being  made  in 
the  same  general  way,  a  detailed  description  of  one  will 
suffice.  Somewhat  similar  combustion  and  treating 
furnaces  have  been  described  by  Berry.1  The  furnace 
shown  in  Fig.  t  has  for  a  foundation  a  small  clay  cup, 
such  as  is  used  in  batteries.  In  the  case  of  this  fur- 
nace, it  is  2V2"  >n  diameter  and  5"  long,  which  size 
*  This  Journal,  2,  No.  6. 
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is  very  convenient  tor  individual  use  When  resting 
on  end  it  has  been  used  for  making  fusions  and  when 
resting  on  the  side,  for  ignitions.  This  furnace  can  be 
made  to  hold  four  crucibles  at  a  time  by  inserting  a 
long  piece  of  asbestos  board  to  form  a  bottom. 
Around  the  clay  cup  A  is  wound  the  "Nichrome" 
wire,  the  size  and  length  of  which  may  be  easily  deter- 
mined, when  the  size  of  the  clay  cup  and  the  voltage 
of  the  current  to  be  used  are  known.  One  half  the 
carrying  capacity  of  the  air-cooled  wire,  as  allowed  by 
the  manufacturers  in  their  bulletin  (this  can  be  ob- 
tained on  request),  should  not  be  exceeded  when  the 
wire  is  enclosed  in  heat-insulating  material,  as  we  de- 
scribe. In  order  that  the  furnace  may  not  be  readily 
burned  out,  wire  of  such  size  and  length  should  be 
used  for  each  furnace  that  it  will  be  impossible  to  ex- 
ceed one-half  the  carrying  capacity  of  the  wire  when 
there  is  no  resistance  in  the  circuit.  It  must  be  re- 
membered that  a  temperature  of  1000  °  C.  within  the 
furnace  means  that  the  temperature  of  the  wire  carry- 
ing the  current  is  much  higher.  After  determining  the 
length  of  wire  with  which  the  furnace  is  to  be  wound, 


r«?2. 


the  winding  may  be  commenced  at  the  closed  end  of 
the  muffle  A  (Fig.  1),  enough  free  end  being  left  to 
reach  the  binding  post  E.  The  wire  is  fastened  by 
several  turns  of  nickel  or  "Nichrome"  wire  of  a  larger 
size  than  that  used  in  winding  the  furnace.  The  wire 
on  the  outer  end  of  the  furnace  is  wound  a  little 
close  in  order  that  the  temperature  may  be  equalized 
where  radiation  is  greater.  Great  care  should  be  used 
to  avoid  kinking  the  wire,  as  this  renders  it  brittle. 
When  the  winding  is  complete,  the  end  is  fastened 
in  the  same  manner  as  before,  leaving  enough  free 
end  to  reach  the  binding  post  E'. 

After  the  winding  has  been  properly  executed, 
the  problem  of  proper  insulation  and  protection 
from  the  air  is  to  be  considered.  The  insulation 
in  itself  is  not  difficult,  but  to  find  a  material  which 


will  insulate,  at  the  same  time  have  no  chemical  action 
on  the  wires  and  yet  protect  them  from  the  air  at 
10000  C,  is  more  or  less  of  a  problem.  Of  the  mixtures 
which  have  already  been  tested,  the  one  consisting 
of  one  part  kaolin  to  three  parts  of  ground  quartz 
gives  the  best  results.  The  kaolin  and  crushed 
quartz  are  mixed  to  a  paste  with  water  and  plastered 
over  the   wire   and   cup,   care  being  taken    to  fill   all 


space  between  the  wires  B  (Fig.  1).  This  mixture 
is  plastered  on  just  thick  enough  to  completely  cover 
the  wires.  (If  the  coating  is  too  thick  it  is  likely 
to  crack  badly.)  After  drying  and  baking  by  means 
of  the  current,  any  imperfections  are  repaired  and 
the  baking  repeated.  This  can  be  somewhat  improved 
by  painting  with  a  dilute  solution  of  water  glass. 
Xow   the   furnace   is  ready   for  packing  in  the  heat 
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insulating  material  D.  This  is  done  as  shown 
in  Fig.  1.  The  whole  is  then  covered  with  a  heavy 
piece  of  asbestos  board  F,  and  the  binding  posts  E 
are  placed  as  shown. 

A  furnace  of  the  muffle  type  (Fig.  2)  has  likewise 
been  constructed  on  the  same  general  principles  and 
has  been  found  to  be  equally  economical,  as  well 
as  much  more  satisfactory  when  a  large  number  of 
ignitions  are  to  be  made.  This  furnace  is  io'/2" 
long  over  all,  while  the  muffle  is  5V2  "  in  length.  The 
furnace  is  wired  with  No.  17  B.  S.  "Nichrome"  wire. 
The  same  temperatures  can  be  obtained  in  this  furnace 
as  in  the  one  first  described,  but  more  care  must  be 
taken  because  of  its  increased  size. 

Without  external  resistance  the  highest  temperature, 
to  which  it  is  safe  to  heat  the  furnaces,  can  be  obtained 
when  the  furnace  door  is  closed.  Furnaces,  constructed 
on  the  above  plan  and  of  the  dimensions  shown  in 
the  figures,  as  a  rule,  fulfil   these    conditions.      Never- 
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theless  the  highest  temperature  obtainable  in  each 
furnace  should  be  determined  and  not  allowed  to 
exceed  10000  to  11000  C,  if  the  life  of  the  furnace 
is  to  be  considered.  In  order  that  a  constant  tem- 
perature less  than  the  maximum  may  be  obtained, 
it  is  necessary  to  have  external  resistance.  A  very 
convenient  resistance  box,  shown  in  Fig.  3,  can  be 
made  by  using  six  stove  bolts  of  '//'  iron,  about 
12"  long,  threaded  at  both  ends,  each  end  being 
provided  with  two  washers  and  two  nuts.  The  ends 
of  the  resistance  box  may  be  made  of  either  asbestos 
board  or  wood,  wood  being  the  more  satisfactory  for 
boxes,  which  are  to  be  used  for  small  currents  which 
produce  but  small  amounts  of  heat.  For  boxes  which 
are  to  be  wound  with  heavier  wire  and  used  for  largi 
currents,  which  develop  sufficient  heat  to  warp  boards, 
asbestos,  although  not  as  stiff,  is  more  satisfactory. 
The  five  iron  rods,  1  to  5  (Fig.  3),  should  be  wrapped 
with  thin  asbestos  paper  which  has  been  painted  with 
water  glass  solution.  The  water  glass  cements  the 
paper  firmly  to  the  iron,  so  that  no  trouble  will  be 
experienced  with  its  peeling  off.  Bolt  6  is  left  bare. 
When  the  water  glass  is  dry,  the  bolts  should  be  fastened 
in  position  on  the  boards  as  indicated  by  1  to  6  in  Fig.  3. 


The  slide  contact  is  made  of  hard  wood,  the  hole  in 
the  center  being  lined  with  copper  by  means  of  which 
contact  is  secured  with  the  sheet  of  brass  or  "Nichrome" 
ribbon.  The  metal  is  kept  in  contact  with  rod 
6,  which  passes  through  the  metal  lined  hole,  by 
means  of  a  small  screw.  The  brass  or  "Nichrome" 
sheet  has  enough  spring  to  make  a  satisfactory 
contact,  when  pressed  against  the  wire,  where  it  winds 
about  5  by  rotating  around  6.  This  arrangement 
is  quite  satisfactory  for  currents  up  to  3  amperes, 
bu1  for  higher  currents  better  contact  is  necessary 
and  can  be  obtained  by  a  thumb  screw  so  arranged 
as  to  pass  through  C  and  press  X  against  the  resist- 
ance wire   (Fig.  6). 

Winn  cleanliness  and  convenience  are  considered, 
there  is  no  comparison  between  the  electric  furnace 
and  gas   as   a    means   of    making   ignitions. 

The  first  cost  of  the  two  furnaces  as  well  as  the 
resistance  box  can  be  seen  from  the  following  tables: 
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M/MC/TES 


Muffle  Furnack. 

Muffle 0.50 

Wire  65  ft.  No.  17  D    S.  "Nichrome" 1  .27 

Labor  at  50  cents  an  hour 1 .00 

Clay  and  quartz  sand 0.10 

Heat  insulating  material  (old  pipe  covering) 0.00 

$2.87 
Crucible  Furnace. 

Clay  cup  71  •_•"   X  43/," 0.20 

Wire  No   20  Ii    S.  32  ft.  "Nichrome" 0.35 

Labor  at  50  cents  an  hour 0.75 

Clay  and  quartz  sand 0  .05 

$1.35 
Resistance  Box. 

Sieve-  holts 1    00 

Wire  75  ft.  No.   22  B.  S.  "Nichrome"  with  a  resistance    of 
about    70    ohms    and    a    carrying    capacity  of  about   6 

amperes 0 .  80 

Laboi  at  50  cents  an  hour 2'  00 

$3.80 

The  cost  of  operation  is  as  reasonable  as  the  first 
cost.  When  used  on  a  no-volt  circuit,  with  electricity 
at  to  cents  per  kw.  hour,  the  muffle  furnace,  which 
takes  5  amperes,  can  be  operated  at  a  cost  of  5  cents 
per  hour  and  the  crucible  furnace,  which  takes  3 
amperes,  will  cost  3  cents  per  hour.     At  the  University 
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oi     Arizona,    where  gas  is  $1.50  per   1000  cu.   ft.,   it 

COStS  about  1.5  mils  per  hour  In  run  a  liunsen  burner. 
Therefore,  when,  as  is  the  rule,  several  ignitions  are 
to  be  made,  tin-  electricity  is  considerably  cheaper 
than  gas  since  2  to  4  crucibles  can  be  ignited  in  the 
smaller  furnace  and  4  to  8  in  the  large.  In  these 
electric  furnaces,  temperatures  can  also  be  reached  in 
a  porcelain  crucible  which  are  rather  difficult  to 
obtain  by  means  of  a   Bunscn  burner  or  blast  lamp. 
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The  heating  and  cooling  curves  (Figs.  4  and  5),  taken 
with  the  door  closed  and  open,  show  the  rate  at  which 
the  furnace  will  heat  up  and  cool  down.  With  or- 
dinary usage,  furnaces,  made  as  described  above, 
have  a  life  of  several  hundred  working  hours  and 
when  one  burns  out  it  is  only  a  matter  of  the  ex- 
penditure of  a  few  moments  of  time  to  renew  the 
heating  element. 

University  op  Arizona, 
Tucson. 


A  STILL    FOR  ABSOLUTE   ALCOHOL.1 

By  Ralph  H.  McKee. 

Received  October  17,  1911. 

In  a  laboratory,  in  which  considerable  organic  work 
is  carried  on,  the  expense  of  absolute  alcohol  in  a 
year's  time  is  a  distinct  item.  The  still  shown  in 
the  accompanying  sketch  has  proven  efficient  in  the 
preparation  of  absolute  alcohol  from  ordinary  94 
per  cent,  alcohol.  It  is  made  of  sheet  copper  tinned 
on  one  side,  with  a  half-inch  bent  brass  pipe  (32 
inches  within  the  still.  A  greater  length  would 
probably  be  an  improvement),  whose  upper  end  is 
connected  with  the  main  carrying  steam  at  about 
40  pounds  pressure  and  the  lower  end  with  the  same 
steam  trap  used  for  our  still  for  distilled  water.  An 
opening,  B,  four  inches  in  diameter,  is  used  for  filling 
and  emptying  the  still.  It  is  closed  by  use  of  the 
top  of  a  plumber's  drum  trap  such  as  is  commonly  used 
in   connection   with   bath  tubs.     The   still   was   made 

1  Another  form  of  alcohol  still  is  described  by  Warren,  /.  Am.  Chem. 
Soc.  32,  698  (1910). 


and    installed    by   a   local    tinner  at   a  cost   of   $21.00, 
not  including  the  steam  trap. 

In  operation  the  still  is  charged  with  35  pounds 
lump  lime  and  26  liters  of  ordinary  94  to  95  per  cent, 
alcohol.  A  current  of  water  is  started  through  the 
condenser  and  steam  turned  on  until  the  alcohol 
has  been  heated  to  boiling  and  then  turned  off.  This 
takes  about  five  minutes'  time  and  the  dehydration 
of  the  alcohol  once  started  evolves  sufficient  heat 
to  keep  the  still  hot  some  hours.  To  insure  the  com- 
pletion of  the  dehydration,  the  steam  is  turned  on 
the  next  morning  and  the  heating  with  the  condenser 
vertical  continued  for  six  or  seven  hours.  The  union 
A  is  then  loosened,  the  condenser  turned  down  into 
the   nearly  horizontal   position   shown   in   the   sketch, 


*&&* 


the  union  tightened  and  the  distillation  and  collection 
of  the  absolute  alcohol  begun.  At  this  point  it  is 
necessary  to  wrap  some  kind  of  a  blanket  about  the 
body  of  the  still,  otherwise,  owing  to  air  cooling,  the 
distillation  will  be  slow  and  incomplete.  To  clean, 
the  unions  are  opened  and  the  still  removed  to  a  con- 
venient place  and  washed  out  by  use  of  a  hose  inserted 
into  the  four-inch  opening  B. 

The  yield  is  somewhat  over  sixteen  liters  of  alcohol 
of  slightly  better  grade  (99.8  percent.)  than  shown  by 
freshly  opened  bottles  of  "absolute  alcohol"  from  two 
well-known  German  chemical  houses.  The  cost  of 
the  product  is  about  $0.30  a  kilo  as  compared  with 
the  ordinary  purchase  price  of  $1.10  a  kilo,  both 
being  on  the  "duty-free"  basis  granted  to  educational 
institutions.  Laboratories  which  cannot  avail  them- 
selves of  "duty-free"  straight  alcohol  may  find  it 
worth  while  to  prepare,  by  this  apparatus,  water-free 
alcohol  from  the  ordinary  denatured  article. 

University  of  Maine, 
Orono. 
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AN   AUTOMATIC  PIPETTE. 

By  T.  O.  Smith. 

Received  November  15,  1911. 

Every  chemist  engaged  either  in  routine  work  or 
in  research  involving  a  considerable  number  of  de- 
terminations has  learned  to  appreciate  the  value 
of  any  automatic  or  labor-saving  device  he  may 
find  available. 

The  automatic  pipette  here  described  is  offered 
because  of  its  simplicity,  accuracy,  ready  adaptability 
to  any  volume  required,  and  especially,  because  it 
is  easily  set  up  from  materials  and  apparatus  found 
in  every  laboratory. 
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I     The  only  materials  needed  are:H 

A — A  bottle  of  a  size  adapted  to  the  reagent  which 
it  is  to  contain. 

B — A  three-way  stopcock  burette. 

C — A  fine  capillary  tube  long  enough  to  reach  from 
the  zero  reading  on  the  burette  to  the  top  of  the  solu- 
tion in  the  container. 

D — Glass  and  rubber  tubing  to  set  up  as  shown 
in  the  illustration. 

By  raising  or  lowering  the  capillary  tube  C,  the 
pipette  may  be  adjusted  to  deliver  any  exact  quantity 
within  the  limits  of  the  capacity  of  the  burette  used. 

It  is  obvious  that  if  the  capillary  tube  is  drawn  out 
as  fine  as  possible  and  the  burette  and  container 
brought  near  the  same  level,  the  accuracy  of  the 
pipette  is  practically  that  of  the  burette. 

New  Hampshire  Agricultural  Experiment  Station, 
Durham. 


A  NEW  MELTING-POINT  APPARATUS. 

By  D.  S.  Pratt. 

Received  October  26.  1911. 

In  the  course  of  some  research  work  with  organic 
compounds,    it  became   necessary   to   have  a  melting- 


point  apparatus  more  accurate  and  more  easily  con- 
trolled than  those  ordinarily  used.  With  all  common 
types,  the  chief  difficulty  is  in  obtaining  a  uniform 
rise  in  temperature,  and  in  duplicating  the  conditions 
at  another  time.  The  following  simple  piece  of  ap- 
paratus needs  little  explanation  beyond  the  illustra- 
tion. It  is  based  upon  the  Thiele  tube,  with  electricity 
supplanting  the  Bunsen  flame,  as  heating  agent.  The 
lower  half  of  the  side  arm  is  wound  with  resistance 
wire,  such  as  fine  manganin  or  nichrome.  The  whole 
arm  is  then  enclosed  with  asbestos  paste  as  shown  in 
the  cut.  Using  a  lamp  board,  or  rheostat,  the  current 
sent  through  the  heating  coil  may  be  varied  at  will, 
and  thus  the  rise  of  temperature  very  accurately 
controlled.  By  calibrating  the  instrument  in  terms 
of  lamps  and  temperature  it  is  only  necessary  to  turn 
on  the  proper  number  of  lamps  and  the  rise  of  tempera- 


ture will  be  exactly  uniform  each  time  it  is  used. 
The  rate  of  change  may  be  varied  from  an  almost 
imperceptible  rise,  to  a  very  rapid  one,  and  the  range 
is  limited  only  by  the  fluid  used. 

In  making  a  series  of  determinations  it  is  very 
convenient  to  turn  off,  say,  one  lamp,  while  preparing 
the  tubes,  thus  retaining  the  temperature  within 
a  few  degrees  of  the  melting  point  and  saving  much 
time  usually  spent  in  needless  delay.  For  substances 
whose  melting  points  vary  with  the  rate  at  which 
they  are  heated,  this  device  is  especially  convenient. 
It  has  been  in  use  for  over  a  year  in  the  organic  re- 
search laboratories  of  Cornell  University,  has  given 
complete  satisfaction  and  has  supplanted  the  older 
types. 

Cornell  University, 
Ithaca.  N.  Y. 
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ADDRESSES. 


ADDRESS  AT  THE  UNVEILING  OF  THE  BUST  OF  WOLCOTT 

GIBBS.1 

By  Charles  E.  Munrob, 

Received  November  29,  1911. 

[The  unveiling  of  the  Bust  of  Professor  Wolcott 
Gibbs  took  place  in  Rumford  Hall,  Chemists'  Build- 
ing, Now  York  City,  on  November  25th.  The  Bust 
was  executed  by  Ernest  Wise  Keyser,  and  it  will  be 
appropriately  placed  in  Rumford  Hall  among  like- 
nesses of  other  distinguished  investigators  in  the  field 
of  chemistry. 

The  presentation  address  was  made  by  Mr.  Alfred 
Gibbs,  representing  the  relatives  and  descendants  of 
Professor  Gibbs,  and  a 
review  of  his  life  work 
and  history  was  given  by 
Professor  Charles  E.  Mun- 
roe. — Editor.] 

Because  of  the  place  of 
his  birth  and  that  where  he 
was  educated;  because  of 
the  profession  he  chose  and 
which  he  so  highly  adorned ; 
because  during  the  greater 
part  of  his  mature  life  he 
applied  his  splendid  talents 
and  broad  attainments  to 
the  realization  of  the  hopes 
of  the  founder  of  the 
Royal  Institution  in  his 
bequests  to  Harvard  College 
and  to  the  American 
Academy  of  Arts  and 
Sciences;  and  because  he 
was  an  academician  and  a 
club  man,  it  is  eminently 
fitting  that  the  bust  of 
Wolcott  Gibbs  should  be 
unveiled  in  the  Rumford 
Hall  of  the  Chemists'  Club 
of  the  City  of  New  York. 

For  on  February  2 1 ,  1822, 
he  was  born  in  this  city  of 
New  York;  in  1841  he 
received  his  baccalaureate 
degree  from  Columbia  College  of  this  city;  in  1845  ne 
received  the  degree  of  M.D.  from  the  College  of 
Physicians  and  Surgeons  of  this  city;  he  chose  chem- 
istry as  his  profession;  he  was  Rumford  Professor  of 
Harvard  College  and  Harvard  University  for  45  years 
and  a  member  of  the  Rumford  Committee  of  the  Ameri- 
can Academy  of  Arts  and  Sciences  for  30  years;  he 
was  founder,  member  and  president  of  the  National 
Academy  of  Sciences;  he  suggested  and  organized  the 
Union  League  Club  of  New  York  and  he  promoted  and 
supported  other  social  organizations. 

1  Delivered  in  Rumford  Hall,  Chemists'   Club,  New  York,   November 
25.  1911. 


His  education  was,  however,  much  broader  and  more 
comprehensive  than  that  comprised  in  his  satisfac- 
tion of  the  requirements  for  the  degrees  awarded  him 
at  Columbia  College  and  the  College  of  Physicians 
and  Surgeons,  for  in  the  interim  between  his  graduation 
from  the  first-named  institution  and  his  entrance  on 
the  second  he  served  as  laboratory  assistant  to  Dr. 
Robert  Hare,  Professor  of  Chemistry  in  the  University 
of  Pennsylvania,  then  the  most  eminent  chemist 
America  had  produced  and  to-day  revered  for  his 
splendid  contributions  to  science.  On  his  gradua- 
tion from  the  College  of  Physicians  and  Surgeons, 
Gibbs  went  to  Europe  where,  until  1848,  he  con- 
tinued his  studies  under  the 
direction  of  the  eminent 
chemists,  Rammelsberg, 
Heinrich  Rose,  Liebig, 
Laurent,  Dumas  and  Reg- 
nault,  whose  names  are 
each  inscribed  upon  the 
honor  roll  of  those  to  whom 
the  chemistry  of  to-day 
owes  its  place  among  the 
sciences. 

Broadened  by  travel,  by 
contact  with  these  eminent 
investigators,  and  the 
students  that  gathered 
about  them,  Gibbs  returned 
to  his  native  country  for 
service  in  his  profession, 
and  found  his  first  oppor- 
tunity in  the  delivery  of  a 
short  course  of  lectures  in. 
a  minor  institution  in  Dela- 
ware, but  very  shortly  after, 
in  1849,  he  was  appointed 
professor  of  chemistry  in 
the  Free  Academy,  now 
the  College  of  the  City  of 
New  York,  where  he  re- 
mained until  1863  when 
he  accepted  the  Rumford 
professorship,  requiring  ser- 
vice in  chemistry,  in  the 
Scientific  School  of  Har- 
vard College. 

His  term  of  service  in  New  York  was  distinguished, 
for,  while  his  duty  to  the  college  demanded  only  that 
he  teach  its  students  the  elements  of  chemistry,  he 
began  in  1851  as  associate  editor  of  the  American 
Journal  of  Science,  the  preparation  of  abstracts  of 
foreign  literature  in  chemistry,  and  he  engaged  in 
research  with  the  result  that  in  1857,  there  was  given 
to  the  world  the  first  memoir  on  a  notable  and  syste- 
matic research  in  chemistry  from  America  when  the 
Smithsonian  Institution  published  the  memoir  of 
Gibbs  and  Genth  on  ''The  Ammonio-Cobalt  Bases" 
which  has  ever  since  served  as  a  model  for  the  pres- 
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entation  of  results  by  investigators  in  chemistry. 
•  In  1 86 1  his  independent  paper  on  the  platinum  metals 
appeared  and,  as  Clarke  says,  "firmly  established  his 
reputation." 

Gibbs  was  in  New  York  when  our  Civil  War  came  on 
and  devoted  as  he  was  to  his  profession  he  was  also 
a  patriot.  It  will  be  recalled  that  in  broadly  fitting 
himself  for  his  profession  he  had  at  the  College  of 
Physicians  and  Surgeons  pursued  that  branch  of 
applied  chemistry  styled  medicine  and  qualified  in 
it,  hence  he  could  serve  his  country  best  and  most  by 
the  exercise  of  his  special  knowledge  and  attain- 
ments. When  men  are  rushing  to  expose  themselves 
as  targets  for  the  enemy  it  requires  a  high  degree  of 
courage  to  offer  on  the  altar  of  one's  country  one's 
special  talents  in  service  outside  the  firing  line.  But 
this  Gibbs  did  and  the  U.  S.  Sanitary  Commission 
stands  to-day  as  an  epoch  in  the  civilization  of  man. 
By  its  work  it  proved,  perhaps,  to  be  the  greatest 
good  for  mankind  that  was  realized  from  that  dread- 
ful period  of  labor  in  which  a  great  nation  was  born. 
It  has  been  a  model  for  other  nations  that  have  subse- 
quently, unfortunately,  been  engaged  in  war. 

Not  content  with  applying  his  acquired  knowledge, 
especially  in  that  branch  of  applied  chemistry  known 
as  medicine,  to  the  amelioration  of  the  "horrors  of 
war"  and  to  the  aid  of  those  that  conquered,  Gibbs 
sought  to  organize  and  crystallize  opinion  and  effort 
by  bringing  together  those  of  influence  in  New  York 
who  favored  active  military  operations  against  the 
seceders  and  thus  the  Union  League  Club,  which 
met,  to  organize,  in  his  home,  was  formed.  And 
throughout  his  life  he  was  an  organizer,  or  member, 
of  bodies  of  men  through  which,  by  investigation, 
consideration,  and  discussion,  issues  of  moment  in 
science  were  carefully  wrought  out,  while  social  rela- 
tions were  conserved  and  promoted. 

He  was  born  and  reared  under  conditions  that  could 
have  bred  an  aristocrat.  His  father  was  in  affluent 
circumstances.  His  progenitors  had  served  their 
country  and  mankind  in  positions  of  importance. 
He  inherited  a  competency.  His  associations  from 
earliest  youth  were  with  the  cultivated,  intellectual 
and  forceful.  He  was  in  person  impressive  and 
engaging.  He  was  in  taste  and  dress  discriminating; 
but  he  was  in  his  dealings  with  and  estimates  of  man 
democratic. 

As  a  prospective  student  I  met  him  in  1868  and  he 
looked  to  me  god-like.  It  was  my  good  fortune  not 
only  to  be  received  as  a  student  by  him  but  later  to 
become  his  assistant,  and  through  other  fortunate 
circumstances,  such  as  being  ordered  to  duty  in 
Newport,  where  he  resided  after  his  retirement,  to 
keep  in  contact  with  him  quite  up  to  the  time  of  his 
death.  I  recall  most  vividly  my  first  meeting  with 
him  for  he  embodied  in  the  flesh  all  that  I  had  ever 
imagined  of  man  and  though  my  relations  with  him 
were  afterwards  quite  close  this  feeling  and  belief 
persisted  and  remains.  He  was  above  the  average 
man  in  height,  and  his  body  was  symmetrically 
developed  with  his  stature  so  that  he  walked  and 
moved    with     natural     gracefulness.      His    head    was 


admirably  proportioned  and  was  covered  with  a 
splendid  mass  of  curling  black  hair  which  matched  the 
beard  that  covered  his  face.  In  clothing  and  person 
he  was  always  decently  fastidious,  but  ever  the  at- 
tracting features  were  his  eyes,  which  were  deep  brown 
in  color,  lustrous  and  luminous;  and  his  voice,  which 
was  full  and  rich,  with  a  deliciously  attractive  and 
convincing  overtone. 

He  gave  the  impression  of  mildness  and  fairness 
and  continued  association  confirmed  this  first  im- 
pression. Never  have  I  met  one  who  so  avoided 
definitely  judging  his  fellowman  or  who  when  forced 
to  do  so  judged  him  more  fairly  and  without  prej- 
udice, for  his  mind  was  filled  with  the  contempla- 
tion of  nature  in  a  large  way  and  of  its  processes,  and 
he  was  endeavoring  constantly  to  comprehend  them 
and  to  record  the  results  of  his  observations  and  tests 
for  the  benefit  and  use  of  mankind.  He  regarded  his 
fellowman  in  the  same  broad  and  tolerant  manner. 
In  fact  the  definite  impression  of  him  which  one  re- 
ceived by  close  contact  with  him  was  largeness  of 
vision ;  breadth  of  view ;  tolerance  of  differences  in 
opinions,  methods  or  manners;  and  sympathy,  in  a 
broad  way,  for  mankind;  and  that  he  approached 
every  issue,  scientific  or  social,  without  prejudice, 
and  with  an  entirely  open  mind. 

If,  in  my  attempt  to  portray  Dr.  Wolcott  Gibbs 
from  the  image  that  abides  with  me,  I  have  conveyed 
to  you  the  impression  that,  through  timidity  or 
indolence,  he  sought  to  avoid  strife,  let  me  hasten  to 
immediately  correct  this  erroneous  impression,  for  on 
the  contrary  he  was  intensely  human  and  he  met  his 
troubles  in  a  thoroughly  human  way  but  even  then  on 
a  high  plane. 

Permit  me  to  illustrate  by  an  anecdote  or  two. 
Self-government  by  students  is  regarded  in  this 
country  as  a  very  modern  and  novel  development. 
Dr.  Gibbs  introduced  it  at  the  outset  of  his  coming  to 
Cambridge.  I  do  not  know  that  he  had  not  previously 
done  so  in  the  College  of  the  City  of  New  York. 
Eventually  in  my  career  as  a  student  in  his  labora- 
tory I  succeeded  to  the  first  place  in  the  governing 
body  and  I  wore  the  resounding  title  of  Chief  of 
Police.  During  my  administration  a  rebellion  arose. 
The  orders  I  gave  were  not  obeyed  and  the  fines  I 
assessed  were  not  paid.  Having  exhausted  all  the 
resources  of  authority  at  my  command  and  the  dis- 
order having  become  a  menace  to  all  earnest  students, 
after  due  warning,  I  resorted  to  the  unheard-of  ex- 
pedient of  reporting  the  recalcitrants  to  Dr.  Gibbs. 
They  were  much  amused  when  they  were  directed  to 
report  to  this  mild-mannered,  sweet-tempered  gentle- 
man. I  was  not  present  at  the  interview.  I  never 
knew  what  occurred  at  that  interview.  The  students 
never  told  me  and  Dr.  Gibbs  never  referred  to  it. 
But  what  I  do  know  is  that  when  these  students  re- 
turned they  said:  ''Munroe,  you  may  order  us  to  do 
what  you  wish;  you  may  assess  such  fines  as  you 
please;  but  never  again  direct  us  to  report  to  Dr. 
Gibbs;"  and  from  that  day  until  I  left  the  labora- 
tory discipline  was  complete. 

Strange  as  it  may  seem  Dr.  Gibbs  became,  on  com- 
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ing  to  Harvard,  a  storm  center.  President  Hill  called 
him  because  he  had  a  vacanl  chair  in  chemistry  to 
fill  and  he  found  in  Gibbs  the  most  eminent  chemist. 
in  America.  Gibbs  accepted  the  position  at  Har- 
vard because  it  seemed  to  offer  the  largest  oppor- 
tunity for  use!  illness  in  the  field  for  which  he  was 
especially  equipped.  Hut  his  appointment  thwarted 
the  realization  of  the  ambitions  of  others;  it  became 
a  cause  of  dissension  and  the  arraying  of  groups  of  men 
against  each  other.  The  situation  had  become  acute 
as  I  entered  upon  the  scene.  In  the  regular  per- 
formance of  my  duties  I  was  unwittingly  forced  to 
know  of  it  though  then  I  knew  not  the  reason  for  it 
or  the  extent  of  it.  I  was  especially  embarrassed  to 
come  upon  Professors  Gibbs  and  Cooke,  when  they 
were  engaged  in  a  gentlemanly,  but  very  personal, 
altercation. 

Unknowingly  to  me,  out  of  this  came  my  oppor- 
tunity. While  holding  the  position  of  private  assis- 
tant to  Dr.  Gibbs  I  was  appointed  Assistant  in  Chem- 
istry in  the  College  under  Professor  Cooke.  With 
the  courtesy  that  prevails  among  gentlemen  all  these 
arrangements  were  ostensibly  in  the  hands  of  Dr. 
Gibbs  and  it  was  from  him  that  I  received  my  in- 
structions to  make  that  visit  to  President  Eliot  at 
which  I  received  notification  of  my  appointment 
to  the  college.  Naturally  and  most  properly  I  re- 
ported to  Dr.  Gibbs  that  I  had  obeyed  his  instructions, 
and  the  results  of  so  doing,  and  I  can  never  forget  his 
admonition.  Knowing  my  loyalty  to  him,  knowing 
that  inadvertently  I  had  become  somewhat  ac- 
quainted with  the  distressing  situation  he  said:  "Mr. 
Munroe  I  have  been  deposed  and  you  are  appointed 
to  take  my  place.  You  know  that  my  relations  with 
Professor  Cooke  have  not  been  entirely  amicable, 
yet  let  me  say  that  you  can  serve  me  best  by  serving 
him  with  entire  devotion."  Thus  spoke  the  man  in 
Wolcott  Gibbs. 

Were  there  time  I  should  like  to  describe  the  labora- 
tory at  the  Lawrence  Scientific  School  and  the  manner 
in  which  it  was  directed  by  Dr.  Gibbs.  Fortunately 
this  has  been  well  recorded  by  Professor  F.  W.  Clarke 
in  his  memorial  Lecture  before  the  Chemical  Society 
of  Great  Britain  and  by  Stephen  Paschall  Sharpies  in 
his  description  of  the  Lawrence  Scientific  School 
to  the  Cambridge  Historical  Society.  I  may  say 
that  were  it  to  be  investigated  by  an  agent  of  the 
Carnegie  Foundation,  armed  with  a  pad  and  pencil, 
it  must  have  been  condemned.  I  must  further  say 
that  after  completing  my  fortieth  consecutive  year  of 
university  teaching  I  should,  if  put  under  oath,  state 
that,  measured  by  pedagogical  standards,  it  was  un- 
sound. But  I  must  add  that  the  restrlts  produced  were 
splendid  and  that  the  students  that  survived  the 
process  went  forth  finely  equipped  to  pursue  their 
chosen  professions.  Dr.  Gibbs'  visits  to  us  were 
infrequent  but  the  impression  he  made  in  these  con- 
ferences were  such  that  he  was  an  ever-living  presence 
and  a  constantly  present  example.  Mendenhall's 
remark  that  a  student  would  prefer  to  be  neglected 
by  Rowland  to  being  taught  by  another  embodies 
the   thought    I    desire   to   convey   concerning   the   re- 


lation of  W'oleott  Gibbs  as  a  teacher  to  his  students. 
The  pedagogue  trains  his  pupils  as  the  military  ser- 
geanl  drills  the  cowherd.  Hut  the  educator  educes 
from  his  student  his  best  capacities  in  the  line  of  his 
endeavor.  He  brings  the  within  without.  He  re- 
veals to  the  student  the  latter's  own  capacities.  He 
preserves  to  the  community  that  precious  gift,  in- 
dividuality, but  arouses,  and  enlivens,  and  controls 
it  so  that  it  may  best  serve  the  community  in  which 
that  individual  may  be  placed.  It  is  impossible  to 
formulate  the  manner  in  which  this  may  be  accom- 
plished for  the  possibilities  vary  with  each  student 
to  be  taught  and  with  him  who  teaches,  and  the 
teachers  who  comprehend  this  are  rare,  but  such  was 
Wolcott  Gibbs. 

It  is  said  of  Gibbs  that  he  was  not  a  "popular 
lecturer."  I  may  say  that  this  was  most  unfortunate 
for  the  populace.  It  has  been  my  privilege  to  listen 
to  a  large  number  of  those  public  speakers  who  have 
commended  themselves  to  the  public.  As  a  youth  I 
reported  at  length,  for  the  newspapers,  the  lectures  of 
Tyndall  and  Proctor.  I  served  as  demonstrator  for 
Professor  Cooke  in  that  charming  course  of  lectures  at 
the  Lowell  Institute  which  appeared  as  ,"The 
New  Chemistry."  I  sat  at  the  feet  of  Edward 
Everett,  Henry  Ward  Beecher,  Wendell  Phillips  and 
Emerson.  I  was  enthralled  by  Julia  Ward  Howe  and 
Mary  A.  Livermore.  Dr.  Gibbs  gave  us  but  few 
lectures,  but  those  were  enriched  by  such  a  wealth 
of  knowledge,  graced  with  such  diction,  planned  in  so 
thoroughly  logical  and  systematic  a  manner,  and 
presented  with  such  charming  simplicity  as  to  ever 
remain  as  almost  unapproachable  models. 

For  Dr.  Gibbs  was  ever  true  to  his  best  capacity 
(his  proper  sphere  of  usefulness  to  his  fellows) ;  namely 
research,  and  he  continued  this  long  after  his  retire- 
ment from  the  field  of  teaching.  As  one  reviews  his 
achievements  in  research  one  is  amazed  at  the  catho- 
licity of  his  accomplishments.  All  recognize  his 
numerous  contributions  to  analytical  chemistry;  his 
application  of  the  electric  current  to  quantitative 
determinations  being  especially  well  known ;  but  he 
covered  the  field  from  gravimetric,  through  volumetric, 
to  gas  analysis.  It  is  also  pretty  generally  known 
that  his  early  investigations  of  the  complex  ammonium 
bases,  and  their  compounds,  were  in  his  later  life 
supplemented  by  researches  into  the  constitutions 
of  the  complex  inorganic  acids.  Organic  chemistry 
claimed  his  attention.  In  1853  he  prepared  an 
arsenical  derivative  of  valeric  acid.  In  1868  he 
discussed  the  constitution  of  uric  acid  and  its  deriv- 
atives. In  1869  he  described  some  products  formed 
by  the  action  of  alkali  nitrites  upon  them.  In  1891 
and  1892,  with  H.  A.  Hare  and  E.  T.  Reichert,  he 
treated  of  the  physiological  action  of  definitely  re- 
lated chemical  compounds.  He  produced  memoirs 
on  a  normal  map  of  the  solar  spectrum  and  on  the 
wave  lengths  of  the  elementary  spectral  lines,  and, 
in  the  study  of  interference  phenomena,  he  discovered 
a  constant,  which  he  styled  the  interferential  constant. 
The  time  allotted  me  is  too  brief  to  enable  me  to  set 
forth  the  work  of  an  investigator  who  at  the  age  of 
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18  published  a  paper  entitled  a  "Description  of  a 
-  New  Form  of  Magneto-Electric  Machine,  and  an 
Account  of  a  Carbon  Battery  of  Considerable  Energy" 
and  at  71  years  of  age  published  a  method  for  the 
separation  of  the  rare  earths,  further  than  to  say 
that  while  Gibbs  was  an  experimentalist  rather  than  a 
theorist  he  published  views  on  theoretical  chemistry 
that  have  force  to-day. 

By  virtue  of  his  sympathy  and  breadth  he  became 
a  pioneer  in  comprehending,  assimilating  and  ex- 
pounding the  results  of  others,  giving  them  always 
full  credit.  He  was  the  first  American  to  adopt  and 
promulgate  the  conclusions  of  Cannizzario;  so  early 
as  1880  he  appreciated  the  value  of  the  researches 
of  J.  Willard  Gibbs  and  was  the  prime  factor  in  having 
the  Rumford  medal  conferred  on  this  immortal  Yale 
physicist.  I  well  remember  his  enthusiasm  in  those 
early  days  when  speaking  of  the  recently  published, 
and  now  classic,  memoir  by  Kekule. 

I  fear  the  privilege  you  have  afforded  me  to  speak 
of  my  beloved  master  has  tempted  me  to  overstay 
the  time  allotted  me  and  yet  I  feel  I  have  but  in- 
adequately set  forth  the  man  and  his  achievements. 
In  closing,  permit  me  to  quote  from  the  admirable 
tribute  paid  him  by  Theodore  W.  Richards. 

"The  circumstances  of  his  early  academic  life 
brought  him  in  contact  with  but  few  students.  This 
is  the  more  to  be  regretted  because  his  enthusiastic 
spirit,  his  tireless  energy,  his  recognition  of  every- 
thing good,  and  best  of  all  his  warm  human  friend- 
ship which  endeared  him  to  all  who  knew  him.  Those 
who  were  thus  fortunate,  whether  students  or  col- 
leagues, will  always  devotedly  treasure  his  memory; 
and  his  place  as  a  pioneer  in  science  in  America  will 
always  be  secure." 

WOLCOTT    GIBBS.1 

Although  I  am  unable  to  be  present  at  the  un- 
veiling of  the  bust  of  Dr.  Gibbs,  I  cannot  let  the 
occasion  pass  without  some  expression  of  my  admira- 
tion for  him;  and  in  thinking  the  matter  over.  I  have 
been  struck  with  the  contrast  between  his  work  and 
that  of  some  of  his  followers  in  the  study  of  the  metal 
ammonia  compounds,  who  seem  to  think  that  the  main 
object  of  a  research  consists  in  providing  oneself  with 
a  sufficiently  flexible  theory,  and  then  fitting  graphic 
formulas  of  the  compounds  to  it  with  little  or  no  at- 
tempt at  experimental  proof.  Such  researches,  in 
which  the  pen  is  mightier  than  the  test  tube,  had  no 
attraction  for  Wolcott  Gibbs.  With  him  the  test  tube 
was  supreme — in  fact  not  only  were  his  racks  always  full, 
but  on  his  desk  were  many  large  beakers  crowded  with 
test  tubes,  each  with  a  label  sticking  out  of  its  mouth; 
and  I  remember  few  things  so  delightful  and  illumina- 
ting as  seeing  him  flitting  from  one  to  another,  dila- 
ting on  the  beauty  of  the  crystals  or  precipitate,  and 
pointing  out  its  relation  to  past  work  and  promise  for 
the  future. 

In  his  obituary  of  van't  Hoff,  Emil  Fischer  said  most 
good  chemists  follow  their  noses  in  research.  This 
was  eminently  true  of  Wolcott  Gibbs,  and  his  scent 

1  Letter  from  Professor  Jackson.      Read  at  Unveiling  of  Gibbs'  Bust. 


was  fine  enough  to  guide  him  unerringly  through  the 
most  intricate  trails,  for  the  hardest  subjects  had  a 
special  attraction  for  him. 

Few  chemists  have  been  his  equal  in  the  power  of 
appreciating  the  suggestiveness  of  observations,  of 
contriving  new  and  varied  conditions  for  experiment, 
and  in  shaping  imagination. 

His  work,  however,  was  exclusively  experimental. 
In  fact  some  of  us  wished  that  he  would  have  drawn 
more  inferences  from  his  discoveries,  but  I  think  that 
he  considered  that  his  real  function  was  that  of  the 
experimental  pioneer;  and  certainly  he  converted 
many  a  tangled  almost  impenetrable  thicket  into  a 
pleasant  grassy  path  between  well-trimmed  shrubberies. 
Charles   Loring  Jackson. 

Harvard  University, 
November  22.  1911. 


CHEMICAL  INDUSTRIES  IN  SWEDEN. 
By  Thomas  H.  Norton. 

Sweden  is  a  land  in  which  chemistry  has  played 
an  important  role  from  a  comparative  early  date. 
Scheele  and  Berzelius  were  among  the  most  noted 
pioneers  in  the  formative  period  of  the  science,  and 
no  less  than  20  of  the  known  chemical  elements  have 
been  discovered  by  Swedes.  The  Kingdom  owes 
to  three  factors  its  past  and  present  position  in  tech- 
nical chemistry.  The  first  is  a  fairly  abundant  and 
diversified  mineral  wealth.  Swedish  iron  and  cop- 
per once  dominated  the  world's  markets.  While  no 
longer  leading  in  quantity,  Sweden  still  occupies  a 
foremost  position  with  regard  to  the  quality  of  its 
metal  products,  and  the  high  technical  standard  of 
its  mining  and  metallurgical  equipment. 

A  second  feature  is  the  enormous  extent  of  the 
country's  forests.  Once  contributing  the  necessary 
charcoal  for  its  choice  product  of  iron,  they  now  fur- 
nish the  raw  material  for  an  enormous  industry — the 
manufacture  of  cellulose  in  its  varied  forms. 

The  third  factor  is  Sweden's  abundant  water  power. 
The  coal  deposits  of  the  land  are  unfortunately  limited 
and  of  inferior  quality.  The  annual  output  is  305,000 
long  tons.  In  earlier  days  the  forests  supplied  fuel. 
Now  that  timber  possesses  a  greater  value,  and  the 
supply  is  more  limited,  it  has  been  necessary  to  im- 
port coal  from  abroad  to  the  extent  of  3,000,000  tons 
annually. 

With  the  advent  of  electric  power  and  its  economi- 
cal transmission  it  has  been  possible  to  utilize  the 
waterfalls  on  a  most  extensive  scale.  Electrotechni- 
cal  industries  have  promptly  availed  themselves  of 
this  opportunity.  The  total  available  water  power 
of  the  Kingdom  is  estimated  at  over  4,000,000  horse 
power.  About  one-ninth  has  thus  far  been  harnessed 
for  industrial  purposes.  Each  year  at  present  there 
is  an  additional  increase  of  over  100,000  horse  power. 
In  191 1  it  is  estimated  that  this  increase  will  be  about 
115,000  horse  power.  Owing  largely  to  this  rapid  ex- 
ploitation of  her  vast  water  power,  Sweden  is  changing 
from  a  producer  of  raw  materials  to  a  predominantly 

1  Special  report  to  U.  S.  Consular  Service. 
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manufacturing  land.     Modern  industrialism  is  rapidly 
invading  every  field  oi  national  activity. 

The  chemical  industry  of  the  country  is  confined 
chiefly  to  inorganic  branches.  Apart  from  the  wood 
pulp,  and  the  products  of  the  electrochemical 
branches,  it  is  in  most  cases  inadequate  to    meet   the 

demands  ol     the     home     market     of     a     population     of 

5,500,000.     It  is,  however,  expanding  steadily,   more 
rapidly  than  the  growth  of  population. 

According  t'o  the  census  of  1900  there  were  256 
chemical  factories,  employing  2,644  workmen,  with 
annual  products  valued  at  $4,095,000.  To  these 
should  be  added  1S7  factories  producing  oils,  tar,  etc., 
with  2,434  workmen,  and  an  output  of  $5,650,000, 
and  the  match  industry  with  20  factories,  6,102  work- 
men, and  products  valued  at  $2,665,000.  Paper  and 
allied  branches  were  credited  with  159  factories, 
18,490  workmen,  and  an  output  of  $8,130,000.  The 
metallurgical  industries  give  employment  to  16,876 
workmen,  and  the  products  are  valued  at  $49,050,000. 
For  purposes  of  comparison  the  statistics  of  other 
leading  industries  are  here  given:  Mining,  13,187 
workmen,  output  $5,430,000;  metals  and  machines, 
56,222  workmen,  output  $44,840,000;  textiles,  37,187 
workmen,  output  $36,100,000. 

The  256  establishments  classified  by  the  census  as 
chemical  works  are  subdivided  as  follows: 

Value  of 

Character  of  products.  Factories.  Workmen.         products. 

Inorganic  acids,  bases,  and  salts       32  291  $     683,000 

Fertilizers 72  921  1,402,000 

Explosives 19  664  897,000 

Colors  and  miscellaneous 133  768  1,113, 000 

For  its  supplies  of  most  heavy  chemicals  Sweden 
is  still  to  a  great  degree  dependent  upon  other  Euro- 
pean countries. 

Sulphuric  acid  is  made  largely  in  connection  with 
the  manufacture  of  superphosphate.  In  7  factories, 
with  39  workmen,  there  was  an  annual  output  of 
35,108  metric  tons  (metric  ton  =  2,204.6  pounds). 
Twenty  years  before  the  output  was  but  4,000  tons. 
The  output  nearly  covers  the  domestic  demand.  Py- 
rites is  used  chiefly  in  the  works,  and  is  imported  from 
Norway  and  Spain.  There  is  also  a  considerable 
consumption  of  Sicilian  sulphur. 

There  is  but  one  factory  for  caustic  soda  and  bleach- 
ing-powder.  Both  articles  are  imported  chiefly,  as 
is  also  the  case  with  soda  and  its  various  by-products 
and  derivatives.  In  the  list  of  salts,  however,  there 
is  one  notable  exception  in  the  case  of  potassium  chlo- 
rate. This  compound,  so  important  in  the  domestic 
match  industry  and  in  the  maufacture  of  explosives, 
is  now  one  of  the  leading  staple  products  of  Sweden 
and  is  extensively  exported.  The  electrolytic  pro- 
cess by  which  it  is  produced  was  devised  in  1893  by 
Director  O.  Carlson,  who  started  the  first  electro- 
chemical establishment  in  Sweden.  In  1900  the  two 
factories  employed  215  workmen,  and  the  chlorate 
produced  was  valued  at  $214,000.  In  1909  imports 
of  chlorate  had  sunk  to  207  tons,  and  the  Swedish 
factories  were  not  only  meeting  the  home  demand 
but  exporting  annually  1,400  tons  to  other  countries. 


The    industry    uses    potassium    chloride    from    Stasslurt 
as   its   raw    material. 

Carlson's  method  is  an  advance  upon  preceding  pro- 
cesses for  the  electrolysis  of  alkaline  chlorides,  as  he 
does  not  use  diaphragms  in  the  electrolytii  bath  and 
maintains  a  continuous  operation  Cathodi  ol  irOB 
arc  employed,  but  the  anodes,  which  were  originally 
of  carbon,  are  now  of  platinum-iridium  gauze.  For- 
merly the  baths  were  kept  slightly  alkaline  b 
dit  ions  of  caustic  potash  or  lime.  Now  they  are  kept 
slightly  acid,  as  free  hypochlorous  acid  favors  the 
formation  of  chlorate.  Small  amounts  of  potassium 
bichromate  are  also  added  to  prevent  the  reduction 
on  the  cathode  of  the  potassium  hypochlorite  pri- 
marily formed.  The  process  is  noteworthy  as  the 
sole  important  instance  where  an  electrolytic  method 
has  proved  to  be  economically  superior  to  an  old, 
established  process  of  chemical  manufacture  and  has 
effectually  displaced  it.  In  Germany  only  one  fac- 
tory has  tried  to  maintain  its  manufacture  of  potas- 
sium chlorate  by  the  old  process,  using  Deacon  Chlo- 
rine. In  England  the  old  process  is  likewise  being 
gradually  abandoned. 

FERTILIZERS. 

Agriculture  is  highly  developed  in  Sweden,  one- 
half  of  the  population  being  engaged  in  tilling  the 
soil,  and  the  demand  for  artificial  fertilizers  is  exten- 
sive. Although  there  are  large  amounts  of  apatite 
in  the  country,  it  is  impossible  to  compete  with  the 
raw  phosphate  brought  from  Florida,  Algiers,  and 
the  Pacific.  About  29,000  tons  of  Chile  saltpeter 
are  imported  annually.  Thomas  slag  is  worked  up 
very  advantageously,  as  some  of  the  Swedish  iron 
ores  are  very  rich  in  apatite  and  yield  with  the  basic 
Bessemer  process  a  very  rich  slag.  Three  factories 
grind  this  slag,  producing  10,000  tons  annually.  As 
the  demand  for  Thomas  iron  is  limited,  the  production 
will  not  increase  materially. 

A  few  years  ago  Prof.  Wiborgh  devised  a  method 
for  utilizing  the  phosphoric  acid  in  the  Swedish  iron 
ores,  which  cany  especially  large  amounts  of  apatite. 
These  ores  are  finely  ground  and  the  resultant  pow- 
der submitted  to  the  action  of  powerful  magnets. 
By  this  means  the  apatite  is  largely  freed  from  the 
iron  oxide.  It  is  then  fused  with  soda  and  the  phos- 
phoric acid  is  brought  into  the  citrate-soluble  form 
of  tetracalcium  phosphate.  The  product  compares 
favorably  with  Thomas  slag  and  even  superphos- 
phate in  fertilizing  efficiency.  A  factory  was  started 
at  Svarton  to  manufacture  the  so-called  Wiborgh 
phosphate,  but  after  a  short  period  the  works  were 
closed. 

There  are  numerous  factories  for  producing  bone 
meal,  as  well  as  bone  fat  and  glue  and  animal  charcoal, 
and  a  few  establishments  for  making  poudrette.  Her- 
ring guano  is  a  staple  article.  At  Gothenburg  and 
its  vicinity  there  are  17  factories  engaged  in  extracting 
herring  oil  and  preparing  the  residual  press  cakes 
for  fertilizer.  The  annual  product  is  valued  at 
$285,000,    of    which    $208,000    is    represented    by    the 
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■  guano.      This  industry  depends  on   the  success  of  the 
annual  herring  catch. 

In  1900  Sweden  consumed  253,132  metric  tons  of 
artificial  fertilizers,  of  which  one-half  were  produced 
at  home.  In  the  course  of  a  decade  the  industry  has 
developed  so  rapidly  that  there  is  now  a  surplus  of 
superphosphate  available  for  export,  amounting  to 
17,000  tons  in  1909. 

EXPLOSIVES. 

The  manufacture  of  explosives  constitutes  one  of 
the  leading  industries  of  Sweden,  largely  owing  to 
the  genius  and  inventive  ability  of  Nobel.  In  ad- 
dition to  dynamite  his  other  leading  invention,  bal- 
listite,  a  smokeless  gunpowder  consisting  of  a  gelatin- 
ized mixture  of  nitroglycerin  and  guncotton,  is  manu- 
factured. Originally  the  Nobel  Co.  jirepared  this 
powder  from  equal  parts  of  the  two  constituents. 
It  is  now  made  from  one  part  nitroglycerin  and  three 
parts  guncotton.  A  small  amount  of  diphenylamine 
is  often  added.  Gelatinization  is  effected  by  means 
of  a  mixture  of  alcohol  and  ether  (2  to  1). 

Another  distinctively  Swedish  explosive,  Lamm's 
bellite,  is  manufactured  to  a  limited  extent.  Its  base  is 
dinitrobenzene,  and  it  belongs  to  the  class  of  picrate 
powders.  The  growth  of  this  branch  of  manufacture 
in  Sweden  has  been  remarkable.  In  1870  there  was 
one  factory,  employing  40  workmen,  with  an  annual 
output  of  $34,000.  In  1900  there  were  11  factories, 
with  394  workmen,  and  an  output  of  $724,000. 

COLORING  MATTERS CARBIDE  AND  VANADIUM  SALTS. 

Small  establishments  manufacturing  coloring  mat- 
ters produce  pigments  of  domestic  materials,  lamp- 
black, ochers,  zinc  white,  white  lead,  and  cobalt  blue, 
and  prepare  also,  for  use  in  solution  or  composition, 
the  different  organic  dyestuffs,  imported  chiefly  from 
Germany.  There  are  46  factories,  employing  130 
workmen,  producing  wares  of  an  annual  value  of 
$234,000. 

Acetylene  is  widely  used  in  Sweden,  and  the  car- 
bide industry  was  founded  almost  as  early  as  in  the 
United  States.  Two  factories,  one  at  Alby  arid  the 
other  at  Trollhattan,  with  a  total  of  5,000  horsepower, 
produce  not  only  enough  for  the  needs  of  the  domestic 
market,  but  also  export  annually  about  1,600  tons. 
The  actual  cost  of  production  is  given  as  3  cents  per 
pound. 

Sweden  has  in  the  past  supplied  the  world's  de- 
mand for  vanadium  compounds,  vanadium  chloride 
for  the  aniline-black  dyeing,  and  ammonium  vana- 
date for  use  in  steel-making.  The  exportation  is  now 
much  less  than  formerly,  for  aniline  black  and  copper 
sulphate  and  sulphide  are  more  in  use  now  as  cata- 
lytic agents. 

MATCHES. 

The  match  industry  is  one  of  the  most  important 
in  the  Kingdom  and  has  grown  rapidly.  Twenty 
factories  produced  matches  valued  at  $3,422,000  in 
1909.  Nine-tenths  of  the  total  product  is  exported. 
These   Swedish   matches  are  encountered  all  over  the 


world,  despite  a  very  keen  competition.  The  export 
interests  complain  of  the  high  protective  duties  in 
must  countries.  In  France,  Spain,  and  Greece 
matches  are  a  Government  monopoly. 

The  Swedish  factory  equipment  contains  many 
devices  for  replacing  manual  labor.  Lagerman's 
"complete  machine,"  introduced  in  1892  at  the  Jon- 
koping  works,  is  one  of  the  most  ingenious  labor- 
saving  devices  known.  The  match  splints,  already 
cut  into  the  proper  form  by  other  appliances,  are  fed 
regularly  into  one  end  of  this  machine  and  emerge 
at  the  other  end  a  finished  product,  packed  in  boxes 
ready  for  shipment.  One  such  machine  produces 
hourly  3,600  boxes  of  matches. 

Aspen  wood  is  used  almost  exclusively  in  the  match 
industry.  It  is  easy  to  cut  and  porous  enough  to 
admit  easily  of  impregnation  with  sulphur  or  paraffin. 
The  domestic  supply  of  aspen  of  good. quality  is  now 
seriously  reduced,  and  much  is  imported  from  Finland 
and  Russia.  Most  of  the  chemicals  used — phos- 
phorus, antimony,  sulphur,  and  paraffin — are  im- 
ported. This  was  also  formerly  the  case  with  potas- 
sium chlorate  until  the  recent  establishment  of  the 
Swedish  electrolytic  manufacture.  In  1901  the 
Swedish  Government  forbade  the  sale  in  the  King- 
dom of  matches  made  with  yellow  phosphorus.  At 
present  the  manufacture  of  the  old-fashioned  matches 
is  much  less  than  formerly,  although  the  Jonkoping 
works  produce  a  considerable  quantity  in  which  yel- 
low phosphorus  is  replaced  by  innocuous  phosphorus 
sesquisulphide.  In  manufacturing  the  standard  safety 
matches  of  Sweden  now  the  splints  are  first  soaked 
in  paraffin,  or  in  a  concentrated  solution  of  ammonium 
phosphate.  The  ignition  mass  for  the  heads  consists 
of  potassium  chlorate,  mixed  with  sulphur  or  anti- 
timony  sulphide,  gum,  or  dextrin  in  solution,  and 
small  amounts  of  powdered  glass  and  ferric  oxide. 
Potassium  dichromate  and  manganese  dioxide  are 
occasionally  added  as  oxidizers.  The  friction  sur- 
face on  the  boxes  is  coated  with  a  mixture  of  red  phos- 
phorus,   antimony    sulphide,    and    dextrin    solution. 

The  largest  factories  in  the  Kingdom  are  the  two 
at  Jonkoping  and  the  "Vulcan"  at  Tidaholm. 
Under  their  lead  nearly  all  the  other  manufacturers 
have  combined  to  prevent  undue  competition  and 
facilitate  the  export  trade.  This  latter  is  carried 
on  largely  through  Hamburg  and  London,  which  serve 
as  distributing  points  for  much  of  the  world's  trade 
in  matches.  There  has  been  a  rapid  shrinkage  of 
the  export  of  Swedish  matches  to  Germany,  partly 
as  a  result  of  recent  legislation.  In  1909  the  export 
was   [,655  tons,  and  in  19 10  but  44  tons. 

WOOD    PULP. 

The  manufacture  of  cellulose,  or  wood  pulp,  is 
another  highly  developed  Swedish  industry,  based 
also  primarily  upon  its  forest  wealth.  The  factory 
for  grinding  wood,  established  at  Trollhattan  in  1857, 
was  tin  pioneer  of  the  pulp  industry.  The  prepara- 
tion of  chemical  wood  pulp  was  introduced  in  1871, 
the  soda  process  being  used.  In  1874  came  the  sul- 
phite  process,    Francke  using  calcium  bisulphite,  and 


S  i 


////•    TOURi\   [L  OF    INDUSTRIAL     \ND  ENGINEERING  CHEMISTRY 


igi2 


Bkman    the    magnesium    com] id       Both    oJ    these 

methods  arc  now  utilized,  bu1   thai  oi   Bkman  is  used 

[ess  cm  en  i  on  account  of  its  ".real  it  cosl  ;  the  prod- 
id  is,  however,  oi  a  remarkable  purity  and  gloss, 
and  it  is  preferred  as  raw  materia]  for  the  finer 
qualities  oJ  paper.  Swedish  wood  pulp  ranks  high, 
as  the  wood  employed  aspen  and  spruce  is  freer 
from  resin  than  thai  available  in  most  countries. 
The  pulp  factories  of  Sweden  number  122,  and  in 
1900  employed  o.gio  operatives  and  produced  417,000 
metric  tons  of  pulp. 

The  exports  of  pulp  reached  504,000  tons  in  kjoq, 
as  against  229,000  tons  in  1900,  and  consisted  of 
372,000  tons  of  dry  chemical  pulp,  31,000  tons  of  wet 
chemical  pulp,  46,000  tons  of  dry  mechanical  pulp, 
and  115,000  tons  of  wet  mechanical  pulp.  The  total 
value  of  the  exports  was  $15,372,000.  Great  Britain 
takes  about  60  per  cent,  of  the  export,  other  heavy 
purchasers  being  France,  Norway,  Germany,  Belgium, 
Denmark,   and,   recently,   the   United   States. 

There  has  been  a  serious  overproduction  of  wood 
pulp  during  the  past  three  years  and  prices  have  been 
much  disorganized.  Recently  the  wood-pulp  associa- 
tions of  Sweden  and  Norway  have  agreed  upon  a 
systematic  limitation  of  the  production  of  mechanical 
pulp  for  191 1  and  191 2.  The  prospective  reduction 
during  the  period  ending  January  1,  191 3,  is  fixed 
at  150,000  tons.  No  restriction  is  placed  on  the 
output  of  chemical  pulp.  As  a  result  of  this  agree- 
ment prices  of  mechanical  pulp  have  already  been 
materially  advanced. 

PAPER. 

The  manufacture  of  paper  is  naturally  closely 
allied  with  that  of  cellulose.  In  1909  Sweden  had 
66  paper  mills,  employing  7,725  operatives,  the  pro- 
duction amounting  to  250,000  tons,  of  which  137,510 
tons,  valued  at  $7,346,000,  were  exported.  The 
ratio  of  increase  is  about  the  same  as  that  of  cellulose. 
Of  the  paper  exported,  80  per  cent,  goes  to  Great  Brit- 
ain and  is  used  chiefly  for  newspapers. 

Swedish  filter  paper  for  chemical  purposes  has 
maintained  a  world-wide  reputation  for  a  century. 
For  a  long  period  it  was  regarded  as  indispensable 
for  the  needs  of  the  analyst,  and  the  manufacturers 
enjoyed  a  practical  monopoly.  Rivals  in  other 
countries,  especially  in  Germany,  now  compete  in 
furnishing  a  filter  paper  carefully  freed  by  treatment 
with  hydrochloric  and  hydrofluoric  acids  from  mineral 
matter.  The  remarkable  success  attained  in  earlier 
years  by  the  largest  Swedish  firm  was  due  to  the  use 
of  the  purest  water  available  for  manufacturing  pur- 
poses and  the  choice  of  exceptionally  pure  raw  material. 
The  peculiar  properties  of  the  paper  were  largely 
secured  by  freezing  it  while  in  a  moist  condition. 
The  formation  of  ice  crystals  rendered  the  feltlike 
mass  sufficiently  porous  for  the  purposes  of  rapid 
filtration.  This  Swedish  firm  manufactures  now  a 
very  choice  grade  of  writing  paper,  made  by  simply 
dipping  its  filter  paper  into  sizing. 

ALCOHOL NEW    SOURCE    OF    SUPPLY. 

Another  industry,  that  of  the  manufacture  of  alco- 


hol, is  now   linked   with   the  great  cellulose  mi 

UStomar;  methods  Oi  1  Us1  illal  ion  are  well  de- 
veloped in  the  COUntrj  I  here  were  in  jooo  131  dis- 
tilleries, producing  annually  450,000  hectoliter! 
(r  1,887,650  gallons)  of  spirits  containing  on  an  av 

50  per  cent,  oi  alcohol.      Much  of  this   is   for  use   as   a 
beverage       Oi  the  total  amount  62  per  cent,  is  n 

facturcd  from  potatoes,  35  per  cent     from   mai 
grain,  and  3  per  cent,  from  beets  and  molasses.     There 
were  429  distilleries  in  1875  and  only  131    at  the  close 
of  the  century. 

The  chemists  of  Sweden  have  experimented  in  a 
variety  of.  ways  to  solve  the  problem  of  manufacturing 
alcohol  from  wood  and  thus  find  an  additional  source 
of  revenue  from  the  country's  forest  wealth.  In  the 
production  of  wood  pulp  by  the  sulphite  method 
there  is  a  waste  product  that  the  chemists  have  finally 
been  able  to  utilize  with  profit  in  the  production  of 
alcohol.  The  profitable  utilization  of  the  exhaust 
lyes  drawn  off  from  sulphite  boilers  has  always  been 
a  problem.  For  every  ton  of  cellulose  made  by  this 
process  there  are  10  tons  of  these  lyes.  They  con- 
tain one-half  of  the  weight  of  the  wood  originally 
introduced  into  the  boilers.  Among  the  matters 
present  are  dextrose  and  various  other  sugars,  xylose, 
acetic  acid,  tannic  acid,  nitrogen  compounds,  resins, 
etc.,  as  well  as  the  calcium  lignin-sulphonate,  the 
chief  product  of  the  reaction.  Of  the  sugars 
present  most  are  susceptible  of  fermentation.  They 
constitute  about  1  per  cent,  of  the  lyes.  The  treat- 
ment of  the  liquid  is  comparatively  simple.  It  is  first 
neutralized  with  calcium  carbonate,  after  which 
yeast  is  introduced.  When  the  fermentation  is  com- 
plete the  alcohol  produced  is  secured  in  the  ordinary 
manner.  The  process  yields  6  gallons  of  alcohol 
(100  per  cent.)  for  1,000  gallons  of  lye.  About  14 
gallons  are  secured  for  every  short  ton  of  cellulose. 

As  may  be  imagined,  methyl  alcohol  and  other  vola- 
tile compounds  are  contained  in  this  crude  alcohol. 
It  is  sold  and  used  a,s  denatured  alcohol  for  heating 
and  technical  purposes.  The  excise  rates  in  Sweden 
have  been  adjusted  so  as  to  aid  this  new  industry.  If 
the  process  were  extended  to  all  Swedish  sulphite 
works,  the  annual  output  would  be  about  3,500,000 
gallons.  It  is  doubtful  whether  a  sufficient  demand 
exists  for  this  grade  of  alcohol  to  furnish  a  home 
market  for  such  an  amount.  German  chemists  are 
skeptical  as  to  the  possibility  of  producing  the  alcohol 
economically  under  existing  conditions  in  the  Empire, 
where,  on  the  basis  of  the  Swedish  results,  over 
8,000,000  gallons  could  be  produced  annually. 

In  the  attempts  to  manufacture  alcohol  directly 
from  wood,  investigation  so  far  has  been  directed  to 
the  simple  reaction  involved  in  combining  one  mole- 
cule of  water  with  one  molecule  of  cellulose,  and 
thereby  producing  dextrose,  from  which  alcohol 
is  obtained  by  fermentation.  Chemically,  by  treat- 
ment with  sulphuric  acid  under  pressure,  this 
change  can  be  readily  effected.  From  ordinary 
wood,  alcohol  amounting  to  5  or  6  per  cent, 
of  the  original  weight  can  be  thus  secured.  Pure 
cellulose  yields    15    per  cent.     The  problem   is  essen- 
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tially  of  an  economic  nature.  It  is  claimed  in  Sweden 
that  it  has  been  solved,  and  that  a  method  has  been 
elaborated  for  utilizing  the  waste  of  the  sawmills. 
Details  are  not  given. 

DISTILLATION    OF    WOOD. 

The  distillation  of  wood  developed  at  an  early  day 
in  Sweden,  as  was  to  be  expected  in  a  land  so  rich  in 
forests.  Swedish  tar  was  exported  to  every  land 
and  given  the  preference  for  coating  vessels  and  their 
rigging,  walls,  roofs,  and  roofing  paper.  It  continues  to 
enjoy  its  good  repute,  but  exports  are  less  in  quan- 
tity than  was  the  case  half  a  century  ago.  There 
has  been  renewed  activity  during  the  past  decade. 
The  foreign  trade  in  this  article  shows  the  fluctuations: 
1875,  imports  1,700  and  exports  8,300  metric  tons; 
1900,  imports  1,700  and  exports  3,600  metric  tons; 
1909,   imports   200  and  exports  7,614  metric  tons. 

The  industry  is  now  centered  in  the  northern  sec- 
tion of  the  Kingdom  and  shipments  take  place  chiefly 
from  the  port  of  Umea.  Much  of  the  tar  is  produced 
in  a  small  way  in  old-fashioned  tar  hollows  by  indi- 
viduals or  families.  There  are  some  more  modern 
establishments,  where  iron  retorts  are  installed.  The 
census  of  1900  reported  products  from  such  works 
valued  at  $58,000.  As  the  exports  alone  of  wood 
tar  had  a  value  of  $135,000,  it  is  evident  that  the 
bulk  of  the  output  comes  from  small  producers.  There 
are  now  about  25  firms  engaged  in  the  business,  most 
of  them  carrying  it  on  in  connection  with  extensive 
lumbering  and  wood-pulp  interests. 

The  Skogens  Kolaktiebolag,  at  Kilafors,  is  the  lead- 
ing company  devoted  exclusively  to  wood  distillation. 
It  uses  annually  for  this  purpose  over  100,000  cubic 
meters  of  pine  wood  (cubic  meter  =  35.314  cubic 
feet).  A  good  example  of  the  diversity  of  interests 
carried  on  by  a  Swedish  company  is  seen  in  the  case 
of  the  Stora  Kopparbergs  Bergslags  Aktiebolag,  of 
Falun.  This  company  is  said  to  be  the  oldest  indus- 
trial corporation  in  the  world,  having  received  a  royal 
charter  in  1347  after  a  previous  existence  of  over  a 
century.  For  two  centuries,  prior  to  1750,  it  was  the 
chief  producer  of  copper  in  the  entire  world.  Since 
then,  as  the  copper  supply  diminished,  it  has  devoted 
itself  to  iron,  and  is  to-day  the  leading  producer  of 
iron  and  steel  in  Sweden,  owning  the  largest  iron 
works  in  northern  Europe.  During  the  past  century 
it  gradually  increased  its  land-holdings  until  it  now 
owns  750,000  acres  of  forest  and  has  become  the  lar- 
gest exporter  of  forest  products  in  the  Kingdom.  At 
Skutskar  it  operates  what  is  thought  to  be  the  largest 
sawmill  in  the  world,  and  at  Kvarnsveden  it  lately 
built  a  combined  pulp  factory  and  paper  mill  at  a 
cost  of  $760,000.  Its  annual  dividends  are  14  per 
cent. 

The  Kilafors  Co.  and  a  few  others,  notably  the 
Skanaska  Attikfabriken,  of  Perstorp,  furnish  a  wide 
variety  of  products  obtained  from  the  destructive 
distillation  of  wood.  Their  lists  contain  the  various 
charcoals,  wood  naphtha  of  64  °,  methyl  alcohol  free 
from  acetone,  pyroligneous  acid,  technical  and  crys- 
tallized  acetic   acid,    formaldehyde,    creosote,    carbon- 


ates of  creosote  and  guaiacol,  turpentine,  lampblack 
tar  oil,  carbolineum  (for  the  impregnation  of  wood) 
pitch,  etc.  Little  effort  is  made  to  go  further  in 
the  isolation  of  the  numerous  other  constituents  of 
wood  tar,  or  to  use  those  separated  for  the  manu- 
facture of  higher  derivatives. 

Forty  years  ago  factories  were  started  in  Sweden 
for  the  purpose  of  utilizing  the  stumps  of  spruce  and 
other  conifers,  by  subjecting  them  to  destructive 
distillation.  Apart  from  tar,  etc.,  it  was  sought  to 
secure  more  particularly  the  crude  wood  oil,  used  in 
place  of  turpentine.  This  branch  of  manufacture 
has  not  been  very  successful,  as  it  has  not  been  possible 
to  free  the  product  from  a  pronounced  burnt  odor. 
At  present  six  small  factories  carry  on  this  distil- 
lation. The  production  of  resin  and  turpentine  is 
strangely  limited  for  a  country  so  rich  in  conifers  as 
Sweden.  There  is  an  annual  import  of  400  tons  of 
turpentine. 

PRODUCTION    OF    COAL    TAR. 

There  are  27  gas  works  in  Sweden,  but  with  the 
abundant  water  power  and  cheap  electricity  the  in- 
dustry does  not  expand  rapidly.  At  Gothenburg 
the  annual  per  capita  consumption  is  1,236  cubic 
feet.  At  Stockholm  it  is  3,088  cubic  feet.  Am- 
monia is  collected  in  a  few  works  in  the  form  of  the 
sulphate.  The  tar  from  the  larger  works  is  used  for 
producing  asphalt,  carbolic  acid,  and  creosote  oils, 
chiefly  for  impregnating  wood.  The  domestic  supply 
of  tar  is  insufficient,  and  there  is  an  annual  import 
of  about  2,800  metric  tons.  One  reason  for  the  limited 
production  of  coal  tar  is  the  fact  that  Sweden 
possesses  no  coking  coals  and  is  forced  to  import  coke 
from  abroad.  But  little  is  done  to  carry  on  any 
systematic  separation  of  the  constituents  of  coal  tar, 
apart  from  the  carbolic  acid. 

A  Swedish  firm  has  introduced  a  novel  and  valuable 
feature  into  the  treatment  of  coal  tar.  The  Aktie- 
bolaget  Toh.  Ohlsson's  TeckniskaFabrik,  of  Stock- 
holm, has  solved  the  problem  of  removing  the  car- 
bon from  coal  tar.  The  black  color  of  tar  is  due  to 
the  presence  of  a  large  amount  of  carbon  in  an  ex- 
tremely finely  divided  state.  It  constitutes  about 
one-quarter  of  the  weight  of  the  crude  material.  As 
the  liquid  tar  has  about  the  same  specific  gravity  as 
the  solid  carbon,  the  latter  remains  suspended.  The 
firm  in  question  has  succeeded  in  completely  isolat- 
ing the  carbon  from  the  liquid  constituents  of  tar, 
leaving  the  latter  in  the  form  of  a  clear,  transparent, 
gold-brown  liquid.  Such  a  purified  tar  is  evidently 
much  better  adapted  for  fractional  distillation  than 
the  crude  material,  and  should  facilitate  the  separa- 
tion of  the  hydrocarbons  and  other  compounds  with 
a  high  boiling  point,  an  operation  rendered  difficult  in 
the  process  of  ordinary  tar  distillation,  owing  to  the 
foaming  caused  by  the  fine  carbon  toward  the  end  of 
the  operation. 

The  carbon  separated  by  the  Ohlsson  process  is 
totallv  different  from  lampblack  in  its  physical  proper- 
ties and  is  distinctly  of  a  graphitic  nature.  When 
pressed    int<>   a   compact   form   it   furnishes   admirable 
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ele<  trodes  for  arc-  lighting  and  also  for  electrochemical 
work.  It  could  probably  be  used  with  equal  advan- 
tage in  making  crucibles,  as  it  possesses  marked  su- 
periority over  retort  graphite. 

Details  arc-  withheld  with  regard  to  the  method 
used  for  effecting  the  separation.  In  all  probability 
light  hydrocarbons  are  added  to  the  tar  to  lower  its 
specific  gravity,  and  the  actual  separation  is  brought 
about  by  the  use  of  centrifugals.  The  added  hydro- 
carbons can  be  removed  by  distillation  from  the  re- 
sidual liquid  tar.  This  process  is  worthy  of  careful 
study,  owing  to  its  possible  bearing  upon  the  isolation 
of  the  more  complicated  higher-boiling  constituents 
of  coal  tar. 

SUGAR. 

Despite  the  northerly  climate  and  various  other 
unfavorable  conditions,  the  production  of  beet  sugar 
in  Sweden  has  increased,  until  sugar  importation 
has  practically  ceased.  Beginning  with  i  factory 
in  1876,  there  are  now  20  in  active  operation,  the 
largest  producing  120  tons  daily.  The  total  annual 
production  is  about  130,000  tons.  There  are  9  sugar 
refineries  employing  2,402  operatives.  All  factories 
employ  the  diffusion  process.  The  industry  is  located 
entirely  in  the  lower  end  of  the  peninsula.  Seed  is 
brought  from  other  more  favored  lands.  The  average 
yield  of  sugar  is  very  high,  taking  all  factories  into 
consideration,  being  3.5  metric  tons  per  hectare  (2.47 
acres).  The  average  yield  in  France  and  Belgium  is 
3.2  tons  and  in  Germany  4  tons.  The  industry  has 
been  fostered  by  a  protective  tariff,  amounting  at 
present  to  1.82  cents  per  pound.  The  rate  of  duty 
has  varied  at  different  times,  but  has  never  been 
less  than  1.6  cents.  A  helpful  factor  in  establishing 
new  factories  has  been  the  remission  for  five  years 
of  all  taxes  on  such  works  when  built  at  least  19  miles 
from  any  existing  factory. 

STARCH,     GLUE,    GELATIN    AND    YEAST. 

Starch  is  manufactured  on  a  somewhat  extensive 
scale,  chiefly  from  potatoes.  There  are  95  factories, 
producing  a  total  of  7,580  tons  annually.  This  meets 
the  entire  domestic  demand.  A  large  share  of  the 
product  is  changed  into  glucose  and  used  for  conserves. 
Glue  and  gelatin  are  likewise  produced  in  nearly 
sufficient  quantity  to  meet  domestic  needs.  There 
are  13  factories,  employing  223  workmen,  and  pro- 
ducing wares  valued  annually  at  $300,000.  Yeast 
is  made  in  several  factories,  the  annual  ouptut  being 
2,785  tons. 

OILS. 

In  1900  there  were  14  oil  factories,  emplojdng  159 
operatives.  The  annual  product  was  11,736  tons  of 
oil  cake  and  4,418  tons  of  linseed  and  rape  oil,  as 
well  as  small  quantities  of  fish  oil  and  train  oil.  In 
1909  Sweden  imported  16,904  tons  of  animal  and 
vegetable  oils,  872  tons  of  train  oil,  684  tons  of  oleine, 
and  8,017  tons  of  fats. 

One  Swedish  specialty  in  this  branch  deserves  note. 
The  "  Collanoljefabriken  "  has  produced  for  a  number 
of  years  an  oil  very  highly  valued  for  treating  leather 


and  rendering  it  waterproof.  'I'Ih'  composition  and 
manufacture  arc  kept  secret,  but  it  is  supposed  to  bi 
extracted  from  certain  tropical  plants.  The  oil  is 
extremely  viscous,  can  be  drawn  out  in  long  strings, 
and  repels  water  to  a  most  pronounced  degree.  As 
a  leather  preservative  it  seems  to  render  exceptional 
service. 

MISCELLANEOUS. 

The  soap  industry  is  highly  developed.  There 
are  42  factories  producing  annually  13,000  tons  of 
soft  soap  and  3,700  tons  of  hard  soap.  Excellent 
toilet  soap  is  manufactured  in  a  few  establishments. 
Imports  of  soap  are  relatively  small.  In  some  fac- 
tories the  production  of  scents  is  also  extensive,  the 
annual  output  being  valued  at  $200,000.  This  is 
about  six  times  the  value  of  the  imports  of 
scents. 

The  candle  industry  is  so  developed  that  it  prac- 
tically supplies  the  domestic  demand.  There  are 
3  factories,  employing  312  workmen.  The  annual 
product,  which  includes  also  stearin,  is  valued  at 
$6,188,000.      The  imports  are  insignificant. 

The  domestic  demand  for  varnish  is  very  nearly 
covered  by  Swedish  works.  They  number  15  and 
employ  91  workmen. 

The  manufacture  of  cement  has  grown  rapidly  of 
late  years  and  is  now  an  exporting  industry.  In  6 
works  1,336  operatives  are  employed.  The  annual 
output  of  126,000  tons  has  a  value  of  $1,130,000. 
About  one-third  of  this  is  exported,  chiefly  to  the  adja- 
cent countries. 

There  are  Swedish  concerns  engaged  in  the  manu- 
facture of  lactic  acid,  lanolin,  fruit  essences,  cosmetics, 
and  pharmaceutical  preparations,  and  some  of  the 
last  named  are  of  international  repute.  Liquid  car- 
bonic acid  is  made  in  three  factories,  the  total  annual 
output  being  415  tons. 

MINING    AND    METALLURGY. 

The  mining  and  metallurgical  interests  are  so  closely 
connected  with  chemical  industries  that  a  few  data 
are  appended.  In  1902  30,700  workmen  were  em- 
ployed, of  which  14,600  were  employed  in  mining 
proper,  including  10,500  in  the  iron  mines. 

The  quantities  of  ores  and  minerals  produced  in 
1902  were  as  follows,  in  metric  tons:  Iron  ores, 
2,897,000;  lead  and  silver  ores,  9,400;  copper  ores, 
30,000;  zinc  ores,  49,000;  manganese,  2,800;  clays, 
216,000;  feldspar,  18,000;  coal,  305,000.  In  1908  the 
production  of  iron  ore  had  increased  to  4,713,000 
metric  tons,    of  which  3,444,000  were  exported. 

Metals  were  produced  in  1908  as  follows,  in  metric 
tons:  Pig  iron,  556,000;  iron  and  steel  bars,  ingots, 
blooms,  etc.,  772,000;  zinc,  274;  lead,  277;  copper, 
2,807.  Silver  to  the  extent  of  1,389  pounds  and  gold 
to  the  extent  of  44  pounds  were  also  produced. 

Iron  constitutes  95  per  cent,  of  the  value  of  the 
metallic  output.  Most  of  the  companies  engaged 
in  the  production  of  iron  and  steel  are  partners  in 
the    Jarnkontoret,     an     association     that     represents 


Jan.,  1912 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


57 


a  peculiar  valuable  method  of  organization  for  mutual 
aid  and  protection.1 

IMPORTATION  OF  CHEMICAL  GOODS. 

In  the  following  table  a  detailed  statement  is  given 
of  the  imports  of  chemicals,  drugs,  dyes,  and  raw  ma- 
terial used  in  their  manufacture,  as  furnished  by  the 
annual  re_port  of  the  Swedish  customs  administration 
for  1909. 


Articles. 

Metric 
tons. 

Articles. 

Metri< 
tons. 

Fats 

8,017 

16,904 

111,485 

872 

Soap: 

Toilet 

Celluloid 

11 
8 

46 

14 

4,302 

412 

260 

3 

186 

2,782 

22 

200 

2 

Fluorspar 

529 

57 

672 

728 

.      78,049 

102 
91 

Varnishes 

24 
340 

137 

46 

Alizarin 

Annatto 

Blacking 

Bronze  powder 

Bronze    and    chromium 

colors  

Catechu 

Cinnabar 

Coal-tar  colors 

Colors  in  tubes  and  glass 

Dyewoods 

Gall  apples 

Indigo: 

Extract 

Synthetic 


Alum: 

Chrome 

Potassium 

Alum  cake 

Alumina 

Aluminum  sulphate  . 

Ammonia 

Ammonium: 

Carbonate  of . . . 

Chloride  of 

Nitrate  of 

Sulphate  of 

Antimony 

Argols 

Arsenic,  white 


123 


110 
207 

15 
687 

13 
503 

16 


COLORS,  ETC. 

64  Lampblack 

11  Lithopone 

Paints 

Printers'  ink: 

Black 

Colored 

Quebracho  wood 

Red  lead 

Red  ocher 

Sumach  and  extract . . 

Tanning  materials 

White  lead 

Zinc,  white 

Other  colors 


Bleaching-powder 

Boric  acid 

Bromine  and  bromides. 

Carborundum 

Cement 

Chloi  of  orm 

Citric  acid 

Cobalt  oxide 

Copper    sulphate     (blue 

vitriol) 

Ferrocyauides 

Ferrous  sulphate  (green 

vitriol) 

Formalin 

Glycerin 

Graphite 
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CHEMICALS. 

Hydrochloric  acid 

65  Iodine  and  iodides 

29  Lanolin 

349  Lead  acetate 

4  Lime 

,  024  Lysol 

13  Magnesium: 

Chloride  of 

137  Sulphate  of 

226  Naphthalene 

11  Nitric  acid 

76  Nitric  ether 

118  Nitrobenzene,       mirban 

19  oil 

13  Opium 

365  Oxalic  acid 

,018  Phosphorus 

76  Phosphoric  acid 

10  Potash,  caustic: 

3  Liquid 

,776  Solid 

6  Potassium: 

14  Carbonate  of 

3  Chlorate  of 

Chloride  of 

104  Chromate  of 

11  Cyanide  of 

Nitrate  of 

945  Sulphate  of 

5  Sulphide     of     (incl. 
Na2S) 


214 
442 


Quinine  preparations. 


960 
149 


5,245 
1,003 

542 

56 

6,286 

510 
2,692 
2,563 


61 
1,146 


425 
140 


1,312 

207 

1,805 


1.3 


1  A  report  covering  the  workings  of  the  Jarnkontoret,  or  Iron  Insti- 
tute, and  the  progress  it  has  made  in  the  reduction  of  iron  ore  in  electric 
blast  furnaces  was  published  in  Daily  Consular  and  Trade  Reports  for 
July  19,  1911. 


Metric 

Metric 

Articles. 

tons. 

Articles. 

tons. 

4 
4 

Sulphur: 

Crude 

Salicylic  acid 

23 , 255 

Salt: 

59 

Crude 

2, 

174 

3,521 

24 

,143 

Sulphuric  acid: 

9 

Soda,  caustic: 

Fuming 

509 

Solid 

1 

,111 

1,446 

Liquid 

8 

Superphosphate 

2,845 

13 

,490 

Tartaric  acid 

Thorium  nitrate 

36 

Sodium: 

1.7 

36 
3 

Tin  and  lead  oxides.  .  .  . 
Tin  salts 

58 

1 

8 

Water  glass 

405 

28 

,894 

Zinc 

8 

Sulphite  and  hypo- 

50 

Other  chemical  prepara- 

Sulphate of 

20 

,226 

tions 

1,444 

It  will  be  seen  from  the  table  that  Sweden  offers 
a  fairly  good  market  for  a  great  variety  of  chemical 
products.  Germany  is  the  chief  source  of  supply. 
The  United  States  furnishes  78,143  tons  of  the  petro- 
leum, 4,314  tons  of  lubricating  oils,  3,913  tons  of 
molasses,  812  tons  of  fats,  1,157  tons  of  cottonseed 
oil,   1,543  tons  of  corn  oil,  and  284  tons  of  other  oils. 

EXPORTATION  OF  CHEMICAL  GOODS. 

In  the  following  table  are  shown  the  Swedish  ex- 
ports in  1909  of  chemicals  and  goods  in  the  manu- 
facture of  which  chemicals  are  used: 


Metric 

Articles.  tons. 

Fats 735 

Oils  and  olein 1,299 

Coal  tar 4,461 

Wood  tar 7,614 

Turpentine,  crude 191 

Feldspar 16,575 

Rennet 61 

Soap 59 

Lampblack 392 

Red  ocher 216 

Tanning  extracts 196 

Matches     (value,    $3,050,- 

000) 26,868 

Paper 137,510 


Metric 

Articles.  tons. 

Wood  pulp 564,000 

Ammonium  sulphate 331 

Calcium  carbide 1 ,  556 

Cement 33,197 

Copper  sulphate 182 

Ferrocyanides 69 

Potassium  chlorate 1 ,400 

Sodium: 

Chlorate  of 483 

Sulphate  of 598 

Sulphuric  acid 203 

Superphosphate 17 ,  245 

Tin  and  lead  oxides 60 


THE    FUTURE    FOR    SWEDISH    PRODUCTS. 

From  the  foregoing  table  it  is  evident  that,  apart 
from  the  magnificent  array  of  its  wares  based  upon 
wood  as  a  primary  material,  Sweden  has  already 
begun  to  export  in  quantity  several  other  products 
of  its  chemical  industry.  The  chief  representa- 
tives in  this  class  are  cement  and  superphosphate, 
supplied  chiefly  to  adjacent  countries,  and  the  chlo- 
rates and  calcium  carbide,  products  of  the  recently 
established  electrochemical  works.  It  is  likely  that 
the  exportation  of  the  latter  products  will  steadily 
expand  and  that  Sweden  will  become  a  strong  com- 
petitor in  the  world's  markets  for  electrochemical 
products  on  account  of  the  cheap  water  power.  That 
its  paper  and  pulp  exports  will  continue  to  increase 
is  likewise  probable.  While  for  the  moment  the  match 
trade  shows  no  evidence  of  a  check,  there  is  less  con- 
fidence in  its  future  growth.  Tariffs,  fiscal  regulations, 
and  an  increasing  power  and  efficiency  among  foreign 
competitors  are  threatening  to  restrict  the  field  of 
operations   very   seriously.      For    the    time   being    the 
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United  Kingdom  and  the  British  Colonics  arc  the 
besl  customers  of  the  Swedish  match  trade. 

EXPORTS    TO    THE    UNITED    STATES. 

The    values   of    the   exports   of   chemical    products 
bhe   United   States  in   tour  years,    1907-1910,  were 
as  follows: 

Articles.                         1907.  1908.  1909.  1910. 

Cement $  4 1,000  $  7,000  

Chemicals    (chiefly    caustic 

alkalies) 6,000  4,000  $     7,000  $   13,000 

Fusel  and  tar  oil 2,500  5,400 

Glue 3,000  

Matches 112,000  124,000  207,000  157,000 

Paper 276,000  496,000  850,000  623,000 

Wood  pulp: 

Chemical 1,318,000  1,636,000 

Mechanical 499,000  1,060,000  4,500 

*  The  United  States  purchases  Swedish  bar  iron  to 
the  amount  of  over  $1,000,000  annually,  and  about 
$600,000  worth  of  wire  rod,  as  well  as  smaller  quan- 
tities of  several  other  forms  of  the  metal.  The  ex- 
port of  Swedish  ferrosilicon  to  the  United  States 
was  valued  at  $5,000  in  1909,  while  in  1910  it  had 
attained  a  value  of  $51,000.  Of  much  greater  in- 
terest is  the  sudden  increase  of  the  American  demand 
for  Swedish  iron  ore.  The  value  of  the  importations 
ranged  from  $12,000  to  $32,000  during  the  period 
1907-1909.  In  1910  the  figure  reached  $983,000. 
For  a  number  of  years  past  America  has  purchased 
Swedish  pig  iron  to  an  average  annual  value  of  $90,000. 

IMPORTANCE    OF    THE    SWEDISH    MARKET    FOR    CHEMICAL 
GOODS. 

As  the  American  manufacturers  of  heavy  and  finer 
chemicals  approach  the  point  of  competing  with  Ger- 
many and  Great  Britain  in  the  world's  markets,  they 
will  find  in  the  Swedish  trade  an  important  field.  For 
the  time  being  there  is  an  opportunity  to  extend  trade 
in  colors,  paints  and  pigments,  blacking,  varnishes, 
and  a  few  similar  articles,  the  value  of  which  is  already 
appreciated  in  Sweden.  The  consumption  of  quinine 
preparations  is  also  relatively  large. 

The  outcome  of  the  Swedish  studies  in  the  electric 
smelting  of  iron  ores  may  mean  much  for  certain  iron 
deposits  in  the  United  States  where  conditions  are 
not  unlike  those  existing  in  Sweden. 


FUEL  ECONOMY  IN  FACTORIES.1 

By  C.  E.  Lucke. 

Received  November   13,    1911. 

Maximum  economy  in  the  use  of  fuel  as  one  of  the 
primary  raw  materials  in  manufacturing  is  to  be 
measured  by  the  least  consumption  per  unit  of  manu- 
factured product,  a  statement  ridiculously  easy 
to  make  but  most  difficult  of  realization.  The  difficul- 
ties in  realization  arise  from  the  almost  infinite  variety 
of  combinations  in  the  uses  to  which  the  heat  liberated 
by  combustion  may  be  put,  and  the  relation  of  heat 
quantities    entering    into    each    of    the    different    uses 

1  Address  delivered  at  the  joint  meeting  of    the  A.  C.  S.,  S.  C.  I  and 
A.  E.  S.,  New  York,  November  10,  1911. 


ol  tin'  heat,  the  difficulty  in  ineasureiiieii  I  oi  heat 
'I1'  mtities,  and  the  bulkiness  of  the  records  of  the  hi 
balance  required  to  keep  track  of  the  heat  disposi- 
tion in  the  establishment.  No  one  would  think  for  a 
moment,  in  conducting  the  financial  operations  of 
a  business,  of  dispensing  with  records  of  expenditures 
and  income  or  fail  to  provide  a  more  or  less  elaborate 
cost  system  for  distributing  the  expense  over  the 
various  parts  of  the  apparatus  used  in  production 
and  for  dividing  cost  of  the  products  into  the  different 
elements  that  make  it  up.  No  one  would  think  of 
attempting  to  economically  manufacture  a  steam 
engine  without  providing  for  a  regular  systematic 
determination  of  the  cost  of  the  crank-shaft  and  in 
some  instances  for  the  distribution  of  the  cost  into 
elements  of  raw  steel  from  which  it  was  made,  the 
operations  of  forging,  machining,  transporting  and 
handling,  and  for  the  fixing  of  the  overhead  charges, 
all  of  which  are  determinable  items,  and  to  which 
may  be  added  many  others  of  lesser  importance, 
carrying  the  process  as  far  as  the  information  is  worth. 
Cost  information  is  worth  as  much  as  the  possible 
saving  in  cost  of  production  to  which  the  information 
leads,  so  that  manufacturing  managers  must  use  and 
do  use  their  best  judgment  in  deciding  how  far  they 
will  detail  their  cost  records,  but  it  will  be  difficult 
to  find  one  who  would  attempt  to  carry  on  his  business 
without  cost  records  as  elaborate  as  the  conditions 
warranted.  It  is  quite  the  same  with  fuel  economy, 
that  is,  so  far  as  need  of  records  is  concerned  but  by 
no  means  the  same  in  practice.  There  can  be  no 
rational  attempt  made  toward  fuel  economy  in  a  given 
system  of  manufacture  using  fuel  without  a  knowledge 
of  the  distribution  of  the  heat  of  that  fuel  throughout 
the  establishment,  and  it  is  no  more  difficult  to  trace 
the  heat  throughout  a  system  supplied  with  heat 
than  it  is  to  trace  expenses  for  material  and  labor 
in  a  crank-shaft  or  fly-wheel  relating  each  to  the  total 
expense  incurred,  though  it  is  quite  possible  that  the 
information  may  not  be  worth  enough  to  warrant  as 
complete  a  distribution  of  the  expense  of  heat  supply 
or  as  elaborate  a  system  of  records  as  would  be  war- 
ranted in  the  case  of  labor  or  materials  entering  di- 
rectly into  the  factory  product.  However,  there  can 
be  no  question  as  to  the  absolute  necessity  for  some 
heat  accounting  to  determine  the  coal  heat  charge  to 
be  attached  to  each  individual  process  using  heat 
and  to  show  sources  and  quantities  of  utilizable  waste 
heat,  however  simple  the  system  of  the  accounting 
may  be,  nor  can  there  be  any  doubt  as  to  the  increas- 
ing justification  for  more  and  more  elaborate  records 
as  coal  cost  forms  an  increasing  fraction  of  the  total 
cost  of  production.  How  many  factories  there  are 
in  which  no  more  records  of  heat  are  kept  than  the 
cost  of  coal  per  month  is  impossible  to  state  in  the 
absence  of  statistics,  but  according  to  my  own  observa- 
tions the  number  will  be  very  large,  probably  in  excess 
of  three-quarters  of  the  total  establishments.  It  is 
not  surprising,  therefore,  that  maximum  heat  economy 
is  so  seldom  attained  or  that  managers  are  so  constantly 
besieged  and  bewildered  by,  and  so  much  dependent 
upon,  the  statement  of  promoters  of  all  sorts  of  schemes 
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who  promise  to  accomplish  most  impossible  economies 
and  yet  whose  absurd  arguments  cannot  be  answered 
because  of  absence  of  data.  How  many  managers, 
having  under  their  direction  steam  plants  for  power, 
know  the  cost  of  their  draft  sufficiently  closely  to  be 
in  a  position  to  judge  the  value  of  a  new  draft  system 
offered  for  their  consideration?  How  many  know 
even  the  cost  of  the  power  itself  so  as  to  be  in  a  posi- 
tion to  judge  a  new  power  system  offered  as  a  substitute  ? 
•It  is  safe  to  say  that  those  who  have  data  of  the  above 
sort  constantly  up  to  date  are  far  less  in  number 
than  those  who  know  the  total  cost  of  their  product 
and  its  fractional  part  of  overhead  charges,  labor 
and  materials  and  yet  every  one  will  claim  a  desire 
for  fuel  economy. 

Heat  accounting  is  necessary.  How  much  account- 
ing depends  upon  the  fraction  of  total  production 
cost  chargeable  to  fuel  in  one  form  or  another  and 
through  these  accounts  economy  may  be  affected 
most  readily  by  attacking  first  the  big  losses  or  items 
of  large  heat  waste.  In  this  way  and  only  in  this  way 
may  the  best  results  be  obtained  from  a  given  installed 
system  in  operation  or  the  relative  value  of  a  competing 
system  judged,  as  a  preliminary  to  a  change  of  system. 
In  many  cases  it  will  be  found  that  managers  believe 
they  have  records  of  their  heat  distribution  and  power 
cost  but  these  figures  are  what  their  so-called  operating 
engineer  hands  them.  It  is  most  curious  how  the 
engine  room  cost  figures  are  so  seldom  subjected  to 
critical  analysis  and  checking  to  make  sure  that  they 
include  all  the  items  that  are  properly  chargeable 
to  that  account  or  to  insure  the  correctness  of  the 
items  that  are  reported.  This  is  in  striking  contrast 
to  the  care  with  which  so-called  factory  cost  systems 
will  be  installed  and  operated  by  experts  in  the  same 
establishment  which  is  satisfied  with  the  accounting 
of  a  skilled  mechanic  called  an  engineer  for  its  power 
and  heat  cost. 

Economy  is  then  always  a  question  of  accounting, 
that  is,  correct  accounting  as  elaborate  as  the  con- 
ditions may  warrant  in  every  establishment.  The 
attainment  of  maximum  economy  is,  however,  also 
largely  a  question  of  the  operating  system  used. 
It  is  one  thing  to  know  for  a  given  plant  in  operation 
where  the  heat  losses  are  and  how  much  they  are; 
it  is  another  thing  to  know  how  to  reduce  these  losses 
in  the  existing  system  by  modifying  the  detail  of 
management  or  even'  altering  connections  or  sub- 
stituting new  units,  but  it  is  quite  a  different  thing 
to  know  when  or  how  to  change  the  system  as  a  whole 
to  an  entirely  different  one  or  how  to  compare  broadly 
existing  with  possible  new  systems. 

In  a  general,  discussion  of  fuel  economy,  it  seems 
as  if  the  question  of  system  ought  to  be  put  in  the 
first  place,  especially  if  it  can  be  shown  that  there 
is  any  fundamental  and  essential  differences  in  the 
losses  involved  and  hence  in  the  net  fuel  economy 
Df  the  system  applied  to  a  factory.  It  may  be'assumed 
that  in  a  factory  fuel  enters  directly  or  indirectly 
!nto  four  classes  of  services,  all  of  which  are  essential 
to  the  making  of  the  product: 

1 .   Power. 


2.  Factory  heating  in  cold  weather. 

3.  Factory  lighting. 

4.  Direct  manufacturing  processes,  such  as  heating, 
cooling,  evaporating,  condensing,  melting  and  drying. 

In  a  given  establishment  the  system  involving 
all  these  processes  may  be  self-contained  or  may  be 
externally  sustained.  A  system  is  self-contained 
when  all  four  classes  of  service  may  be  derived  from 
the  same  coal  supply.  It  is  not  self-contained  when 
it  is  partly  or  wholly  dependent  upon  external  supplies 
as,  for  example,  gas  for  lighting  alone,  electricity  for 
lighting  alone,  or  for  power  in  addition,  and  perhaps 
for  high  temperature  fflrnace  work  with  coal  for  the 
other  services.  In  all  systems  where  coal  is  used  in 
manufacturing,  its  heat  is  rarely  applied  directly 
to  the  service  to  which  it  is  ultimately  put,  but  its 
heat  is  usually  transferred  in  part  to  steam  or  trans- 
formed in  part  to  combustible  gases,  giving  in  the 
former  case  the  steam  system  of  heat  distribution 
and  in  the  second  case  the  gas  system.  Where  heat 
of  coal  is  directly  applied  to  such  service  as  high 
temperature  heat  supply,  that  service  can  always 
be  better  done  by  gas  derived  from  the  coal  in  just 
about  the  same  degree  of  gain  in  efficiency  as  in  the 
gas  over  the  coal-fired  cook  stove.  There  is  one  ex- 
ception to  this,  however,  and  that  is  where  fixed 
carbon  enters  as  a  necessary  element  in  a  thermal 
reaction,  but  these  cases  are  so  clearly  exceptional 
as  to  need  no  comment. 

The  primary  process  in  the  use  of  heat  is,  therefore, 
the  making  of  steam  on  the  one  hand,  or  the  gasifying 
of  coal  on  the  other,  and  the  direct  loss  encountered 
in  either  of  these  processes  is  the  first  factor  for  measure- 
ment and  record  in  the  heat-accounting  system.  This 
first  step  of  conversion  may  be  made  to  take  place 
with  an  average  efficiency  of  65  per  cent,  to  75  per 
cent,  for  the  steam  system,  depending  on  the  coal, 
the  goodness  of  the  firing  and  the  type  of  equipment, 
and  an  efficiency  from  75  per  cent,  to  85  per  cent, 
for  the  gas  system,  showing  a  clear  gain  of  about 
10  per  cent,  for  the  gas  system  on  the  average  for  this 
first  step,  with,  however,  a  limitation  and  this  limi- 
tation is  the  inability  of  the  producer  to  handle  as 
wide  a  range  of  fuel  with  equal  success  to  that  at- 
tainable in  the  boiler. 

Steam  once  made  is  transmitted  in  pipes  for  short 
distances  only  and  under  high  pressure  with  constant 
heat  loss  for  every  foot  and  involving  high  mainte- 
nance charges,  on  its  way  to  engines  for  shaft  power 
or  electrical  generation.  The  gas,  however,  may  be 
transmitted  at  low  pressure  over  very  long  distances 
to  all  the  buildings  of  large  establishments  or  to 
neighboring  establishments  several  miles  away  or 
from  a  central  gas  generating  station  dozens  of  miles 
distant  through  pipes  cheaper  than  those  required 
for  steam  and  with  almost  no  maintenance  cost  in 
comparison.  This  pipe  distribution  cost  is  the  next 
item  in  the  accounting  and  without  setting  down 
numerical  values  is  again  plainly  in  favor  of  the  gas 
system,  which  involves  no  heat  loss  whatsoever  while 
the  steam  involves  a  large  one  and  in  which  the  pipe 
maintenance  costs  are  hardly  comparable  at  all. 
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The  next  step  is  the  conversion  into  work,  in  the 
ine,  ol  the  heat  carried  by  either  the  gas  or  the 
Steam,  and  lure  the  balance  is  again  in  favor  of  gas 
as  the  gas  engine  is  a  much  more  efficient  heat  con- 
verter  than  the  steam  engine  in  the  small  sizes  found 
in  the  average  factory  and  even  in  larger  sizes  also, 
though  there  to  a  lesser  degree.  Few  factories  would 
find  any  occasion  to  use  engine  units  exceeding  1000 
h.  p.,  which  size,  operated  condensing,  whether  of 
the  turbine  or  compound  Corliss  sort,  will  yield  thermal 
efficiencies  less  than  20  per  cent.,  whereas,  operated 
non-condensing,  these  efficiencies  would  drop  to  at 
least  15  per  cent.  A  smaller  steam  engine  of,  say, 
100  h.  p.,  will  be  less  efficient  and  the  turbine  would 
not  be  so  good  as  the  piston  type,  though  the  differ- 
ence would  not  be  so  very  great.  For  this  size  the 
efficiency  that  could  be  counted  on  would  be  about 
15  per  cent,  operated  condensing  and  not  over  10 
per  cent,  operated  non-condensing.  Compare  these 
efficiencies  with  the  sure  and  substantially  constant 
thermal  efficiency  for  the  gas  engine  in  all  sizes,  of 
25  per  cent.,  which  indicates  a  margin  in  favor  of  the 
gas  of  at  least  5  per  cent,  for  large  steam  engines 
condensing,  10  per  cent,  for  the  smaller  condensing 
and  also  for  the  large  non-condensing  and  15  per 
cent,  for  the  small  non-condensing  steam  engines. 
These  efficiencies  are  not  the  best  ever  obtained  but 
are  about  as  good  as  one  can  count  on  obtaining  in 
factory  work.  Of  course,  load  fluctuations  will 
affect  the  result  but  these  figures  are  for  a  load  equally 
favorable  to  the  two  classes  of  machines. 

If  electricity  is  generated  and  transmitted  for 
lighting  or  for  use  in  electric  motors  the  efficiency 
of  electrical  generation,  transmission  and  reconver- 
sion to  power  and  light  is  the  same  for  both  systems. 
It  is  right  here,  however,  that  another  item  may 
be  put  on  the  credit  side  of  the  account  in  favor  of  gas 
and  one  that  is  not  generally  or  sufficiently  appreci- 
ated, arising  from  the  possibility  of  eliminating  some 
of  the  electrical  equipment,  if  not  all.  If  machines 
are  to  be  driven  in  various  distant  parts  of  the  es- 
tablishment there  is  no  reason  why  we  should  not 
do  as  has  been  done  more  often  in  Germany,  and  that 
is  to  set  down  small  individual  gas  engines  at  the 
spot  where  power  is  required  and  transmit  gas  with 
practically  no  loss  instead  of  generating  electricity 
and  transmitting  it  to  electric  motors  with  three 
losses.  This  would  not  only  save  the  expense  of  the 
electrical  equipment  but  would  save  all  electrical 
losses,  which  are  often  considerable,  especially  when 
generator  and  motor  work  at  unfavorable  loads. 
This  is  a  perfectly  feasible  proposition  and  will  give 
substantially  the  same  efficiency  of  conversion  as  is 
obtainable  in  a  single  large  central  engine,  a  fact 
that  distinguishes  the  gas  system  more  than  any- 
thing else  from  the  steam  system.  Concentration 
of  many  small  steam  engines  into  a  single  large  one 
always  results  in  steam  economy,  a  fact  which  has 
led  to  constant  concentration  of  steam  systems  into 
larger  and  larger  central  generating  units,  so  that 
the  steam  may  be  regarded  as  a  centralizing  influence 
whereas,  on  the  contrary,  the  constancy  of  gas  engine 


efficiencies    in    large   or   small    sizes   must   characterize 
the   gas   system   as   a    decentralizing   influence    in    the 

interests  of  eeonomy. 

next  the  question  of  factory  lighting  of  the 
self-contained  system,  which  may  be  electrical  with 
current  supplied  by  cither  steam-  or  gas-driven  genera- 
tors and  which  can  be  only  electrical  for  steam  engine- 
driven  generators  but  which  may  be  something  else 
when  gas  is  available.  There  is  no  good  reason  lor 
assuming  that  mantle  lights  of  fair  brilliance  and 
moderate  gas  consumption  cannot  be  produced  to 
operate  on  weak  producer  gas  for  factory  lighting 
and  as  soon  as  they  become  available,  as  they  surely 
will  when  the  demand  becomes  pressing  enough, 
mantle  gas  lighting  with  producer  gas  will  displace 
to  a  very  large  extent  electric  lighting  in  those  es- 
tablishments where  the  gas  system  is  used  for  power 
and  heat  and  gas  transmission  substituted,  at  least 
in  part  for  electric.  This  sort  of  change  while  not 
feasible  now,  because  of  the  lack  of  development  of 
weak  gas,  mantle  lights,  will  add  another  credit 
item  in  favor  of  the  complete  gas  system  and  the 
possible  gain  in  fuel  economy  for  lighting  should  be 
incentive  enough  to  produce  these  lights  and  warrant 
their  quite  general  use. 

Heating  of  buildings  is  almost  universally  accom- 
plished by  means  of  steam-  or  water-heated  radiating 
surfaces  at  a  temperature  of  200  degrees  Fahrenheit 
or  thereabouts  and  there  is  no  good  reason  for  changing 
the  system.  The  preparation  of  this  low-pressure 
steam  or  moderately  hot  water  can  be  done  with 
equal  efficiency  by  either  the  gas  or  steam  system 
in  cold  weather,  though  the  latter  again  receives  a 
credit  charge  for  all  the  rest  of  the  year  when  heat 
is  not  required.  For  example,  if  the  exhaust  steam 
from  steam  engines  is  used  it  must  be  at  approximately 
atmospheric  pressure  to  give  a  high  enough  tempera- 
ture, or  live  steam  must  be  used  either  alone  or  added 
through  reducing  valves  as  make-up.  In  any  case 
the  heat  put  into  the  heating  system  gives  about 
100  per  cent,  effect  in  the  warming  of  buildings, 
especially  when  drips  are  returned.  This  is  also 
the  case  for  the  gas  system  as  jacket  water  heat  and 
exhaust  gas  heat  can  be  combined  for  the  same  purpose 
and  fresh  gas  drawn  upon  through  thermostatic  gas 
burners  to  supply  any  deficiency.  By  either  method 
the  effect  is  the  same,  full  use  of  waste  heat  and  100  per 
cent,  efficiency  in  the  use  of  fresh  supplies  of  heat  in 
the  warming  of  the  building.  During  the  time  of  no 
building  heat  requirement,  which  in  this  locality  lasts  for 
more  than  half  the  year,  the  waste  heat  of  the  steam 
engine  is  far  in  excess  of  that  of  the  gas  engine,  es- 
pecially if  the  former  be  non-condensing  as  is  usually 
the  case  where  exhaust  steam-heating  systems  are 
in  use  so  that  measured  over  the  whole  year  the  gas 
system  is  again  most  favored. 

There  remains  now  to  examine  the  possibilities 
of  credit  or  debit  items  for  the  two  systems  in  ap- 
plying the  heat  to  the  direct  manufacturing  processes, 
which  may  be  for  convenience  divided  into  low  tem- 
perature heating  and  high-temperature  heating,  the 
former  including  most  of  the  evaporating  and  drying 
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processes  and  the  latter  roasting,  baking,  melting 
etc.  All  low-temperature  processes  can  be  carried 
on  by  steam-jacketed  chambers  or  steam  coil  apparatus. 
using  live  or  exhaust  steam,  a  fact  that  has  led  to 
the  design  and  mechanical  perfection  of  many  appli- 
ances now  regarded  as  standard  and  for  which  there 
is  no  gas-heated  equivalent.  There  is  no  good  reason, 
however,  why  equivalent  apparatus  should  not  be 
quite  as  effectively  designed  and  with  efficiencies 
over  go  per  cent,  for  operation  with  gas  burners  bu1 
like  the  mantle  light  the  need  has  not  yet  been  strong 
enough  to  warrant  their  production.  vSuch  evaporators 
concentrators,  cookers  and  driers  as  fall  in  this  class 
will,  when  «as-heated.  offer  still  further  simplification 
of  piping  and  reduction  of  piping  loss  over  their 
steam-heated  equivalents  and  should  be  equally  effect- 
ive. High-temperature  heating  can  be  accomplished 
only  by  oil,  piped  illuminating  gas  or  independent 
coal  fires  with  the  steam  factory  system  while  the  gas 
system  offers  a  possibility  of  producer  gas-fired  furnaces 
for  practically  all  services  and  with  almost  perfect 
temperature  control  better  by  far  than  is  possible 
with  oil  or  coal  and  more  economical  because  excess 
air  and  incomplete  combustion  can  both  be  eliminated. 
Thus,  for  the  heating  processes  of  manufacture, 
the  gas  system  offers  the  same  high-temperature 
source  of  heat,  a  gas  fire,  for  all,  while  the  steam  system 
requires  fresh  fuel  for  the  high  temperatures,  accom- 
plishing the  low- temperature  service  with  live  or  ex- 
haust steam,  but  the  former  is  not  an  accomplished 
fact  simply  because  no  one  is  yet  prepared  to  sell 
gas-fired  appliances  to  take  the  place  of  steam-heated 
ones. 

Comparing  gas  and  steam  systems  broadly  by 
summarizing  the  preceding  brief  analysis,  it  appears 
that  the  self-contained  factory  plant  may  be  much 
more  economically  operated  by  the  former  than  by 
the  latter  for  all  the  services  of  power,  lighting,  build- 
ing and  process  heating,  but  this  is  not  all,  for  there 
is  also  in  favor  of  the  gas  a  very  great  simplicity 
in  the  heat  balance  determination  for  the  gas  over 
the  steam  so  very  great  as  to  make  it  easier  to  keep 
up  the  operating  economy  nearer  to  the  high  possi- 
bility by  quick  and  easy  determination  of  wastes. 
For  example,  by  means  of  a  central  gas  meter  and 
as  many  individual  distributing  meters  as  the  separate 
consumptions  of  gas,  the  gas  generated  may  be  easily 
known  as  well  as  its  distribution  throughout  the 
plant  for  all  purposes  by  no  more  complicated  pro- 
cedure than  the  reading  of  meter  dials  which  any 
good  boy  can  do.  Add  to  this  recording  calorimeters, 
and  gas  meter  readings  can  be  reduced  by  one  multi- 
plication to  heat  consumed  by  each  part  of  the  sys- 
tem. With  such  a  ready  check  on  consumptions 
and  losses,  it  is  sure  that  heat-accounting  will  be 
practiced  because  the  cost  of  the  account  will  be  so 
small  and,  therefore,  the  plant  may  be  and  will  be 
operated  at  somewhere  near  its  good  economy  point. 
This  is  in  most  striking  contrast  to  the  case  of  the 
steam  system  where  the  possible  economy  is  not 
only  less  but  where  in  addition  the  realized  economy 
is  so  much  below  its  own  maximum  possibility  simply 


because  of  the  difficulty  of  making  the  measure- 
ments necessary  to  a  heat  balance  with  reasonable 
accounting  costs.  In  the  first  place  it  is  impossible 
to  continuously  measure  the  heat  supplied  in  steam 
generated  because  there  is  no  reliable  and  cheap 
steam  meter  available  and  even  if  there  were,  the 
heat  equivalent  of  a  pound  of  steam  constantly  varies 
with  feed  temperature,  steam  pressure  and  its  wetness 
or  superheat.  Pipe  line  losses  can  be  determined 
only  by  collecting  and  weighing  drips;  steam  consump- 
tions of  other  appliances  and  their  heat  equivalents 
is  a  question  of  many  recording  steam  meters,  steam 
calorimeters,  thermometers,  pressure  gauges  and  auto- 
matic water  weighers.  To  keep  up  all  the  instruments 
of  this  sort  that  would  be  needed  so  that  they  will 
remain  reasonably  accurate  and  to  make  the  calcu- 
lations of  combining  the  various  readings  to  get  a 
heat  balance  would  in  most  cases  cost  more  than 
the  information  would  be  worth  though  a  partial 
record  is  always  a  paying  thing  when  designed  to 
include  the  big  items. 

Why  is  it  then,  in  view  of  both  the  higher  possible 
economies  of  the  self-contained  gas  factory  system 
for  the  four  classes  of  factory  service  and  the  corre- 
spondingly easier  and  cheaper  fuel-accounting  that 
would  follow  its  use,  that  there  is  to  be  found 
no  such  system  in  use?  The  answer  is  as  complex 
as  a  detailed  study  of  the  systems,  but  a  few  facts 
stand  out  more  prominently  than  others:  First, 
there  must  be  put  the  inertia  of  the  human  mind, 
which  resists  the  mental  effort  necessary  to  bring 
about  a  change  when  things  seem  to  be  running 
fairly  well  in  the  older  way.  There  is  always  a 
latent  suspicion  that  the  new  thing  may  not  work 
however  clear  a  case  is  made  out  for  it  on  paper, 
and  even  if  the  manager  himself  is  convinced  in 
the  light  of  his  trained  ability  for  clear  independent 
thought,  he  may  not  be  able  to  convince  his  board 
of  directors  who  are  ordinarily  incapable  of  thinking 
in  terms  of  anything  but  past  performances  of  the 
factory,  however  willing  they  may  be  to  deal  in  the 
futures  of  stocks  and  bonds.  So  far  there  has  been 
in  this  particular  case  some  good  reason  for  suspicion, 
not  of  the  scientific  engineering  possibilities  but  of 
the  business  expediency  of  a  general  change  because 
of  the  lack  of  standardization  or  mechanical  perfec- 
tion of  some  of  the  needed  appliances.  We  have  no 
producer  gas  mantles  for  lighting,  no  gas-fired  evapora- 
tors, concentrators  or  driers,  and  most  important  of 
all,  we  have  no  universal  gas  producer  capable  of 
economically  vising  any  available  solid  fuel,  but  it 
is  for  us  to  make  these  things,  and  my  main  object 
in  speaking  on  this  subject  is  to  stimulate  their  pro- 
duction by  showing  a  motive.  Let  the  gas  appliance 
makers  get  to  work  on  the  problem  of  adapting  ap- 
paratus for  all  the  manifold  services  of  lighting  and 
heating  to  the  use  of  weak  producer  gas  and  let  us 
all,  chemists  and  engineers,  try  to  solve  the  gas  pro- 
ducer problem.  Progress  in  the  perfection  of  appli- 
ances for  using  producer  gas  will  stimulate  the  demand 
for  the  ri.^ht  sort  of  gas  producer  to  generate  it,  and  the 
appearance  of  the  producer  on  the  market  will  force 
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tin-  creation  ol  gas  burning  industrial  apparatus 
so  that  each  reacts  on  the  other.  As  soon  as  the 
industrial  world  concerned  with  fuel  economy  in 
manufacturing  demands  these  things  in  a  sufficiently 

and  positive  manner  they  will  be  produced. 


DEFLOCCULATION.1 
By  Edward  G.  Acheson. 
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It  is  with  much  diffidence  that  I  come  before  you  to 
ak  on  a  subject  that  has  not  yet  emerged  from  the 
embryonic  state.  M\  latest  experimental  researches 
had  to  do  with  it;  I  believe  it  will  rapidly  grow  in  im- 
portance in  the  scientific  industrial  world;  and  finally 
much  work  of  a  strictly  scientific  character  remains 
to  be  done  to  reduce  the  fragmentary  knowledge 
we  now  have  of  it  to  an  exact  science. 

In  my  labors  devoted  to  working  out  and  developing 
industrial  and  commercial  projects,  1  have  upon 
several  occasions  found  reactions,  conditions  and 
results  that  did  not  harmonize  with  the  accepted 
theories  and  formulae  of  scientific  men.  Being 
an  earnest  believer  in  publicity,  in  order  that  any 
possible  benefits  that  might  accrue  to  the  common 
welfare  may  the  more  quickly  be  enjoyed,  I  shall 
lay  before  you  a  detailed  account  of  my  experiments 
on  the  deflocculation  of  inorganic  bodies.  It  will 
become  very  evident,  as  my  story  unfolds,  that  through- 
out the  series  of  experiments  described  and  the  work- 
ing hypothesis  employed,  I  was  wholly  disregarding 
the  prevailing  theories,  and  that  I  unconsciously 
entered  the  field  of  colloids. 

Having  worked  out  the  problems  involved  in  the 
manufacture  of  graphite  from  coal  and  other  car- 
bonaceous materials,  I  undertook,  in  the  summer 
of  1 90 1,  the  introduction  of  this  artificially  made 
graphite  into  the  crucible  trade.  My  first  efforts 
were  devoted  to  the  making  of  a  satisfactory  crucible 
of  my  graphite,  using  as  a  binding  material  American 
clays.  Many  failures  were  met  with,  and  I  found 
it  difficult  to  locate  the  cause  of  the  failure,  whether 
with  the  graphite  or  with  the  clay.  I  soon  learned  that 
the  manufacturers  of  crucibles  in  the  United  States 
invariably  used,  as  a  binding  agent  for  the  graphite 
in  the  crucible  body,  clays  imported  from  Europe. 
I  secured  samples  of  these  imported  clays,  and  found 
them  much  superior  to  the  American  ones  in  plasticity 
and  tensile  strength. 

Chemical  analysis  failed  to  disclose  the  cause  of 
the  physical  differences  existing  in  the  clays.  The 
question  involved  interested  me  greatly,  and  I  decided 
to  endeavor  to  determine  what  produced  the  varia- 
tions. I  found  it  generally  stated  in  the  books  that 
residual  clays  were  non-plastic,  and  sedimentary 
clays  were  more  or  less  plastic.  Here  was  the  starting 
point.  Plasticity  was  developed  by  or  during  the 
act  of  transportation  from  the  point  of  formation  to 
the  final  resting  place  of  the  clay.  I  did  not  believe 
there  was  anything  in  the  simple  act  of  the  suspension 
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forests  into  the  running  waters.  With  this  idea  in 
view,  I  made  a  lew  experiments  with  those  substances 
I  thought  likely  to  he  found  in  the  washings  of  vegeta- 
tion. One  of  my  early  experiments  was  to  treat 
kaolin  with  a  solution  of  tannin,  rind  I  at  once  noticed 
less  water  was  needed  to  produce  a  given  degree  of 
fluidity;  also  that  the  tensile  strength  and  plasticity 
were  increased. 

"Tests  were  made  on  the  increased  tensile  strength 
of  clay,  as  the  result  of  treatment  with  organic  matter, 
and  it  was  found  that  briquettes  made  of  Harris 
kaolin  and  dried  at  1200  C.  would  break  with  a  load 
of  5.73  kilograms  per  square  centimeter,  while  the 
same  clay,  after  treatment  with  2  per  cent,  of  catechu 
for  a  period  of  ten  days,  then  formed  into  briquettes 
and  drieol  at  1200  C,  would  not  break  until  the  load 
was  increased  to  19.75  kilograms  per  square  centi- 
meter— an  increase  of  more  than  244  per  cent. 

I  now  began  to  wonder  whether  or  not  the  effect 
I  had  discovered  was  known,  as  it  might  have  much 
value  to  an  industry  of  such  colossal  dimensions  and 
antiquity  as  clay-working.  Moreover,  it  would  be 
amazing  if  it  should  not  be  known,  in  view  of  the  tre- 
mendous amount  of  experimental  work  that  had  been 
done  on  that  art.  I  searched  for  some  record  of  the 
addition  of  organic  matter  to  clay  during  its  working, 
and  only  one  instance  could  I  find,  that  of  the  Egyp- 
tians in  brick-making,  as  recorded  in  the  fifth  chapter 
of  Exodus.  The  accepted  theory  of  using  straw 
fiber  as  a  mechanical  binding  agent  had  never  appealed 
to  me.  Straw,  however,  contains  no  tannin,  and  the 
effect  I  had  found  had  always  been  produced  with 
tannin,  or  a  substance  containing  tannin.  I  procured 
some  straw,  boiled  it  with  water,  decanted  the  re- 
sultant reddish  brown  liquid,  and  mixed  it  with  clay. 
The  result  was  like  that  produced  with  tannin,  and 
equal  to  the  best  I  had  obtained.  It  now  seemed 
likely  that  the  Egyptians  were  familiar  with  the 
effect  I  had  discovered,  and  believing  this  was  why 
they  used  straw  in  making  brick  and  were  successful 
in  substituting  stubble  for  the  straw,  I  called  clay 
so  treated  "Egyptianized  Clay."        * 

The  effect  of  organic  matter,  as  typified  by  tannin, 
in  producing  deflocculation  and  a  resultant  colloidal 
state  of  clay  is  very  readily  shown;  for  instance,  I 
have  here  some  powdered  kaolin,  a  small  quantity 
of  which  I  will  place  in  a  test  tube,  add  water,  and 
after  shaking,  set  aside.  Another  portion  of  the  kaolin 
I  will  put  into  a  beaker,  and  moisten  with  a  water 
solution  of  tannin,  to  which  a  small  amount  of  ammonia 
has  been  added.  After  a  thorough  mixture  has  been 
made,  using  a  glass  rod  to  stir  with,  to  eliminate  as 
much  as  possible  any  grinding  action,  I  will  add  more 
water  and  divide  the  contents  of  the  beaker  between 
two  test  tubes.  To  one  of  the  tubes  containing  tannin- 
treated  clay  I  will  add  a  little  common  table  salt. 
The  three  tubes  I  will  place  here  before  you,  that  we 
mav  examine  them  later. 


Jan.,  i  q  1 2 


THE    JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


63 


In  the  Summer  of  iqo6  I  succeeded  in  making 
artificially  a  high-grade  graphite  which  I  wished  to 
make  applicable  to  all  kinds  of  lubrication.  To  meet 
the  various  demands,  it  would  be  necessary  to  have 
it  remain  diffused  in  liquids  lighter  than  itself;  for 
instance,  water  and  petroleum  oils.  Recalling  the 
effect  of  tannin  on  clay,  which  caused  it  to  remain 
diffused  in  water,  I  treated  a  sample  of  my  graphite 
with  tannin,  and  found  the  same  effect  occurred. 
The  graphite  being  black,  it  makes  a  better  lecture 
demonstration  than  the  clay  I  have  shown  vou,  and 
I  will  repeat  my  experiments,  using  graphite.  I  have 
here  a  sample  of  artificially  made  graphite,  which 
has  been  disintegrated  to  a  fineness  that  will  permit 
it  to  pass  through  a  sieve  having  40,000  meshes  to 
the  square  inch.  I  will  introduce  a  small  quantity 
of  it  into  a  test  tube,  add  water  and,  after  shaking, 
set  aside.  Another  sample  I  will  place  in  a  beaker 
and  moisten  with  a  solution  of  organic  matter,  and 
after  thoroughly  stirring  with  a  glass  rod,  I  will  add 
water  and  divide  it  between  two  test  tubes,  to  one  of 
which  I  will  add  table  salt.  These  three  tubes  I  will 
place  beside  those  holding  the  clay,  to  be  examined 
later. 

The  actual  amount  of  deflocculating  effect  produced 
on  the  graphite  in  the  beaker  is  very  small  indeed. 
In  commercial  work  considerable  mastication  and 
time  are  required.  I  have  here  a  bottle  containing 
water  having  two-  to  three-tenths  of  1  per  cent,  of  its 
weight  in  deflocculated  graphite;  the  deflocculation 
having  been  produced  by  a  treatment  similar  to  that 
I  have  applied  to  the  graphite  in  the  beaker,  and  a 
little  of  it  being  poured  on  a  filter,  you  see  the  black 
liquid  running  into  the  test  tube  below  the  filter. 
The  paper  retained  none  of  the  graphite  on  its  upper 
surface,  all  of  it  having  passed  into  and  through  the 
paper.  I  will  now  add  two  or  three  drops  of  acid 
to  the  black  liquid  in  the  tube,  and  after  warming 
over  a  spirit  lamp,  will  throw  it  on  another  filter  paper, 
and  you  now  see  a  clear,  colorless  liquid  descending 
into  the  tube  below  the  filter.  This  is  the  water 
in  which  the  graphite  in  a  deflocculated  condition 
was  diffused;  the  graphite  having  been  flocculated 
by  the  acid  is  now  retained  on  the  upper  surface  of 
the  filter  paper.  The  effect  I  have  produced  with 
the  acid  could  have  been  produced  with  a  solution 
of  salt,  lime  water,  or  any  one  of  that  large  list  of 
substances  known  as  electrolytes,  even  so  weak  an 
acid  as  carbonic  acid  if  caused  to  bubble  up  through 
water  carrying  deflocculated  graphite  will  cause 
flocculation  and  sedimentation. 

Upon  being  deflocculated,  the  graphite  is  diffused 
through  the  water  in  a  colloidal  state,  and  I  have 
samples  of  deflocculated  graphite  in  water  which 
have  stood  for  more  than  two  years  without  showing 
an}-  settling,  notwithstanding  the  graphite  is  < 
and  two-tenths  times  heavier  than  water. 

I  have  been  able  to  obtain  this  same .  effect  on 
natural  graphite,  amorphous  alumina  and  silica, 
lampblack,  and  my  manufactured  product — Siloxicon, 
which  is  an  amorphous  body  having  the  formula 
Si,C20.     The    effect    can    be    produced    with    a    long 


list  of  organic  bodies;  for  instance,  tannin  or  organic 
substances  containing  tannin,  also  with  solutions 
containing  the  gum  of  the  peach  and  cherry  tree, 
or  extracts  from  straw  and  grass.  The  off-fall  from 
the  barnyard  proved  to  be  very  efficient.  I  speak 
1  >t  these  organic  substances  as  agents  when  used  to 
produce  deflocculation,  and  they  act  as  protective 
colloids  to  the  deflocculated  body. 

Some  minutes  have  now  passed  by,  and  we  will 
examine  the  tubes  containing  the  clay  and  the  graph- 
ite. We  find  the  clay  that  had  been  mixed  with 
plain  water  has  settled.  The  mixture  of  clay,  water, 
organic  matter  and  salt  has  also  cleared,  while  the 
tube  containing  the  clay,  water  and  organic  matter 
remains  muddy.  In  like  manner  the  tube  containing 
the  disintegrated  graphite  in  water  has  cleared;  the 
second  one  containing  water,  graphite  and  organic 
matter  remains  black;  while  the  third  tube,  which 
was  set  up  the  same  as  the  second,  but  had  a  little 
salt  added  to  it,  has  cleared.  Apparently  a  great 
affinity  existed  between  the  organic  and  the  inorganic 
substances  introduced  into  the  water.  The  inorganic 
body  abstracted  the  organic  from  the  water,  and  in 
doing  so,  was  deflocculated.  Each  particle  as  it  was 
thrown  off  was  enveloped  in  an  aqueous  jelly  of  the 
organic  agent,  or  at  least  such  was  the  working 
hypothesis  I  followed  to  arrive  at  my  results,  and 
I  find  it  difficult  to  think  of  this  breaking  up  stopping 
short  of  the  final  subdivision  with  the  resultant  separa- 
tion into  individual  molecules,  or  the  smallest  particles 
into  which  a  body  can  be  subdivided  without  loss 
of  identity. 

As  I  have  already  stated,  I  deflocculated  clav  in 
the  year  1901  and  graphite  in  1906  and  immediately 
afterwards  a  number  of  other  bodies.  I  early  under- 
stood I  was  producing  colloidal  conditions  of  these 
bodies,  but  not  until  the  summer  of  the  present  year, 
iqii,  did  I  read  any  treatise  on  colloids,  being  familiar 
with  this  state  of  matter  only  in  a  very  general  way. 
During  the  summer  I  procured  a  copy  of  the  book 
"Colloids  and  the  Ultramicroscope"  as  written  by 
by  Dr.  Richard  Zsigmondy  and  translated  into  Eng- 
lish by  Jerome  Alexander,  of  Xew  York.  1  found 
the  book  extremely  interesting,  and  at  once  wished 
to  have  a  sample  of  my  deflocculated  graphite  sub- 
jected to  ultramicroscopic  examination.  Mr.  Alex- 
ander kindly  undertook  the  examination.  He  found 
the  graphite  in  the  deflocculated  condition  to  be  in 
a  true  colloidal  state,  the  particles  being  in  rapid 
motion,  and  he  estimated  their  average  size  in  linear 
dimensions  to  be  75  millimicrons.  Seventy-five  milli- 
microns are  seventy- live  millionths  of  a  millimeter, 
and  it  would  require  slightly  more  than  13,000  of  the 
particles  to  extend  one  millimeter.  Now,  the  particles 
ol  disintegrated  graphite,  used  as  the  crude  material 
from  which  to  produce  deflocculated  graphite,  pass, 
as  I  have  stated,  through  a  sieve  having  40,000  meshes 
to  the  square  inch  and  their  maximum  linear  dimen- 
sions are  such  that  it  would  require  13  of  them  to  ex- 
tend one  millimeter.  Hence,  the  particle  of  disin- 
tegrated graphite  is  one  thousand  times  greater  in 
linear   dimension    than   the    deflocculated   one.      These 
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are  figures  thai  certainly  tesl  our  powers  of  apprecia- 
tion. 

I  have  been  asked,  "Why  don'1  you  speak  of  the 
graphite  as  colloidal?"  Knowing  now  thai  it  is  in  a 
oidal  state,  I  speak  of  it  as  being  colloidal,  but 
when  I  am  speaking  of  my  process  I  am  talking  of 
a  method  of  producing  deflocculation.  When  does 
thai  process  of  deflocculation  stop?  Is  it  short  of 
the  final  subdivision  and  the  throwing  off  of  the 
molecule?  I  think  not.  I  believe  we  are  here  dealing 
with  molecules.  Their  size  may  not  agree  with  what 
they  should  be  as  computed  in  accordance  with  ac- 
cepted theories,  but,  nevertheless,  I  cannot  conceive 
the  subdivision  once  started,  in  the  presence  of  sufficient 
deflocculating  agent,  will  stop  short  of  the  final, 
with  the  freeing  of  the  molecule  and  the  creation  of 
the  colloidal  state. 

How  did  all  this  I  have  been  telling  you  come  to 
happen?     The  following  quotation  aptly  tells  how: 

"It's  generally  the  fellow  who  doesn't  know  any 
better  who  does  the  thing  that  can't  be  done.  You 
see  the  blamed  fool  doesn't  know  it  can't  be  done, 
so  he  goes  ahead  and  does  it." 


THE  CHEMIST  AND  THE  COTTON  SEED  OIL  INDUSTRY  IN 
AMERICA.1 

By  David  Wesson. 
Received  November  14,  1911. 

Few  industries  have  made  greater  progress  during 
the  past  forty  years  than  the  manufacture  of  cotton 
seed  oil  and  by-products  of  the  cotton  seed. 

Without  indulging  too  much  in  statistics,  we  need 
only  compare  the  amount  of  seed  crushed  in  1872 — 
52,000  tons — with  the  average  annual  crush  of  the 
present  time — 4,000,000  tons. 

To  put  it  another  way,  in  1872  4  percent,  of  1,317,000 
tons  were  crushed,  while  the  average  crush  of  to-day 
is  662/3  per  cent,  of  4,qoo,ooo  tons.  This  put  into 
dollars  would  mean  that  in  1872  the  farmers  received 
not  over  $8.00  per  ton  from  the  mills  or  $416,000 
total,  while  at  $20.00  per  ton  for  seed,  a  conserva- 
tive price  for  to-day,  the  mills  are  paying  annually 
$80,000,000. 

The  growth  of  the  industry  is  shown  in  the  following 
table: 


Per  cent. 

50  gal.  bbls 

Year. 

Seed  worked. 

of  crop. 

of  oil. 

1872 

52,705 

4 

35,000 

1880 

235,404 

9 

175,000 

1890 

873,702 

25 

690,000 

1900 

2,479,386 

53 

1 

,920,000 

1910 

4,000,000 

66 

3 

,200,000 

The  rapid  growth  shown  above  is  due  to  several 
causes,  such  as  increase  of  population  in  the  country 
and  the  increasing  demand  for  edible  fats  in  all  parts 
of  the  world,  but  the  chief  cause  has  been  the  work 
of  the  chemist  which  has  made  the  oil  edible  and  has 
cheapened  the  cost  of  production,  while  the  cost  of 
the  raw  material,  the  cotton  seed,  has  been  constantly 
increasing. 

1  Presidential  Address  delivered  before  the  Society  of  Cotton   Products 
Analysts.  Chemists'  Club,  New  York.  June,  1911. 


When  (lie  speaker  first  saw  crude  cotton  see.l  ,,il 
in  the  spring  of  1884,  tin  1  hi  uu-.ts  employed  by  the 
oil  mills  and  refini  ries  I  ould  be  counted  on  the  finders 
of  one  hand.  11  near  chemists  were  included  the 
fingers  ol  both  hands  would  have  been  sufficient. 

Apparently  the  first  chemists  were  employed  in 
connection  with  the  refineries,  mill  worl  I con- 
sidered a  mechanical  problem  pure  and  simple. 

The  refining  methods  at  that  time  were  very  crude 
and  purely  empirical.  Caustic  soda  solution  was 
added  in  varying  amounts  according  to  the  ideas  of 
each  individual  refiner;  in  one  case,  for  instance, 
the  strength  of  the  lye  was  judged  by  feeling  a  drop  be- 
tween the  fingers. 

The  refining  losses  were  tremendous.  Oil  was 
refined  with  12-14  per  cent,  loss  which  now  is  easily 
handled  inside  of  8  per  cent.  The  finished  oil  was  as 
a  rule  tainted  more  or  less  by  soap  stock,  and  no  two 
lots  were  alike.  The  refiner  was  entirely  dependent 
upon  the  character  of  the  seed  for  the  color  and  flavor 
of  his  product.  One  season  all  oil  might  be  prime, 
while  next  season  most  of  the  oil  might  be  off. 

White  oils  were  produced  in  the  early  days  by  treat- 
ing the  yellow  oil  from  alkali  refining  with  sulphuric 
acid,  followed  byr  an  alkaline  wash.  Some  people 
used  permanganate  of  potash  or  bichromate  of  potash 
and  sulphuric  acid.  The  resultant  oil  was  white 
but  not  very  edible. 

In  1 88 1- 1 88 2,  fuller's  earth  was  first  used,  making 
a  white  oil  superior  to  that  produced  by  what  was 
called  the  acid  treatments.  It  had  a  very  poor 
flavor,  but  never  the  less  large  quantities  were  used 
in  lard  mixing. 

The  introduction  of  an  improved  method  of  refining 
the  oil  in  1900  has  probably  done  more  than  any  other 
factor  to  put  the  industry  on  its  present  basis. 

By  means  of  this  refining  method,  which  for  trade 
reasons  is  kept  secret,  it  is  possible  to  turn  out  a  per- 
fectly neutral  odorless  product  from  the  regular  com- 
mercial oil,  year  in  and  year  out,  putting  refined 
cotton  seed  oil  so  far  as  uniformity  is  concerned  in 
the  same  class  as  granulated  sugar. 

The  high  standard  of  quality  set  by  this  process 
has  made  all  large  refineries  improve  their  methods, 
and  this  has  taken  the  oil  from  the  soap  kettle  and 
put  in  on  the  table  with  consequent  increase  in  value. 

Now  let  us  turn  to  the  oil  mill  end  of  the  business. 
The  first  systematic  examination  of  mill  products 
was  begun  in  1887,  a  year  after  the  formation  of  the 
American  Cotton  Oil  Trust.  Samples  from  the  different 
mills  were  examined  regularly  in  the  writer's  laboratory, 
and  the  oil,  ammonia  and  moisture  determined  in  meal 
and  cake.  The  hulls  were  also  examined  for  meats 
and  imperfect  hulling.  In  those  days  the  cake  was 
sold  on  looks,  soft  yellow  cake  running  14  per  cent, 
or  so  of  oil  being  considered  the  best,  while  bright 
yellow  meal,  running  about  10-12  per  cent,  of  oil, 
was  quite  regular,  though  many  mills  did  much  better. 
Ten  per  cent,  in  cake  was  considered  a  fair  basis 
for  computing  yields.  I  have  before  me  analytical 
results  from  seven  representative  mills  in  Dec,   1888. 
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The  lowest  percentage  of  oil  in  meal  was  8.75,  while      improved  mill  work $3,400,000 

the  highest  was   13.37.  Improved  refining I'™'™ 

T      .        ,  ,,  .  Improved  soap  stock  value 2,688,000 

I  also  have  here  a  table  showing  the  yields  of  about      improved  flavor  of  oil 8,000,000 

fifty    mills    during    the    season    of     1887-1888.     The  

■l„„.         -1 j.  _*:„_     „!,,.„„     •„                            11                  '.i          o  Total  annual  increased  value  of  oil  mill  products  due  to  applied 

best  oil  production  shown  is  44.05  gallons  with   783         chemistiy $16,648,000 

lbs.  of  cake  per  ton,  while  the  poorest  is  33.69  gallons 

and  737  lbs.  of  meal  or  cake.  We    miSht    B°    further    into    the    various    products 

The    highest    cake    production    shown    is     852.63,  made  from  the  oil  and  soap  stock,  but  this  is  sufficient 

while  the  lowest  is  636.38.     These  results  compared  to    show-    though    somewhat    imperfectly,    the    value 

with    present    methods    calling   for    900    lbs.    of    meal  of  our  work  to  the  oil  mills-     0n  the  othc'r  hand'  the 

and  not  over  7  per  cent,  of  oil  left  in  the  same  show  increased  quality  of  the  oil  has  increased  the  demand 

what  an  improvement  has  taken  place  in  the  work  for  »*■  and  the  suPP!y  of  raw  material,  the  seed,  being 

of  the  oil  mills  limited,   has  gone  in  value  from  $8.00  to  $20.00  per 

The  change  in  mill  results  is  mostly  due  to  the  chem-  ton  or  an  increase  of  $12.00  per  ton.     4,000,000  tons 

ist  who  by  constantly  testing  the  products  has  shown  °f  seed  at  $12.00  a  ton  is  $48,000,000  a  year  which  goes 

the  losses,  and  made  necessary  constant  improvements  to    the    tarmer     In    other   words,    chemistry   applied 

in  machinery,  and  care 'in  operating  the  same.  to  the  oil  mil1  business  has  done  three  times  as  much 

,,-.     ..-        ,        .  ,    ,         ,          ,       .,         .,       ...  for  the  farmer  as  it  has  for  the  mills  and  refineries. 

What  the  chemist  has  done  for  the  oil  mills  as  a  TT71                ,     ,    ,                             ,  .                             ,    . 

.    .              i_.e          _.   •      1   ,,              1                    r  11  When  we  look  back  at  our  achievements,   we  feel 

whole   can  be  figured  m  dollars  and  cents  as  follows:  .,  .        .        ,                          ,-,,.,                 ,,   , 

„,  ,        _,     ,     c         ,  .              ,     o       „         .          ,        .  ,  .  something  has  been  accomplished  but  we  well  know 

Old  method  of  working  made  800  lbs.  of  meal  and  left  _.-_               °.„      ,       ,    _          ,    ,    ,                        , 

.     .,         „     ,,         .,                     ,         _  there  is  still  a  hard  struggle  before  we  get  the  business 
in  it  10  per  cent,  of  oil  or  80  lbs.  oil  per  ton  of  seed. 

t.          ..        .1   j           .               11          _■          ,         ,   ,  on  a  secure  basis. 

Present   methods   make    900   lbs.    of   meal   and   leave  >        •».  ■                 . *   ,                       _k 

,     .,                .,              ,.~                 .          „  JNo   sane   miner   would   buy  ore   at   $20.00   per  ton 

7   per  cent,   of   oil  or  6?  lbs.,   a  difference  of    17   lbs.  •_,          ,       •                                             r   ..               ;    - 

,.,            ,                     ,         ,          ,     ,        .  ,  without  having  every  car  very  carefully  sampled  and 

of  oil  saved  per  ton  of  seed  worked.     At  5  cents  per  ,       TT            ,,            ,                         _,         : 

,,_.,.                                       ,  „                         _._•■!  assayed.      He  would  pay  for  no  more  than  its  value 

lb.  this  means  a  saving  of  85  cents  per  ton  of  seed,  ,             ,               ,     .        ___.  , 

_  .,  .,,       .    f  ,  .        .  .as    shown    by    analysis.      With    cotton    seed,    we    all 

or  $3,400,000  on  the  crop,   without  taking  increased  .           ,         ,.■__,       _..      ..       .         ••,_•.•,.. 

.      .    .             .,       ..  know  how  little  attention  is  paid  to  its  intrinsic  value, 

cake  into  consideration.  ,   ,          ...                        ,     c                  ,              _ 

and  how  little  care  is  taken  to  sample  it.     One  per 

If  we  compare  the  old  refining  methods  with  the  cent    oil  in  the  seed  means  $I  QO  per  ton  difference  in 

present   ones,    we   find   instead   of    12    per  cent,    loss,  value,  but  who  ever  heard  of  seed  being  docked  because 

an  average  of   8  per  cent.,    4   per  cent,    of   3,200,000  it  was  poor  in  oil? 

bbls.  worth  5  cents  per  lb.,  $20.00  per  bbl„  or  $2,560,-  Meal  is  being  more   and   more   soW  on  analysis   as 

°°°"  it  should  be,  but  there  is  still  much  to  be  desired. 

The  conversion  of  soap  stock  into  fatty  acids  and  We    have   good    methods   for   soap    stock    analvsis> 

glycerine  has  raised  the  value  of  the  fat  therein  at  but  we  ]ack  a  strktly  scientific  and  at  the  same  time 

least  3  cents  per  lb.,  or  $12.00  per  bbl.  practical  method  for  crude  oil  analysis.      It  is  hoped 

In  refining  3,200,000  bbls.  of  oil,  7  per  cent,  would  we  can  some  day  in  the  near  future  obtain  a  method, 

appear   as    fatty   acids    in    soap  stock — 224,000  bbls.,  the  accuracy  of  which  will  be  commensurate  with  the 

which,  at  $12.00  per  bbl.,  would  be  worth  $2,688,000.  value  of  the  product. 

By  making  the  oil  edible,  $2.50  per  bbl.  is  a  conserva-  Let  us  continue  our  work,  and,  encouraged  by  the 

tive  figure  to  put  on  the  increased  value  of  the  oil  achievements    of    the    past,    endeavor     to    do    better 

on  3,200,000  bbls.     This  amounts  to  $8,000,000  a  year,  in  the  future,  so  we  may  all  be  proud  of  our  membership 

If  we  sum  up  we  find  results  as  follows:  in  the  Society  of  Cotton  Products  Analysts. 


NOTES  AND  CORRESPONDENCE. 


CORRECTION. 
The  Preparation  and  Properties  of  Metallic  Cerium. 
Editor  oj  the  Journal  of  Industrial  and  Engineering  <  hemistry: 

In  your  Vol.  3,  No.  12,  December,  191 1,  pp.  880-897,  ap- 
pears an  article  by  the  writer  on  the  "Preparation  and  Prop 
erties  of  Metallic  Cerium."  In  justice  to  previous  investigators. 
the  writer  would  like  to  make  the  following  corrections: 

Bottom  of   page   881.      "The   following  year   Hillebrand   and 

Norton    published chlorides   of   cerium    and    potassium." 

They  used  sodium-potassium   chlorides  and   cerium  chloride. 

Bottom  of  page  881  "They  succeeded  in  producing  about 
6  grams  of  cerium."  Should  read,  "They  succeeded  in  pro- 
ducing about  6  grams  of  cerium  at  a  single  operation  and  pro- 
duced in  all  about  30  grams  of  the  metal 

Page    886. —  "Earlier    work    on    the    Electrolysis   of    the    An- 


hydrous  Chlorides."  The  method  there  described  is  that  given 
by  Moissan  in  his  (  himie  Minerale  and  is  somewhat  different 
from  the  process  used  by  Hillebrand  and  Norton 

Page  8<)i.  Under  the  heading  "Physical  Properties  of  Metal- 
lie  Cerium"  should  be  inserted  the  following:  "Some  of  the 
physical  and  chemical  properties  of  cerium  base  been  deter- 
mined by  Hillebrand  (Pogg.  Ann.,  156,  466  and  158,  71)  and  by 
Miithmann  (see  references  _> 3  and  24)." 

Page  893.  -At  the  end  of  the  last  paragraph  on  the  "Deter- 
mination of  the  Melting  Point"  should  be  added:  "The  melting 
point  determined  by  the  writer  corresponds  fairly  closely  with 
the  valu<   given  by  Muthmann  (623 °  C)." 

Page  893.  At  the  end  ol  the  paragraph  on  "Specific  Heat" 
should  in  added.  "Dr  \V.  !•'.  Hillebrand  determined  the 
specific  heat  of  cerium  by  means  of  Bunsen's  ice  calorimeter 
(Pogg.  Ann.,  158,  71)        He  give--'  the  corrected  value  of  o  04.179 
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for  pure  cerium,  using  about  1  grams  <>t  metal  in  a  determine 
lion.  The  writei  used  more  than  70  grams  of  metal  in  a  deter 
mination  using  Joly's  differentia]  steam  calorimeter,  and  ob- 
tained a  corrected  value  of  the  specific  heat  for  pure  cerium 
equal  to  0.05112.  The  atomic  heat  using  Hillebrand's  value  is 
6  (8;  using  I  in  sch's  value,  7  1 7." 

B93      At  the  end  of  the  paragraph  on  "Heat  of  Oxida- 
tion" should  be  added:     "Muthmann  (Liebig's  Ann.,  331,  41) 

•^ives    the    heat    Of   oxidation    Of   Cerium   equal    to    Km;    cal.    per 

gram." 

Top  of  page  895  At  the  end  of  the  second  paragraph  under 
the  heading  "Alloys"  should  he  inserted:  "Muthmann  and 
Beck  (246)  have  described  sonic  of  the  alloys  of  cerium  with 
zinc,  aluminum,  magnesium  and  mercury." 

Page  895  Under  "Aluminum  Alloys"  should  he  added: 
"Muthmann  (Liebig's  Ann.,  331,  47)   describes  the  compound 

CcAl,." 

Page  896,  Under  "Mercury  Alloys"  should  be  added  at  the 
end  of  the  paragraph:  "Cerium  will  dissolve  in  mercury  to  the 
extent  of  about  15  per  cent."  Ai.can   HlRSCH. 

Brooklyn.  December  6,  1911. 


THE  MEKER  BURNER. 
Editor  e/  the  Journal  aj  Industrial  and  Engineering  ( 'hemistry: 

The  everyday  tools  of  the  chemist  determine  to  a  large  extent 
the  character  of  his  work  no  less  than  those  of  the  artisan  do 
his.  The  success  or  failure  of  a  great  research  problem  in  chem- 
istry may  depend  as  much  upon  the  apparatus  at  hand  as  upon 
the  imagination  and  skill  of  the  worker.  Possibly  the  leading 
fact  in  the  history  of  science  is  this:  that  great  trains  of  dis- 
coveries have  depended  more  upon  the  invention  of  new  ap- 
paratus than  upon  the  development  of  the  human  brain.  After 
all  it  is  the  attention  to  the  details  of  equipment  as  well  as  the 
personal  organization  in  a  laboratory,  which  brings  about  per- 
fect results  And  so  we  sing  the  praises  of  the  Meker  burner. 
With  this  burner  one  can  do  almost  the  work  of  the  blast-lamp, 
without  the  annoyance  connected  with  the  use  of  the  latter. 
The  flame  is  large  and  intensely  hot  and  the  highest  tempera- 
ture, strange  to  say,  is  reached  at  the  base  of  the  flame.  For 
analytical  work  in  crucibles  it  has  no  equal,  nor  is  there  any  other 
device  approaching  it  in  excellence.  It  has  no  inner  cone  and 
platinum  ware  can  be  made  to  receive  the  full  effect  of  the  flame 
without  danger  of  injury.  "There  is  nothing  new  in  the  ap- 
paratus— no  original  idea  involved,"  many  a  critic  would  say, 
"just  a  Bunsen  burner  with  an  abundant  air  supply  and  a 
piece  of  Davy  safety-lamp  gauze  at  the  top."  But  not  every 
burner  so  constructed  will  give  a  flame  free  from  the  destructive 
inner  cone,  and  intensely  hot  at  the  base.  Every  point  in  the 
design  must  be  carefully  balanced  to  produce  the  perfect  result. 
We  do  not  know  the  inventor  or  the  history  of  his  invention, 
but  a  simple  inspection  of  the  burner  in  action  indicates  that 
this  is  no  chance  discovery,  no  day-dream  or  night-dream 
suddenly  made  concrete  and  perfect.  Carefully  thought  out 
and  WTOUght  out  by  trial  and  experiment  and  repeated  experi- 
ment is  the  perfectly  simple  Meker  burner. 

\V.  D.  Richardson. 


IMPORTS   AND  EXPORTS  OF  FARMERS'  MATERIALS. 

The  agricultural  interests  of  foreign  countries  buy  nearly 
$100,000,000  worth  of  American  manufactures  and  other  prod- 
ucts for  use  in  cultivating  the  soil,  while  about  $50,000,000 
worth  of  foreign  products  are  annually  imported  into  the  United 
States  for  use  upon  American  farms.  The  foregoing  summarizes 
certain  information  recently  compiled  by  the  Bureau  of 
Statistics,  Department  of  Commerce  and  Labor. 


The  exports  from  the  United  States  of  articles  required  in 
farming,  the  larger  portion  are  composed  of  manufactures,  sui  h 
as  agricultural  implements,  binding  twine,  barbed  wire,  and  oil 
cake,  while  phosphate  rock  to  be  ground  up  and  used  as  fertilizer, 
and  clover,  timothy  and  other  grass  seeds  are  among  the  articles 
exported  in  the  natural  state.  In  addition  to  the  exports 
above  enumerated  as  specifically  for  farm  use,  there  are  certain 
articles  for  which  the  agriculturalists  of  all  other  countries  draw 
upon  the  United  States  but  which  cannot  be  classed  as  dis- 
tinctively for  farm  purposes,  s'leh  as  wagons,  carriages,  traction 
engines,  liber  bags,  pumps,  etc.  In  such  cases  the  Bureau  of 
Statistics  has  no  means  of  determining  the  proportion  of  the 
exports  intended  for  farm  use  and  they  are  not,  therefore,  in- 
cluded in  the  $100,000,000  worth  of  merchandise  exported 
for  agricultural  purposes 

Taking  up  the  principal  exports  of  the  class  under  discussion, 
agricultural  implements  head  the  list,  with  a  probable  total  of 
$40,000,000  in  the  year  about  to  end,  comprised  of  nearly 
$20,000,000  worth  of  mowers  and  reapers,  $8,000,000  worth  of 
plows  and  cultivators,  $2,500,000  worth  of  threshers,  and  the 
remainder  miscellaneous  farming  tools  and  implements.  These 
agricultural  implements  are  exported  to  practically  all  parts 
of  the  world  where  man  has  adopted  modern  methods  of  cultiva- 
ing  the  soil:  the  great  wheat  fields  of  Russia,  in  the  vine- 
yards of  France,  on  the  coffee  plantations  of  Brazil,  in  the  rice 
fields  of  China  and  Japan,  and  in  all  the  rapidly  deyeloping 
countries  of  the  New  World,  including  Canada,  Argentina, 
Cuba,  and  Mexico.  The  year's  exports  will  range  nearly  $8,- 
000,000  to  European  Russia,  $6,000,000  to  Argentina,  and  about 
$5,000,000  to  Canada,  to  about  $1,500,000  to  Africa,  while  to 
British  Australasia  and  Oceania  will  be  sent  a  total  of  nearly 
$2,000,000  to  other  Oceania  and  Asia  about  $1,000,000,  and 
Brazil  about  $500,000  worth.  Even  the  great  manufacturing 
countries  of  Europe,  the  United  Kingdom,  Germany,  and 
France,  are  represented  in  the  year's  exports  of  agricultural 
implements,  the  United  Kingdom  with  a  total  of  over  $1,000,000, 
Germany,  $2,000,000,  and  France,  $3,000,000. 

Fertilizers,  of  which  the  exports  will  be  about  $12,000,000 
during  the  year,  are  chiefly  sent  to  European  countries,  where 
long-continued  use  of  the  soil  has  largely  depleted  their  natural 
fertility  and  rendered  artificial  fertilizers  a  necessity.  For 
American  phosphate  rock  and  other  fertilizers  of  that  class 
Germany  is  the  largest  market,  followed  next  by  Netherlands 
and  the  United  Kingdom.  Another  class  of  materials,  used  as 
cattle  food,  whose  exports  are  considerable  includes  oil  cake  and 
oil  cake  meal  made  from  cottonseed  and  linseed.  Of  these  the 
exports  amount  to  about  $15,000,000  per  annum,  being  ex- 
ported mostly  to  various  countries  of  Europe. 

Binding  twine  is  another  article  of  importance  in  wheat- 
growing  countries.  Of  that  article  the  year's  exports  will  be 
about  $8,000,000,  practically  all  destined  for  Russia  and  other 
European  countries,  Canada,  and  Argentina.  American  barbed 
wire  exported,  about  $5,000,000  per  annum,  goes  chiefly  to 
Canada,  Australia,  Argentina,  British  Africa,  Mexico,  Brazil, 
and  Cuba.  In  addition  to  these  articles,  there  are  others  largely 
if  not  exclusively  required  by  farmers,  such  as  windmills,  with 
exports  nearing  $2,000,000  per  annum;  and  clover  and  other 
grass  seeds,  over  $1,000,000. 

On  the  other  hand,  American  farmers  draw  upon  other 
countries  for  certain  of  their  requirements,  most  of  the  im- 
ports, however,  being  articles  in  their  natural  state.  The 
largest  item  shown  in  the  imports  of  last  year  were  fertilizers, 
including  nitrate  of  soda,  $17,000,000;  guano,  manure  salts, 
etc.,  $10,000,000;  potash  salts,  $8,000,000;  sulphate  of  ammonia, 
used  in  part  as  a  substitute  for  manure  and  in  part  in  the  manu- 
facture of  alum,  $5,000,000;  animals  for  breeding  purposes, 
chiefly  horses,  nearly  $3,000,000;  clover  seed,  $3,000,000;  and 
sugar  beet  seed,  $750,000. 
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WHAT   OUR  RIVERS  CARRY. 

Colorado  River  discharges  during  an  average  year  into  the 
Gulf  of  California  338,000,000  tons  of  mud  and  silt  as  suspended 
matter.  In  addition  to  this  the  dissolved  substances  in  the 
water  include  4,550,000  tons  of  sodium  chloride,  or  common 
salt;  3,740,000  tons  of  Glauber's  salts;  4,000,000  tons  of  lime; 
2,400,000  tons  of  gypsum;  and  4,800,000  tons  of  Epsom  salts. 
In  spite  of  all  this  dissolved  material  the  Colorado  at  its  mouth 
is  not  considered  to  be  a  stream  of  unusually  high  mineraliza- 
tion for  that  region  of  the  country.  The  reason  is  that  the  river 
also  carries  so  enormous  an  amount  of  water  that  the  dissolved 
salts  constitute  a  comparatively  small  proportion  of  the  total 
discharge.  Other  streams  in  the  country  contain  dissolved 
salts  in  greater  concentration — for  example,  the  Elm  Fork  of 
Red  River,  in  Oklahoma,  discharges  nearly  1,300,000  tons  of 
common  salt  annually.  Although  this  amount  is  not  so  great 
as  that  discharged  by  the  Colorado  it  is  much  greater  in  pro- 
portion to  the  size  of  the  area  drained.  The  discharge  of  salt 
from  the  Colorado  is  equal  to  20  tons  annually  to  each  square 
mile  drained  by  the  river,  but  the  salt  in  Elm  Fork  of  Red  River 
is  equal  to  1,680  tons  per  square  mile  of  area  drained.  The 
same  river  discharges  annually  177,000  tons  of  magnesium 
chloride,  168,000  tons  of  Epsom  salts,  690,000  tons  of  gypsum, 
and  54,000  tons  of  lime.  These  quantities,  too,  are  considerably 
greater  than  those  carried  in  the  Colorado  in  proportion  to 
the  size  of  the  drainage  area. 

Belle  Fourehe  River,  at  Belle  Fourche,  S.  Dakota,  discharges 
191,000  tons  of  gypsum,  79,000  tons  of  Glauber's  salts,  and 
236,000  tons  of  Epsom  salts.  The  mud  and  silt  carried  in  sus- 
pension by  this  river  amount  to  1,100,000  tons.  Milk  River 
at  Havre,  Montana,  discharges  annually  41,000  tons  of  soda; 
Payette  River,  in  Idaho,  discharges  46,000  tons;  Salt  River  at 
Roosevelt,  Arizona,  discharges  288,000  tons  of  salt  and  170,000 
tons  of  Epsom  salts;  and  the  Rio  Grande  discharges  245,000 
tons  of  lime  and  368,000  tons  of  Glauber's  salts. 

The  foregoing  are  a  few  of  the  figures  of  incidental  interest 
presented  by  Water-Supply  Paper  274  of  the  United  States 
Geological  Survey,  entitled  "Some  Stream  Waters  of  the  Western 
United  States."  The  work  reported  by  this  volume  is,  how- 
ever, of  higher  practical  importance  than  the  above  statement 
would  indicate.  It  is  the  result  of  an  investigation  of  the 
quality  of  western  stream  wraters  made  for  the  purpose  of  deter- 
mining their  availability  for  use  for  irrigation  and  other  pur- 
poses. For  a  water-supply  system  the  quality  of  the  water 
available  determines  its  usefulness  quite  as  much  as  the  quantity. 
Some  waters  contain  ingredients  that  make  it  impossible  to 
use  them  for  irrigation  unless  certain  precautions  are  taken  in 
applying  them  to  the  land  and  in  draining  them  off.  Certain 
ingredients  in  water  make  it  unavailable  or  destructive  if  used 
in  boilers  and  the  quality  of  water  used  in  a  manufacturing 
plant  may  very  largely  determine  the  quality  of  the  product 
of  manufacture.  The  report  just  published  therefore  can  not. 
fail  to  be  of  material  value  to  the  manufacturing  and  agricultural 
interests  of  the  West;  and  the  proper  consideration  of  the  in- 
formation that  it  contains  will  prevent  many  costly  mistakes 
in  connection  with  the  industrial  development  of  that  part  of 
the  country. 


CEMENT  PRODUCTION  TO  1910. 

Ten  years  ago  the  production  of  Portland  cement  for  tin  lira 
time  passed  the  10,000,000-barrel  mark,  showing  an  increase  of 
2,600  per  cent,  over  the  production  of  10  years  prc\  ious,  and  the 
giant  strides  that  had  been  made  in  the  industry  were  widely 
remarked.  Even  this  production  was  small  compared  with 
that  of  the  present  day.  In  1910,  according  to  the  reporl  on 
cement  by  Ernest  F.  Burchard,  of  the  Geological  Survey,  the 
production  of  Portland  cement  reached  the  enormous  total  of 


76.549,951  barrels,  with  a  value  of  $68,205,800.  This  is  equiva- 
lent to  12,986,152  long  tons,  valued  at  $5.25  a  ton.  It  is  an 
increase  over  the  output  for  [909  of  1 1,558,520  barrels,  or  nearly 
18  per  cent.,  and  .m  increase  in  value  of  5> 5,347. 14r,»  or  more 
than  29  per  cent.  This  increase  alone  is  greater  than  the  total 
output  of  Portland  cement  in  [900  In  addition  to  Portland 
cement  there  was  also  produced  last  year  1,139,239  barrels 
of  natural  cement  and  95,951  barrels  of  puzzolan  cement,  a 
total  of  77,785,141    barrels. 

Flic  price  of  Portland  cement  in  1910  was  as  low  as  73  cents 
a  barrel  in  some  places,  the  average  for  the  United  States  being 
89.1  cents  a  barrel.  In  1890  the  average  price  was  oxer  $2  a 
barrel  and  as  late  as  1903  it  was  $1.24  a  barrel. 

Mr  Burchard  remarks  that  measured  by  the  capital  invested 
the  cement  industry  is  one  of  the  world's  three  great  extractive 
industries.  In  capital  employed  it  apparently  far  outranks 
the  gold-mining  industry  of  the  United  States,  including  Alaska, 
as  well  as  the  copper  industry.  Only  coal  and  iron  stand  ahead 
of  it. 

The  principal  constituent  of  Portland  cement  is  limestone, 
and  Mr.  Burchard's  report  summarizes  the  most  important 
limestone  formations  in  all  the  States.  The  greatest  of  these 
are  found  in  the  eastern  half  of  the  United  States,  where  there 
arc  enormous  limestone  deposits.  The  report  is  accompanied 
by  a  map  showing  the  distribution  of  these  limestones.  The 
areas  they  cover  comprise  many  thousands  of  square  miles. 
The  map  also  shows  the  location  of  the  operating  cement  plants 
in  the  United  States. 

That  the  manufacture  of  cement  is  an  American  industry 
is  shown  by  the  fact  that  while  our  production  last  year  was  over 
75,000,000  barrels  our  imports  were  only  306,863  barrels.  Our 
exports  were  2,475,957  barrels. 

flu-  following  table  shows  the  healthy  growth  of  the  American 
Portland  cement  industry  and  also  the  decrease  in  prices: 

Production  01    Portland  Cement  in  the  United  States  1880-1910. 


Barrels. 

1880 42,000 

1890 335,500 

1895 990,324 

1900 8,482,020 

1905 35,246,812 

1909 64,991,431 

1910 76,549,951 


Average  price 
per  barrel. 
$3.00 
2.09 
1.60 
1.09 
0.94 
0.81 
0.89 


WORLD'S  PRODUCTION  OF  COAL. 

The  total  coal  production  of  the  world  in  1910  was  approxi- 
mately 1,300,000,000  show  tons,  of  which  the  United  States 
Contributed  about  39  per  cent.  According  to  the  United  St  itrs 
Geological  Survey,  it  exceeded  Great  Britain,  which  ranks 
second,  by  over  200,00(1,(100  tons.  Great  Britain's  production 
in  1910  was  less  than  60  per  cent,  of  that  of  the  United  States, 
and  Germany's  was  less  than  half  The  increase  in  both  of 
these  countries  in  1910  over  1909  was  comparatively  small, 
whereas  tin-  increase  in  the  United  States  was  nearly  equal 
to  tin  entile  production  of  Prance  and  was  more  than  the  total 
production  of  any  foreign  country  except  Great  Britain,  Ger- 
man'.  Austria  Hungary,  and  France 

The    United   States   has   held    firsl    place   among   the   coal  pro 

ducing  countries  of  the  world  since  1899,  when  it  surpassed 
Great  Britain.  In  the  11  years  since  1899  the  annual  output  of 
the  United  States  has  nearly  doubled,  from  253,741,192  short 
tons  to  501,596,378  tons,  whereas  that  of  Great  Britain  has  in- 
.1  only  20  Jier  cent  ,  from  246,506,155  short  tons  to  296,- 
o(  17,699  tons 

The  following  table  shows  the  coal  production  of  the  principal 
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countries  oi  the  world  in  1910,  except  those  for  which  only  the 
[909  figures  are  available: 

United  States  (1910) 501,596,378 

Great  Britain  (1910)   296,007,699 

O. .in., .in    (1910) 245,043,120 

Austria  Hungary  (1909) 54,573,788 

Prance  0)       42,516,232 

Belgium  (1910) 26,374,986 

Russia  and  Finland  (1910) 24,967,095 

Fapan  (1909)       16,505,418 

Canada  (1910) 12,796,512 

China  (1909) 13,227,600 

India  (1909) 13,294,528 

New  South  Wales  (1909) 7,862,264 

Spain  (1909) 4,546,713 

I'lallsv.ial   (1910) 4,446,477 

Natal  (1910) 2,572,012 

Wu  Zealand  (1909) 2,140,597 

Mexico  (1909) 1,432,990 

Holland  (1909) 1,235,515 

Queensland  and  Victoria 1 ,  119,708 

Italy  11909) 611,857 

Sweden  (1909) 272 ,  056 

Cane  Colony  (1909) 103,519 

Tasmania  (1909) 93,845 

Other  countries 5,236,903 

Total 1,278,577,812 


"'"       He  i.  the  authoi  oi  some  fifty  reports  published  by  the 
Survey   and    in   addition   has  contributed    between    fifty   and 
•      irticles  to  technical  and  scientific   journals.     Mr.   Lind- 
gren  is  a  trained  mining  engineer  and  lias  a  world  wide  reputa 
don  as  an  authority  on  the  geology  ol  ore  depo  il 


NATION'S  COAL  PRODUCTION. 

Tlu-  Geological  Survey  lias  issued  its  annual  coal  chart, 
showing  the  production  oi  coal  by  States  from  the  year  1814- 
1910,     The  figures  relate  a   wonderful  history  «f  growth.     In 

1814  a  total  ol  22  tons  of  eoal  was  produced  in  Pennsylvania. 
In  1815  the  percentage  of  increase  was  good  but  still  only  50 
tons  were  taken  out.  By  1825  100,000  tons  were  mined  in  the 
two  States  producing.  In  1850  the  figure  had  reached  7,018,- 
181  tons.  In  1876  it  was  53,280,000  tons.  At  the  end  of  the 
century  it  was  269,684,027  tons.  In  1905  it  was  392,722,635 
tons.  In  1907,  which  it  was  supposed  would  remain  the  record 
year  for  some  time,  the  production  was  480,363,424  tons,  but 
in  1910  the  enormous  total  was  reached  of  501,596,378  short 
tons,  a  production  larger  by  far  than  that  of  any  other  country 
in  the  world.  The  total  production  since  1814  has  been  ap- 
proximately eight  and  a  quarter  billion  tons 


THE  MINERAL  PRODUCTION  IN  NORTH  CAROLINA 
DURING   1908-10. 

The  North  Carolina  Geological  and  Economic  Survey  has  just 
sent  to  the  Public  Printer  a  report  on  the  mining  industry  in 
North  Carolina  for  the  past  three  years. 

Of  the  metallic  minerals,  iron  holds  first  place  in  the  table 
of  production  and  gold  and  silver  next. 

Of  the  non-metallic  minerals,  clay  products,  building  stones, 
mica,  and  talc  are  prominent  in  their  production  in  the  order 
named.  There  has  been  a  considerable  decrease  in  the  pro- 
duction of  monazite,  owing  to  the  fact  that  thorium  salts  are 
imported  cheaper  than  they  can  be  produced  in  this  country. 

The  table  below  gives  the  production  of  each  mineral  during 
1908,  1909,  and  1910: 

Mineral.  1908.  1909.  1910. 

Gold $97,495  $43,075  $68,586 

Silver 668  324  4,888 

Copper 2,560  29,186  17,845 

Iron 76,877  107,013  114,237 

Garnet 4,052  9,188  7,981 

Millstone 

/Sheet 114,540  122,246  193,223 

a     (Scrap 13,330  26,178  37,237 

Precious  stones 570  479  700 

Monazite 37,224  46,928  10,104 

Zircon 250               

Talc  and  Pyrophyllite 31,443  77,983  69,805 

Mineral  waters 27,163  20,558  21,389 

Stone 824,927  850,807  920,027 

Sand  and  gravel 2,070  13,358  13,406 

Clayproducts 944,317  1,302,611  1,223,704 

Miscellaneous1 109,880  133,642  145,314 

Totals $2,307,116  $2,783,826  $2,848,446 


CUBA  IRON-ORE  PRODUCTION. 

The  shipments  of  Cuban  iron  ores,  according  to  statistics 
collected  by  the  Geological  Survey,  show  the  output  for  1910 
of  1,417,914  long  tons,  as  against  930,446  tons  for  1909,  the 
greatest  previous  production.  In  1900  the  production  was 
446,872  tons.  The  ores  are  obtained  from  deposits  near  Santiago. 
Cuba  is  now  the  fifth  largest  producer  of  iron  ore  in  the  world, 
being  exceeded  only  by  the  United  States,  Germany,  the  United 
Kingdom,  and  France. 


GREATEST  IRON  PRODUCING  REGION  IN  THE  WORLD. 

The  Mesabi  Iron  Range  in  Minnesota  produced  in  1910, 
according  to  the  Geological  Survey,  533/4  per  cent,  of  the  entire 
iron-ore  production  of  the  United  States.  The  Lake  Superior 
district,  including  Minnesota,  Michigan,  and  Wisconsin,  pro- 
duced 81  '/2  per  cent,  of  our  total  iron-ore  production.  Figures 
from  other  countries  are  not  yet  available  for  1910,  but  this  is 
probably  a  greater  production  than  the  entire  year's  output 
for  any  foreign  country. 


ILLINOIS  COAL  PRODUCTION. 

Illinois  has  produced  more  eoal  than  any  other  State  except 
Pennsylvania,  the  total  tonnage  since  1833,  when  coal  mining 
first  began  in  the  State,  being  790,333,235  short  tons,  according 
to  the  Geological  Survey.  Last  year  the  production  was  45,- 
900,246  tons  and  the  State  stood  third,  Pennsylvania  producing 
235,006,762  and  West  Virginia  61,671,019  tons. 


CHIEF  GEOLOGIST,  GEOLOGICAL  SURVEY. 

The  Geological  Survey  announces  the  appointment  of  Walde- 
mar  Lindgren  as  chief  geologist,  to  succeed  C.  Willard  Hayes, 
who  recently  resigned  from  the  Survey.  Mr.  Lindgren  has 
been  a  member  of  the  Federal  Survey  since  1884  and  has  been 
in  charge  of  its  investigations  in  metalliferous  deposits  since 

1  Includes  barytes,  sand-lime  brick,  and  kaolin  productions. 


COAL  EXPORTS  IN  1910. 

The  exports  of  coal  from  the  United  States  during  1910, 
according  to  the  United  States  Geological  Survey,  were  13,- 
805,866  long  tons,  valued  at  $41,470,792.  Of  this  quantity 
3,021,627  long  tons,  valued  at  $14,785,387,  was  anthracite, 
and  10,784,239  long  tons,  valued  at  $26,685,405,  was  bituminous 
coal. 
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The  imports  of  anthracite  amounted   in    [910   t ilv   8,19s  For  the  investigations  of  the  coals  of  Alaska,  with  reference 

long  tons,   valued  at  $42,244,  and  those  of  bituminous  coal  to       to  their  muling,   transportation,  and  utilization,  $50,000. 
1,497,709  long  tons,   valued  at  $3,975,56] 


OIL  IN  ALASKA. 
Petroleum  has  been  found  in  Alaska,  and  while  there  has  been 
practically  no  production,  it  is  not  impossible,  according  to  the 
United  States  Geological  Survey,  that  commercial  pools  may  lie 
found.  Oil  seepages  occur  on  the  west  shore  of  Cook  Inlet, 
on  the  east  side  of  the  Alaska  Peninsula,  and  on  Controller  Bay, 
all  close  to  tidewater,  and  hence  capable  of  cheap  development. 


PURE  FOOD   AND  DRUG  LAW  IN  MONTANA. 

The  Pure  Food  and  Drug  Law  enacted  by  the  Twelfth  Legisla- 
ture of  Montana  was  put  into  force  on  January  1,  1912.  The 
administration  of  the  law  is  made  a  duty  of  the  State  Hoard  of 
Health.  A  food  and  drug  laboratory  has  been  provided  for  in 
connection  with  the  Department  of  Chemistry  of  the  Montana 
State  College  at  Bozeman.  The  organization  of  the  laboratory 
staff  is  as  follows: 

W.  M.  Cobleigh,  State  Chemist;  C.  E.  Mollet,  Director  of  Drug 
Analyses;  Drury  L.  Weatherhead,  Food  Analyst;  D.  B.  Swingle, 
Bacteriologist. 

BUREAU  OF  MINES   APPROPRIATIONS. 

In  the  general  estimates  for  appropriations  for  the  fiscal  year 
1912,  which  begins  July  1,  1912,  Secretary  of  the  Interior,  Walter 
L.  Fisher,  has  recommended  the  following  items  for  the  Bureau 
of  Mines: 

For  the  investigation  as  to  the  causes  of  mine  explosions, 
methods  of  mining,  especially  in  relation  to  the  safety  of  miners, 
the  appliances  best  adapted  to  prevent  accidents,  the  possible 
improvement  of  conditions  under  which  mining  operations  are 
carried  on,  the  use  of  explosives  and  electricity,  the  prevention 
of  accidents,  and  other  inquiries  and  technologic  investigations 
pertinent  to  the  mining  industry,  $360,000. 

For  the  investigation,  analyzing  and  testing  of  the  coals, 
lignites,  and  other  mineral  fuel  substances  belonging  to  or  for 
the  use  of  the  United  States,  $135,000. 

For  the  investigations  into  the  treatment  of  ores  and  other 
mineral  substances,  with  special  reference  to  the  prevention  of 
waste  in  the  mining  and  utilization  of  important  mineral  re- 
sources, $100,000. 


CIVIL  SERVICE  EXAMINATION. 

The  United  States  Civil  Service  Commission  announces  an 
examination  on  January  17-18,  1912,  to  secure  eligibles  for 
assistant  chemist  in  the  Bureau  of  Chemistry,  Department  of 
Agriculture,  at  salaries  ranging  from  $1,200  to  $1,600  per  annum. 

The  usual  entrance  salary  is  $1,200,  and  only  in  exceptional 
cases  of, unusual  qualifications,  including  considerable  valuable 
experience,  will  a  higher  entrance  salary  than  $1,200  be  paid. 
Xo  assurance  regarding  promotion  is  given,  but  during  recent 
years  industrious  men  of  average  ability  have  received  during 
the  first  live  or  six  years  of  service  promotions  aggregating  at 
the  rate  of  about  $100  a  year. 

Qualified  persons  are  urged  to  enter  this  examination  as  the 
opportunities  for  appointment  are  excellent.  Of  the  thirty- 
eight  persons  who  passed  the  assistant  chemist  examination 
held  in  April,  191 1,  the  three  highest  on  the  list  were  appointed 
at  $1,440  per  annum,  and  twenty-seven  others  were  tendered 
appointment  at  $1,200  per  annum. 

For  detailed  information  interested  inquiries  are  referred  to 
the  U.  S.  Civil  Service  Commission,  Washington,  D.  C. 


The  International  Petroleum  Commission  will  hold  its  meet- 
ing January  16-22,  1912,  in  Vienna,  with  headquarters  at  the 
Engineers  and   Architects  Club. 

This  commission  will  be  divided  into  three  parts,  which  will 
discuss  the  general  and  special  phases  of  the  petroleum  in- 
dustry. The  first  division  will  take  up  the  general  methods  of 
analysis  of  crude  oil,  benzine,  petroleum  lubricating  oils,  paraffins 
and  other  products.  The  second  division  will  discuss  the 
scientific  nomenclature,  and  the  third  will  give  its  attention 
to  the  subject  of  storage,  safety  and  transportation. 

The  entertainment  committee  has  made  arrangements  for 
receptions,  excursions  to  refineries  and  oil  wells,  etc. 


Dr.  F.  W,  Frerichs,  President  of  the  American  Institute  of 
Chemical  Engineers,  has  been  elected  an  honorary  member 
of  the  Chemical  Metallurgical  and  Mining  Society  of  South 
Africa 


BOOK  REVIEWS. 


Handboek   ten   Dienste   van   de   Suikerriet-Cultur   en    de    Reit- 

suikerfabricage     op     Java.     Derde     Deel.      De     FabricaTIE 

van  SriKER  UIT  SuiKERRIET  op  Java.  Tweede  druk.  door  H. 

C.    Prinsen    Geerligs.     Director    dcr    Filiale    Ne  ierland    von 

het   Proefstation    voor   de   Java   Suiker    Industrie,    191 1,    512 

pages.      Price,   bound   f.    7.50.      Edited   by   the   United   Sugar 

Experiment  Station  of  Java.     Amsterdam.     J.  H.  de  Bussy. 

The  first  edition  of  this  work  by  Mr.  Geerligs  was  reviewed  in 

This  Journal,  i,  380.     The  importance  of  the  volume  to  the 

cane  sugar  industry  was  recognized  in  all   parts  of  the   world; 

an    English   translation,    published   by   the    International   Sugar 

Journal,  appeared  in    1909  and  a  Spanish   translation   in    1910. 

Those  who  have  become  familiar  with  this  volume  of  the  hand- 


boek series  will  welcome  the  appearance  of  a  new  edition  of  the 
Dutch  original. 

The  scope  of  the  present  volume  is  best  stated  by  Mr.  Geer- 
ligs in  his  preface.  "While  the  purpose  of  this  second  edition 
is  the  same  as  that  of  the  previous  one,  certain  sections  of  the 
book,  such  as  clarification  of  juice,  boiling,  and  working  up  of 
massecuite,  have  been  entirely  revised  in  order  to  bring  the 
subject  matter  fully  up  to  date  with  the  growing  practice  of 
making  only  first  sugar  and  of  avoiding  after-products.  The 
section  of  the  book  relating  to  calculation  and  interpretation 
of  factory  results  has  also  been  rewritten  in  order  to  include 
the  latest  observations  of  sugar  house  experience." 

Comparing  the  second  with  the  first  edition  of  Vol.  3  of  the 
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handboek  the  addition  >>t  Mime  10  new  pages  is  noted  is  the 
part  relating  to  the  chemical  composition  and  distribution  of 
the  constituents  of  the  sugai  cane.  The  second  division  oi  the 
book  relating  to  processes  oi  extraction,  utilization  of  bagasse, 
defecation,  filtration,  evaporation,  boiling,  etc.,  has  been  en 
tiivlv  rewritten  The  recent  development  in  processes  of 
sugai  manufacture  is  shown  by  the  fart  thai  this  part  of  the 
volume  has  been  increased  from  304  365  pages.  This  section 
of  the  book  has  also  been  improved  by  the  introduction  of  over 
40  cuts  and  photographs  illustrating  the  latest  improvements 
in  sugar  house  equipment.  A  particularly  valuable  feature 
of  the  new  edition  is  the  comprehensive  tables  and  charts 
which  give  the  results  of  130  Java  sugar  factories  for  the  1910 
campaign. 

The  typography  of  the  book  conforms  to  that  of  the  other 
volumes  of  the  handboek  and  is  excellent  in  every  respect. 

It  is  hoped  that  the  English  translation  of  Mr.  Geerligs' 
book  may  also  soon  appear  in  a  new  edition  and  include  the 
numerous  improvements  which  have  been  noted  in  the  original. 

C.  A.  Browne. 


The  Manufacture  of  Sulphuric  Acid  and   Alkali.      By    George 

LuNGE,  Volume  III,  Third  Edition,  764  pages.      D.  Van  Nos- 

trand  Company,  New  York.     Price,  #10.00. 

1'rofessor  Lunge's  books  are  too  widely  and  favorably  known 
to  require  detailed  discussion.  This  third  edition  of  Volume 
III  is  devoted  to  alkali  making,  and  the  chlorine  industry  in 
so  far  as  they  are  strictly  chemical  processes.  The  electro- 
chemical processes  which  have  developed  to  such  great  pro- 
portions since  the  last  edition  (1896)  are  not  included  in  this 
book,  but  are  being  treated  in  a  separate  volume,  IV,  by  Pro- 
fessors Askenasy  and  Haber. 

The  third  edition  is  more  complete  in  its  details  and  intro- 
duces much  new-  matter.  It  is  necessarily  more  bulky  than  the 
former  editions  and  still  includes  many  descriptions  of  processes 
of  doubtful  commercial  value.  It  has  been  the  consistent 
aim  of  the  author,  in  this  as  in  all  volumes,  to  present  as  com- 
plete a  record  as  possible  of  development  of  the  industry.  Stu- 
dents must  know  about  the  failures  as  well  as  the  successes  in  an 
industrial  development  and  will  therefore  find  Professor  Lunge's 
plan  of  selecting  material  very  helpful. 

The  volume  is  divided  into  three  general  sections:  (1st),  Ammo- 
nia Soda  Process;  (2nd),  Various  Processes  of  the  Alkali  Manu- 
facturing; (3rd),  The  Chlorine  Industry.  These  subjects  are 
treated  under  chapters  including  full  references  and  illustrations 
of  apparatus  and  plant  arrangement. 

A  statistical  appendix  is  a  feature  of  the  volume  which  is  of 
value  in  establishing  the  relative  importance  of  the  branches 
of  this  industry.  It  is  to  be  regretted,  however,  that  the  data 
here  given  is  from  six  to  fifteen  years  old.  The  exportation  of 
chemicals  from  Great  Britain  (1738)  in  1895  may  fall  far  short 
of  representing  conditions  to-day  and  the  prices  of  soda  crystals 
in  1889  have  little  value  except  to  show  that  the  ammonia  soda 
was  dropping. 

A  carefully  compiled  index  will  be  greatly  appreciated  by  us. 


Tin    Volume  is  well  executed  and  (unburns  t0  Hie  Style  and   bind 
ing  of  the  previous  editions. 

The  technical  chemists  bavi  alw  iys  received  tin  publication 
of  this  author  with  hearty  approval,  and  we  should  be  doubly 
appreciative  for  this  most  recent  addition  to  the  works  on  this 
great  chemical  industry.  M.  C.  Whitaker. 


Die  Metallurgie  des  Wolframs  mit  besonderer  Beruecksichtigung 
der  Elektrometallurgie.  Dr.  Hans  Mennicke.  416  pages, 
39  illustrations.     Price,    17   Marks.      Berlin:   M.    Krayn. 

To  many  it  will  seem  almost  incredible  that  the  metallurgy 
of  tungsten  requires  so  bulky  a  volume,  yet  the  development 
of  this  metal  has  been  so  rapid  within  the  last  ten  or  fifteen 
years  that  it  can  no  longer  be  classed  as  "rare."  The  book  is 
intended  primarily  as  a  handbook  and  since  it  is  the  first  of  its 
kind  it  will  be  welcomed  not  only  by  the  student  but  also  by 
steel  metallurgists  and  incandescent  lamp  manufacturers. 
Among  the  chapter  headings  are:  Tungsten  Ores;  Reduction 
Methods;  By-Products,  including  Molybdenum,  Copper,  Tin,. 
Scandium,  Titanium,  Tantalum  and  Niobium;  Manufacture 
of  Sodium  Tungstate,  Tungstic  Acid,  Alloys  of  Tungsten, 
Tungsten  Bronzes,  Tungsten  Filaments;  Methods  for  Fire- 
proofing  Cotton  and  other  fabrics;  Analytical  Methods.  Al- 
though the  chapters  on  tungsten  steel  and  on  tungsten  fila- 
ment manufacture  are  comparatively  brief  and  the  information 
based  largely  on  patent  literature,  the  chapters  on  the  pro- 
duction of  tungsten  powder  are  particularly  well  treated,  the 
author  having  had  considerable  experience  in  this  line.  A 
long  list  of  references  to  patent  and  journal  literature  is  ap- 
pended. C.  G.  Fink. 


Annual   Tables  of    Constants   and    Numerical  Data    (Chemical, 
Physical   and   Technological).     Vol.   I.     Compiled  and   pub- 
lished   by   an    International   Commission,    appointed    by   the 
Seventh    International   Congress   of    Applied    Chemistry    (see 
Jour.  Am.  Chem.  Soc,  August,  p.  105,  of  the  Proceedings). 
The  first  volume  of  the  annual  tables  will  contain  all  the  con- 
stants and  numerical  data,  collected  by  the  Abstractors  of  the 
International    Commission    from    more    than    300    periodicals 
belonging  to  Chemistry,  Physics  and  Allied  Sciences,  Pure  and 
Applied,    which    were    published    during    the    year    19 10.     The 
tables  will  form  a  volume  of  about  400  pages,  arranged  in  sec- 
tions.    The    wide   range    of    scientific   and    technical    literature 
which  is  covered  by  the  annual  tables  cannot  fail  to  be  of  value 
to  the  scientific  men,  and  will  be  a  valuable  addition  to  every 
library. 

Subscriptions  should  be  filed  before  January  15,  191 1.  Sub- 
scription blanks,  terms  of  subscription  and  descriptive  leaflets 
may  be  obtained  from  any  one  of  the  three  American  Com- 
missioners: Dr.  G.  N.  Lewis,  Mass.  Institute  of  Technology, 
Boston,  Mass.;  Professor  G.  F.  Hull,  Dartmouth  College,  Han- 
over, N.  H.;  and  Professor  J.  Stieglitz,  University  of  Chicago, 
Chicago,  111. 


NEW  PUBLICATIONS. 


Analysis,  Qualitative — .     By  F.   Dupre.     $1.50.     Berlin,   191 1. 

(German.) 
Casein,     its    Preparation    and    Technical     Utilizatidh.     By    R. 

Sherer.     2d  Ed.     8vo.     $2.00.     The  Oil  and  Colour  Trades 

Journal,  London. 
Chemical,  Some —  Problems  of  To-day.     By  Robert  Kennedy 


Duncan.  Cr.  8vo.,  253  pp.  $2.00.  Philadelphia  Book  Co., 
Philadelphia. 

Constants,  Tables  of  Physical  and  Chemical —  and  Some  Mathe- 
matical Functions.  By  G.  W.  C.  Kaye.  8vo.,  147  pp. 
$1.25.     Longmans,  Green  &  Co.,  New  York. 

Dipping    Fluids,    The    Spontaneous    Oxidation    of    Arsenical — . 
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By  A.   V.  FULLER.     U.   S.    Dept.   of  Agriculture,   Bureau  of 

Animal  Industry,  Circular,  182. 
Dyeing,  Compendium   of —    Chemistry   from   the   Scientific   and 

Practical  Standpoint.     By  A.    SansonE.     L.   8vo.,     326  pp. 

$3.50.     A.  Hartlcbcn,  Vienna.     (German.) 
Essential  Oils:  Semi- Annual  Report  of  Schimmel  &  Co.,  October, 

ion.     (Translation.)     Sm.  8vo.,    154   pp.     Schimmel   &  Co., 

Miltitz. 
Fertilizers.     The    Manufacture   of    Chemical    Manures.     (Trans- 
lation.)     By  J.   FRITSCH.      8vo.,  350  pp.      $4.00.      The   Amer- 
ican Fertilizer,  Philadelphia. 
Gas,    The    Calorific    Power    of — .     By    J.    H.    Coste.     I..  8vo. 

$1.50.     Chas.  Griffin  &  Co.,  London. 
Gypsum,  Report  on  the —  Deposits  of  the   Maritime  Provinces. 

By  WILLIAM  F.  JENNISON.      171  pp.     Canada  Department  of 

Mines,  Ottawa. 
Inorganic,    A    Text-book    of —    Chemistry.     (Translation.)     By 

A.    F.    HollEman.     4U1    Ed.     8vo.     $2.50.     John    Wiley   & 

Sons,.  New  York. 
Inorganic,  A  Text-book  of  -  Chemistry.     By  G,  Senter.     8vo, 

567  pp.     Si. 50.     Mcthuen  &  Co.,  London. 
Meat,   Text-book   of—    Hygiene.     (Translation.)     By   Richard 

Edelmann.     8vo.,    392    pp.     $4.50.      Lea   &    Febiger,    Phila- 
delphia 
Microbiology.     By    Chas.     K.     Marshall.     121110.,     724    pp. 

$2.50.     P.   B  akiston's  Son  &  Co.,  Philadelphia. 
Molybdenum,    Report    on    the —    Ores    of    Canada.     By    T.    L. 

Walker.     64  pp.     Canada  Department  of  Mines,  Ottawa. 
Oils,    Chemistry    of    the    Drying — .     By    W.    Fahrion.     8vo., 

298  pp.     $2. .so.      Berlin,  191  1. 
Paint  Technology  and  Tests.     By  Henry   A.   Gardner.     8vo. 

McGraw  Hill  Book  Co.,  New  York 
Paint,  The    Use  of —  on  the  Farm.     By    Percy   H.    Walker. 

U.  S.  Dept.  of  Agriculture,  Farmers'  Bulletin  No.  474. 
Perfumery,    The     Manufacture    of—.     By    G.     W.    Askinson. 

6th  Ed.     8vo.,  384  pp.     $1.25.     Vienna,  191 1. 
Pharmaceutical,  The  British —  Codex,  191 1.     By  Pharmachi  1 

ical   Society  of   Great   Britain.     8vo.,    1568   pp.     $3.00. 

The  Pharmaceutical  Press,  London. 
Photography,    Applied —   in  Science  and  Technics.     By   K.    W. 

Wolf-Czapek.     Vol.     II.     8yo.,     29,5    pp       Union     Deutsche 

Ycrlaj,rsgesellsehaft,  Berlin.      (German.) 
Rubber,    The     Manufacture    of —    Goods.     (Translation.)     By 

A.  Heil  and  W.  Esch.     $3.00.     Maclaren  &  Sons,  London. 
Silicates,  The —  from  the  Chemical  and  Technical  Standpoints. 

By   W.    Ascn   and   D.    Asch.     8vo.     $4.50.     Julius  Springer, 

Berlin.     (German.) 
Soaps,    Chemistry,    Analysis,    Technology    of    the    Fatty    Acids, 

Glycerin,   Turkey   Red  Oils  and  — .     By   L.   Ubbelohde  and 

F.  Goldsciimidt.     $12.30.     S.  Hirzel,  Leipzig.     (German.) 
Soils,  The  Effect  of  Soluble  Salts  on  the  Physical  Properties  of — . 

By  R.   ().   E.   Davis.     38   pp.     U.   S.    Dept.   of   Agriculture, 

Bureau  of  Soils,  Bulletin  82. 
Spectrochemistry,  Introduction  to  the  Study  of  -  .     By  G.  Urbain. 

$2.00.      Paris,  191 1.      (French.) 
Sugar,  Analyses  of —  Beets,  1905  to  1910,  together  with  Methods 

of    Sugar    Determination.     By    A.     Hugh     Bryan.     48    pp. 

U.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry,  Bulletin  [46. 
Technical,   A  Text-book  of  Practical  Chemistry  for  -  Institutes. 

By  A.  E.  Dunstan  and  F.  B.  Thole.     8vo.,  335  pp.     Si. 00. 

Methuen  &  Co.,  London. 


RECENT  JOURNAL   ARTICLES    OF    INTEREST  TO  THE  IN- 
DUSTRIAL CHEMIST. 
Beer,  Pasteurization  of —  in  Cask  and  Bottle.     By  C.   Hi  1:111. 

Journal  oj  tin   Institute  oj  Brewing,  Vol,   17,   1011,  No.  6,  pp. 

596-612. 


Coal     Carbonization.     By    Y.     B.     Lewes.     Progressive     Age, 

Vol.  29,  191 1,  No,  24,  pp.  1029-103=;. 
Combustion    Surface.     By    Wm.    A.    Bone.      Progressivi      Age, 

Vol.  29,  191 1,  No.  24,  pp.  1037-1043. 
Concrete,  Electrolytic  Corrosion  in  Reinforced     .     By  Burton 

McCollum,  ct  al.     Proceedings  oj  the    American  Institute  oj 

Electrical  Engineers,  Vol.  30,  191 1,  No.   11,  pp.  2248-2269. 
Cotton,    A  Study  of      Fibers.     By  Hans  Wrede.     Paper,  Vol. 

Y,    191 1,  No    12,  pp.  13-15. 
Fertilizers:    Inorganic    Nitrogenous    Plant    Foods.     By    F.    J. 

Machalske.      American    Fertilizer,    Vol.    35,    191 1,    No.    8, 

PP-  29  44- 

Illuminating  Gas,  Unstable  Hydrocarbons  in — .  By  E.  C. 
Jones.      Progressive   Age,  Vol.  29,  191 1,  No.  20,  pp.  865-868. 

Leather,  Report  on  —  Analysis.  By  F.  P.  Veitch.  Journal 
oj  tin-  American  Leather  Chemists'  Association,  Vol.  6,  191 1, 
No.  12,  pp.  565-579- 

Lignite,  A  Chemical  Study  of  :  The  Volatil  Constituents.  By  G. 
B.Frankforter  and  A.  P.  Peterson.  Journal  of  the  American 
Chemical  Society,   Vol.   33,    191 1,    No.    12,   pp.    1954-1963. 

Lithopone  White.  Anon.  Oil,  Paint  and  Drug  Reporter, 
Vol,  80,  191 1,  No.  21,  pp.  281. 

Nitrate,  The  Accuracy  of —  Determinations.  By  S.  Seydel 
and  L.  Wichers.  Zeitschrift  juer  angewandle  Chemie,  Vol. 
24,  191 1,  No.  43,  pp.  2046-2054. 

Oils,  The  Aromatic  Grass — .  Anon.  Bulletin  oj  the 
Imperial  Institute,  Vol.  9,  191 1,  No.  3,  pp.  240-253. 

Oils,  The  Behavior  of  High-boiling  Mineral —  on  Heating  in  Air. 
By  C.  E.  Waters.  Bulletin  oj  the  Bureau  oj  Standards, 
Vol.  7,  191 1,  No.  3,  pp.  365-376- 

Oils,  Progress  in  the  Domain  of  Ethereal —  and  Perfumery 
Bodies.  By  F.  RoCHUSSEN.  Zeitschrift  juer  angewandte 
Chemie,  Vol.  24,  191 1,  No.  46,  pp.  2185-2195. 

Papers,  Testing  Fastness  to  Ink  in  Writing — .  By  Hans  Wrede. 
Paper,  Vol.  V,  1911,  No.  10,  pp.  11-12,  32. 

Plating,  The  Effect  of  Addition  Substances  in  Lead —  Baths. 
By  F.  C.  Mathers  and  O.  R.  Overman.  Advance  Copy, 
Transactions  American  Electrochemical  Society ,  Vol.  20,  1912. 

Rubber,  The  Adsorption  of  Acids  by  the  Colloids  of  Dialysed 
Hevea  Latex.  By  Watson  CrosslEy.  India  Rubber  ] 'ournal, 
Yd   42,  1911,  No.  21,  pp.  17-18. 

Rubber,  Machines  for  Mining  and  Grinding — .  By  P.  Hoff- 
mann.     Kunslstoffe,  Vol.  1,  1911,  No.  21,  pp.  405-408. 

Sewage,  The  Different  Conditions  of —  and  their  Causes.  By 
George  W.  Fuller.  Engineering  Record,  Vol.  64,  191 1, 
No.  21,  pp.  597-600. 

Steel,  Chemical  and  Physical  Reactions  in —  Production,  Espe- 
cially in  the  Electric  Furnace.  By  T.  Geilenkirciien.  Z( ■;/- 
ichrift    fuet    angewandti     <  hemie,    Vol.    24,     1911,    No.    41. 

Steel,  Electrolytic—  and  its  Production.  By  W.  RoDENHAUSER. 
/ctulinjt  juer  angewandti  <  hemic,  Vol.  24,  191 1,  No.  48, 
pp.  22S9   2302. 

Sucrose,  Direct  Determination  of  in  all  Products  Containing 
More  or  Less  Reducing  Sugars.  By  H.  Pellet  and  1'. 
LEMELAND,  International  Sugar  Journal,  Vol.  13,  191  1, 
No.  1  55,  pp  <>  16  618. 
•  Sugar,  Methods  of  Analysis  and  Chemical  Control  for  Use  in 
Cane  Factories.  By  Guilford  L.  Spencer.  International 
Sugai  Journal,  Vol.   13,   181 1,  No.   154,  pp.  545-558. 

Textiles,  Effect  of  the  Bleaching  Process  on  the  Weight  and 
Strength  of—.  By  S.  II.  Higgins.  Journal  of  the  Society 
oj  1  hemical  Industry,  Vol,  30,  1911,  No.  22,  pp.  1205    1298. 

Vanadium,  The  Determination  of —  in  Vanadium  and  Chrome- 
Vanadium  Steels.  By  John  R.  Cain.  Bulletin  oj  the  Bureau 
nj  Standards,  Vol,  7.  1911,  No.  3,  pp.  377-392. 

Waters,  The  Chemical  Examination  of —  and  Trade  Effluents. 
By  J.  A.  S.  MORRISON.  Journal  oj  the  American  Leather 
Chemists'    Association,  Vol.  6,   101 1.  No.  12.  pp,  544-56=;. 
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RLCLNT  INVENTIONS. 


Reported  bj  C.  i    Parker,  9oUdtog  erf  I  be 

PROCESS  OF  AND   APPARATUS  FOR    MAKING    CLAD 

METALS. 

U.  S.  Patent  No.  1,004,673,  to  John  E.  Monnot,  New  York  City. 

Assignor  to  Duplex  Metals  Company,  of  New  York  City. 

This  invention  relates  to  processes  of  and  apparatus  for  pro- 
ducing clad  metals,  and  it  comprises  a  process  of  producing 
clad  metals  wherein  a  core  or  base  of  ferrous  or  like  metal  is 
given  a  dense,  cohering,  impervious  coating  of  an  unlike,  high- 
melting,  ductile  metal  by  electro  depositing  said  unlike  metal 
thereon  in  a  molten  state;  all  as  more  fully  hereinafter  set 
forth  and  claimed. 


il  Patent*,  McOlU  Building,  B  uhington,  D,  C. 

METHOD  OF  PRODUCING  CRYSTALS. 

U.  S.  Patent  No.  1,004,858,  to  Herbert  H.  Dow,  Midland,  Mich. 
Assignor  to  the  Dow  Chemical  Company,  of  Midland,  Mich. 
This  invention  relates  to  the  manufacture  of  chemical  prod- 
ucts ot  a  crystalline  nature. 

The  process  consists  in  producing  crystals  by  conducting  the 
evaporation  in  two  or  more  successive  stages,  and  mechanically 
moving  the  precipitated  crystals  through  the  said  stages  in  a 


The  process  consists  in  immersing  a  high-melting  metal  body 
in  a  solution  of  a  salt  of  an  unlike  metal  and  thereby  producing 
a  striking  coating  of  the  unlike  metal,  and  then  making  such 
metal  body  a  cathode  in  a  bath  of  fused  electrolyte  containing 
a  dissolved  ductile  high-melting  different  metal,  such  bath 
being  maintained  at  a  temperature  above  the  melting  point  of 
such  high-melting  metal. 

The  accompanying  illustration  shows  apparatus  in  which 
the   process  is  carried  out. 


direction  passing  from  a  late  stage  of  evaporation  toward  and 
through  the  earlier  stages  whereby  the  crystals  formed  in  the 
later  stages  are  washed  in  the  purer  liquor  of  earlier  stages  while 
evaporation  is  progressing  therein. 

The  accompanying  illustration  shows  apparatus  in  which  the 
process  is  carried  out. 

PROCESS  OF  REFINING  LEAD  AND  LEAD  ALLOYS. 
U.  S.  Patent  No.  1,006,323,  to  Leland  E.  Wemple,  St.  Louis,  Mo. 
Assignor  one-half  to  Hoyt  Metal  Company,  of  St.  Louis. 
This  invention  is  a  process  for  the  removal  of  contaminating 
metals  or  foreign  elements  from  pig  lead  and  from  alloys  of  lead 
and  antimony,  of  lead  and  tin,  and  of  lead  antimony  and  tin, 
and  particularly  to  the  removal  of  arsenic  antimony,  or  tin, 
from  lead,  and  to  the  removal  of  arsenic  from  antimonial  lead 
or  antimony-lead  alloys,  and  from  lead-tin-antimony  alloys 
without  the  removal  of  either  antimony  or  tin  from  the  alloys. 


The  process  consists  in  bringing  the  lead,  or  lead  alloy  con- 
taining impurities,  or  foreign  elements,  while  in  a  molten  state, 
in  intimate  contact  with  the  hydroxid  of  an  alkali,  such  as 
hydroxid  of  sodium,  or  hydroxid  of  potassium  whereby  the 
foreign  elements  are  attacked  by  said  hydroxid  while  the  metallic 
lead  itself  is  practically  unattacked,  and  therefore  remains  in 
the  metallic  state,  the  contaminating  metals  undergoing  a 
chemical  change  which  is  regarded  as  oxidation  or  at  least 
partial  oxidation,  combining  with  or  becoming  held  mechanically 
by  the  hydroxid. 

The  process  may  be  carried  out  in  the  apparatus  shown  in  the 
accompanying  illustration. 
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METHOD  OF  PRODUCING  NITROGEN  COMPOUNDS  FROM 

CARBIDS. 
U.  S.  Patent  No.  1,006,927,  to  Albert  R.  Frank,  of  Halensee,  near 
Berlin.     Assignor  to  Societa  Generale  Per  La  Cianamide,  of 
Rome. 

This  invention  is  a  method  of  producing  nitrogen  compounds 
from  carbids,  such,  for  instance,  as  cyanamids  (carbodiimids), 
cyanids,  nitrids,  and  other  like  compounds,  as  applied  to  the 
production  of  which  the  process  would  be  illustrated  by  the 
formula 

CaC2-2NCaCN2-C, 
or 

BaC2-2NBaC2NiP 
or 

3MgC2-2NMg3N2-6o. 
The  process  consists  in  bringing  a  relatively  small  part  of  the 
carbid  mass  in  a  finely  divided  condition  into  contact  with  heated 
nitrogen  to  heat  said  carbid  to  the  reaction  temperature,  sup- 


plying nitrogen  as  the  reaction  proceeds,  thereby  maintaining 
the  temperature  and  continuing  the  reaction  throughout  the 
mass  to  be  converted. 

The  accompanying  illustration  shows  apparatus  in  which  the 
process  may  be  carried  out. 


A  SELF-CLEANING  STILL. 
U.  S.  Patent  No.  1,010,508,  to  W.  H.  McCune,  Vandergrift,  Pa. 
This  invention  relates  to  an  apparatus  more  particularly  used 
for  distilling  water,  with  a  mechanical  arrangement  for  cleaning 
at  intervals  without  substantial  interruption  of  the  process 
of  distillation  or  the  attention  of  an  operator.  It  is  planned 
to  obviate  the  usual  difficulties  of  interruption  and  loss  of 
efficiency  in  distillation  by  so  designing  the  apparatus  as  to 
clean  automatically  at  regulated  intervals. 

The  accompanying  illustration  is  a  sectional  elevation,  show- 
ing the  distilling  apparatus  constructed  and  arranged  in  accord- 


ance with  this  invention.  The  new  and  automatic  feature  of 
this  device  is  shown  in  parts  19,  20,  21,  22,  23  and  24,  and  the 
opening  and  closing  of  the  flushing  valve  is  accomplished  by 
means  of  a  float.  The  frequency  with  which  the  retort  is  drained 
is  regulated  by  the  volume  of  water  discharged  from  the  chamber 
into  the  tank  19  by  drip  cock  18. 


MARKET 

AVERAGE  WHOLESALE  PRICES  OF  STANDARD 

Full  I. ■•!  ol  Weekly  Quotation! 
ORGANIC    CHEMICALS. 

Acetanilid                                               Lb  io"    ,  @ 

Acetone  (drums)                                     Lb.  '.v'  ,  (§  15 

Alcohol,  grain  1 188  proof)                      Gal  1  56      <§  •  5* 

\i,..ii,.i.  wood  (95  pei  cent  I                  Gal.  50      @  52 

Alcohol,  denatured  (180  proof)              Gal.  40      ("  r 

\iu\l  Acetate                                        .Gal.  3  <><>      (»  3  -'5 

Acetic  Acid •  ■  C.  1.75      ("  1   90 

Aniline  <  >il Lb.  m1  ,  ("  u1/. 

Benzoic  Acid Oz.  1 1'   ,  (a  12 

Carbon  Tetrachloride  (drums)                Lb  7'  .  <"  8'/4 

Carbon  Bisulphide    Lb.  5      @  7 

Chloroform Lb.  23       @  28 

Carbolic  Acid  (drums)   Lb.  19       ("  20 

Citric  Acid  (domestic) Lb.  38 l/t  d  39 

Camphor  (refined  in  bulk)   Lb.  (5  44 

Dextrine  (imported  potato) .. .         ...Lb.  6      (3  7 

Dextrine  (corn) ' C.  3.08      (»  3.25 

Ether  (U.  S   1'.,  1900) Lb.  14      ("  20 

[formaldehyde     Lb.  8'/2  (a  9y2 

Glycerine  (dynamite) Lb.  16      @  i6'/2 

Iodoform Lb.  2  95       (a  3 .00 

Oxalic  Acid    ■' C.  7 'A  («  /'A 

Pyrogallic  Acid  (bulk) Lb.  1 .  25       (a  1  .48 

Salicylic  Acid Lb.  32        @  34 

Starch  (corn) C.  2.00       @  2.15 

Starch  (potato) Lb.  5»A  @  5 'A 

Starch  (rice) Lb.  7       @  8 

Starch  (wheat) Lb.  47/K  @  5'A 

Tannic  Acid  (regular  in  hulk) Lb.  68       @  70 

Tartaric  Acid,  crystals Lb.  30'/,  @  303/ 

INORGANIC  CHEMICALS. 

Acetate  of  Lime  (gray) C.  2  .00       @  2  .05 

Acetate  of  Lead  (brown,  broken) Lb.  73/,  @  8 

Alum  (lump) C.  1.75       @  2.00 

Ammonium  Carbonate,  domestic Lb.  8       @  83/4 

Ammonium  Chloride,  gray Lb.  6'/8  @  63/8 

Aluminum  Sulphate Lb.  90       @  1 .  75 

Ammonium  Vanadiate Oz.  41       @  50 

Aqua  Ammonia  (drums)  160 Lb.  2 'A  @  2'/2 

Arsenic,  white Lb.  23/8  @  2*/, 

Brimstone  (crude,  domestic) Ton  22.00       ©22.50 

Barium  Chlorate Lb.  15       @  17 

Barium  Chloride C.  1.90       @  2.25 

Barium  Nitrate Lb.  5'A  @  61/, 

Borax,  crystals  (bags) Lb.  31/,  @  4 

Boric  Acid,  crystals Lb.  7       @  7 'A 

Bromine,  bulk Lb.  25       @  30 

Bleaching  Powder  (35  per  cent.) C.  1.25       @  1 .  30 

Barytes  (prime  white,  foreign) Ton  18.50       @  22  .50 

Blue  Vitriol Lb.  4%  @  43A 

Calcium  Chloride C.  65       @  9» 

Calomel,  American Lb.  91        @  93 

Chalk  (light  precipitated) Lb.  4'A  @  6 

Cobalt  Oxide Lb.  80       @  1.00 

China  Clay  (imported) Ton  1 1  .  50       @  18  .00 

Feldspar Ton  8.00       @,  12  00 

Fuller's  Earth,  powdered C.  80       @  85 

Green  Vitriol  (bags) C.  60       @  85 

Hydrochloric  Acid  (18°) C.  1.15       @  1   55 

Hydrochloric  Acid  (220) C.  1.45       @  1  -75 

Iodine  1  resublimed) Lb.  2   60       @  2  .  65 

Lead  Xitrate Lb.  8       @  85/8 

Lithium  Carbonate Lb.  60       @  63 

Magnesite  (raw) Ton  10.00       @  11 .00 

Mercuric  Chloride Lb.  82       @  85 

Nitric  Acid,  360 Lb.  37A  @  4'A 

Nitric  Acid,  420 Lb.  47/s  @  5'A 


REPORT. 

CHEMICALS,  ETC.,  FOR  MONTH  OF  DECEMBER.) 

.  irr  "Oil,  Paint  &  Dim  RtporUt." 

Phosphorus.                                          Lb.  45      (<•  1  00 

Phosphoi ic  Acid,  s.  g    17s                     Lb  i  ■      (5  6 

Plastei  of  Paris                                      C.  1   50      (3  1   70 

Pota    nun  Bromide Lb.  31       ("  34 

Potassium  Permanganate  (bulk)            Lb.  (S  io*/4 

Potassium  Cyanide  (bulk) Lb.  20      (»  24 

Potassium  Iodide  (bulk) Lb.  \   io      (§  2.15 

Potassium  Chlorate,  crystals    Lb.  H'/i  f"1  9'A 

Potassium  Nitrate  (crude) Lb  4  '/v  fc/  5 

Potassium  Bichromate,  50 ° Lb  7*/»@  73A 

Pumice  Stone Lb.  2       (a,  4 

Quicksilver Lb.  6 1       <"  64 

Salt  Cake  (glass  makers) C.  55        ("  C15 

Silver  Nitrate Oz.  36       @  38 

Soapstone  in  bags Ton  10.00      @  r .>  00 

Sodium  Acetate Lb.  4'/,  (5),  5 

Sodium  Chlorate Lb.  81/,  @  9'/2 

Sodium  Bicarbonate  (English) Lb.  2'A  (f>  3 

Sodium  Bichromate Lb.  55/R  @  6 

Sodium  Bisulfite  (not  incl.  pkg.) C.  75       @  1  .37 'A 

.Sodium  Hydroxide,  60  per  cent C.  1  .80       @  I  .85 

Sodium  Hyposulfite C.  1  .  30       @  1 .  60 

Sodium  Nitrate,  95  per  cent.,  spot.  .  .    C.  2.20       @  2.2  2'/2 

Sodium  Silicate  (liquid) C.  65       @  1  .50 

Sodium  Stannate Lb.  93/4  @  - 10 

Strontium  Nitrate Lb.  y'/,  @  8 

Sulphur,  Roll C.  1.85       @  2.15 

Sulphur,  Flowers C.  2.20       @  2  .  60 

Sulphuric  Acid,  60 °  B C.  85       @  1 .00 

Talc  (American) Ton  15.00       @  20.00 

Terra  Alba  (American),  No.  1 C.  75       @  80 

Tin  Bichloride  (50°) Lb.  13       @  13 

Tin  Oxide Lb.  49       @  51 

Tin  Chloride  (360) Lb.  n        @  1 1  '/2 

Zinc  Chloride  (granulated) Lb.  4'/,  @  4'/2 

Zinc  Sulphate Lb.  2 '/,  @  2  '/2 

OILS,  WAXES,   ETC. 

Beeswax  (pure  white) Lb.  40       @  45 

Black  Mineral  Oil,  29  Gravity Gal.  12       @  121/, 

Castor  Oil  (No.  3) Lb.  9lA  @  11 

Ceresin  (yellow) Lb.  9       @  20 

Corn  Oil C.  5.95       @  6.00 

Cottonseed  Oil  (crude),  f.  o.  b.  mill.  . .  .Gal.  31 'A  @  33 

Cylinder  Oil  (light,  filtered) Gal.  191/.,  @  20 

Japan  Wax Lb.  8'/2  @  9 

Lard  Oil  (prime  winter) Gal.  75       @  83 

Linseed  Oil  (double-boiled) Gal.  74       @  88 

Paraffine  Oil  (high  viscosity) Gal.  23'/2  @  24 

Paraffine  (crude  120  @  122  m.  p.) Lb.  3       @  31/, 

Rosin  Oil  (first  run) .' Gal.  36       @  50 

Spindle  Oil,  No.  1 Gal.  14       @  i4l/2 

Sperm  Oil  (bleached  winter)  38° Gal.  76       @  78 

Stearic  Acid  (double-pressed) Lb.  io'/4  @  io'/2 

Tallow  (acidless) Gal.  63       @  65 

Tar  Oil  (distilled) Gal.  30       ©  31 

METALS. 

Aluminum  [No.  1  ingots] Lb.  i8s/g  @  l9 

Antimony  (Hallet's) Lb.  73/s      @  76/s 

Bismuth  (London) Lb.  —       @  1  .80 

Copper  (electrolytic) Lb.  13.08       (Tv  13.15c 

Copper  (lake) Lb.  132       (0,13.35c 

Lead,  N.  Y Lb.  —       @  4.45c 

Nickel Lb.  40       @  50 

Platinum  (refined) Oz.  48 .  50       @  49  .  00 

Silver Oz.  54       @  56 

Tin Lb.  —       @  44V, 

Zinc       Lb.  6.22       @6.37'/,,c 
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EDITORIALS 


POTASH  FROM  THE  PACIFIC   KELPS. 

During  the  spring  and  early  summer  of  1911,  sys- 
tematic work  was  inaugurated  to  determine  the 
fertilizer  resources  of  the  United  States.  Sources 
of  supply  for  phosphoric  and  nitrogenous  fertilizers 
were  more  or  less  well  known.  There  was  no  known 
source  of  ootash  salts,  however,  of  any  economic  im- 
portance. It  is  obviously  desirable  that  such  a 
source  should  be  found  and  developed,  and  this  fact 
was  accentuated  by  the  controversies  arising  be- 
tween the  "Kali  Syndicate"  and  certain  American 
importers  which  received  much  notice  in  the  current 
press  and  was  the  occasion  of  animated  diplomatic 
exchanges  between  the  Governments  of  the  parties 
to  the  controversy.  The  resources  of  the  United 
States  in  possible  sources  of  "potash"  therefore 
received  special  attention,  and  various  lines  of  in- 
quiry were  actively  prosecuted.  One  of  these,  so 
far,  has  yielded  positive  results.  (For  a  complete 
description  of  this  work  see  Senate  Document  190, 
Sixty-second  Congress,  2nd  session,  entitled  "A 
Preliminary  Report  on  the  Fertilizer  Resources  of 
the  United  States.")  Balch  (This  Journal,  i,  777 
(1909)  has  called  attention  to  the  giant  j  kelps 
of  the  California  coast  as  occurring  in  enormous  quan- 
tities and  being  especially  rich  in  potash  salt.  Sam- 
ples of  the  kelp  from  Southern  California  and  the 
salts  derived  therefrom  were  submitted  to  this  office 
by  Mr.  Balch  in  September,  19 10,  and  further  data 
were  secured  from  various  sources. 

Early  in  the  summer,  three  field  parties  were  or- 
ganized: Prof.  George  B.  Rigg  observed  and  mapped 
the  kelp  beds  or  groves  in  about  a  half  of  Puget 
Sound;  Prof.  Frank  M.  McFarland  surveyed  the 
groves  from  San  Francisco  Bay  to  Point  Sur;  and 
Captain  .W.  C.  Crandall,  of  the  La  Jolla  Station  of 
the  Marine  Biological  Association  of  San  Diego, 
surveyed  the  groves  of  the  main  shore  and  outlying 
islands  from  Point  Loma'  to  Point  Conception.  Offi- 
cers of  the  Bureau  of  Fisheries  made  still  further 
observations  regarding  the  kelps  of  Alaska. 

In  the  work  this  summer  something  over  one  hun- 
dred square  miles  of  kelp  groves  were  surveyed,  and 
there  is  reason  to  believe  that  the  total  area  on  the 
Pacific  Coast,  from  Magdalena  Bay  to  Shumagin 
Islands,  may  possibly  be  6  or  8  times  this.  Quite 
a  large  number  of  kelp  and  rockweeds  were  found, 
although  generally  the  larger  groves  are  approxi- 
mately "pure  stands."  Two  of  the  kelps  are  chiefly 
of  importance  as  sources  of  potash.  In  the  northern 
groves  the  important  kelp  is  the  Nereocystis  luetkeana 
and  in  the  southern  groves  it  is  the  Macrocysiis  py- 
rifera.  From  Point  Sur  southward  this  latter  occurs 
in  large  groves  sometimes  several  square  miles  in 
area,   and   often   in   very   dense   masses. 

Nereocystis  grows  in  almost  any  depth  of  water, 
where  there  is  a  rocky  bottom  and  also  a  strong  tide- 
way or  otherwise  continual  movement  of  the  water. 


Macrocystis  grows  only  on  exposed  coasts  where 
there  is  much  movement  of  water,  and  practically 
always  at  depths  of  from  6-10  fathoms.  As  the 
carbon  dioxide  and  the  oxygen  necessary  to  the 
metabolism  of  the  plant  must  be  obtained  from  the 
dissolved  gases  in  the  water  a  continually  renewed 
mass  of  water  must  be  available.  This  fact,  proba- 
bly, accounts  for  the  difficulties  encountered  in  try- 
ing to  artificially  propagate  these  algae  under  lab- 
oratory of  aquaria  conditions.  A  rocky  bottom 
is  essential  for  the  holdfasts  which  these  plants  have 
in  lieu  of  roots,  and  to  anchor  them. 

Nereocystis  is  an  annual.  The  fruiting  vseason 
is  about  over  by  the  middle  of  July,  and  in  order 
to  maintain  the  groves  this  algae  should  not  be  cut 
before  that  time.  Macrocystis,  however,  is  proba- 
bly r  perennial;  at  least,  its  life  is  more  than  a  cal- 
endar year,  and  if  cut  early  in  the  summer,  it  is  said 
to  be  able  to  regain  its  luxuriant  growth  in  40  days 
or  thereabout.  At  least  two  cuttings,  therefore, 
should  be  practicable.  Its  habit  of  growth,  more- 
over, the  spores  forming  on  fronds  well  below  the 
surface,  tends  to  provide  against  its  extinction  or  seri- 
ous depletion.  Nevertheless,  it  would  probably  be 
wise  to  maintain  a  "closed  season"  for  this  algae 
also  and  not  permit  more  than  two  cuttings  per  sea- 
son, thus  insuring  a  sufficient  fruiting  to  maintain 
the  groves  unimpaired.  Some  form  of  governmental 
protection  or  control  of  the  groves  is  obviously 
necessary  to  their  maintenance  and  efficiency. 

The  cutting  and  harvesting  of  the  kelp  is  a  de- 
tail of  the  industry  which  is  in  a  far  from  satisfac- 
tory shape.  Several  forms  of  cutters  have  been 
suggested  and  a  few  tried.  This  is,  however,  a  me- 
chanical detail  which  American  ingenuity  will  un- 
questionably settle  soon  now  that  it  has  been  shown 
to  be  worth  while.  It  probably  wil  not  be  practi- 
cable to  cut  the  kelp  more  than  10  or  12  feet  below 
the  surface  of  the  water,  and  in  the  case  of  the  Ma- 
crocystis at  least  a  greater  depth  of  cutting  should 
not  be  permitted,  in  order  to  insure  fruiting  and  re- 
seeding  of  the  groves. 

Kelp  was  originally  a  term  applied  to  the  ashes 
of  seaweeds  and  rockweed,  but  has  become,  es- 
pecially in  this  country,  synonymous  with  the  sea- 
weeds or  brown  floating  algae,  and  on  the  Pacific 
Coast  is  applied  popularly  to  the  two  plants  cited 
above.  These  plants  among  other  characteristics 
have  this  in  common,  they  absorb  relatively  large 
amounts  of  potassium  chloride  from  the  sea  water, 
much  larger  than  most  other  algae  either  of  the  Pa- 
cific or  other  waters.  Dr.  J.  W.  Turrentine  has 
made  a  large  number  of  analyses.  From  his  data 
it  appears  that  Nereocystis  contains  about  30  per 
cent,  of  its  dry  weight  of  potassium  chloride  and 
Macrocystis  nearly  as  much.  With  both  kelps,  as 
they  dry  out,  large  quantities  of  potassium  chlo- 
ride,   mixed    with  varying   amounts    of    other    salts, 
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effloresce  on  the  surface,  and  can  be  removed  readily 
by  simply  shaking.  Practically  all  the  potassium 
salts  can  be  obtained  by  lixiviation  of  the  dried 
plant  or  of  its  ash. 

Neither  Nereocystis  nor  Macrocystis  of  the  Pa- 
cific littoral  contain  as  much  iodine  as  many  other 
seaweeds  and  rockweeds.  Nevertheless,  the  amounts 
present  are  notable  and  contrary  to  popular  belief; 
the  southern  kelp  contains  more  than  does  the 
northern. 

According  to  Turrentine's  analyses  Nereocystis 
contains  about  0.16  per  cent,  and  Macrocystis  about 
twice  as  much.  Besides  iodine,  other  useful  prod- 
ucts can  be  obtained  from  these  kelp,  of  which,  how- 
ever, space  will  not  permit  a  discussion  here. 

It  is  not  possible  as  yet  to  give  an  accurate  esti- 
mate of  the  amount  of  potassium  chloride  .which 
the  Pacific  kelp  groves  can  yield  annually.  With 
all  conditions  at  their  best  the  maximum  possible 
yield  might  be  in  the  neighborhood  of  8  million  tons, 
worth  at  present  prices  about  $300,000,000.  No 
such  yield  is  probable,  however,  at  least  in  the  near 
future.  Taking  every  cons  deration,  and  leaning 
strongly  to  conservatism  it  may  be  said  that  it  ought 
to  be  perfectly  practicable  to  obtain  an  annual  yield 
of  at  least  a  million  tons  of  potassium  chloride,  worth 
at  present  prices  upwards  of  $30,000,000.  The 
iodine  obtainable  at  the  same  time  should  go  far 
toward  paying  the  expenses  of  harvesting  the 
kelp  and  extracting  the  potash. 

It  has  been  assumed  in  some  quarters  that  be- 
cause the  kelp  can  be  made  to  yield  about  three 
times  the  present  total  potash  importations  from 
Germany  the  latter  will  be  stopped  or  greatly 
diminished.  This  is  very  much  to  be  doubted.  Ex- 
isting business  engagements  will  ensure  continued 
importation  for  some  years  to  come.  It  is  possible, 
and  greatly  to  be  desired,  that  potash  from  American 
kelp  will  reduce  the  price  of  potash  salts.  But  the 
vast  bulk  of  the  potash  salts  goes  into  the  South 
Atlantic  States  because  these  states  at  present  are 
the  great  fertilizer  consumers.  Inevitably  the  Trans 
Mississippi  States  must  soon  use  fertilizers  and  in 
fact  the  movement  has  already  begun.  A  very 
large  increase  in  the  consumption  of  fertilizers,  and 
therefore  of  potash,  may  be  anticipated  within  the 
next  few  years,  enough  probably  to  take  up  the 
American  production  in  sight  and  the  importation 
to  be  obtained  from  Germany  as  well. 

The  great  importance  of  the  kelps  lies  not  in  the 
probability  of  their  excluding  German  potash,  but 
(1)  if  properly  managed,  in  preventing  a  monopoly 
and  regulating  prices;  (2)  in  making  possible  a  greatly 
extended  use  of  fertilizers,  and  thereby  perhaps  even 
stimulating  importations;  and  (3)  in  times  of  stress, 
giving  the  country  a  resource  and  preventing  the 
agricultural  interests  from  being  at  the  mercy  of 
an  outside  power.  F.   K.   Cameron. 


SURFACE  COMBUSTION. 

In  view  of  the  wide-spread  publicity  given  to  the 
lecture  of  Professor  W.  A.  Bone,  of  Leeds,  before  the 
American  Gas  Institute  at  St.  Louis  and  the  Chem- 
sits'  Club  in  New  York,  October,  and  especially  in 
view  of  the  general  acceptance  by  gas  engineers  and 
chemists  in  general  of  his  process  as  a  new  discovery 
in  combustion,  it  seems  highly  desirable  to  present 
a  brief  review  of  this  art.  Professor  Bone's  demon- 
strations were  all  concerned  with  the  burning  of 
explosive  gaseous  mixtures  continuously  by  method 
which   (quoting) 

"consists  essentially  in  injecting,  through  a  suitable  orifice  at 
a  speed  greater  than  the  velocity  of  back  firing,  an  explosive 
mixture  of  gas  (or  vapor)  and  air  in  their  combining  propor- 
tions into  a  bed  of  incandescent,  granular  refractory  material, 
which  is  disposed  around  or  in  proximity  to  the  body  to  be 
heated." 

This  method  of  burning  explosive  gaseous  mix- 
tures was  used  by  C.  E.  Lucke,  in  1900,  or  about 
eleven  years  ago.  It  was  made  the  subject  of  a  long 
series  of  experiments,  the  results  of  which  were  pub- 
lished in  a  paper  entitled  "The  Heat  Engine  Prob- 
lem," presented  to  the  American  Society  of  Me- 
chanical Engineers,  December,  1901,  and  forming 
part  of  his  Doctor's  Dissertation,  from  which  the 
following  is  quoted: 

"The  desirability  of  being  able  to  burn  an  explosive  mixture 
continuously  and  non-explosively  under  commercial  rather 
than  laboratory  conditions  having  been  long  obvious,  a  series 
of  experiments  was  undertaken  at  Columbia  University  with 
this  end  in  view.  Many  experiments  were  made  and  various 
results  obtained,  but  as  a  full  account  would  take  too  much 
space  and  avail  little,  only  a  few  characteristic  experiments 
will  be  noted  as  leading  up  to  the  result.  Consider  a  mass  of 
explosive  mixture  passing  through  a  non-conducting  tube 
with  a  uniform  velocity,  v.  Then,  if  inflammation  be  started 
at  some  point,  the  surface  of  combustion  may  remain  at  rest 
or  move  with  or  against  the  current.  Denote  the  rate  of  prop- 
agation by  r.  Then,  when  v  is  greater  than  r  the  surface  of 
combustion  will  move  with  the  current,  and  if  the  tube  has  an 
end,  the  flame  will  'blow  off'  and  combustion  cease;  if  v  =  r 
the  surface  of  combustion  will  remain  at  rest,  other  influences 
being  inoperative;  if  v  is  less  than  r,  the  surface  of  combustion 
will  move  back  toward  the  source,  or  'back  flash.'"  "In 
a  practicable  system  of  burning  an  explosive  mixture  continu- 
ous!)', vve  may  state  the  following  as  desiderata  and  later  see 
how  they  can  be  secured. 

I.  'Back  flashing'  must  be  prevented. 
II.  'Blow  off'  must  be  prevented. 

III.  Combustion  surface  must  be  localized. 

IV.  It  must  remain  localized  for  wide  ranges  of  feed  or 
velocity  of  flow  of  the  mixture. 

V.  The  localization  must  be  unaffected  by  changes  of 
temperature. 

VI.  Large  or  small  quantities  must  be  burned  without 
affecting  the  above,  and  the  transition  from  very  small  quan- 
tities to  very  large,  or  vice  versa,  however  sudden,  should  be 
easy. 

The  first  requirement  might  be  accomplished  in  three  ways: 

(a)  By  using  a  long  tube  of  some  conducting  material  and 
'  so  small  in  diameter  as  to  prevent  the  passage  of  the  flame- 
cap  under  any  circumstances. 

(b)  By  using  wire  gauze  screens. 
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iii  r.s  causing  the  mixture  to  Bow  at  some  poinl  with  a 
velocity  always  greatei   than  the  rate  of  propagation. 

The  first  (o)  is  impracticable,  as  it  permits  of  only  small 
quantities  being  burned;  the  second  (6)  will  not  work  when 
the  wire  gauze  gets  hot;  this  leaves  (<)   which  is  practicable." 

"Hence  we  must  put  down  as  the  first  requirement  in  our 
desired  method  of  combustion  the  following:  At  some  point 
before  the  combustion  surface  is  reached  the  velocity  of  feed  must 
be  such  thai  u  is  greatei  than  >. 

Requirement  II  might  be  accomplished  in  three  ways: 

(a)  By  so  reducing  the  velocity  after  passing  the  high  speed 
point  that  we  have  at  some  surface  v  =  r. 

(b)  By  suddenly  increasing  the  temperature  of  the  mixture 
so  as  to  increase  the  rate  of  propagation  while  v  remains  con- 
stant;   or 

(f)  By  reducing  r,  by  spreading  the  current,  and  increasing 
r  by  heating.  All  of  these  ways  are  practicable;  but,  as  a  re- 
duction of  velocity  alone,  or  a  sufficient  heating  alone  would 
not  produce  the  desired  results  so  well  as  both  operating  to- 
gether, there  was  introduced  as  the  second  requirement  in 
our  desired  method,  the  following:  After  passing  the  point 
where  v  is  greater  than  r,  the  velocity  of  the  mixture  should  be  so 
reduced  and  its  temperature  increased  as  to  make  v1  =  rl." 

"Many  ways  of  bringing  about  the  above  were  tried,  but 
only  one  seemed  preeminently  good  by  reason  of  its  simplicity 
and  effectiveness,  for  it  fulfils  most  perfectly  the  requirements 
proposed  for  our  desired  method;  this  is,  to  fill  a  cone  with 
fragments  of  refractory  material  such  as  pottery,  broken  cru- 
cibles, bits  of  magnesite,  or  any  other  rock  that  will  stand  the 
high  temperature  without  fusing.  In  cones  of  60  degrees, 
and  with  a  V4-inch  orifice,  I  have  ound  pieces  of  about  */«  inch 
diameter  to  answer  well.  These  separate  pieces  of  solid  matter 
interpose  many  reflecting  surfaces  without  materially  hin- 
dering the  advance  of  the  mixture,  and  cause  it  to  spread  in 
the  way  desired,  keeping  the  surface  of  combustion  spherical 
and  preventing  diffusion.  A  variation  of  velocity  causes  the 
spherical  surface  of  combustion  to  vary  only  in  diameter,  and 
the  limits  of  feed  are  determined  only  by  the  size  of  the  cone." 

"A  cone  of  given  altitude  will  give  the  greatest  range  of 
variation  of  diameter  of  cross  section  when  its  angle  is  180 
degrees.  This  is  a  plane  surface  which,  with  the  orifice  and 
broken  rock  should  appear  as  in  Fig.  *  (Fig.  49,  page  58,  'The Heat 
Engine  Problem').  Here  the  surface  of  combustion  is  approxi- 
mately   a    semi-sphere.     Trial    shows    that    this    arrangement 


Fig.  1. 


Fie.  2. 


works  perfectly,  and  the  limits  of  feed  are  determined  only 
by  the  size  of  the  pile  of  rock  surrounding  the  opening.  A 
cone  of  360  degrees,  or  no  cone  at  all  suggest  the  surrounding 
of  the  nozzle  by  broken  rock  without  any  enclosing  walls 
Fig  2  (Fig.  50,  page  58,  'The  Heat  Engine  Problem').  This 
arrangement  also  works  remarkably  well.  The  surface  of 
combustion  is  here  approximately  a  sphere  giving  the  greatest 
possible  increase  in  area  of  the  surface  of  combustion  for  the 
distance  traveled  from  the  nozzle." 

"Not  only  is  the  greatest  possible  range  of  action  by  velocity 
reduction  thus  obtained,  enabling  the  greatest  possible  amount 
of  mixture  to  be  burned  in  a  given  volume,  but  this  amount 


is  further  augmented  by  reason  0)  th  increast  oj  the  mi'  "/  propa- 
gation caused  by  Hie  passage  of  the  mixture  between  tin  hot  frag- 
ments.   Hence  both  principles  operati    simultaneously  toward 

the  desired  end. " 

"We  have  thus  arrived  at  a  method  of  continuously  burning 
explosive  mixtures  of  all  sorts,  whether  in  the  chemical  pro- 
portion or  not." 

"When  a  chemical  proportion  is  maintained  in  the  mixture, 
all  the  combustion  takes  place  on  the  combustion  surface, 
giving  absolutely  neutral  products  of  combustion,  but  when 
an  excess  of  gas  is  present  within  certain  limits,  all  gas  that 
can  find  oxygen  burns  explosively  between  the  solids,  while 
the  excess  acts  merely  as  a  neutral  diluent  to  be  burned  when  it 
meets  an  oxygen  atmosphere  later  on.  By  properly  placing 
the  oxygen  atmosphere  to  burn  the  excess  gas,  we  can  get  the 
hot  products  either  reducing  or  oxidizing — reducing  after 
leaving  the  explosive  combustion  surface  and  before  meeting 
the  excess  of  oxygen  in  the  atmosphere,  oxidizing  after  that 
meeting." 

This  quotation  is  reproduced,  together  with  other 
similar  matter  by  Hutton  in  his  book  "The  Gas  En- 
gine," 1903,  pages  486-493.  It  cannot,  therefore, 
be  said  that  the  scientific  and  technical  world  has 
not   had   opportunity  enough   to   become   acquainted 


Fie.  3. 


with  this  work,  done  some  eleven  years  ago  and  in 
print  for  ten  years,  especially  as  many  journals  quoted 
portions  of  the  A.  S.  M.  E.  paper,  mentioned  above, 
as  well  as  quotations  from  another  paper  by  the 
same  author,  presented  to  the  A.  S.  M.  E.,  May, 
1902,  on  the  application  of  the  same  process  to  the 
burning  of  oils. 

Not  only  does  it  appear  from  the  above  that  Lucke 
practiced  this  process  for  both  gases  and  oils  prior 
to  1 90 1,  but  two  patents  were  issued  to  him  for  the 
process.  U.  S.  No.  755,376  and  No.  755,377,  filed 
respectively  June  7,  1901,  and  July  30,  1901,  both 
issuing  March  22,  1904,  contain  illustrations  and 
descriptions  of  apparatus  substantially  the  same 
as  used  by  Bone,  but  the  claims  cover  the  method 
broadly  and  are  not  confined  to  the  apparatus  shown. 
To  make  clear  the  comparison,  consider  Figs.  3  and 
4,  which  are  reproductions  of  the  patent  illustrations, 
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with  Fig.  5,  reproduced  from  the  American  Gas 
Light  Journal,  illustrating  Bone's  Apparatus  (Dec. 
4,  191 1 ).  The  following  quotations  of  the  patent 
claims  will  show   the  scope  of  these  two   patents  in 


general  though  only  the  first  claim  in  each  case  is 
quoted,  there  being  three  claims  for  the  first  patent 
and  five  for  the  second. 

Claim  i,  U.  S.  Patent  No.  755,376  to  Lucke. 
"The  method  of  burning  explosive  gaseous  mixtures  which 
consists  in  causing  the  mixture  to  move  with  a  velocity  greater 
than  the  rate  of  propagation  of  inflammation  through  the  mix- 
ture, and  then  reducing  the  velocity  to  the  rate  of  propagation 
of  the  inflammation  and  preventing  diffusion  with  other  gas,  by 
causing  the  mixture  to  spread  out  so  that  the  successive  sur- 
faces of  uniform  velocity  shall  have  adjacent  points  in  any 
such  surface  at  substantially  the  same  distance  from  the  place 
where  spreading  begins,  a.nd  burning  the  mixture  at  the  sur- 
face at  which  the  velocity  is  equal  to  the  rate  of  propagation 
of  inflammation,  substantially  as  described." 

Claim  i,  U.  S.  Patent  No.  755,377  to  Lucke. 
"The  method  of  burning  fluid  fuel  which  consists  in  causing 
the  fuel  and  a  suitable  combustion-supporting  gas  in  propor- 
tions such  that  there  will  be  an  excess  of  fuel  over  the  quantity 
required  for  perfect  chemical  combination  with  the  oxygen 
of  the  supporting-gas  to  flow  into  a  hot  combustion-bed,  the 
supporting-gas  moving  with  such  velocity  as  to  cause  the  re- 
sulting mixture  to  move  with  a  velocity  greater  than  the  rate 
of  propagation  of  inflammation  through  the  mixture,  and  the 
combustion-bed  being  of  such  a  nature  as  to  cause  the  mixture 
to  spread  out  so  that  the  successive  surface  of  uniform  velocity 
shall   have   adjacent    points    in    any    such    surface    at    sub- 


stantially the  same  distance  from  the  place  where  the 
spreading  begins,  thereby  reducing  the  velocity  of  the 
mixture  to  the  rate  of  propagation  of  inflammation  and  pre- 
venting diffusion  with  other  gas;  and  burning  within  the  bed 
so  much  of  the  fuel  as  herein  forms  with  the  supplied  oxygen 
an  explosive  gaseous  mixture  and  burning  at  or  beyond  the 
surface  of  the  bed  the  remainder  of  the  fuel,  substantially  as 
described." 

It  would  appear  that  these  two  claims  of  the  method 
of  burning  explosive  mixtures  whether  in  chemi- 
cally combining  proportions  or  not,  as  used  by  Bone, 
are  broadly  covered  and  allowed. 

It  is  of  interest  in  this  connection  to  quote  the 
U.  S.  Patent  Office  citations  which  were  overcome 
in  connection  with  the  Lucke  cases,  and  these  are: 
1,  Verstraet,  Jan.  12,  1869;  2,  Smith,  No.  170,198, 
Nov.  23,  1875;  3.  Paquelin,  No.  180,155,  July  25, 
1876;  4,  Weeks,  Oct.  12,  1880;  5,  Hubbard,  No. 
260,983,  July  n,  1882;  6,  Wainwright,  Oct.  12,  1886; 
7,  Grant,  No.  457,081,  Aug.  4,  1891;  8,  Rogers,  March 


22,  1892;  9,  Archer,  Feb.  28,  1893;  10,  Ladd,  No. 
550,831,  Dec.  3,   1895;   11,  Barker,  No.   577,638,  Feb. 

23,  1897;  12,  Burrows  &  Weaver,  No.  672,888,  April 
30,  1901 ;  Musker  &  Hay,  No.  676,096,  June  11,  1901. 
Detailed  examination  of  the  Bone  paper  reveals 
only  one  structure  or  apparatus  not  used  or  specifi- 
cally described  by  Lucke,  and  that  is  the  porous 
diaphragm  in  place  of  the  broken  refractory  material. 
There  appears  to  be,  however,  no  essential  difference 
between  a  porous  diaphragm  and  a  body  of  broken 
material  except  in  the  shape  or  size  of  the  passage- 
ways open  to  the  flow  of  the  gaseous  mixtures. 

In  view  of  these  experiments,  the  wide-spread 
and  apparently  general  acceptance  of  the  supposition 
that  Bone's  work  is  new  seems  difficult  to  support. 
Apparently,  the  only  journal  that  has  not  fallen  into 
this  error  is  "Power"  which  in  its  issue  of  Nov. 
21,  191 1,  calls  attention  to  the  similarity  of  Lucke 's 
and   Bone's  processes,  editorially. 


PHYSICAL-INDUSTRIAL   CHEMISTRY. 

At  first  sight  it  seems  as  though  the  two  divisions  of 
organic  chemistry  and  inorganic  chemistry  covered 
the  whole  field  and  as  though  a  man  who  was  well 
posted  in  these  subjects  would  have  all  the  knowledge 
of  pure  chemistry  needed  by  one  going  into  industrial 
chemistry.  This  is  not  true  because  the  organic 
chemist   and   the   inorganic      chemist   of   the   colleges 
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are  interested  primarily  in  the  nature  oi  the  final 
product,  while  the  technical  man  is  much  more  con- 
ied  wiiii  efficiency  in  its  bearing  on  cost  of  pro- 
duction. Consequently  it  is  being  recognized  more 
clearrj  every  year  thai  a  thorough  grounding  in  or- 
ganic ami  inorganic-  chemistry  is  merely  a  prelimi- 
nary stage  in  the  training  of  an  industrial  chemist 
and  that  his  chemical  course  is  incomplete  unless 
it  leads  up  to  and  includes  physical  chemistry,  which 
means  the  common-sense  study  of  methods.  Some 
fifteen  years  ago  I  announced  at  one  of  the  meetings 
of  the  American  Chemical  Society  that  a  proper 
training  in  physical  chemistry  was  the  best  possible 
training  for  a  man  going  into  technical  work.  At 
the  time  the  statement  was  considered  as  the  un- 
fortunate   outburst    of    a    misguided    and    unbridled 


'ination.      To-day    it    is   such    a    truism    that,    it    is 

out   of  place  anywhere  except  in  an  editorial. 

This  is  the  more  interesting  because  the  real  <lr- 
velopment  has  scarcely  begun.  Within  the  next 
three  or  four  years  we  shall  get  colloid  chemistrjj 
on  a  sound  scientific  basis,  and  when  that  time  comes 
the  field  of  the  physical  chemist  will  includ< 
tography;  tanning;  brewing;  rubber;  dyeing;  soap; 
textiles;  artificial  silk  and  other  filaments;  cellulose; 
paper;  celluloid  and  other  plastics;  starch;  glues  and 
cements;  paints,  lacquers  ami  varnishes ; lubricating  oili 
and  greases;  clay,  fuller's  earth  and  putty;  inks;  cer- 
amics ;  glass  and  enamels ;  milk,  butter  and  caseine ;  cook- 
ing; water  purification  and  sewage  disposal;  food  pre- 
servatives; slags;  soils;  physiology,  biology  and  medi- 
cine. Wilder  D.  Bancroft. 
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SOME    PROBLEMS    IN   CHEMICAL   ENGINEERING 
PRACTICE.1 

MANUFACTURE   AND  TESTING  OF  SHIPPING  CYLINDERS 
FOR  ANHYDROUS  AMMONIA. 

By  F.  W.  Frerichs. 

Received  January  5.  1912. 

INTRODUCTION. 

Encouraged  by  some  of  my  friends,  I  offer  to-day 
what  may  be  called  a  continuation  of  the  address 
which  I  delivered  in  Chicago,  six  months  ago,  and 
which  has  been  already  published  in  the  October 
and  November  (191 1)  issues  of  This  Journal. 

For  to-day,  I  have  selected  three  problems  in  chemi- 
cal engineering  practice,  the  characters  of  which 
are  widely  different  from  the  previous  problems 
and  which  give  additional  proof  of  the  state- 
ment that  the  field  of  chemical  engineering  is  ex- 
ceedingly varied  and  difficult  to  define.  Again, 
these  problems  are  selected  with  a  view  of  giving, 
to  the  student  of  chemical  engineering,  an  idea  of 
the  variety  of  questions  with  which  he  may  be  con- 
fronted but,  at  the  same  time,  they  are  chosen  to 
call  attention  to  the  wide  difference  between  scien- 
tific chemical  research  and  the  investigation  of  chemi- 
cal engineering  problems. 

Scientific  research  treats  principally  with  re- 
actions which  produce  definite  substances  >and  can 
be  followed  up  by  chemical  formulae. 

Chemical  engineering  problems  are  based  'On  re- 
actions also  but  they  include  cost,  quality,  yield, 
labor  and  safety  of  those  engaged  in  the  manufacture 
of  goods,  and  provide  for  the  convenience  in  handling 
the  goods  by  the  consumer.  In  the  manufacture 
of  chloroform  from  bleaching-powder  and  ethyl  alco- 
hol, the  process  was  known,  but  the  object  of  the 
research  was  to  find  the  conditions  under  which  the 
maximum  yield  could  be  obtained  by  a  known  reac- 
tion and  to  construct  apparatus  which  would  give 
these     conditions    with    greatest    economy.     In     the 

1  Address  read  at  the  Annual  Meeting  of  the  American  Institute  of  Chem- 
ical Engineers,  in  Washington,  D.  C,  December  20,  1911. 


construction  of  laboratory  apparatus  referred  to, 
the  saving  of  time  effected  by  the  improved  appa- 
ratus was  the  leading  element.  In  the  manufac- 
ture and  testing  of  shipping  cylinders  for  liquefied 
ammonia  gas,  the  safety  of  handling  and  the  con- 
venience to  the  consumer  was  the  object  of  investi- 
gation. 

These,  together  with  the  three  problems  treated, 
give  only  a  few  forms  of  the  great  variety  of 
demands  which  are  likely  to  be  made  on  the  chemi- 
cal engineer,  and  I  should  feel  highly  gratified  if  I 
have  given  an  incentive  to  others  of  our  members 
to  follow  in  this  direction,  by  giving  the  solution  of 
additional  cases,  so  that  we  may  obtain  a  large  va- 
riety of  solved  problems  by  which  the  students  in 
our  profession  may  be  guided  in  their  work. 

MANUFACTURE     AND     TESTING     OF     SHIPPING     CYLINDERS 
FOR    ANHYDROUS    AMMONIA. 

All  chemical  manufacturers  produce  goods  and 
these  goods  need  packages  in  order  to  be  marketed. 
The  question  of  packages  is  often  more  difficult  and 
requires  more  study  and  capital  than  the  manu- 
facture of  the  goods  to  be  shipped  in  them  and  this 
is  particularly  the  case  if  the  packages  are  intended 
for  compressed  or  liquefied  gases,  which  can  only 
be  handled  with  reasonable  safety  if  the  containers 
in  which  the  gases  are  confined  are  constructed  and 
kept  in  such  a  manner,  that  danger  in  handling  them 
as  far  as  practicable  is  excluded. 

It  is  often  said  that  the  manufacture  of  packages 
is  not  a  chemical  problem,  and  chemists  should  not 
meddle  with  questions  outside  of  their  line;  that  if 
questions  of  packages  arise  they  should  go  to  men 
who  make  them  and  take  their  advice.  But  there 
are  instances  in  which  the  chemical  engineer  is  con- 
fronted with  the  necessity  of  going  himself  into  the 
manufacture  of  containers,  and  in  such  cases  the 
manufacture  of  packages  becomes  a  chemical  engi- 
neering problem.  I  experienced  a  case  of  that  kind 
not  long  ago  when  I  needed  a  large  number  of  valves 
for  ammonia  shipping  cylinders,  and  since  the  object 
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involved  many  thousands  of  dollars  I  went  to  the 
trouble  of  studying  the  question  thoroughly. 

I  made  designs  and  had  models  made  at  great 
expense,  some  of  which  you  see  among  the  exhibits. 

When  I  had  arrived  at  a  model  which  seemed  to 
fill  my  requirements,  represented  by  Fig.  1,  I 
selected  a  shop  where  similar  work  had  been  done 
and  contracted  at  their  price  for  1,500  valves,  equal 
to  model  submitted.  When  deliveries  were  begun 
I  had  to  reject  every  valve.  When  the  defects  were 
pointed  out  it  was  admitted  that  the  differ- 
ences were  there,  but  it  was  contended  that  the  valves 
delivered  were  just  as  good  and  answered  the  pur- 
pose. To  this  I  took  exception.  As  the  proprie- 
tors of  the  shop  were  desirous  of  fulfilling  their  con- 
tract, I  went  into  their  shop  to  help  things  along, 
and  investigated  the  cause  of  the  unsatisfactory 
work  which  had  been  delivered. 


Fig.  1. — a,  '/»*  pipe  connection;  6.  3/s"  pipe  connection:   c.  plug:  d.  iron  washer;  e.  rubber 
washer;  f,  valve  stem;  g,  stuffing  box  nut  or  gland;  h,  and  A1,  iron  washers;  i,  pack- 
ing; j,  soft  metal  seat;  k,  pipe  connection  for  dipper  pipe. 

The  drop  forgings  for  the  valve  bodies  were  made 
by  a  reliable  firm  on  my  direct  order.  There  was 
no  trouble  on  this  account  and  the  valve  stems  and 
the  nuts  were  made  from  standard  steel  bars,  so 
that  there  could  not  be  any  fault  with  the  material. 

In  the  shop  I  found  some  good  and  some  worn 
machine  tools,  and  there  were  some  good  machinists, 
but  the  majority  of  help  were  second-class  men. 
Since  work  was  continuously  coming  in  it  was  neces- 
sary to  shift  my  work  from  one  place  to  another  to 
keep  the  shop  going,  and  the  result  was  unsatisfac- 
tory work. 

The  valve  stems  and  lock  nuts  had  been  sublet 
to  another  shop  of  good  reputation  at  a  contract 
price,  but  they  were  turned  out  on  a  much  used  screw 
machine,  were  therefore  not  accurately  made,  and 
were  not  satisfactory  to  me. 

For  making  good  valves,  perfect  tools  and  good 
mechanics  seemed  to  be  necessary,  and  in  order  to 
turn  them  out  at  the  rate  of  about  200  valves  per 
week,  by  my  calculation,  a  sum  of  about  $3,000  was 


to  be  invested  in  tools.  The  shop  was  unwilling  to 
make  such  an  investment.  Neither  could  they 
promise  to  put  only  first-class  machinists  on  the  work, 
unless  I  would  agree  to  pay  a  price  which  was  pro- 
hibitive. 

In  this  manner,  I  was  forced  to  undertake  the 
work  myself.  I  bought  the  best  machine  tools  I 
could  obtain,  and  arranged  a  shop  containing  two 
screw  machines,  two  lathes,  two  drill  presses,  and 
one  gas  furnace  for  case-hardening.  Furthermore, 
one  power  hack  saw  and  emery  wheel,  all  of  which 
cost  about  $3,000.  I  employed  three  good  machin- 
sits  and  two  helpers,  put  one  of  my  engineers  in  charge 
of  the  shop  and  turned  out  180  good  valves  per  week 
at  a  cost  which  was  much  less  than  the  price,  which 
I  had  paid  to  the  outside  shop  for  unsatisfactory 
work. 

Compressed  and  liquefied  gases  are  manufactured 
inXvery  large  quantities,  and  for  their 
safe  transportation  by  common  carriers, 
rules  have  been  adopted  in  many  coun- 
tries for  constructing  and  testing  con- 
tainers in  which  they  may  be  accepted 
for  shipment  by  transportation  com- 
panies. 

Containers     used     for     this     purpose 
generally  have  the  form  of  cylinders. 

One  set  of  rules  has  been  agreed  upon 
by  the  railroads  of  Germany,  Austria 
Hungary,  Belgium,  France,  Denmark, 
Italy,  Luxembourg,  The  Netherlands, 
Roumania,  Russia,  Sweden,  and  Switzer- 
land, which  rules  are  commonly  referred 
to  as  the  International  Rules  for  Euro- 
pean countries.  Up  to  recent  times 
there  were,  however,  no  regulations  of 
this  kind  in  the  United  States  but  the 
American  Railroad  Association,  in  con- 
junction with  committees  appointed  by 
manufacturers  of  compressed  gases,  have 
been  working  on  such  rules  for  several 
years,  and  these  rules  were  recently  adopted  by  the 
Interstate  Commerce  Commission  of  the  United  States, 
and   went    into  effect,   October   1,    191 1. 

The  general  rules,  applying  now  to  shipping  con- 
tainers for  compressed  and  liquefied  gases,  are  as 
follows: 

"(a)  Gases  that  may  combine  chemically  must 
not  be  shipped  in  one  cylinder.  Cylinders  purchased 
hereafter  for  the  shipment  of  compressed  gases  must 
be  made  in  accordance  with  specifications  approved 
by  the  Interstate  Commerce  Commission. 

"(b)  By  water  jacket,  or  other  suitable  tests,  each 
cylinder  used  for  shipping  liquefied  gases  must  be 
subjected  at  least  once  in  five  years  to  a  uniform 
interior  pressure  not  less  than  one  and  one-quarter 
times  the  interior  pressure  that  would  result  from 
heating  the  cylinder  uniformly,  in  its  maximum 
charged  condition,  to  a  temperature  of  1300  F.  Each 
cylinder  used  for  shipping  under  pressure  not 
exceeding  1,000  pounds  per  square  inch  nonliquefied 
gases  or  gases  in  solution,  must  be  subjected  at  least 


THE  J0\  RNAL  OF  INDl  STRIAL  AND  ENGINEERING  CHEMISTRY.  Feb..  1912 


once  in  five  years  to  a  uniform  interior  pressure  not 
less  than  twice  the  charging  pressure  for  such  cylinder, 
corresponding  to  a  temperature  of  700  F.;  when  the 
charging  pressure  exceeds  1,000  pounds  per  square 
inch,  the  test  pressure  must  not  be  less  than  one 
and  one-halt  times  the  •  barging  pressure,  A  cylinder 
must  be  condemned  when  it  leaks,  when  the  per- 
manent expansion  is  due  to  local  weakness,  or  when 
it  is  uniform  and  exceeds  5  per  cent,  of  the  total 
expansion.  When  the  charging  pressure  is  less  than 
300  pounds  per  square  inch  it  will  not  be  necessary 
to  measure  the  permanent  expansion  in  quintennial 
pressure  tests,  provided  the  cylinder  in  question 
has  previously  passed  this  test. 

"(c)  The  weight  of  gas  charged  into  any  cylinder 
must  not  at  a  temperature  of  130°  F.  cause  an  in- 
terior pressure  in  excess  of  three-fourths  of  the  elas- 
tic limit  of  the  weakest  part  of  the  cylinder. 

"(d)  The  manufacturer  must  not  offer  for  trans- 
portation a  cylinder  filled  with  such  charging  den- 
sity of  any  gas  as  would  produce  failure  in  the  test 
prescribed  for  that  gas. 

"(e)  After  December  31,  19 14,  all  cylinders  must 
plainly  be  stamped  with  the  date  of  last  test — for 
example,  '4-09'  for  April,  1909 — or  otherwise  dura- 
bly marked  to  show  compliance  with  this  rule;  and 


inspected    separately    for    defects    inside    and    outside 
and  then  subjected  to  the  following  tests: 

(a)  To  each  crop  end  cut  from  the  pipe  from  which 
the  cylinders  arc  to  be  made,  a  flattening  test  must 
be  applied  with  the  weld  45°  away  from  the  side 
which  is  subject  to  the  greatest  bending  stress,  with 
knife  edges  of  wedge  shape  converging  at  an  angle 
of  60 °,  the  point  being  rounded  off  with  a  radius 
of  one-half  inch.  In  this  test,  the  crushing  of  the 
walls  must  be  to  within  four  times  the  thickness 
of  the  metal,  and  a  crop  end  must  withstand  the  test 
without  cracking. 

(b)  An  internal  hydrostatic  test  of  600  pounds 
per  square  inch  must  be  applied  to  each  length  of 
pipe  under  which  it  must  not  show  signs  of  leaking 
at  the  weld  or  elsewhere. 

4.  Each  finished  cylinder  must  be  tested  by  in- 
ternal hydrostatic  pressure  as  specified  in  above 
table,  paragraph  1,  the  test  to  be  conducted  as  fol- 
lows: 

(a)  After  filling  cylinder  with  water,  the  test  pres- 
sure specified  must  be  applied  for  the  purpose  of 
detecting  leaks  and  rounding  up  the  cylinder. 

(b)  The  cylinder,  if  tight,  must  be  placed  in  'a 
water  jacket  or  other  approved  apparatus  for  meas- 
uring   the    expansion,  and    the    test    pressure    again 
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by  December  31,  191 1,  not  less  than  one-fourth  of 
the  cylinders  in  use  for  shipping  purposes  must  be 
thus  tested  and  marked. 

"(/)  Cylinders  containing  acetylene  gas  must  be 
made  of  tough  steel  and  must  be  completely  filled 
with  a  porous  material  that  has  been  tested  by  the 
Bureau  of  Explosives  and  approved  by  the  Inter- 
state Commerce  Commision,  and  this  material  must 
be  charged  with  acetone  or  its  equivalent  not  to  ex- 
ceed 40  per  cent,  of  the  interior  volume  capacity  of 
the  cylinder.  The  pressure  in  cylinders  containing 
acetylene  gas  must  not  exceed  250  pounds  per  square 
inch  at  a  temperature  of  70 °  F. " 

In  addition  to  these  general  rules,  specifications 
for  shipping  containers  are  adopted,  each  set  of  speci- 
fications   being     different     for     different     gases. 

1 .  The  specifications  for  lap-welded  cylinders  intended 
for  shipping  anhydrous  ammonia  are  shown  in  Table  I. 

2.  Cylinders  must  be  manufactured  from  lap- 
welded  pipe  made  of  soft  steel  of  the  best  welding 
quality,  free  from  blisters,  cracks,  or  other  injurious 
defects. 

INSPECTION    AND    TESTING    OF    MATERIAL. 

3.  The  pipe  intended  for  these  cylinders  must 
be  manufactured  by  the  best  appliances  and  accord- 
ing to  the  best  modern  practice,   each  length  to  be 


applied.  The  permanent  expansion  under  this  test 
must  not  exceed  10  per  cent,  of  the  whole  volumetric 
expansion   at   the   pressure   specified. 

GENERAL    CONSTRUCTION    AND    INSPECTION. 

5.  The  manufacture  of  the  cylinders  must  be 
completed  with  the  best  appliances  and  according 
to  the  best  modern  methods.  All  finished  cylinders 
must  show  a  reasonably  smooth  surface,  and  must 
have  passed  the  above  inspection  and  tests  without 
showing  any  defect  in  workmanship  or  material 
likely  to  result  in  any  appreciable  weakness  in  the 
finished  cylinder.  Each  completed  cylinder  must 
be  inspected  for  such  defects  at  the  mill  by  the  pur- 
chaser or  his   representatives  before   acceptance. 

These  rules  and  specifications  are  the  results  of 
extensive  tests  made  with  cylinders  taken  from  the 
present  equipment  of  the  various  manufacturers 
and  with  new  cylinders  made  for  the  specific  pur- 
pose of  testing. 

I  am  much  pleased  to  say  right  here  that  tests 
have  shown  the  shipping  cylinders  of  old  equipment 
generally  to  be  of  greater  strengths  than  required 
by  the  regulations,  from  which  fact  it  may  be  con- 
cluded that  manufacturers  always  have  been  anxious 
to  make  shipping  cylinders  of  ample  strengths  so 
that  accidents  might  be  prevented. 
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Table  I. — Shipping  Contau 

ER  Specification  No.  4. 

—  (Sec  par.  18 

22(a),  p.  41.) 

Lapweldcd  Steel  Cylinders  for  Anhydrous 

Ammonia. 

Revised  January  1,  1912. 

Kffeetive  M 

arch  31,  1912. 

Table 

of  Details  as 

to  Dimensions. 

Outside 
diameter 

Over-all 
length  of 

Nominal 
thickness 

Test 

Head. 

Mouth. 

Weight  of  cylinder. 

of 

cylinder. 

of  cylinder 

per  square 

Low 

High 

Diam- 

Low 

High 

Low 

High 

cylinder. 

, ■ , 

wall. 

inch. 

Depth. 

limit. 

limit. 

eter. 

limit. 

limit. 

limit. 

limit. 

Inches. 

Ft.         in. 

Inch. 

Pounds. 

Inches. 

Inches 

Inches. 

Inches. 

Inches. 

Inches. 

Pounds. 

Pounds. 

10 

3  10 

0.19 

1000 

3V. 

3Vm 

3"/,, 

7V» 

7»/s 

7V8 

87 

112 

10 

4    0 

0.19 

1000 

3V4 

3V.6 

3»/,a 

7'/2 

7V« 

7V8 

90 

115 

10 

7     0 

0.19 

1000 

3V. 

3V16 

3"V,o 

7>/2 

7V6 

7»/« 

150 

175 

10 

3  10 

0.27 

1500 

3V, 

3V,» 

3'V,e 

7V2 

7»/« 

7«/« 

113 

141 

10 

4     0 

0.27 

1500 

3V« 

3VI6 

3'V.o 

7V2 

7Va 

7V8 

117 

145 

10 

7    0 

0.27 

1500 

33/« 

3V,„ 

3>V,a 

7>/2 

7»/g 

7V8 

203 

237 

12 

7     0 

0.21 

1000 

3V. 

3V.8 

3'V,, 

9 

9 

9 'A 

220 

250 

By  these  regulations,  containers  for  liquefied,  gases 
must  be  safe  at  pressures  to  which  the  fully  charged 
cylinders  will  be  exposed  at  1300  F.  and  the  following 
table  gives  the  pressures  corresponding  to  various 
temperatures  for  some  liquefied  gases  most  com- 
monly handled. 

Table  II. 
Test  pressure,  absolute. 


Absolute  pres- 
sure at 


.     38°C.55° 

100°  F.  130° 

1160     1227 

1112      1180 

215       340 

156        250 

147 


Inter- 
national      Critical  Critical 
Amer-  and  Ger-      pressure  temper- 
— ■    ican    man  rules,   absolute.  ature. 

F.  Lbs.  Lbs.  Attn.   Lbs.  Atm.  °C.      °F, 

2454  2793   190      1132      77  31.1      8S 

2360  2646   180      1103      75  35.4     9c 

425     441     30     1690   115 

312     323     22      1374     93. 


130.0  266 
145.4  294 


Carbon  dioxide  768 
Nitrous  oxide.   732 

Ammonia 104 

Chlorine 85 

Sulphur  dioxide    40  147        184      176      12      1160     78.9    155.4  312 

From  this  table  it  is  seen  that  the  pressures  vary 
greatly  with  the  different  gases  and,  consequently, 
shipping  cylinders  used  for  different  gases  must  be 
of  different  strengths 

From  the  table  it  is  also  evident  that,  in  a  general 
way,  the  International  and  American  Rules  agree 
fairly  well,  and  we  will  now  have  to  see  in  which  way 
the  shipping  cylinders  must  be  constructed  in  order 
to  comply  at  the  same  time  with  the  rules  of  the 
Railroad  Companies  which  are  considered 
by  them  necessary  to  secure  safe  hand- 
ling; with  the  interests  of  the  mills,  which 
require  that  the  specifications  be  inside  of 
the  possibility  of  manufacture  at  a  mini- 
mum cost;  and  with  the  interests  of 
manufacturers  and  consumers  of  the  goods, 
which  make  it  desirable  that  the  shipping 
cylinders  be  as  light  as  possible  in  order 
to  facilitate  the  handling  and  securing 
the    lowest  freights. 

In  designing  shipping  cylinders,  the  first 
question  is:  which  metal  can  be  used  and 
what  must  be  the  strength  and  thickness 
of  the  material  of  the  container  to  with- 
stand the  pressure  to  which  the  cylinder 
will  be  subjected? 

The  answer  to  this  question  is  found 
by  the  following  considerations: 

Materials  used  for  construction  of  ship- 
ping cylinders  must  be  indifferent  to  the 
gases,  which  are  to   be  shipped  in  them. 

All  materials  have  constant  proper- 
ties, among  them,  ductility,  the  tensile  or 
breaking  strength  and  elastic  limit. 

A  bar  of  any  material,  having  a  cross 
section   of    one    square    inch,    subjected   to 


a  moderate  strain,  will  elongate  and  spring  back 
to  its  initial  length  when  the  strain  is  released. 
This  indicates  the  elasticity  of  the  material.  If,  in 
repeating  the  experiment,  the  strain  is  increased,  a 
point  will  be  reached  at  which  the  bar  does  not 
spring  back  to  its  original  length,  and  the  strain  at 
which  this  takes  place  is  the  elastic  limit  of  the 
material.  If  the  strain  is  increased  beyond  the  elastic 
limit,  the  bar  will  be  disrupted  and  the  strain  at 
which  disruption  takes  place  is  the  breaking  strain 
of  the  material. 

The  toughness  or  ductility  of  a  material  is  tested 
by  bending  a  strip  of  it,  and  looking  for  cracks  on 
the  bend.  It  is  accepted  that  a  cylinder  made  of 
material  which  complies  with  this  bending  test  will 
not  break  up  into  flying  fragments  if  it  explodes  by 
influence  of  internal  gas  pressure. 

From  the  values  of  the  breaking  strain  and  the 
elastic  limit  of  materials,  the  dimensions  of  shipping 
cylinders  may  be  computed. 

In  a  cylinder,  filled  with  compressed  gas,  the  strain 
is  twofold,  namely,  in  the  direction  of  the  longitudinal 
axis  of  the  cylinder  and  at  right  angles  to  this  direction. 

Given  a  cylinder  of  ten  inches  diameter,  filled  with 
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^as  under  100  pounds  pressure  to  the  square  inch, 
the  total  pressure  on  each  oi  the  circular  cuds  is 
equal  to  the  area  oi  a  ten-inch  circular  plane,  ex- 
pressed 111  square  inches,  multiplied  by  ioo  pounds, 
which  is  equal  to  7584  pounds.  Since  this  stress 
must  be  taken  up  by  the  sides  of  the  cylinder  in  the 
cireumlercncial  seam,  between  the  bottom  of  the 
cylinder    and    its    sides,    each    inch    of    the    circumfer- 


ence (which  measures  31.4  inches)  must  withstand 
a  stress  of  7584  divided  by  31.4,  equal  to  241  pounds. 

The  stress  in  the  material  at  right  angles  to  this 
direction  is  equal  to  the  charging  pressure  on  a  plane 
which  is  placed  through  the  longitudinal  axis  and 
confined  by  the  sides  of  the  cylinder. 

Assuming  again  the  charging  pressure  to  be  100 
pounds  per  square  inch,  then  the  strain  on  two  op- 
posite sections  in  the  sides  of  the  cylinder,  each  sec- 
tion one  inch  long  and  of  the  thickness  of  the  ma- 
terial, is  equal  to  the  same  pressure  of  100  pounds 
on  a  plane  of  one  inch  width  and  in  length  equal 
to  the  diameter  of  the  cylinder.  This  is  in  our  case 
100  times  10,  equals  1000  pounds. 

One-half  of  this  stress  is  taken  up  on  each  of  the 
ends  of  the  plane  or  what  is  the  same  in  each  line 
of  the  cylindrical  part  of  the  container  which  is  par- 
allel to  the  axis  of  the  cylinder  and  one  inch  long, 
which  in  our  case  is  500  pounds.  This  stress,  being 
greater  than  the  stress  in  the  direction  of  the  axis, 
it   must   govern   in  the  calculation  of  the  cylinder. 

If  the  cylinder  is  made  of  steel  and  assuming  the 
tensile  strength  of  the  material  to  be  50,000  pounds 
to  the  square  inch,  with  an  elastic  limit  of  30,000 
pounds,  then  the  tubular  part  of  the  cylinder  must 
have  a  thickness,  expressed  in  inches,  equal  to  500, 
divided  by  39,000,  or  V«o  OI  an  inch,  in  order  to  with- 
stand an  interior  pressure  of  100  pounds  to  the 
square  inch  and  straining  the  sides  not  beyond  the 
elastic  limit  of  the  material.  For  the  heads,  the 
required  thickness  of  the  material  is  the  same  as 
for  the  sides,  if  the  heads  have  the  form  of  a  convex 
hemisphere.  If  the  heads  are  flat  or  concave,  the 
thickness  is  not  easily  figured,  since  it  depends  upon 
the  form  of  the  head  and  the  bending  strength  of 
the  material,  which  in  the  same  material  is  subjected 
to  considerable  variation. 

There    are    two    kinds    of   pipe   steel    manufactured 


at  the  presenl  time.  The  highest  grade  steel  has 
a  breaking  strength  of  from  65,000  to  150,000  pounds, 
with   an   elastic   limit  of   40,000   to    110,000   pounds. 

I  In  chemical  analysis  of  a  sample  of  steel,  having 
50,000  pounds  clastic  limit,  was  carbon  0.55%, 
phosphorus  0.05%,  sulphur  0.04%,  but  this  steel 
does  not  weld  and  can  be  used  only  for  the  manu- 
facture of  seamless  tubes. 

An  inferior  grade  of  pipe  steel  now 
commonly  used  has  a  breaking  strength 
of  50,000  to  55,000  pounds,  with  an  elastic 
limit  of  about  30,000  pounds.  Two  analyses 
of  this  kind  of  steel  have  given  the 
following  results: 


s. 

Per  cent. 
0.061 
0.068 


P. 
Per  cent. 
0.095 
0.121 


Mn. 

Per  cent. 

50.2 

0.42 


C. 

Per  cent. 

0.08 

0.08 


This  steel  can  be  welded,  can  be  bent 
over  to  four  times  its  thickness  without 
cracking  in  the  bend,  and  furnishes  at 
present  the  material  for  welded  tubes 
and  cylinders. 
5Up  to  about  fifteen  years  ago  manganese 
was  not  commonly  used  as  an  ingredient  for  pipe  steel, 
and  an  increased  amount  of  phosphorus  was  at  that 
time  left  in  the  steel  to  give  it  welding  qualities. 
Such  steel  has  a  low  breaking  strength  of  about  40,000 
to  45,000  pounds,  with  a  comparative  high  elastic 
limit  of  about  30,000  pounds.  Two  analyses  of  this 
steel  have  given  the  following  results: 


s. 

'er  cent. 

P. 
Per  cent. 

Mn. 

C. 
Per  cent 

0.031 
0.032 

0.292 
0.293 

Trace 
Trace 

0.06 
0.06 

This  steel  does  weld  but  breaks 
on  bending,  for  which  reason  its 
manufacture  was  abandoned. 

If  the  necessary  strengths  of 
shipping  cylinders  for  the  various 
gases  are  figured  from  the  values 
given  in  Table  II,  it  will  be  found 
that  carbonic  acid,  nitrous  oxide 
and  oxygen  (under  1,500  pounds  pres- 
sure) require  cylinders  made  of  steel 
of  high  tensile  strength,  while 
cylinders  for  ammonia  and  compressed 
air  (under  600  pounds  pressure)  for 
railroad  cars  and  for  many  other  gases, 
can  be  made  from  steel  of  less  strength. 

Bearing  in  mind  that  steel  of  high 
tensile  strength  cannot  be  welded, 
while  steel  of  less  strength  has 
welding  qualities,  the  manufacture  of 
steel  cylinders  in  this  country  is  carried 
out  in  two  different  ways. 

Cylinders  made  from  high-grade  steel 
are  made  by  the  seamless  method. 
This  class  of  cylinders  is  represented 
by  carbonic  acid  cylinders  and  cylin- 
ders for  nitrous  oxide  gas  and  oxygen. 

The  second  type  of  shipping  cylinders 


A 


ii- 


Fig.  5. 
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is  made  from  steel  of  less  strength  which  has  welding 
qualities,  and  this  type  of  cylinders  is  used  for 
liquefied  ammonia  gas  and  compressed  air  under 
less  than  600  pounds  pressure. 

Their  mode  of  manufacture  is  as  follows:  A 
sheet  of  steel,  about  25  feet  long  and  of  a  width  equal 
to  about  3:/<  times  the  diameter  of  the  tube  which 
is  to  be  made,  is  heated  in  a  furnace  (Fig.  2)  to  weld- 
ing heat,  whereupon  it  is  drawn  over  a  core  through 
a  round  die,  forming  a  tube  of  such  diameter  that 
the  edges  of  the  sheet  overlap  one  another  and  by 
pulling  the  sheet  with  great  force  over  the  core  and 
through  the  die,  the  weld  is  pressed  together  so  that 
it  does  not  exceed  in  thickness  the  original  plate. 
Cutting  off  the  crop  ends  from  the  tube,  a  length  of 
about  22  feet  is  obtained  which  is  put  into  the  testing 
bench,  in  which  both  ends  of  the  tube  are  closed  by 
suitable  pistons.  This  done,  water  under  about 
600  pounds  pressure  is  applied  to  the  interior  of  the 
tube,  whereby  leaks  may  be  detected  and  whereby 
the  entire  tube  is  rounded  out  into  a  uniform  shape. 
If  the  tube  has  proved  sound,  it  is  cut  in  suitable 
lengths,  which  serve  for  the  manufacture  of  shipping 
cylinders. 

Circular    plates    are    cut    for    the    heads    and    while 
hot    are    dished    and    flanged    in    a    suitable 
press. 

A  boss  is  welded  to   the  center  of  one  head 
for  each  cylinder,  to   give  sufficient   metal   for 
the  hole  receiving   the  valve   and  the   heads       v 
are  pressed   into   the   ends    of    the  cylinders, 
heated    to    a    welding    point,    pressed    together     and 
flared    between    conical    rollers,   as    shown    in    Fig.    3, 
whereupon  the  cylinders  are  ready  for  testing. 

The  testing  includes  an  inspection  for  visible  de- 
fects, the  ascertaining  of  their  length,  diameter  and 
weight,  a  test  of  the  material  for  ductility  and  strength, 
and  the  test  of  the  finished  cylinder  by  pressure  test. 

For  the  test  of  ductility  of  the  material,  the  crop 
ends  may  be  used  which  constitute  the  waste  in  cut- 
ting tubes  for  cylinders  to  length.  The  test  for 
ductility  is  made  by  bending  test  strips  to  four  times 
the  thickness  of  the  material,  whereupon  no  cracks 
must    be-  visible    on    the    bends   (Fig.  4). 

The  test  for  strength  of  the  material  may  be  made 
by  cutting  test  strips  from  the  crop  ends,  finishing 
them  as  indicated  in'  Fig.  5  and  pulling  them  in  a 
testing  machine  to  destruction.  If  waste  material 
has  not  been  saved  in  cutting  pipes,  a  number  of 
cylinders,  say  one  out  of  200,  are  cut  up  for  the  pur- 
pose of  obtaining  test  pieces.  Cylinders,  the  meas- 
ures and  weights  of  which  are  beyond  the  limits  or 
the  material  of  which  is  deficient  or  which,  upon 
inspection,  show  deformities  or  defects,  arc  rejected 
without  further  test. 

The  finished  cylinders  are  subjected  to  the  follow- 
ing pressure  tests: 

Preliminary  Test. — A  hydrostatic  pressure  of  1,000 
pounds  to  the  square  inch  is  put  on  to  round  up  the 
cylinders  and  to  detect  leaks.  If,  upon  inspection 
after  this  test,   the  cylinders  do  not   show  any  leak, 


local  weakness  or  any  visible  defect,  they  are  sub- 
jected to  the 

Water-jacket  Test,  to  ascertain  their  elasticity  and 
permanent  expansion.  The  test  is  made  in  the  ap- 
paratus illustrated  in  Fig.  6. 

A  steel  cylinder,  B,  closed  at  one  end  and  of 
sufficient  size  to  receive  the  cylinder  A,  which 
is  to  be  tested  and  having  a  cover  of  a  design  similar 


WATER  INUE 


to  C,  in  Fig.  6,  is  set  in  an  upright  position,  and 
is  connected  with  a  gauge  tube,  D,  which  in  turn 
is  provided  with  a  scale  divided  in  inches  and  tenths. 

The  apparatus  is  operated  as  follows: 

Vessel  B  (called  the  jacket)  is  filled  with  water 
and  cylinder  A,  also  filled  with  water,  is  lowered 
into  jacket  B,  care  being  taken  that  all  the  air 
is  removed  by  means  of  a  bent  pipe  from  the  cavity 
in  the  lower  head  of  the  cylinder.  Cover  C  is 
put  on,  fastened  with  suitable  clamps,  and  by  screw- 
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fog  tip  the  hand  wheel  o,  the  joint  is  made  water-  the  water  column  in  tube  D  rose  ii.i  inches  and 
tight  between  the  rubber  gasket  b  and  the  head  this  value  represented  the  total  cubical  expansion 
of  the  cylinder.      By    opening    valve  c,    water    isjid-      of  the  cylinder  under  the  prevailing  pressure,  which, 


mitted  to  B  which  drives  out  all  the  air  from 
the  apparatus  through  the  escape  valve  d.  After 
closing  d  the  water  rises  to  the  top  of  the  gauge 
glass     D,     and     sufficient     water     is    allowed   to    run 

from  the  tube  to  re- 
move all  the  air  from 
the  apparatus,  where- 
upon valve  c  is  closed. 
By  manipulating  valve 
e,  the  water  column 
in  D  is  adjusted  to 
zero  on  the  scale,  and 
the  apparatus  is  ready 
for  the  test. 

Water  under  high 
pressure  is  now  ad- 
mitted through  tube 
E,  to  the  interior  of 
cylinder  A,  the  pres- 
sure being  observed 
on  the  gauge  F. 
With  increasing  pres- 
sure, cylinder  A  ex- 
pands and  drives  an 
amount  of  water  equal 
to  the  cubic  expan- 
sion of  the  cylinder 
into  the  'gauge  glass 
D,  where  its  volume 
is  read  off  by  the  scale. 
In  a  specific  instance, 


in  this  instance,  was  1,000  pounds  to  the  square 
inch.  Upon  relieving  the  pressure,  cylinder  A 
contracted  .  to  near  its  former  volume,  the  water 
column  in  D  at  the  same  time  receding  towards 
the  zero  mark.  In  the  instance  referred  to,  the  water 
receded  to  0.35  inch  on  the  scale,  which  represen- 
ted the  permanent  expansion  of  the  cylinder  caused 
by  the  application  of  1,000  pounds  pressure,  and 
0.35   X   100 


the    quotient 


3.1%   indicated  the  per- 


manent set,  expressed  in  per  cent,  of  the  total  ex- 
pansion. 

If  the  permanent  set  is  less  than  10%  of  the  total 
expansion,  the  cylinder  is  considered  safe  for  use 
and  is  accepted. 

These  are  the  tests  prescribed  by  the  regulations. 

For  the  purpose  of  investigating  how  cylinders 
behave  under  other  conditions,  some  additional  experi- 
ments were  made,  which  may  be  briefly  mentioned. 


est  of  a  Cylinder. 
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1.   Subjecting  a  cylinder  to   water  jacket  test  and  other  cylinder  of  the  same  description,   lying  on  the 

ascertaining  expansion  and  set  at   various  pressures-  ground: 

The  experiment  was  made  in  apparatus    Fig.   6  and  The  experiment  was  arranged  as  sketched  in  Fig.  9. 

the  results  are  entered  in  the  preceding  table.  Cylinder     A    was     put     in    a    horizontal     position 


Fig.  9. 


2.  Subjecting  a  cylinder  to  hydropneumatic  pres- 
sure to  destruction,  done  for  the  purpose  of  ascer- 
taining whether  cylinders  made  from  certain  ma- 
terials will  break  up  into  flying  fragments  if  they 
are  exploded  by  gas  pressure : 

The  arrangement  of  the  experiment  was  as  shown 
in  Fig.  7. 

Cylinder  A  was  set  in  pit  B,  which  was  dug 
into  the  ground  and  protected  by  heavy  timbers. 

On  a  near-by  river  bank,  cylinder  C  (having 
five  times  the  size  of  A),  of  heavy  material  and 
previously  tested  by  internal  hydrostatic  pressure 
at  3,000  pounds  to  the  square  inch,  was  set  at  an 
angle  of  45  °,  the  top  of  this  cylinder  being  connected 
with  .cylinder  A  by  a  '/r^ch  extra  strong  pipe. 
Both  cylinders  were  filled  with  air  at  100  pounds 
pressure  by  valve  a,  whereupon  valve  a  was 
closed.  Subsequently  water  was  admitted  under 
high  pressure  by  valve  b  into  cylinder  C,  in- 
creasing gradually  the  air  pressure  and  driving  the 
air  from  cylinder  C  into  cylinder  A  until  ex- 
plosion occurred. 

An  exploded  cylinder  is  represented  by  Fig.  8. 
It  was  burst  open,  not  sending  out  any  fragments 
of  metal  in  its  destruction. 

3.  Subjecting  a  cylinder  to  drop  test  for  the  pur- 
pose of  ascertaining  whether  cylinders  of  certain 
materials  charged  with  compressed  gas  will  break 
if  they  are  dropped  in  a  loaded  condition  from  a 
platform,    wagon    or    car,    landing    crosswise    on    an- 


into     pit     B,     connected     up     to     cylinder     C     and 
filled  with  air  of  the  desired  pressure. 

A  drop  weight,  G,  having  the  weight  of  a  cylinder 
filled  with  ammonia,  was 
suspended  over  the  center 
of  the  cylinder  and  was 
dropped  by  releasing  the 
lock.  Two  pictures  (Fig. 
10)  show  the  indentations 
made  by  the  weight.  There 
being  no  fracture,  the  con- 
clusion was  drawn  that  the 
cylinders  cotild  have  dropped 
from  an  equivalent  height, 
without  causing  a  serious 
accident   by   explosion. 

PRESSURE      GAUGES     USED    FOR 
THE    TESTS    AND    EXPERI- 
MENTS. 

Attention  is  called  to  the 
unreliability  of  commercial 
pressure  gauges  under  high 
pressures.  Variations  as  high 
as  10%  were  repeatedly 
found,  and  it  is  necessary 
to  make  frequent  compari- 
sons with  dead-weight  test- 
ing apparatus  to  ascertain  the 
correctness  of  the  instruments 
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The  apparatus  used  for  controlling  the  gauges 
in  the  described  experiments  was  of  the  design  as 
by  the  American  Steam  Gauge  and  Valve 
Manufacturing  Company,  of  Boston,  Mass.,  the 
accuracy  of  which  was  controlled  by  the  United 
States  Bureau  of  Standards  and  found  to  be  corred 

within  a  traction  of  one  per  cent. 

(Continued  in  the  next  number.) 


THE    MANUFACTURE  AND  TESTING  OF  CARBONIC 
ACID  CYLINDERS.1 

By  John  C.  Minor,  Jr. 
Received  Dec.  26,   1911. 

The  manufacture  of  liquefied  carbonic  acid  was 
begun  in  this  country  about  thirty  years  ago  and  has 
expanded  to  an  industry  of  considerable  magni- 
tude. While  its  uses  are  of  a  varied  nature,  it  is 
as  the  essential  ingredient  of  carbonated  beverages 
that  carbonic  acid  has  become  an  important  article 
of  commerce. 

Until  very  recently  there  were  no  traffic  regulations 
in  this  country  covering  the  shipment  of  compressed 
gases,  nor  was  there — unless  perhaps  in  isolated 
cases — any  effort  on  the  part  of  manufacturers  of 
such  gases  to  procure  gas  cylinders  of  any  distinc- 
tive type  or  particular  quality.  It  was  considered 
sufficient  that  the  cylinders  had — by  a  custom  in- 
herited from  Germany — passed  a  hydrostatic  test 
of  3700  pounds  per  square  inch. 

In  1896  a  British  Parliamentary  Committee  made 
a  lengthy  investigation  of  questions  relative  to  the 
safe  transportation  of  compressed  gases,  and  certain 
regulations  were  recommended  in  its  report  but  did 
not  become  official.  They  mainly  summarized  what 
was  in  most  respects  the  prevailing  British  practice 
and  when  later  they  were  largely  embodied  in  the 
British  railroad  transportation  requirements  but  little 
difficulty  was  found  in  complying  with  them. 

In  Germany  there  were  at  that  time  Governmental 
regulations  regarding  the  filling  and  testing  of  such 
cylinders,  but  only  within  comparatively  recent  years 
were  these  extended  to  cover  the  manufacture  of 
the  cylinders. 

In  this  country  the  transportation  of  all  danger- 
ous or  inflammable  articles  is  now  carried  on  under 
the  regulations  of  the  Bureau  of  Explosives  of  the 
American  Railway  Association  as  approved  by  the 
Interstate  Commerce  Commission.  The  Bureau, 
through  its  chief,  Col.  B.  W.  Dunn,  first  took  up 
the  matter  of  compressed  and  liquefied  gases  early 
in  1909. 

There  had  already  been  some  careful  and  exten- 
sive work  done  on  this  subject  by  Prof.  R.  T.  Stewart, 
of  the  University  of  Pittsburg.  In  his  paper,  "The 
Physical  Properties  of  Carbonic  Acid  and  the  Con- 
ditions of  its  Economic  Storage  for  Transportation," 
read  in  December,  1908,  before  the  American  Society 
of  Mechanical  Engineers — and  from  which  the  writer 
has  freely  drawn — are  to  be  found  in  condensed  and 

1  Paper  presented  at  Annual  Meeting,  American  Institute  of  Chemi- 
cal Engineers,  Washington,  December.  1911. 


usable   form    valuable   data   relative   to   the   physical 

properl  ies  of  carbonic  acid. 

The  National  Tube  Company  of  Pittsburgh  had 
also  instituted  a  preliminary  investigation  of  the 
subject  and  when,  at  the  suggestion  oi  the  B 
of  Explosives,  the  manufacturers  of  liquefied  gases 
determined  upon  an  investigation  of  the  cylinder 
question,  every  facility  was  offered  them  by  that 
company  to  make  it  complete  and  to  it  is  due  the 
credit  of  much  of  the  cylinder  data  here  presented. 

Before  considering  the  cylinders  themselves  sev- 
eral facts  regarding  carbonic  acid  may  be  noted. 
This  product  may  appear  in  transit  either  in  liquid 
form,  or  as  a  vapor,  or  in  both  conditions,  together. 
Its  critical  temperature  is  88.4°  F.,  above  which  it 
cannot  exist  in  liquid  form.  At  any  temperature 
below  this,  all  of  the  cylinder  may  be  filled  with 
the  liquid  gas  or  a  part  of  it  may  be  filled  with  the 
liquid  and  the  remainder  with  the  saturated  vapor. 
Just  as  long  as  there  is  saturated  vapor  present, 
the  pressure  will  be  constant  for  a  fixed  temperature 
without  reference  to  the  proportion  of  liquid  present, 
but  when  the  cylinder  becomes  entirely  filled^  with 
the  liquid  the  pressure  will  no  longer  be  constant 
for  a  fixed  temperature 

It  is  obvious  that  the  condition,  whether  gaseous, 
liquid,  or  both,  that  obtains  below  the  critical  tem- 
perature within  the  cylinder  and  the  pressure  thereby 
exerted  on  its  walls  is  dependent  on  the  relation 
existing  between  the  total  capacity  of  the  cylinder 
and  the  amount  of  carbonic  acid  which  it  contains. 
This  relation  is  expressed  by  Professor  Stewart  in  his 
table  appended  hereto,  as  the  density  and  repre- 
sents the  proportion  of  filling  in  pounds  of  carbonic 
acid  per  pound  of  water  capacity,  being  for  each 
condition  tabulated,  the  combined  densities  of  the 
liquid  and  its  saturated  vapor  and  being  equal  in 
each  case  to  their  combined  weights  divided  by  the 
weight  of  their  combined  volumes  of  water  at  its 
maximum  density;  that  is,  a  density  of  0.75  would 
mean  that  a  cylinder  which  could  hold  100  lbs.  of 
water  had  75  lbs.  of  carbonic  acid  in  it,  or  a  cylinder 
with  a  water  capacity  of  80  lbs.  contained  60  lbs. 
of  carbonic  acid. 

Reference  to  this  table  of  Professor  Stewart  will  show 
for  any  given  proportion  of  filling  or  density,  the 
pressure  exerted  by  carbonic  acid  within  the  cylin- 
der for  any  given  temperature  and  which  it  must 
under  all  conditions  safely  resist.  These  pressures 
are  increased  by  about  60  lbs.  per  sq.  in.  for  each 
per  cent,  of  air  present.  Manifestly,  strength  to 
resist  pressure  is  only  one  feature  of  a  properly  de- 
signed cylinder  and  ability  to  withstand  rough  hand- 
ling in  transportation  and  to  resist  fragmentation 
on  fracture  are  other  important  elements  in  the 
problem  of  producing  a  safe  cylinder. 

Carbonic  acid  gas  cylinders  are  made  in  this  coun- 
try by  three  different  processes. 

In  the  plate  process,  a  circular  plate,  of  a  thick- 
ness and  diameter  corresponding  to  the  size  of  cylin- 
der to  be  manufactured,  is  heated  and  punched  into 
a  half  spherical  cup  (Fig.  1).     This  cup  is  then  pushed 
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through  a  series  of  round  dies  over  an   inside   mandrel 
governing  the  inside  diameter  (Fig.  2). 

In  this  manner,  this  cup  is  elongated  and  reduced 
in  diameter  and  thickness  of  wall  until  the  proper 
dimensions    are    obtained.     The    bottom    of    this    cup 


length   and    the    open   end   swaged   between    hammer 
dies  into  the  shape  of  a  bottle-neck. 

After  this  operation  the  cylinder  is  annealed  and 
heat  treated  as  the  case  may  be,  and  then  finished 
up  by  threading  the  neck  and  testing  in  accordance 
with  specifications. 


Fig.  1. — Cupped  Plates. 


las  the  thickness  of  the  original  plate,  with  a  slight 
■eduction  caused  by  the  several  heats  through  which 
t  has  passed,  and  in  the  last  elongating  operation 
t  may  be  dished  or  flattened  to  enable  the  cylinder 
;o  stand  upright.     The  elongated  cup  is  now  cut  to 


Fig.  2. — Hot  Draw  Bench. 

In  the  spinning  process  a  hot,  finished,  seamless 
tube,  with  both  ends  open,  is  heated  at  one  end  and 
by  a  process  of  "spinning"  the  end  of  the  tube  is 
closed  and  welded  in  the  center  so  as  to  form  a  homo- 
geneous bottom  in  the  tube. 
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The  spinning  process  itself  is  very  simple! 
The  spinning  machine  is  a  type  of  lathe  with 
a  hollow  spindle,  so  adapted  that  cylinders  <>r  tubes 
to  be  spun  may  be  put  into  it  and  chucked,  with 
the  end  which  is  to  be  worked  extending  outside 
of  the  chuck.  This  end  having  been  heated,  the 
tube  is  put  into  the  lathe  which  is  then  rotated 
.it  from  1 200-1400  revolutions  per  minute.  At  that 
speed,  a  tool  is  brought  to  bear  against  the  rotating 
end  of  the  tube.  This  tool,  sweeping  the  end  of  the 
tube  in  a  half-circle,  forces  its  sides  to  meet  in  the 
center,  where  the  high  heat,  caused  by  the  friction 
of  the  tool  against  the  tube,  produces  a  perfect  weld 
in  the  cenier. 

The  bqttom  thus  formed  is  then  dished  or  flattened, 
or  a  loose  ring  may  be  shrunk  around  it  to  enable 
the  cylinder  to  stand  upright.  The  necked  end  is 
produced  as  already  described  under  the  plate  pro- 
cess. 

In  the  lap-weld  process,  now  obsolete,  a  lap-weld 
tube  of  the  proper  dimensions  is  used  and  one  end 
is  necked  down  over  a  plug  about  4  in.  in  diameter 
by  1  in.  thick.  This  plug  is  welded  into  the  neck 
end  of  the  cylinder,  thus  forming  the  head.  The 
bottom  is  formed  by  welding  a  half  spherical  cup 
into  the  bottom  end,  with  the  concave  side  of  the 
cup  out,  thus  enabling  the  cylinder  to  stand  on  its 
bottom.  The  annealing,  testing,  etc.,  as  above  de- 
scribed, also  applies  to  this  cylinder. 

In  the  plate  process,  cylinders  from  3"  diameter 
up  to  20"  diameter  are  made. 

In  the  spinning  process,  cylinders  from  1"  diameter 
up  to  6"  diameter  are  made. 

In  the  lap-weld  process,  cylinders  from  3"  diameter 
up  to  8"  diameter  have  been  made. 

There  are  in  use  in  this  country  for  conveying 
carbonic  acid  several  sizes  of  cylinders  of  both  the 
seamless  and  lap-welded  types,  of  which  the  larger 
part  are  the  5-V2"  X  51"  and  5-V2"  X  4^"  lap-welded 
and  the  8-l/2"  X  51"  seamless  cylinders.  The  5-V2" 
cylinders  are  filled  with  20  lbs.  of  gas  giving  a  filling 
density  of  0.66  for  those  of  48"  length  and  of  0.57 
for  those  51"  long.  The  8-V2"  cylinders  are  filled 
with   50   lbs.   of  gas  giving  a  filling  density  of  0.57. 

The  present  paper  is  devoted  only  to  the  subject 
of  the  seamless  cylinders,  as  the  tendency  in  high- 
pressure  work,  i.  e.,  1,000  lbs.  and  over,  has  been  to 
develop  that  type  in  preference  to  the  lap-welded 
cylinder. 

In  the  preparation  of  regulations  to  govern  the 
transportation — and  later,  the  manufacture — of 
cylinders  it  was  necessary  to  assume  a  maximum 
temperature  to  which  cylinders  in  transit  might  be 
exposed.  In  Germany  the  revised  regulations  set 
this  at  1040  F.  but  in  this  country  it  was  fixed  by 
the  Bureau  of  Explosives  at  1300  F. 

Reference  to  Professor  Stewart's  table  shows  that  with 
the  fillings  mentioned  above  and  a  temperature  of 
1300,  the  5-V2"  X  48"  cylinder  would  have  a  pressure 
of  2210  lbs.  per  sq.  in.,  while  the  pressure  in  the 
5-V2"  X  51"  and  the  8-V2"  X  51"  cylinders  would 
be  i860  lbs. 


The  British  standard  as  recommended  by  the 
Parliamentary   Committee   in    1896   is   as   follows: 

Carbon — Not  to  exceed  0.25  per  cent. 

Iron — Not  to  be  less  than  99.00  per  cent. 

Elongation — On  8"  bar  from  finished  cylinder  not 
to  be  less  than  1  5  per  cent. 

Tensile  Strength — Not  to  be  less  than  63,000  lbs. 
nor  more  than  74,000  lbs. 

All  cylinders  to  be  annealed  before  putting  in  ser- 
vice. 

A  large  number  of  seamless  cylinders  of  this  char- 
acter, known  as  the  Linde  cylinders,  and  used  for 
compressed  oxygen,  have  been  made  in  this  country 
under  a  slightly  different  specification,  briefly  as 
follows: 

Carbon,  not  to  exceed  0.25  per  cent. 

Manganese,  not  to  exceed  0.60  per  cent. 

Phosphorus,  not  to  exceed  o .  04  per  cent. 

Sulphur,  not  to  exceed  0.04  per  cent. 

Silicon,  not  to  exceed  0.35  per  cent. 

Elongation,  not  less  than  15  per  cent. 

Tensile  strength,  not  less  than  62,000  nor  more 
than  76,000  lbs. 

All  cylinders  to  be  annealed,  and  to  pass  a  hy- 
drostatic sketch  test  of  3600  lbs.  per  sq.  in. 

Representative  cylinders  to  be  submitted  to  a 
flattening    test. 

This,  of  course,  is  a  mild,  ductile  steel  and 
there  had  been  a  somewhat  prevalent  impression 
that  a  cylinder  of  such  metal,  if  exploded  from 
fire  or  other  causes,  would  not  fragment,  but 
merely  open  up  and  thus  greatly  reduce  the  chance 
of  personal  injury  and,  indeed,  it  has  been  towards 
obtaining  such  a  cylinder,  if  possible,  that  recent 
efforts  have  been  mainly  directed.  It  was  recog- 
nized, however,  that  the  large  carbonic  acid  cylin- 
ders must  carry  a  load  of  50  lbs.  of  gas;  that  a  maxi- 
mum temperature  of  1300  was  assumed  against  1040 
on  the  other  side;  that  our  freightage  distances  and 
rates  were  very  considerable;  and  that  in  view  of 
all  this  we  could  not  consider  a  cylinder  which  like 
the  English  or  Linde  type  would  weigh  when  empty, 
about  170  lbs. 

In  view  of  the  absence  of  data  concerning  cylinders 
already  in  use  in  this  country,  samples  were  selected 
at  random  from  various  parts  of  the  country.  The 
experiments  performed  consisted  of: 

1.  Tensile  tests  of  material  cut  in  longitudinal 
direction.      Data    appended.      (See    Table    II  ) 

2.  Bending  tests  of  samples  cut  in  transverse  di- 
rection. These  were  bent  until  fracture  occurred 
and  in  all  but  a  few  instances  the  bend  was  through 
an  arc  of  180  °  about  a  mandrel  whose  diameter  was 
less  than  four  times   the  thickness  of  the  specimen. 

3.  Transverse  tests  of  whole  cylinders  (Fig.  3). 
Several  representative  cylinders  were  tested  by  plac- 
ing them  on  two  bars  of  iron,  one  inch  wide  and 
spaced  nine  inches  on  centers  and  applying  a  center 
load  through  a  piece  of  shafting  2-1//  in  diameter. 
These  tests  showed  that  a  very  considerable  amount 
of    distortion    was    endured    before    even    the  poorest 
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cracked.     The    low    carbon    cylinders    did    not    crack 
at  all. 

4.  Chemical  analyses.     Data  of  these  are  appended. 

5.  Hydraulic  bursting  tests  (Fig.  4).  Water  was 
forced  into  the  cylinders  until  rupture  occurred. 
Two  small  lap-welded  cylinders  rviptured  along  the 
weld,  each  at  a  pressure  of  4400  lbs.  One  large 
seamless  cylinder  burst  at  5600  lbs.  The  form  of 
fracture  seemed  characteristic  in  all,  as  shown  by 
the  photographs. 

6.  Fire  tests.  Cylinders  were  filled  with  their  usual 
capacity  of  carbon'ic  acid  and  placed  in  the  open  over 
a  hot  fire  of  oil-soaked  wood.  It  took  8  to  12  minutes' 
direct  exposure  to  produce  rupture. 

Cyl.  No.  1  (Fig.  5).  Large  seamless  type.  Car- 
bon, 0.56  The  bottom  was  blown  off,  the  cylinder 
split  in  halves  and  a  piece  about  6"  X  8"  blown  off 
near  shoulder. 

Cyl.  No.  2.  Small  lap-welded  type.  Carbon,  0.11. 
Ruptured  along  weld  without  fragmentation. 

Cyl.  No.  3.  Large  seamless  type.  Carbon,  0.63. 
Bottom  blew  off  but  no  other  fracture. 

Cyl.  No.  4  (Fig.  6).  Large  seamless  type.  Car- 
bon, 0.55.  Bottom  blew  off.  Remainder  flattened 
out. 

Cyl.  No.  5.  Large  seamless  type.  Result  like 
No.  4   except  two  pieces  of  shoulder  flew  off. 

7.  Expansion  tests.  Three  cylinders  were  sub- 
jected to  hydraulic  pressure  in  water  jacket  until 
sufficient  pressure  was  applied  to  stress  the  material 
to  its  elastic  limit.  This  was  found  to  be'about  4,000 
lbs.  in  each  case. 

Table  II. 
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These  tests  were  made  on  cylinders  which  had 
been  in  service  for  from  three  to  seventeen  years 
and  were  conducted  at  the  laboratories  of  the  Rens- 
selaer Polytechnic  Institute  at  Troy  and  in  the  field 
at  Saratoga. 

No  one  of  the  lap-welded  cylinders  shows  in  any 
feature  a  marked  departure  from  the  general  average 
of  the  lot  except  Cyl.  G.  which  has  0.701  manganese 
against  an  average  of  0.495,  a  fact  which  does  not 
appear  to  be  reflected  in  any  physical  feature  of  the 
cylinder. 

The  high  phosphorus  in  all  of  this  group  aver- 
aging o.  hi  is  a  marked  characteristic  and  as  a  prej- 
udicial  hardener  opens  this  type  to  criticism.     Never- 


Fio.  3. — Transverse  Tests. 

theless,  the  broken  specimens  showed  a  fairly  reason- 
able degree  of  ductility. 

The  German  cylinders  showed  very  different  steel 
from  that  offered  in  this  country  for  cylinders.  They 
vary  from  0.14-0.45  carbon,  run  high  in  silicon — 
from  0.1 1 0-0.  2 48 — and  with  one  exception  are  very 
high  in  manganese,  averaging  1.02.  These  high 
manganese  cylinders,  whether  of  German  or  Ameri- 
can make,  not  only  show  satisfactory  ductility  but 
exhibit  high  values  of  ultimate  reduction  of  the 
fractured  section. 

There  was  disclosed  by  these  tests  an  irregularity 
of  chemical  contents  and  corresponding  physical  re- 
sults which  are  not  desirable  in  metal  which  it  is 
possible    to    standardize,    but    it    was    felt    that    they 
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justified  the  general  observation  thai  the  cylinders 
mi'in  be  considered  safe  for  transportation  under 
such  pressures  as  would  in  no  case  produce  stresses 
greater  than  ,  oi  the  elastic  limit.  They  also  em- 
phasized the  desirabilit}  ol  ascertaining  and  pre- 
scribing  the   most    suitable   metal   for  this  work. 
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specimen    cu1     longitudinally    from    a    representative 
finished  cylinder  after  annealing. 

Elongation  is  no1    to  1"-  less  than   io  per  cent    oq 
an  8"  length  of  longitudinal  test  specimen  cu1 
a    representative   finished   cylinder  after  annealing. 

FLATTENING    TEST. 

For  each  lo1  of  200  a  representative  finished  cylin- 
der, alter  annealing,  is  to  withstand,  without  cracking, 
flattening  between  rounded  knife  edges  to  a  thick- 
ness lour  times  the  thickness  of  the  wall  of  the 
cylinder.  The  knife  edges  are  to  be  of  wedge 
shape,  converging  at  an  angle  of  60  °,  the  point 
being  rounded  off  with  a  radius  of  one-half  inch. 
If  any  one  cylinder  from  any  lot  fails  to 
pass  this  test,  two  others  from  the  same  lot 
will  be  selected,  and  these  must  pass  it  in  order  to 
have  the  lot  accepted.  If  it  should  appear  that 
failure  in  the  test  was  due  to  improper  annealing, 
the  manufacturer  has  the  privilege  of  re-annealing 
the  lot  and  repeating  the  test. 

One  out  of  each  200  cylinders  is  to  be  subjected 
to  the  above  chemical,  physical  and  flattening  tests. 

ANNEALING. 

All    cylinders    after    finishing    are    to    be    uniformly 


Fig.  4. — Hydraulic  Tests. 

Work  was  then  directed  along  this  line  and  the 
following  specifications  tentatively  adopted.  In 
view  of  the  results  subsequently  obtained  in  the 
various  tests  briefly  outlined  below  they  were  later 
incorporated,  through  the  Bureau  of  Explosives, 
in  the  Regulations  of  the  Interstate  Commerce  Com- 
mission, becoming  effective  October  1st,    1911. 

SPECIFICATIONS     FOR    SEAMLESS     STEEL     CARBONIC     ACID 
GAS      CYLINDERS      AS      APPROVED      BY     THE      BUREAU 
OF     EXPLOSIVES,     AMERICAN     RAILWAY 
ASSOCIATION. 

Cylinders  are  to  be  made  seamless,  of  steel  of  uni- 
form quality,  to  comply  in  the  present  state  of  the 
art  with  the  following  specifications: 

CHEMICAL    ANALYSIS. 

Carbon  is  not  to  exceed  0.55  per  cent. 

Phosphorus  is  not  to  exceed     0.04  per  cent. 
Sulphur  is  not  to  exceed  0.05  per  cent. 

PHYSICAL    TESTS.  HYDROSTATIC    TEST. 

Elastic  limit  is  not  to  be  less  than  50,000  pounds,  Every  finished  and  annealed  cylinder  is  to  be  sub- 

nor    more    than    65,000    pounds    per   square    inch    on      jected  to  hydrostatic  test  in  a  water  jacket  or  other 


Fig    5 — Fire  Test,  Cylinder  No.   1. 

and  properly  annealed ;  dirt  and  scale  are  to  be  removed 
before  painting. 
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apparatus  of  approved  form,  whereby  an  interior 
pressure  of  not  less  than  3,000  pounds  per  square 
inch  will  be  applied.  The  permanent  expansion 
shall  not  exceed  5  per  cent,  of  the  whole  volumetric 
expansion  at  this  pressure. 


THICKNESS. 


The  wall  of  cylinders  of  both  $-*/*  and  8-' /,"  out- 
side diameter  is  not  to  be  less  than  0.25"  thick  and 
this  is  to  be  verified  on  each  cylinder  before  necking 
down. 


Fig.  6. — Fire  Test,  Cylinder  No.  4. 


The  standard  &l/2"-  X  51"  cylinder,  without  cap, 
shall  weigh  not  less  than  105  pounds,  nor  more  than 
115  pounds. 

INSPECTION. 

The  purchaser  shall  provide  for  inspection  at  the 
mills  by  a  competent  and  disinterested  authority, 
who  shall  be  provided  with  a  copy  of  the  order  con- 
taining all  information  relating  thereto  other  than 
price.  The  inspector  shall  keep  complete  records 
of  the  various  melts  from  which  the  steel  is  taken 
for  the  manufacture  of  the  cylinders.  '  Chemical 
analyses  of  these  melts  must  be  supplied  to  him  by 
the  manufacturer,  or  if  desired  by  the  purchaser, 
he   will  procure    samples   from  which  other   chemica 


analyses  may  be  made.  The  heat  number  shall 
be  stamped  on  these  plates  at  the  steel  mill  by  the 
inspector,  and  his  stamp,  when  placed  on  a  completely 
finished  cylinder,  shall  be  taken  as  certifying  that 
such  cylinder  comes  within  the  above  physical  and 
chemical  specifications. 

The  Inspector  shall  witness  the  hydrostatic  and 
flattening  tests  of  all  cylinders  and  shall  certify  to 
the  maker,  the  purchaser  and  the  Chief  Inspector 
of  the  Bureau  of  Explosives,  No.  24  Park  Place, 
New  York  City,  the  serial  numbers  of  all  cylinders 
which  pass  them  successfully.  He  shall  stamp  his 
initials  on  such  cylinder  immediately  beneath  the 
serial  number,  and  the  initials  of  the  owner  shall 
be  stamped  on  the  flange  or  ring  of  the  cylinder. 

The  hydrostatic  and  flattening  tests  shall  be  made 
by  the  manufacturer,  but  under  the  direction  and 
supervision  of  the  inspector,  or  other  representative 
of  the  purchaser. 

GENERAL    CONSTRUCTION. 

All  plates  from  which  cylinders  are  made  shall 
be  free  from  seams,  cracks,  laminations  or  any  defects 
which   may  prove  injurious  to  the  finished  cylinder. 

The  manufacture  of  the  cylinders  must  be  com- 
pleted with  the  best  appliances  and  according  to  the 
best  modern  methods.  All  finished  cylinders  must 
show  reasonably  smooth  and  uniform  surface  finish, 
inspection  of  inside  surface  to  be  made  before  neck- 
ing down;  the  threading  of  tap  and  of  flange  must 
be  even  and  without  checks,  and  the  cylinders  must 
show  no  defects  of  workmanship  or  material  likely 
to  result  in  any  appreciable  weakness  of  the  finished 
cylinder.  A  close  inspection  of  each  completed  cylin- 
der shall  be  made  to  discover  the  existence  of  any 
defect  before  acceptance. 

Extensive  investigations  were  carried  out  by  the 
National  Tube  Co.  at  McKeesport  on  cylinders  made 
to  these  and  to  other  specifications,  involving  ex- 
plosion of  the  cylinders  by  air  pressure,  the  destructive 
medium  consisting  of  one  part  of  water  to  twenty- 
five  parts  of  air  at  atmospheric  pressure. 

Appended  (Fig. 7)  is  a  photograph  of  ten  high 
carbon    cylinders    thus    exploded.     These    were    from 

■Jta       %4ii«ifft 

Fig.  7. — Air  Tests,  High  Carijon  Cylinders. 

a   lot  closely  approximating  the  above    specifications. 
They    averaged    on    the    unannealed     cylinders    as 
follows: 

Carbon 0.041 

Phosphorus 0 .021 

Sulphur 0  .030 

Manganese 0 .  63 

Elastic  limit 52,000—55.000  lbs. 

Tensile  strength 95.000-100,000  lbs. 

Elongation 12-14  per  cent. 

Reduction  of  area 16-22  per  cent. 

Weight 95  lbs. 

The    average    yield    point    of    six    cylinders    hot  ore 
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annealing  was  (,400  lbs.  after  annealing  2,900  lbs. 
Pour  cylinders  Nfos.  7,  8,  9  and  10  were  not  annealed. 
The]  burst  at  pressures  from  5,500-5,800  lbs.  per 
sq.  in.  The  others  were  annealed  to  temperatures 
varying  from  i-i4o°-i8oo°  F.  and  burst  at  pressures 
of  from  5,050-5,900  lbs.  per  sq.  in.  The  fragmenta- 
tion was  poor  and  showed  no  appreciable  difference 
between  the  annealed  and  the  un-annealed  cylinder. 

In  comparison  with  these  results  very  gratifying 
results  had  been  obtained  at  McKeesport  on  ex- 
ploding with  the  same  air  mixture  the  low  carbon 
Linde  cylinders  and  especially  some  cylinders  made 
of  chrome  vanadium  steel.  Photographs  of  both 
are  appended. 

The  Linde  cylinders  shown  (Fig.  8)  averaged  as 
follows: 

Silicon 0 . 1 92 

Sulphur 0.016 

Phosphorus 0  .015 

Manganese 0.50 

Carbon 0 .  23 

Elastic  limit 36.000  lbs. 

Tensile  strength 65.000  lbs 

Elongation  in  8" 27  per  cent. 

Reduction  of  area 50  per  cent. 

All  were  annealed  to  15900  F.  Seven  of  the  ten 
cylinders   had   no   permanent    set   at    3,300   lbs.  pres- 


Fig.  8. — Air  Tests.  Linde  Cylinders. 

sure.  Five  yielded  at  3,600  lbs.  All  burst  at  pres- 
sures from  6,550-7,000  lbs.  and  excepting  one,  which 
broke  in  two  pieces,  there  was  no  fragmentation, 
the  cylinders  merely  opening  up. 

The  first  lot  of  vanadium  cylinders  was  made  up 
with  a  3/16"  wah  and  the  weight  averaged  77  lbs. 
against  95  lbs.  for  the  old  high  carbon  cylinders.  The 
cylinders  averaged  as  follows: 

Carbon 0.20 

Phosphorus 0 .049 

Manganese 0 .  60 

Silicon 0.031 

Chrome 1  .  05 

Vanadium 0.15 

Elastic  limit 63,500-68,800 

Tensile  strength 84,000-93,000 

Elongation 8.25-16.5  per  cent. 

Reduction  of  area 41 .8-50.4  per  cent. 

It  should  be  noted  that  this  test  was  taken  from 
one  of  the  untreated  cylinders.  This  treatment 
comprised  annealing  to  1500°,  tempering  and  re- 
annealing  to  about  1000°,  and  produced  quite  uni- 
form results.  One  cylinder  which  before  treatment 
showed  15  per  cent,  permanent  set  at  3,500  lbs., 
showed  after  treatment  none  at  4,000  lbs.  and  only 
yielded   at    6,250    lbs.      The   yield   points   varied    from 


5,500   6,650    Iba      and     the     bursting     pressures     from 
6,200  7,100   lbs.    per  sq.    in.     One   cylinder   dp 

two  pieces  Iml    t  In    o1  Imp.  '.I.r  ed   u  hole. 

Another    lo1    ol    vanadium   cylinders    (Fig.    9)    was 

made    exactly    like    the    first,   except    that   the   wall    was 


Fig.  9. — Air  Tests.  Vanadium  Cylinders. 

made  l/t"  thick,  bringing  the  weight  up  to  105  lbs. 
Before  treatment  all  showed  less  than  5  per  cent, 
permanent  set  at  3500  lbs.  pressure.  One  cylinder 
was  not  treated.  It  had  8  per  cent,  permanent  set 
at  4,200  lbs.  and  burst  at  6,350  lbs.  pressure.-  Two 
were  annealed  but  not  tempered.  One  burst  at 
5,400  lbs.  and  the  other  at  6,000  lbs.  Seven  were 
annealed,  tempered,  and  re-annealed,  and  burst  at 
pressures  varying  from  6,450-8,500  lbs.  The  cylin- 
der which  had  no  treatment  burst  in  two  pieces 
but  all  the  others  simply  opened  up  a  longitudinal 
split  and  stayed  whole. 

The  photographs  show  clearly  the  remarkable  re- 
sults obtained  on  exploding  the  vanadium  cylinders 
with  air,  in  comparison  with  other  cylinders  burst 
by  the  same  process.  It  was,  however,  difficult 
to  understand  why  the  first  lot  mentioned,  supposed 
to  represent  improvement  over  existing  conditions, 
should  have  shattered  worse  than  did  the  type  of 
cylinders  in  service  when  the  latter  were  burst  with 
carbonic  acid  over  a  fire. 

Therefore  three  cylinders  were  taken  (Fig.  10): 
One  of  those  made  up  to  the  new   specifications  (N), 


Fig.    10. — Fire^Tests. 


a   Linde  low  carbon    cylinder   (L),   and  a  vanadium 
cylinder     (V).     Each    was    filled    with    carbonic    acid 
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to  a  density  of  0.57  and  burst  over  an  open  fire  at 
Saratoga.  The  photograph  shows  the  result.  The 
new  high  carbon  cylinder,  as  usual  with  this  type, 
had  its  bottom  blown  off,  the  remainder  opening 
out  in  one  piece.  The  vanadium  cylinder  opened 
up  in  about  the  same  fashion  and  at  least  one  good 
sized  piece  flew  off.  The  Linde  cylinder  blew  into 
at  least  three  pieces,  only  two-thirds  of  it  being  found 
after  the  explosion. 

Another  cylinder,  No.  1  B,  made  to  the  new  speci- 
fications, was  also  blown  up  over  fire  with  very  simi- 
lar results.     Its  composition  was: 

Carbon 0.43 

Phosphorus 0.010 

Manganese 0.625 

Another  test  was  of  a  German  cylinder,  No.  i  A, 
about  four  years  old,  which  on  explosion  broke  in 
two  pieces.     Its  composition  was: 

Carbon 0 .  43 

Phosphorus 0  .  044 

Sulphur 0 .  046 

Manganese 1.11 

Silicon 0.204 

It  will  be  observed  that  these  fire  tests  gave  re- 
sults differing  considerably  from  those  obtained  at 
McKeesport  with  the  mixture  of  air  and  water  and 
they  were  therefore  continued  at  McKeesport,  being 
preceded  by  several  air  tests. 

Two  cylinders  made  to  the  new  specifications  were 
exploded  with  air.  One  burst  at  5,500,  the  other  at 
5,900  lbs.  pressure — no  pieces  flying  and  in  each  case 
showing  two  vertical  cracks  joined  by  a  longitudinal 
one.  A  light  weight  vanadium  cylinder  opened  up 
one  short  crack  at  5,300  lbs.,  and  a  Linde  cylinder, 
at  7,100  lbs.,  opened  up  a  longitudinal  crack  extend- 
ing at  each  end  in  two  oblique  directions. 

The  fire  tests  at  McKeesport  were  made  on  cylin- 
ders R-4,  R-6,  R-7  and  R-8  of  the  following  com- 
position : 

Carbon 0.41 

Sulphur 0.030 

Phosphorus 0 .  02 1 

Manganese 0.63 

Also  on  Cylinder  H,  of  the  composition: 

Carbon 0.59 

Sulphur 0.031 

Phosphorus 0 .  020 

Manganese 0 .  69 

These  were  all  unannealed.  Both  types  on  ex- 
plosion gave  about  the  same  result  and,  for  some 
reason,  appreciably  different  from  that  obtained  at 
Saratoga  in  the  fire  tests  heretofore  mentioned.  The 
method  of  applying  the  heat  at  McKeesport  was 
such  as  to  require  from  one-half  hour  to  an  hour 
to  produce  explosion,  whereas  at  Saratoga  it  took 
about  ten  minutes. 

It  had,  therefore,  been  demonstrated  by  these  tests, 
that  no  type  of  seamless  cylinder  yet  available  could 
withstand  explosion  from  heat  without  fragmenta- 
tion  and   that   the    new   specifications    would   furnish 


a  satisfactory  cylinder,  and  they  were  therefore  for- 
mally adopted. 

In  comparison  with  the  varied  results  obtained 
in  this  investigation,  it  is  of  interest  to  note  some 
of  those  in  the  tests  of  the  first  two  lots  made  to 
order    after    the    new    specifications    became    official. 

Test  cylinders  (Fig.  n)  from  order  No.  6,210 
averaged: 

Carbon 0.45 

Phosphorus 0.019 

Sulphur 0.034 

Elastic  limit 54,700 

Tensile  strength 84.600 

Elongation 18  per  cent. 

Weight 112  lbs. 

Cylinder  B-3  burst  under  air  at  5,600  lbs.  and 
B-4  at  5,000  lbs.  Neither  had  any  permanent  set 
at  3,000  lbs. 


Fig.    11. — Tests  on  Order  No.   6210. 


Test  cylinders  (Fig.  12)  from  order  No.  5,623 
averaged : 

Carbon 0  45 

Phosphorus 0.017 

Sulphur 0 .034 

Elastic  limit 55,700 

Tensile  strength 90.900 

Elongation 15.5  per  cent 

Cylinder  B,  burst  under  air  at  5,200  lbs.,  B2  at 
5,650  lbs.  and  B3  at  5,600  lbs. 

It  will  therefore  be  seen  that  on  the  whole  there 
is  reason  for  the  belief  that  the  new  specifications 
mark  a  decided  advance  in  the  making  of  carbonic 
acid  cylinders. 

Both  the  new  specifications  and  the  Interstate 
Commerce   regulations   require    a    hydrostatic    stretch 


Fig.   12. — Tests  on  Order  No.  5623. 

test  and  the  latter  provide  for  its  repetition  every 
five  years  at  a  pressure  not  less  than  one  and  a  quar- 
ter times  the  interior  pressure  that  would  result 
from  heating  the  cylinder  in  its  maximum  charged 
condition  to  a  temperature  of  1300.  A  cylinder 
must  be  condemned  if  the  permanent  expansion 
exceeds  5  per  cent,  of  the  total  expansion. 

Two  methods  may  be  used  to  conduct  such  tests 
with  the  required  accuracy.  In  the  water  jacket 
method  the  cylinder  to  be  tested  is  filled  with  water 
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and   submerged    in    B    large   tube   or  jacket,   through 

whose  removable,  lint  water-tight,  cover  passes  the 
pipe  connecting  the  cylinder  with  the  high-pres- 
sure  pump.       The    jacket    is   provided    with   a    "r:n  lu.i  I  ed 

glass  tube  like  a  gauge  glass,  to  act  as  an  expan- 
sion indicator,  and  is  completely  tilled  with  water, 
alter  which  the  level  in  the  glass  tube  is  noted.  The 
test  pressure  is  then  applied  to  the  cylinder  and  the 
levels  noted  during  and  after  the  application,  the 
water  in  the  jacket  being  forced  into  the  glass  tube 
as  the  cylinder  expands  and  receding  to  its  former 
level  after  removal  of  pressure  if  there  has  been  no 
permanent  expansion.  The  other  method  (Fig.  13) 
involves  the  use  of  the  Sturke-Watson-Stillman 
testing  machine  and  dispenses  with  a  water-jacket. 
This  machine  consists  essentially  of  a  screw  displace- 
ment piston  which  forces  enough  water  into  an  al- 
ready filled  cylinder  to  produce  the  desired  pressure. 
Attached  to  the  pump  cylinder  are  two  graduated 
glass  tubes,  one  serving  as  the  expansion  indicator, 
the  other,  back  of  the  stuffing  box,  as  the  leakage 
indicator.  The  exact  delivery  of  the  pump  per  turn 
of  screw  is  known  and  provision  made  for  registering 
each  turn  or  fraction  thereof. 


Assuming  the  cylinder  under  test  to  be  full  of 
water  and  all  connections  between  it  and  the  pump 
free  of  air,  a  reading  is  made  of  both  indicators  and 
the  position  of  the  piston  accurately  noted  on  the 
graduated  scale  provided  for  that  purpose.  The 
expansion  indicator  is  then  closed  off  with  a  valve, 
and  the  hand  wheel  turned  until  the  desired  pres- 
sure is  attained  after  which  the  piston  is  carefully 
returned  to  exactly  its  original  position  and  the 
valve  to  the  expansion  indicator  re-opened.  It  is 
plain  that  if  the  cylinder  suffered  any  permanent 
expansion  its  water-containing  capacity  must  have 
been  increased.     The  extent   of  this   is  measured  by 


tlOting     the     [lew     level       if    such     there     is      in     the    ex- 
pansion indicator  after  opening  the  valve. 

In  calculating  the  total  expansion,  proper  allow- 
ance must  be  made  for  the  compressibility  of  the 
water  in  both  pump  and  cylinder  and  for  the  vol- 
ume  displaced   as   indicated   on   the   graduated   scale. 

This  method  requires  more  care  than  the 
jacket  method,  but  when  properly  conducted  is  more 
expeditious  and  avoids  not  only  the  discomforts 
attendant  upon  the  raising  of  cylinders  from  im- 
mersion in  water  but  also  the  necessity  of  any  lifting 
whatsoever. 

laboratory  general  carbonic  co.. 
New  York  City. 


THE  COMPOSITION  OF  SOME    MINE  GASES,   AND  A  DE- 
SCRIPTION OF  A  SIMPLE  METHANE   APPARATUS.' 

By  G.  A.   Burrell. 
Received  Dec.    15,    1911. 

The  Bureau  of  Mines  has,  in  the  study  it  has  been 
making  of  mine  gases,  examined  samples  taken  under 
different  conditions,  some  of  which  are  here  pre- 
sented, also  some  analytical  results  obtained  in  re- 
lated experimental  work. 


No.    1    Sample: 


No.   1   Series. 


Incomplete    combustion    of    methane, 
contained  10.03%     CH4. 


Original    mixture 


Products  found  after  explosion 


1'  10.16%CO2 
2. 13%  CO 
I      1.39%H2 
j  86.32%  N2 
i     0.00%  o2 

0.00%  C2H„ 
I    0.00%  CH, 


No.    2    Sample:      Incomplete    combustion    of   methane.     Original    mixture 
contained  10.94%  CH,. 

f    8.35%  C02 
4.47%  CO 
|     3.66%  H2 
Products  found  after  explosion       '  83.52%  N2 
0.00%  o2 
0.00%  C2H, 
I    0.00%  CH, 

In  these  experiments  pure  methane  was  prepared 
and  mixed  with  air  in  such  proportion  that  not 
enough  of  the  latter  was  present  for  the  complete 
combustion  of  the  methane.  The  mixtures  were 
then  exploded  and  the  products  of  combustion  ex- 
amined. The  most  explosive  proportion  of  methane 
and  air  contains  9.47  per  cent,  of  methane.  When 
the  latter  is  increased  above  this  figure  certain  prod- 
ucts are  formed  about  which  there  has  been  some 
disagreement.  Some  investigators  have  gone  on 
record  as  saying  that  no  carbon  monoxide  is  formed. 
According  to  these  experiments  the  carbon  mon- 
oxide and  hydrogen  increase,  and  the  carbon  di- 
oxide decreases  as  the  methane  content  of  the  origi- 
nal mixture  is  raised.  Olefine  hydrocarbons,  acetyl- 
ene, or  unburned  methane  were  not  found  in  the 
products  of  combustion .  The  carbon  monoxide  and  car- 
bon dioxide  formed  satisfies  the  carbon  originally  present 

1  Paper  read  at  the  December  Meeting  of  the  Coal  Mining  Institute  of 
America  by    permission    of    the    Director  of  the  U.  S.   Bureau  of  Mines. 
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.  in  the  methane.  These  figures  represent  the  propor- 
tions of  gases  present  in  the  explosion  pipette  after  the 
combustion.  A  contraction  in  volume  of  course,  took 
place,  consequently  the  proportions  are  larger  than 
would  be  found  after  a  mine  explosion  where  mine 
air  from  other  parts  of  the  mine  would  rush  in  to 
equalize  the  pressure.  To  the  carbon  monoxide  formed 
in  this  manner  is  due  some  of  the  carbon  monoxide 
found  in  the  after-damp  following  mine  explosions. 
Not  entirely,  however,  and  in  many  cases  the  smaller 
proportions  are  formed  in  this  manner,  because  the 
incandescent  carbon  of  heated  coal  dust  appears  to 
be  mainly  responsible  for  the  production  of  carbon 
monoxide  found  after  dust  explosions. 

No.  2  Series. 
Crevice  samples  obtained  after  explosives  had  been  fired  in  coal  mines. 

No.   1   Sample. 

Per  cent. 

C02 16.8 

02 4.3 

CO 22.8 

CH, 17.3 

H2 8.9 

N2 29.9 

No.  2  Sample. 

Per  cent. 

C02 9.1 

02 7.5 

CO 3.2 

CH, 14.1 

H2 4.1 

N2 62.0 

No.  2  series  of  samples  show  the  gases  formed  by 
firing  blasting  explosives  in  coal  mines.  Both  'black 
powder  and  permissible  explosives  produce  noxious  gases. 
These  samples  were  taken  from  the  crevices  produced 
by  the  breaking  down  of  the  coal.  The  explosive  and 
noxious  character  of  the  gases  will  be  observed,  and 
accounts  for  the  fact  that  the  miner  is  sometimes 
burned  when  he  innocently  puts  his  lamp  to  the  coal 
to  examine  the  effects  of  his  blast. 

No.  3  Series. 
No.    1   Sample. — Crevice  sample  taken  immediately  after  shot  A  had 
been  fired. 

Per  cent 

C02 1  .40 

02 ; 19.31 

CO 1.45 

CH, 1.40 

H2 0.74 

N2 , 75.70 

No.  2  Sample. — Sample  taken  4  minutes  after  shot  A  had  been  tired. 

Per  cent. 

C02 0.56 

02 ' 20.22 

CO 0.16 

CH, 0.71 

H2 0.06 

N2 78.29 

No.  3  Sample. — Crevice  sample  taken  immediately  after  shot  B  had 
been   fired. 

Per  cent 

C02 2.50 

02 16.91 

CO 1.21 

CH, 4.88 

H2 1  .06 

Ns 73.44 


No.  4  Sample. — Sample  taken  4  minutes  after  shot  B  had  been  fired. 

Per  cent. 

C02 0.30 

02 20.61 

CO 0.02 

CH, 0.25 

H2 0.01 

N2 78.81 

No.  3  series  of  samples  represent  further  gases  ob- 
tained after  explosives  had  been  fired  to  break  down 
coal.  The  crevice  samples  were  obtained  by  pro- 
ceeding immediately  to  the  face  after  the  shot  had 
been  fired  and  collecting  the  samples  as  the  gas  ex- 
uded from  the  coal  crevices.  In  each  case  a  wait 
of  4  minutes  was  made  and  then  the  sampler  pro- 
ceeded to  the  face  to  collect  another  sample  at  about 
the  place  the  miner  would  stand  to  attend  to  his 
shot.  In  one  case  0.16  per  cent,  of  carbon  monox- 
ide was  found  a  harmful  quantity.  These  explosives 
were  fired  under  conditions  which  do  not  represent 
best  practice.  Other  experiments  are  being  carried 
on  by  the  Bureau  to  obtain  further  data  on  this  sub- 
ject, so  as  to  determine  the  causes  which  lead  to  the 
production    of    harmful    quantities    of    noxious   gases. 

Work  thus  far  accomplished  shows  that  it  is 
bad  practice  to  proceed  immediately  to  the  face  after 
a  shot  has  been  fired.  Even  those  powders  which 
contain  within  themselves  sufficient  oxygen  for  the 
complete  combustion  of  the  carbonaceous  matter  pres- 
ent in  the  explosive  produced,  when  fired  in  coal 
mines,  some  carbon  monoxide,  due  again  to  reaction 
with  the  carbon  of  the  coal  dust.  Some  explosives, 
however,    are    themselves    very    deficient    in    oxygen. 

No.  4  Series. 
Combustion  of  gases  from  an  enclosed  area  in  an  anthracite  mine. 
Per  cent. 

Sample  — . 

No.  Date.  C02.  O*.  CO.  CH,.  H2. 

1  Oct.  31  2.2  15.0  0.0  14.0  68.8 

2  Nov.  1  2.3  14.6  0.0  18    1  65.0 

3  Nov.  2  2.6  6.2  0.0  24.2  67.0 

4  Nov.  2  2.9  5.7  0.0  29.3  62.1 

5  Nov.  3  2.8  4.1  0.0  34.9  58.2 

6  Nov.  6  2.6  3.0  0.0  53.0  41.4 

These  gases,  series  No.  4,  show  the  composition  of  the 
atmosphere  in  an  enclosed  section  of  an  anthracite 
mine.  This  section  of  the  mine  was  sealed  off  be- 
cause of  a  fire  which  existed  in  an  adjoining  section. 
The  fire  did  not  affect  the  particular  area  from  which 
these  samples  were  obtained  because  of  a  heavy  in- 
tervening roof  fall,  consequently  the  gases  represent 
those  trapped  and  given  off  normally  in  a  stagnant 
section,  except  that  a  stopping  was  leaking  and  some 
air  was  finding  its  way  into  the  interior  from  the 
ventilating  current.  The  stopping  was  tightened 
and  the  rapid  absorption  of  oxygen  by  the  coal  is 
shown  by  the  third  analyses.  Four  days  later  the 
oxygen  had  dropped  to  3  per  cent.  Even  so,  some 
air  was  finding  access.  The  rapid  accumulation  of 
methane  is  also  shown,  53  per  cent,  on  the  sixth  day. 

No.  5  Series. 
Composition  of  gases  from  an  enclosed  area  in  a  bituminous  mine. 
Per  cent. 

Sample  No.       C02.  02.  CO.  CH,.  N2. 

1  1.50  0.30  0.00  5.29  92.91 

2  1.20  0.30  0.00  5.37  93.13 


98 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  <  HEMISTRY. 


Feb. 


1912 


Scries  5  shews  the  composition  oi  vases  from  an 
enclosed  area  in  a  bituminous  mine.  A  mine  fire 
had  once  existed  in  the  area  and  these  samples  were 
collected  by  means  of  breathing  helmets  9  months 
after  the  fire  had  originated  and  prior  to  the  reopen- 
ing of  the  mine.  The  oxygen  hail  almost  entirely 
disappeared.  The  mine  is  classed  as  non-gaseous. 
An  accumulation  equal  to  over  5  per  cent,  methane 
had  taken  place. 

No.  6  Series. 
Per  cent. 


the  burning  area  could  not  fake  place, 
to  be  the  case. 


Such  proved 


Sample  No. 

co2. 

o2. 

CO. 

1 

8.07 

1.69 

1.58 

2 

9.14 

1.83 

1.32 

3 

2.93 

10.34 

0.56 

CH,. 


83.90 
83.08 
85.22 


No.   7 

Series. 

Mine   I'ire 

Gases. 

Date. 

Time. 

Per  cent. 

Sample  No. 

co2. 

0* 

CO. 

CH«. 

1 

Oct 

27 

12.00  P.M. 

3.5 

8.3 

1  .3 

11  .5 

2 

" 

27 

12.00  P.M. 

3.8 

9.6 

0.7 

13.1 

3 

" 

28 

9.45  a.m. 

3.4 

10.9 

0.6 

10.8 

4 

" 

28 

4.00  P.M. 

3.4 

11.3 

0.6 

10.3 

5 

•' 

28 

4.30  P.M. 

3.0 

12.6 

0.4 

9.6 

6 

" 

29 

11  .00  A.M. 

3.3 

14    1 

0.6 

9.0 

7 

" 

29 

3.30  P.M. 

4.0 

13.6 

0.8 

12  0 

8 

" 

30 

10.30  A.M. 

4.8 

10.1 

1.2 

14.1 

9 

" 

30 

5.00  P.M. 

4.0 

12.2 

1.0 

12.2 

10 

" 

31 

6.30  A.M. 

12.2 

6.6 

0.4 

6.6 

Samples  Nos.  1  and  2  in  series  No.  6  were  obtained 
directly  from  a  fire  area,  4  and  7  hours  respectively 
after  the  mine  had  been  sealed  off.     The  fire  occurred 


Series  No.  7  shows  the  composition  of  the  atmos- 
phere in  an  enclosed  area  of  an  anthracite  mine 
while  a  fire  existed  therein.  The  Bureau  men  ar- 
rived at  the  scene  of  the  fire,  on  October  27th.      Dams 


just  inside  the  pit  mouth  of  a  drift  bituminous 
mine.  Samples  were  obtained  by  boring  holes 
through  the  thin  roof  covering.  These  analyses 
with  others  showed  that  air  was  not  inleaking  to  an 
appreciable  extent  and  the  existence  of  an  atmos- 
phere that  could  not  further  the  progress  of  the  fire. 
No.  3  analysis  of  this  series  represents  the  atmos- 
phere in  the  same  mine  about  1400  feet  away  from 
the  seat  of  the  fire.  An  entrance  was  made  through 
another  entry  in  the  mine  with  oxygen  helmets  and 
samples  of  gas  were  obtained.  The  party  could  not 
proceed  farther  because  of  a  heavy  fall  of  smoke. 
It  was  impossible  to  better  shut  off  the  air  because 
of  various  small  openings  in  the  outcrop.  The  oxy- 
gen content  in  sample  No.  3  of  this  series  was  viewed 
with  some  uneasiness,  but  because  of  the  stagnation 
of  the  air  and  accumulation  of  black  damp  it  was 
believed    that   appreciable   diffusion    of   fresh  air  into 


were  in  place  and  water  was  being  forced  behind  the 
dams  in  an  effort  to  flood  the  fire  area.  The  dams 
were  placed  in  steep  pitching  chutes,  and  the  water 
had  to  roof  the  chutes  at  the  dams,  and  from  there 
back  up  hill  in  order  to  reach  the  seat  of  the  fire. 
Because  of  the  pitching  chutes  it  was  difficult  to 
make  the  dams  hold  water.  Samples  of  the  atmos- 
phere behind  the  dams  were  obtained  and  analyzed. 
The  first  two  analyses  show  the  results  of  the  first 
day's  sampling.  The  two  days  following,  despite  efforts 
to  tighten  the  dams,  unleakage  of  air  occurred  to 
such  an  extent  that  the  fire  burst  forth  with  renewed 
intensity.  This  happened  when  the  oxygen  in  sam- 
ple No.  6  had  risen  to  14. 1  per  cent.  The  air  was 
inleaking  through  another  dam,  and  some  of  the 
products  of  combustion  were  finding  exit  at  the  dam 
where  sample  No.  6  was  collected.  The  air  fanning 
the  fire  into  a  blaze  probably  contained  about  18  per 
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cent,  of  oxygen.  After  sample  No.  6  was  taken  the 
fire  was  again  brought  under  temporary  control  as 
.  shown  by  the  decrease  in  oxygen.  The  carbon 
dioxide  and  carbon  monoxide  also  rose.  Then  air 
again  started  to  inleak  and  in  order  to  avoid  another 
outburst  of  fire,  a  carbon  dioxide  fire  extinguisher 
was  brought  into  the  mine  and  carbon  dioxide  was 
forced  behind  one  of  the  dams  for  5  hours,  checking 
the  fire  until  new  and  tighter  dams  could  be  built. 
The  rise  in  carbon  dioxide  due  to  this  cause  is  shown 
by  sample  No.  10  collected  one-half  hour  after  the 
use    of    the    extinguisher     had     been     discontinued. 

No.  8  Series. 

Samples  of  normal   mine  air  from  different  sections  of  a  mine  working 
the  Pittsburgh  seam. 

Sample  Cu.  ft.  of  C02.  CH,.  Cu.  ft.  of 

No.  air  per  min.  %.  %.  CH»  per  min. 

1  17400  0.04  0.10  0.17 

2  21600  0.06  0  94  203 
Return  3  63000  0.11  0.75  473 
Face    4  air  still  0.12  1.80 
Return  5  79800  0.15  0.19  152 

6  21600        0.06      0.10       22 

7  31500        0.13      0.70      220 

8  air  still       0.11      1.38 

9  39200        0.15      0.75      294 

10  8100        0.09      0.34       28 

11  11400        0.06      0.14       16 

12  32400        0.09      0.94      305 

13  23200        0.05      0.95      220 

Series  No.  8  show  the  carbon  dioxide  and  methane 
in  the  normal  mine  air  of  different  parts  of  a  large 
mine  working  the  Pittsburgh  coal  seam.  At  the 
time  the  new  Pennsylvania  mining  code  was  pro- 
posed, embracing  certain  features  relating  to  the  per- 
centage of  methane  allowable,  one  of  the  mining 
companies  asked  the  Bureau  to  sample  the  air  in  its 
mines  with  a  view  to  determining  just  how  much  meth- 
ane was  present.  Since  that  time  the  Bureau  has 
trained  a  chemist  for  the  work,  installed  a  gas  analysis 
apparatus  and  the  company  is  now  having  daily 
analyses  made.  It  can  be  stated  that  the  Bureau 
will  do  this  much  for  other  mining  companies  if  they 
desire  closer  methane  determinations  than  the  safety 
lamp  will  show.  It  might  be  mentioned  that  the 
state  inspection  department  of  Alabama,  among 
others,  is  being  given  similar  aid.  The  Chief  Mine 
Inspector  is  installing  a  laboratory  in  his  office  and 
his  men  will  frequently  send  in  samples. 

No.  9  Series. 
Atmospheres  Extinctive  to  Flame. 

Dry  basis. 
Wolf  lamp  flame,  bonnetted:  Per  cent. 

C02 3.00 

02 16.50 

Wolf  lamp,  without  bonnet: 

C02. .! 3.00 

02 15.82 

Bonsen  burner  (natural  gas): 

COj 3.25 

02 13.90 

Acetylene  lamp: 

C02 6.30 

02 11.70 

Candle  flame: 

COj 2.95 

Oj 16.24 


In  these  experiments,  series  No.  9,  the  different 
flames  were  placed  under  a  10-liter  bell  jar  and  the 
atmosphere  analyzed  after  the  flames  had  become 
extinguished,  due  to  the  consumption  of  oxygen. 
It  might  be  well  to  call  attention  to  the  tenacity  to 
existence  of  the  acetylene  flame.  In  other  words 
it  will  burn  in  an  atmosphere  in  which  the  ordinary 
flame  cannot  exist.  Also  that  it  is  bad  practice  to 
work  in  an  atmosphere  deficient  in  oxygen  to  the 
extent  any  of  these  analyses  show. 

No.   10  Series. 
The  composition  of  some  gas  samples  obtained  from  a  mine  about  18 
hours  after  an  explosion  had  occurred  therein. 
No.  1  Sample 

Per  cent. 

C02 1-37 

02 18.14 

CO 0.60 

CH4 1.23 

H2 -  0.28 

N2 78.38 

No.  2  Sample. 

Per  cent. 

CO2 0.32 

02 20.50 

CO 0.04 

CH« 0.19 

H2 0.00  (below  0.02%) 

N2 78.95 

Sample  No.  i  of  No.  10  series  was  obtained  at  the 
face  of  an  entry  by  Bureau  men  equipped  with  oxy- 
gen helmets.  The  ventilation  in  this  section  of  the 
entry  had  not  been  restored.  The  seat  of  the  ex- 
plosion was  supposed  to  have  been  close  to  this  place. 
A  canary  bird  carried  by  an  exploring  party,  un- 
equipped with  helmets,  collapsed  as  it  was  being 
carried  in  this  entry  about  200  feet  back  from  the 
face.  The  men  retreated  without  suffering  any  dis- 
tress. The  bird  revived  quickly  when  brought  back 
to  fresh  air.  This  particular  sample  is  typical  of  those 
atmospheres  which  have  caused  many  fatalities  among 
rescue  parties.  A  lamp  would  burn  fairly  well  in  such 
an  atmosphere  and  a  rescue  party  would  have  no 
knowledge  of  the  presence  of  the  deadly  carbon  mon- 
oxide. Canary  birds  carried  with  the  party  would 
immediately  show  the  presence  of  the  poisonous  gas. 
The  sample  is  further  interesting  in  that  1.23  per 
cent,  of  methane  was  found  to  be  present.  This 
particular  explosion  was  supposed  by  some  to 
have  been  originated  by  the  flash  of  short-circuited 
electric  wires  igniting  coal  dust,  but  the  fact  that 
considerable  methane  was  found  at  the  face, 
points  to  the  possibility  of  fire-damp  playing  some 
part  in  the  catastrophe. 

No.  2  sample  of  No.  10  series  was  obtained  in  a 
section  of  the  mine  where  ventilation  had  been  partly 
restored.  Even  so,  o .  04  per  cent,  of  carbon  mon- 
oxide was  still  present.  Our  party  and  others  spent 
some  considerable  time  in  this  section  without  feel- 
ing any  effects  from  the  white-damp,  although  one 
member  stated  he  did  not  feel  very  well.  This  man 
had,  however,  been  traversing  this  and  other  sec- 
tions of  the  mine  for  7  or  8  hours,  consequently  it 
is   very   possible    that   he   had   been   breathing   small 
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percentages  oi   carbon   monoxide  a  large  pari   of  the  when  gas  was  being  given  ofT  rapidly,  the  fermenting 

time,      Bight    men    lost    their   lives   in   this   explosion,  mass  was  stirred  into  a  mixture  of  iooo  cc.  water  and 

and   at   least    six    of    them   were  overcome  by  carbon  120    cc.    powdered   skim-milk.     The    meal    settled    to 

monoxide.     Some    oi     the    rescue    party     also     expe-  the  bottom  and  the  decanted  milk  was  used  for  col- 

rienced    very   narrow    escapes    from    the    after-damp,  lecting  the  gas;  glass  cylinders  of  a  capacity  of  500 

If    they   had    provided    themselves   with   canary  birds  to  750  cc.  were  filled  with  this  milk  and  inverted  in  a 

in   the  beginning  of  the  explosion  work,   it  is  proba-  porcelain  dish  over  a  portion  of  the  same  milk.     Gas 

ble  that  a  large  part  of  the  distress  experienced  by  began  to  form  at  once  and  after  standing  for  an  hour 

them  would  have  been  avoided.  or    two    the    cylinder    was    completely    filled.     The 

cylinder  was   half   filled   in    about    20   to   30   minutes 

METHANE  apparatus  but  as  the  column  of  liquid  became  shorter,   the  in- 

Fig.    1     shows     a     simple     gas    analysis    apparatus  crease   in   volume   of   gas   was   proportionally   slower, 

which   has  been  assembled   especially  for  the   use   of  The  2as  obtained  by   this   method,    it   was   assumed, 

mine  superintendents,  foremen  and  inspectors.     Meth-  1S  similar  to  that  produced  in  the  bread, 
ane  can  be  determined  with  an  accuracy  of  0.1   per  The  collected  gas  was  taken  into  a    100  cc.  Hempel 

cent,  in  less  than  10  minutes.     It  consists  of  a  measur-  Sas  burette  by  displacing  water.     The   C02  was   de- 

ing  vessel,  A,  for  measuring   the   gas,    and   a   burning  termmed  m  a   KOH  pipette,   the  oxygen  in  a  phos- 

vessel,  B,  for  burning  out  the  methane  from  a  measured  Phorus    P'Pette  and  the    hydrogen  by  passing  the  gas 

volume  of   mine   air.     C  is  the  sample  pipette.     The  through  a  short  capillary  tube  filled  with  palladiumized 

mine  air  is  drawn  into  the  measuring  vessel  A  from  asbestos,  the  tube  being  kept  at  a  temperature  of  100  °C. 

the  pipette  C,  measured,   and  passed  into   the  burn-  In  Senes  J  and  2  methane  was  tested  for  by  passing 

ing  vessel  B.     The  platinum   wire   therein   is   electri-  the  ?as  into  an  exPlosion  pipette  but  none  was  detected, 

cally  heated  to  a  white  heat  and  allowed  to  remain  The  following  table  shows  the  composition  of  the  gases, 
so   for   3   minutes.     The   current   is  then  broken  and  series  1.— preliminary. 

the    pipette    cooled.     The    mine    air    is    then    drawn  Vo1- 

back   into  the  measuring  vessel  and   the  contraction  Gas        ^    oxygen  Contrac- 

in  volume  due  to  the  burning  of  the  methane  is  de-  taken,    removed,  added,     tion.       co2.         h. 

termined     by     again     measuring     the     sample.     This  cc  cc-         cc  cc-    Percent'  Percent. 

..  .       •       ,  ,  ,.     .,     ,    ,  *    ,         '  56.6  36.2  22.2  48.2  36.1  57 

contraction  m  volume  when  divided  by  2  and  calcu- 
lated   to    a   percentage    basis    gives    the    amount     of  Series  2. 

A  64  9         39  7  39  7  56  8  38  8  52  2 

methane  present  in  the  sample.     The  measuring  vessel  b.!......\"!    73^3       44^7       33^5       62^7       39.8       67I0 

or  burette  has  a  total  capacity  of   to  cc.   and  is  di- 

Series  3 

vided  into  the  bulb  at  the  top  having  a  capacity  of  .  „.  ,  „, '        „  „       „  ,,       „ . 

,.    ,      ,  A 74  6         48.2         33.4  66  8  35.4  60.0 

45   cc.   and  the  stem  which  has  a  capacity  of   5   cc.  b 68  6       44.5       26.3       63.4       35.1       61.7 

The    stem    is    graduated    in    0.0  s    cc.    or    twentieths. 

Series  4 

Water   is   used   both    in    the   measuring   and   burning  Vol 

vessels.     The   apparatus   works   on   no  new    principle  after 

but  follows  the  method  adopted  by  Coquillon,  Wink-  Gas        c°2       After    Oxygen     After        De- 

,  i       ii  11  .i  ,i  r  taken     removed,  over  P.     added,  explosion,  crease. 

ler  and  others  who  burn  the  methane  out  of  a  meas-  cc  cc  cc  cc         cc  cc 

ured  volume  of  mine  air.  a 78  o       48.5       48. o       81.6       13. 3       68.3 

The    Bureau   of    Mines    has   assembled   other   types*  B 797       49  8       49  3       78  8        9-6       692 

of    gas    analysis    apparatus    more    accurate    than    the  co2        Oxygen  Total  co2 

one  described,  but  which  are  not  simple  of  operation,  found.       found.         Air.  h.        +  h  +  air. 

and  which  are  meant  for  the  use  of  chemists.  A  P™1-       c^5       VeT^      FeT5^     P™1- 

B 37.6  05  3.2  58.7  99.5 

In  Series  i  and  2  the  gas  used  in  the  analyses  was 

SALT-RISING     BREAD   AND    SOME    COMPARISONS   WITH  collected  immediately  upon  mixing  the  milk  and  the 

BREAD  MADE  WITH  YEAST.  fermenting    mass.     It    was    observed    that    after    the 

By  henry  a   kohman  cylinder  was   filled   with   gas  and  removed  from  the 

Received  October  12,  1911.  milk  that  a  rennet  curd  had  formed  which  was  carried 

r^      ,    ,  ,  ,        .,     T  ,7    ,  to  the  top  by  the  evolving  gas  and  could  readily  be 

[Concluded  from  the  January  No.]  .  .. 

skimmed  off.     In  Series   3   and  4  the  milk  used  was 

gases  evolved.  boiled  to  expel    carbon   dioxide   and   air  and  cooled 

It  was  observed  by  Clapp,   as  already   mentioned,  to   45  °  C.   before   mixing  with  the  fermenting  mass, 

that  when  a  lighted   match  is  applied  to  the  bubbles  also  the  first  cylinder  of  gas  evolved  was  discarded 

which  form  on  the  "emptyings"  the  escaping  gaseous  and    that   used   for   analysis   was   collected   over   the 

products  burn.     This  he  attributed  to  the  evolution  clear  whey  after  the  curd  was  skimmed  off.     By  dis- 

of  alcohol.     The   evolving  gases   were   determined  as  carding  the  first  cylinder  of  gas,  it  was  assumed  that 

follows:  46  grams  of  cornmeal,  20  grams  of  powdered  the  whey  became  saturated  with  the  evolving  gases. 

milk   and  4   grams   of   starter  were  stirred  into  suffi-  The  Hempel  burette  was  filled  by  displacing  this  clear 

cient  hot  water  to  make  a  batter.     After  8  to  10  hours  whey. 
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In  Series  1,  2  and  3  it  will  be  seen  that  the  CO, 
and  hydrogen  never  exceeds  97  per  cent.,  and  in 
Series  4  the  oxygen  was  also  determined  after  removing 
the  C02.  This  oxygen  was  calculated  to  its  equivalent 
of  air  and  added  to  the  percentages  of  C02  and  hy- 
drogen and  brings  the  total  to  nearly  100  per  cent. 
Since  no  methane  was  found,  the  hydrogen  in  Series 
4  was  determined  by  means  of  an  explosion  pipette. 
Each  series  was  collected  from  a  separate  lot  of  the 
fermenting  milk,  and  as  some  air  is  sure  to  be  dis- 
solved when  the  cylinder  is  filled  this  may  account 
for  the  discrepancies  in  the  different  series. 

LOSSES    IN    BREAD-MAKING. 

In  making  bread  with  yeast  it  is  found  that  best 
results  are  obtained  when  the  dough  is  allowed  to 
rise  from  1  to  4  times,  depending  upon  the  "strength" 
of  the  flour,  previous  to  moulding  into  loaves.  During 
this  period  of  fermentation  which  generally  ranges 
from  5  to  8  hours  in  the  "straight  dough"  process 
of  making  bread,  various  chemical  and  physical 
changes  take  place  which  render  the  gluten  more 
elastic  and  better  suited  for  the  production  of  light 
bread.  These  changes  are  chiefly:  (1)  The  formation 
of  alcohol  and  C02  from  the  sugars;  (2)  the  production 
of  soluble  carbohydrates,  as  sugars  and  dextrins,  from 
insoluble  forms  as  starch;  (3)  the  production  of  various 
organic  acids  such  as  lactic,  acetic  and  at  times  butyric ; 
(4)  a  partial  solution  of  the  proteid  compounds  in 
the  flour;  (5)  the  formation  of  amid  and  ammonium 
compounds  from  insoluble  proteins;  and  various 
other  changes  that  are  only  incompletely  understood. 
Inasmuch  as  many  of  the  substances  formed  during 
the  processes  of  fermentation  are  either  gases  or  are 
volatile,  appreciable  losses  of  dry  matter  occur  during 
the  fermentation  and  baking  of  bread. 

These  losses  as  determined  by  various  investigators 
are  as  follows:  Voorhees,1  4.3  per  cent.;  Heeren,1 
1.57  per  cent.;  Fehling,1  4.21  per  cent.;  Craeger,1 
2.i4per  cent. ;  Jago,2  2.5  per  cent. ;  Danglish,1  3  to  6  per 
cent.;  Snyder  and  Voorhees, 3  2  to  6  per  cent,  or  even 
1 1    per  cent,  in  cases  of  long  fermentation  processes. 

While,  with  the  use  of  yeast  better  bread  can  be 
made  by  permitting  it  to  rise  previous  to  moulding 
it  into  loaves,  it  is  best  to  put  salt-rising  bread  into 
pans  at  once  upon  mixing  the  dough ;  indeed  if  allowed 
to  stand  only  an  hour  or  two,  marked  changes  occur 
in  the  physical  nature  of  the  dough  and  the  bread 
becomes  inferior  in  quality.  This  no  doubt  is  to  be 
explained  by  the  fact  that  the  bacteria  in  salt-rising 
bread  have  a  greater  proteolytic  power  than  yeast 
in  proportion  to  their  amylolytic  power.  Hence  the 
gluten  is  sufficiently  ameliorated  as  soon  as  the  gas 
necessary  for  aeration  is  produced.  While  with  the 
use  of  yeast,  it  is  found  necessary  to  allow  the  dough 
to  rise  to  double  its  original  bulk  several  times  before 
moulding  into  loaves,  in  order  to  bring  about  the 
necessary    degradation  in   the   gluten. 

The  difference  in  the  methods  of  fermentation,  the 
difference  in  the  gases  produced,  and  the  absence 
of  alcohol  in  salt-rising  bread  was  suspected  to  make 

1  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations.  Bull.  35. 

2  Jago,  "The  Science  and  Art  of  Bread-Making."  p.  361. 

3  U.  S.  Department  Agriculture.  Bull.  67,  pp.  11  and  28. 


an  appreciable  difference  in  the  losses  of  dry  material 
in  the  two  kinds  of  bread.  It  was  observed,  too, 
both  by  the  author  and  practical  bakers,  that  the 
yield  in  salt-rising  bread  is  invariably  somewhat 
larger  than  in  yeast  bread. 

With  the  object  in  view  of  detecting  any  differences 
that  normally  occur  in  the  losses  of  these  two  types 
of  bread,  these  were  determined.  The  flour  used  was 
a  Kansas  patent  and  the  bread  was  fermented  as 
nearly  as  possible  in  accordance  with  the  best  bakery 
practice.  All  determinations  were  made  from  the 
same  sample  of  flour.  This  was  made  uniform  by 
putting  about  equal  portions  in  eight  separate  dishes 
and  then  partly  filling  a  large  glass  stoppered  bottle 
from  these  by  taking  in  rotation  a  tablespoonful 
at  a  time  from  each  dish.  When  the  large  bottle 
was  about  two-thirds  filled,  it  was  rolled  back  and  forth 
over  the  floor  so  as  to  insure  perfect  uniformity. 

The  yeast  bread  was  made  by  the  straight  dough 
process  which  is  used  most  extensively  by  manu- 
facturing bakers  at  the  present  time. 

The  bread  was  mixed  in  a  small  universal  bread 
mixer  as  it  was  found  that  there  was  less  mechanical 
loss  than  if  mixed  by  hand.  The  yeast  was  dissolved 
in  a  small  portion  of  the  water  and  the  salt  and  sugar 
were  put  into  the  mixer  and  dissolved  in  a  part  of 
the  water.  The  yeast  was  then  added  and  the  con- 
taining vessel  rinsed  with  the  remainder  of  the  water. 
The  flour  was  then  put  in  and  the  mixer  turned,  until 
the  dough  was  uniform,  when  it  was  carefully  removed 
and  put  into  a  large  porcelain  evaporating  dish  and 
allowed  to  ferment  as  long  as  had  previously  been 
determined  best  for  this  particular  flour.  It  was 
kneaded  down  three  times.  After  having  been  prop- 
erly fermented  the  dough  was  moulded  into  2  loaves, 
without  the  use  of  flour,  allowed  to  rise  and  baked 
regularly  in  an  electric  oven  at  a  temperature  of  2200 
to  230  °  C.  It  was  thought  best  to  use  as  large  quan- 
tities as  given  above,  for  it  was  a  convenient  amount 
for  -the  mixer  and  can  be  handled  with  a  smaller 
percentage  error,  due  to  mechanical  losses  than  a 
smaller  amount.  It  was  found  that  a  little  material 
remained  both  in  the  mixer  and  the  evaporating  dish 
in  which  the  dough  was  fermented.  That  in  the 
mixer  was  estimated  by  allowing  it  to  dry  in  the  air 
and  then  weighing  the  mixer  on  a  torsion  balance 
both  before  and  after  the  mixer  was  washed  out  and 
dried  thoroughly.  The  difference  was  small,  less 
than  V10  or  1  Per  cent,  of  the  total  quantity  of  flour 
used  and  was  deduced  from  this  amount.  That  in 
the  evaporating  dish  was  dried  in  a  large  copper 
water-jacketed  oven  and  then  calculated  from  the 
difference  in  weight  of  the  dish  before  and  after  wash- 
ing and  drying.  This  amount  was  also  small  and 
was  deduced  from  the  total  amount  of  dry  material  used. 

In  these  experiments  no  attempts  were  made  to 
determine  the  nature  of  the  losses  in  bread-making 
but  merely  the  absolute  amounts.  The  two  loaves 
were  baked  side  by  side  in  a  single  pan,  and  in  sampling 
they  were  broken  apart  and  each  loaf  was  cut  into 
four  nearly  equal  pieces.  An  end  piece  of  one  loaf 
and    the    diametrically    opposite    center    piece    of    the 
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other  loaf  were  taken  as  an  aliquot  part  of  the  total 
lit  of  the  bread.  These  were  dried  sufficiently 
to  be  crumbed  by  means  of  a  small  coffee  mill  and 
separate  small  portions  of  2  to  3  grams  were  used 
in  drying  completely  in  a  water-jacketed  oven.  It 
was  found  difficult  to  get  concordant  results  by  dry- 
ing small  portions  of  the  crumbs  although  they  were 
thoroughly  mixed;  and  also  that  the  pieces  as  chosen 
above  did  not  represent  a  true  sample  of  the  baking 
and  this  method  of  determining  the  moisture  in  the 
bread  was  abandoned.  The  losses  as  determined 
by  this  method  varied  as  widely  as  4.88  per  cent. 
to  6.79  per  cent,  in  two  different  bakings  made  as 
nearly  alike  as  possible.  On  another  occasion  a  varia- 
tion of  from  7.3  percent,  to  9.7  per  cent,  was  obtained. 
As  it  was  impossible  to  obtain  concordant  results  by 
drying  samples,  the  whole  quantity  of  bread  in  each 
baking  was  dried  in  a  large  water-jacketed  oven.  The 
bread  was  cut  in  thin  slices,  care  being  taken  that  no 
crumbs  were  lost,  and  placed  loosely  in  large  porcelain 
dishes  and  dried.  After  drying  it  was  cooled  in  large 
desiccators  over  sulphuric  acid  and  weighed  on  a  torsion 
balance,  upon  which  all  the  ingredients  as  well,  were 
weighed.  By  this  method  a  constant  weight  could 
be  obtained  and  the  results  obtained  from  separate 
bakings  by  the  same  method  were  concordant. 

In  addition  to  determining  the  losses  in  bread  fer- 
mented normally  with  yeast,  they  were  also  determined 
when  the  dough  was  moulded  into  loaves  and  placed 
into  pans  at  once  upon  mixing  without  previously 
allowing  it  to  rise.  When  it  had  risen  to  the  usual 
height  it  was  baked,  dried  and  weighed  as  described 
above.  The  losses  in  salt-rising  bread  were  determined 
in  practically  the  same  way  except  that  the  bread  was 
made  by  the  sponge  and  dough  method  which  is  com- 
monly used  for  this  type  of  bread.  The  amounts 
of  ingredients  used  are  as  given  in  baking  No.  378, 
and  the  time  and  temperature  of  mixing  "emptyings" 


then  determined  as  was  done  with  yeast  bread  and 
subtracted  from  the  amount  of  flour  used 

The  moisture  in  the  ingredients  used  in  these  ex- 
periments was  determined  by  careful  sampling  and 
drying  small  separate  portions  in  the  water-jacketed 
oven.  As  the  moisture  content  of  the  flour  the  mean 
of  6  closely  agreeing  determinations  was  used,  while 
the  moisture  content  of  the  other  ingredients  was 
determined  only  in  duplicate.  The  salt  was  heated 
until  decrepitation  ceased  and  was  then  assumed 
to  be  free  from  water.  Knowing  the  amounts  of  in- 
gredients used,  the  percentage  of  moisture  in  each 
and  the  weight  of  dry  material  recovered  the  loss 
of  dry  material  can  be  readily  calculated. 

The  materials  used  in  making  the  breads  are  given 
in  the  following  table : 

Materials  in  Bread  Made  with  Yeast. 


Flour. 

Water. 

Yeast. 

Sugar. 

Salt. 

Fermented  normally.  Grams 

Grams. 

Grams. 

Grams. 

Grams. 

Bread  No.  99 

800 

490 

10 

12 

12 

Bread  No.  100. . . 

800 

490 

10 

12 

12 

Put  into  pans  at 

once 

upon  mixing. 

Bread  No.  101... 

....      400 

245 

5 

6 

6 

Bread  No.  102... 

....      400 

245 

5 

6 

'6 

Salt-Rising  Bread. 

Corn 

Flour.  Water,   meal. 

Salt. 

Milk.  Soda.  Start 

Bread  No.  378 

..      800 

550          22 

12 

5         2 

2 

Bread  No.  381 

..      800 

550          22 

12 

5          2 

2 

The  losses  expressed  in  percentages,  as  given  in 
the  table,  are  calculated  upon  the  total  dry  material 
used  in  each  baking  and  it  will  be  observed  that  they 
are  much  smaller  in  salt-rising  bread  than  in  bread 
made  with  yeast,  and  that  in  the  latter  they  depend 
upon  the  amount  of  fermentation  the  bread  is  sub- 
jected to. 

Breads  No.  101  and  No.  102  were  of  poor  quality, 
being  coarse  in  texture  and  dark  in  color  as  is  always 


Losses  in  Bread-Making. 
Materials    (water-free). 


Bread    made  with    yeast:  Flour. 

Fermented    normally:  Grams. 

Bread  No.  99 7 1 1 . 34 

Bread  No.  100 7 1 1 .  53 

Put  into  pans  at  once  upon  mixing: 

Bread  No.  101 356.30 

Bread  No.  102 356 .  29 

Salt-rising  bread:  Flour. 

Bread  No.  378 710.84 

Bread  No.  381 710.34 


Material 

Material 

Material 

Yeast. 

Sugar. 

Salt. 

used  (dry). 

recovered. 

lost.              Loss. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams.        Per  cent. 

3.65 

14.99 

12.00 

741.98 

704.95 

37.03            4.99 

3.65 

14.99 

12.00 

742.17 

702.75 

39.42            5.31 
Mean,  5 .  15 

1.82 

7.49 

6.00 

371.61 

365.25 

6.36            1.71 

1.82 

7.49 

6.00 

371.60 

364.50 

7.10            1.91 
Mean,  1 .81 

Salt. 

Cornmeal. 

Soda. 

12.00 

19.80 

1.95 

751.27 

748.20 

3.07            0.41 

12.00 

19.80 

1    95 

750.77 

747.00 

3.77            0.46 
Mean.  0.44 

378 
381 


Milk. 
4.82 
4.82 


sponge  and  dough  as  well.  The  small  portion  of  the 
ingredients  that  remained  in  the  beaker  and  evapora- 
ting dish  from  the  "emptyings"  and  sponge  respec- 
tively was  determined  by  drying  in  the  water- jacketed 
oven  and  weighing  on  the  torsion  balance  both  before 
and  after  washing  and  drying.  This  amount  was 
small  in  proportion  to  the  total  quantity  of  ingredients 
and  was  deduced  from  the  total  dry  material  used. 
What  remained  in  the  bread  mixer  was  air  dried  and 


the  case  when  bread  made  with  yeast  is  not  allowed 
to  rise  several  times  previous  to  putting  into  pans. 
Over  three  hours  were  required  for  the  bread  to  rise 
to  the  usual  height  in  the  pans  while  ordinarily,  when 
the  bread  is  fermented  in  the  usual  way,  it  rises  in 
35  to  55  minutes.  It  was  made  by  this  method  merely 
to  show  that  the  losses  are  due  largely  to  the  destruc- 
tion of  materials  by  the  yeast.  The  losses  in  salt- 
rising  bread  were  found  to  be  even  smaller  than  in 
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•bread    made    with    yeast    when    allowed    to    ferment 
merely  enough  for  aeration. 

This  difference  in  the  losses  in  the  two  types  of 
bread  is  to  be  explained  by  the  fact  that:  (1)  yeast 
produces  1.04  parts  of  alcohol  for  every  part  of  C02, 
both  of  which  are  largely  driven  off  during  the  process 
of  baking,  while  in  salt-rising  bread  there  is  no  alcohol 
produced;  (2)  it  is  necessary  to  ferment  bread  with 
yeast  from  5  to  8  hours  while  it  is  allowed  to  rise  in 
the  pans  only  one  hour  or  less,  hence  only  a  small 
part  of  the  total  gas  produced  is  actually  used  in  aera- 
tion, while  salt-rising  bread  is  made  into  loaves  at 
once  upon  mixing  the  dough  and  very  little 
gas  is  lost;  (3)  the  gases  produced  by  yeast  consist 
of  C02,  while  those  produced  by  the  salt-rising  bac- 
terium consist  of  about  I/3  C02  and  2/3  hydrogen  which 
is  only  V22  as  heavy  as  the  former. 

The  fact  that  the  losses  in  ordinary  bread  vary  with 
the  amounts  of  fermentation  perhaps  in  part  accounts 
for  the  variation  in  the  results  obtained  by  different 
investigators.  Snyder  allowed  the  dough  to  double 
its  bulk  only  once  and  baked  it  after  it  rose  again, 
which  by  practical  bakers  would  be  considered  suffi- 
cient fermentation  only  for  very  weak  flours  such  as 
are  generally  used  in  making  pastries.  Losses  of 
8.14  per  cent,  and  10.23  Per  cent.,  as  reported  in 
Bull.  67,  U.  S.  Dept.  Agr.,  p.  28,  it  is  the  opinion 
of  the  author,  are  due  to  experimental  errors,  for  the 
flour  used  in  these  experiments  required  and  was 
subjected  to  more  than  the  average  amount  of  fer- 
mentation, and  the  5.15  per  cent,  is  considered  more 
than   an   average   loss. 

The  fact  that  the  bacteria  in  salt-rising  bread  by 
their  presence  in  the  dough  have  such  a  marked  effect 
upon  the  gluten  and  that  best  results  are  obtained 
by  placing  the  loaves  into  pans  at  once  upon  mixing 
the  ingredients  is  considered  significant  and  an  effort 
was  made  to  produce  the  same  results  in  yeast  bread 
by  adding  various  agents  such  as  other  bacteria, 
enzymes  and  organic  acids. 

Cream  of  tartar  when  added  to  the  usual  ingredients 
produced  a  shortening  effect  upon  the  dough  and 
hence  it  was  not  necessary  to  subject  it  to  the  same 
amount  of  fermentation.  It  was  not  possible,  how- 
ever, to  produce  bread  with  good  color  and  texture 
by  moulding  the  loaves  as  soon  as  the  dough  was  made 
even  though  sufficient  acid  was  used  to  render  the 
dough  short  to  the  feel.  In  excess  acids  weaken  flour 
and  smaller  and  poorer  loaves  are  the  result. 

Pepsin  was  added  to  doughs  in  the  proportions  of 
0.1  gram,  0.2  gram,  0.5  gram  and  1.0  gram  to  800 
grams  of  flour,  and  it  was  found  that  in  all  cases 
it  was  necessary  to  give  the  bread  a  preliminary  rising 
before  putting  into  pans.  When  pepsin  was  added 
to  the  extent  of  '/i  of  1  per  cent,  the  dough  became 
runny  and  sticky  in  a  short  time  and  it  was  impossible 
to  make  good  bread  from  it,  either  when  it  was  moulded 
into  loaves  at  once  or  when  previously  allowed  to 
rise.  The  bread  was  extremely  coarse  and  darker 
in  color,  and  at  times  the  destruction  of  the  gluten 
was  made  evident  by  the  formation  of  a  large  hole 
extending  almost   the   whole   length   of   the   loaf.     In 


all  cases,  even  when  only  1  part  to  4,000  parts  of  flour 
was  used,  the  pepsin  produced  a  noticeable  effect. 
The  dough  invariably  became  more  runny  and  the 
loaves  flattened  somewhat,  and  it  was  questionable 
whether  it  was  of  any  advantage  even  in  extremely 
small  quantities.  When  used  to  the  extent  of  1  part 
in  1600  parts  of  flour,  its  effect  was  harmful  without 
a  doubt. 

Five  different  malt  extracts  which  contain  both 
amylolytic  and  proteolytic  enzymes  were  used  in  an 
effort  to  hasten  the  changes  that  are  necessary  in 
dough  to  make  it  suitable  for  bread-making  purposes. 
The  activities  of  these  extracts  were  found  to  be  as 
follows:  No.  1,  8.56;  No.  2,  15.71;  No.  3,  8.69;  No. 
4,  9.69;  No.  5,  20.13.  The  activity  is  defined  as  the 
number  of  times  its  weight  of  maltose  a  given  quantity 
of  extract  will  produce  when  allowed  to  act  upon 
an  excess  of  acid-free  soluble  starch  for  one  hour  at 
a  temperature  of  40°  C. 

Various  baking  experiments  using  these  extracts 
in  different  porportions  indicate  that  the  extracts 
have  a  marked  proteolytic  action  as  well  as  sugar- 
producing  powers.  The  stronger  extracts,  especially 
when  used  in  quantities  exceeding  1/2  or  2  per  cent, 
calculated  on  the  flour,  have  a  decided  softening  action 
upon  the  dough,  which  seems  similar  to  that  produced 
by  pepsin.  Flour  made  from  wheat  that  has  germi- 
nated has  a  tendency  to  soften  and  become  "runny" 
which  would  indicate  the  development  of  proteolytic 
enzymes.  These  experiments  with  malt  extracts 
indicate  that  while  they  have  an  action  upon  the  gluten 
and  shorten  the  period  of  fermentation  somewhat, 
their  function  in  bread-making  is  mainly  amylo- 
lytic. When  used  in  bread-making  they  produce 
considerable  sugar  as  may  be  seen  from  the  following 
results  obtained  by  the  author. 

Sugar  in  Bread. 

Sugar 

Bread  found. 

No.                       Saccharine  material  added.  Per  cent. 

1 2V2  cane  sugar.  5  37 

2 None.  3.64 

3 1  per  cent,  extracted  No.  5.  6  .00 

4 1  per  cent,  extracted  No.  1 .  5 .  68 

5 Vs  of  1  per  cent,  extracted  No.  5_and  3V2  per 

cent,  cooked  flour.  5.27 

The  percentages  of  saccharine  material  added  are 
calculated  on  the  flour,  and  the  percentages  of  reducing 
sugar  found  are  calculated  as  maltose  on  the  water- 
free  bread. 

It  is  well  known  that  dough  is  a  suitable  medium 
for  bacterial  growth  and  as,  in  these  experiments, 
one  culture  was  isolated  that  could  both  aerate  bread 
and  produce  the  necessary  transformations  in  the 
gluten,  an  effort  was  made  to  couple  the  gas-producing 
power  of  the  yeast  with  a  bacterial  fermentation 
that  would  quickly  bring  about  these  later  changes 
and  perhaps  also  have  an  important  bearing  upon 
the  flavor  of  the  bread. 

Preliminary  experiments  were  made  to  determine 
the  number  of  bacteria  normally  present  in  flours. 
These  were  found  to  vary  in  numbers  from  about 
25,000  to  300,000  cells  per  gram  of  flour.      Bleached 
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flour  inun   the  same  sample  of  wheat  was  found   to 
contain  only  about  '/,  to  '/«  as  many  as  the  unbleached. 

Two  of  llic  commoner  bacteria,  found  in  flour  were 
isolated  and  the  pure  cultures  used  in  various  experi- 
ments in  bread-making.  For  convenience  they  will 
be  designated  as  A  and  13.  When  grown  in  milk 
A  produced  a  soft  white  curd  which  did  not  separate 
from  the  whey  even  after  standing  several  months. 
B  produced  more  acid  and  after  standing  a  few  weeks 
the  curd  was  almost  completely  dissolved,  forming 
a  dark  colored  solution.  Bread  was  made  by  adding 
milk  in  various  proportions,  which  had  been  fermented 
from  40  to  72  hours  with  these  bacteria.  A  had  no 
marked  effect  upon  the  feel  of  the  dough  and  the  bread 
was  normal  except  that  it  was  closer-grained  and  the 
loaves  had  a  tendency  to  crack.  The  dough  made 
with  the  addition  of  B  was  stickier,  softer  and  more 
runny  than  usual,  although  no  more  than  the  usual 
amount  of  water  was  added.  The  bread  was  smaller 
in  volume  and  had  still  more  tendency  to  crack.  In 
these  experiments  it  was  found  that  the  effect  of  the 
bacteria  depended  largely  upon  the  activity  of  the 
yeast.  If  the  yeast  was  used  sparingly  or  if  it  was 
weak  and  the  bacteria  were  added  in  large  numbers 
the  effects  enumerated  above  were  quite  pronounced, 
while  if  plenty  of  strong  yeast  was  added,  even  in 
the  presence  of  many  bacteria,  the  bread  was  nearly 
normal.  In  one  series  of  experiments  normal  bread 
was  made  from  a  flour  containing  26,000  bacteria 
per  gram,  by  adding  enough  milk,  fermented  with 
A  to  increase  that  number  30,000-fold,  and  with 
B  to  increase  the  number  of  cells  60,000-fold. 

Besides  these  baking  experiments  with  pure  cultures 
a  series  of  bakings  was  made  using  buttermilk  as  part 
of  the  liquid.  The  buttermilk  was  used  in  proportions 
ranging  from  "/s  to  4/6  of  the  total  liquid  used  and  in 
all  cases  it  was  found  that  it  had  a  softening  action 
upon  the  dough.  The  bread  was  smaller  in  volume 
and  firmer  than  when  no  buttermilk  was  added  and 
had  a  tendency  to  crack  near  the  top  edge  of  the  pan. 
Even  though  the  bacteria  exceeded  by  ten-fold  or 
more  the  number  of  yeast  cells  present  in  the  dough, 
it  was  found  advantageous  to  allow  the  bread  to  rise 
and  to  knead  it  down  previous  to  molding  the  loaves. 
If  the  yeast  was  strong  and  produced  a  vigorous  fer- 
mentation the  effect  of  the  bacteria  was  not  marked 
and  these  experiments  would  indicate  that,  while 
sour  bread  was  formerly  a  common  occurrence,  in  the 
modern  short  fermentation  processes  bacteria  play 
a  less  important  role  than  is  supposed  and  that  flavor 
in  bread  is  to  be  attributed  rather  to  the  activities 
of  the  yeast  than  to  bacterial  fermentation. 

While  neither  the  pure  cultures  of  bacteria  ob- 
tained from  flour  nor  the  bacteria  in  buttermilk 
had  sufficient  action  upon  the  gluten  to  permit  mold- 
ing into  loaves  at  once,  it  was  possible  to  make  a  dough, 
using  a  salt-rising  sponge  and  compressed  yeast, 
and  put  the  loaves  into  pans  at  once  upon  mixing 
with  good  results;  indeed  the  bread  was  better  in 
texture  than  if  it  was  allowed  to  rise  before  molding 
into  loaves.  With  the  use  of  other  bacteria,  together 
with    compressed    yeast,    on    the    other    hand,  better 


bread  could   be  made  by  allowing  it  to  rise  onc<    at 

twice    before    molding.        While   the   use   oi    COmpri      ■■: 

yeast  in  salt-rising  bread  produces  good-appearing 
bread  with  good  texture  it  has  not  met  with  the  ap- 
proval of  the  Consumer,  for  it.  loses  more  or  less  of 
its  characteristic  taste  and  acquires  another  <  I  u< 
to  the  yeast.  On  theoretical  grounds  it  would  hardly 
be  expected  that  the  two  organisms  can  be  used  to 
advantage  in  the  same  dough  for  the  production  of 
bread,  owing  to  the  great  difference  in  temperature 
at  which  they  work  best.  It  is  in  accordance  with 
the  best  bakery  practice  to-day  to  ferment  doughs 
with  yeast  at  a  temperature  of  26 °  C.  while  the  opti- 
mum temperature  for  the  salt-rising  organism  lies 
about  15  °  C  higher. 

Some  of  the  bacteria  normally  present  in  corn- 
meal  are  extremely  resistant  to  heat,  so  much  so  that 
a  mixture  of  meal  and  milk,  after  being  steamed  for 
two  hours  or  for  a  half  hour  on  three  or  four  suc- 
cessive days,  will  at  times  show  the  evolution  of  gas 
after  incubation. 

The  artificial  product  prepared  in  these  experiments 
is  even  more  resistant  to  heat  and  shows  the  evolution 
of  gas  much  sooner  as  may  be  seen  from  the  following 
experiment:  into  250-cc.  German  flasks  containing 
150  cc.  water,  which  was  brought  to  a  boil,  were  stirred, 
in  Series  1,  18  grams  of  cornmeal  and  10  grams  dried 
skimmed  milk,  and  in  Series  2,  18  grams  of  the  arti- 
ficial product  and  10  grams  of  the  same  milk. 


Series  1. 

Series  2. 

Time  steamed 

ask  No.  la 

Flask  No.  1 

1  hour 

ask  No.  2a 

Flask  No.  2 

1  hour  and  20  m 

ask  No.  3a 

Flask  No.  3 

1  hour  and  40  m 

ask  No.  4a 

Flask  No.  4 

1  hour  and  55  tn 

The  flasks  were  plugged  with  cotton  and  immediately 
placed  in  a  steaming  autoclave.  After  being  incubated 
at  40  °  C.  for  18  hours,  all  flasks  in  Series  2  were  giving 
off  gas  while  in  Series  1  no  signs  of  life  were  evident 
within  48  hours  when  a  few  gas  bubbles  began  to  form 
in  flask  ia.  No  gas  appeared  in  flasks  2a,  i,a  and  4a 
even  after  incubating  for  3  days,  although  putrefaction 
set  in. 

In  another  series  6  flasks  were  made  as  in  Series 
2  and  heated  respectively  1  hour  and  55  minutes,  2  hours 
and  25  minutes,  2  hours  and  55  minutes,  3  hours  and  25 
minutes,  3  hours  and  55' minutes,  and  4  hours  and  30 
minutes.  Flasks  1,  2  and  3  were  evolving  gas  after  in- 
cubating for  18  hours;  flask  4,  2  hours  later;  while 
flasks    5    and   6  became  putrid  after  three  days. 

This  treatment  is  far  more  severe  than  any  the 
organisms  are  subjected  to  in  the  process  of  baking 
the  bread,  and  Dr.  Emley  raised  the  question  whether 
or  not  they  survive  the  heat  of  the  oven  and  perhaps 
cause  disturbances,  due  to  gas  production,  in  the 
alimentary  tract  of  the  consumer.  To  throw  some 
light  upon  this  question  some  of  the  bread  was  cut 
at  various  times  with  a  sterile  knife,  and  small  portions 
of  about  1  gram  each  were  plucked  out  from  the 
freshly  cut  surface  with  a  sterile  pair  of  forceps  and 
dropped  into  test  tubes  partly  filled  with  sterile  milk. 
This  was  done  repeatedly,  and  of  all  the  tubes  inocu- 
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,  lated  in  this  way  only  about  one-half  showed  any 
growth.  The  growth  was  seldom  observed  in  less 
than  24  hours  and  in  no  case  did  gas  bubbles  appear 
as  is  always  the  case  when  sterile  milk  is  inoculated 
from  the'  fermenting  batter,  which  would  indicate 
that  the  gas-forming  organisms  perish  in  the  oven. 
The  fact  that  these  organisms  do  not  survive  in  the 
bread  when  it  is  in  the  oven  only  about  45  minutes 
and  reaches  a  temperature  of  ioo°  to  1030  C.  for  only 
a  few  minutes,  and  yet  in  a  batter  made  from  meal 
and  milk  are  not  killed  by  three  hours'  steaming, 
can  be  explained  only  by  differences  in  the  life  history 
of  the  organisms.  In  the  meal  they  occur  as  spores 
while  in  the  bread  they  are  actively  growing  and  are 
quickly  killed  by  the  heat  before  they  can  pass  into 
the  more  resistant  state.  The  organisms  that  do  sur- 
vive are  probably  introduced  as  spores  by  means  of 
the  flour  rather  than  the  meal,  for  in  the  former  they 
have  much  the  shorter  time  to  germinate.  This 
is  supported  by  the  fact  that  salt-rising  bread  keeps 
as  well  as  bread  made  with  yeast,  and  that  the  latter 
also  is  not  an  absolutely  sterile  product  for  certain 
organisms  that  cause  ropiness  in  bread  are  known  to 
survive. 

The  flora  of  bacteria  present  in  the  fermenting  salt- 
rising  batter  made  from  cornmeal  varies  greatly, 
depending  upon  the  temperature  that  obtains  when 
the  meal  is  stirred  into  the  water  or  milk.  If  the 
temperature  of  the  mass  does  not  exceed  a  temperature 
of  about  65  °  an  organism  or  perhaps  a  group  of  or- 
ganisms may  be  isolated  that  will  produce  gas  readily 
in  milk  or  broth  or  even  on  plates  unless  they  are  very 
shallow.  When  grown  in  nutrient  agar  it  produces 
gas  also  and  causes  holes  and  rents  in  the  medium. 
On  plates  it  appears  in  round,  raised,  semitransparent 
colonies.  In  milk  gas  bubbles  are  given  off  and  after 
about  two  days,  sometimes  less,  a  curd  will  form  which 
is  broken  and  full  of  gas  bubbles.  After  a  week  or 
longer  a  part  of  the  curd,  usually  down  one  side 
of  the  tube,  will  dissolve,  leaving  a  clear  light  colored 
whey.  In  broth  gas  bubbles  are  given  off  and  a  rather 
uniform  cloudiness  appears.  In  stab  cultures  the 
growth  spreads  over  all  or  nearly  all  the  top  of  the 
medium,  while  farther  down  gas  bubbles  appear. 
The  growth  along  the  line  of  puncture  is  rather  feathery, 
disturbed  or  broken  by  gas  bubbles  here  and  there. 
Stroke  cultures  show  an  abundant  raised  growth 
semitransparent,  with  smooth  projections  extending 
out.  On  potato  a  narrow  raised,  grayish  white  growth 
appears,  which  does  not  show  a  tendency  to  spread. 
Gelatin  is  not  liquefied  at  room  temperature,  and 
if  incubated  at  37°  C,  will  solidify  again  on  cooling. 
It  forms  indol.  If  the  temperature  of  the  batter 
exceeds  75  °  C.  this  organism  is  not  found  upon  plates 
poured  from  it,  and  spore  formation  has  not  been 
observed.  These  cultural  characteristics  together  with 
its  morphology  and  staining  properties  indicate  that 
it  is  a  member  of  the  coli  groin  1. 

Another  colony  which  was  more  opaque  and  slightly 
ragged  also  produced  gas  in  milk  but  produced  no 
curd  within  four  days.  The  curd  was  more  broken 
with  gas  bubbles  than  when  the  milk  was  fermented 


with  the  other  culture.  In  their  growth  in  stab  and 
slant  cultures  the  two  could  not  be  distinguished,  but 
on  potato  this  last  one  described  produced  a  creamy, 
yellowish  growth  instead  of  a  grayish  white.  It 
is  probably  a  member  of  the  same  group. 

In  addition  to  these,  certain  flat,  white,  opaque  col- 
onies, with  ragged  edges,  appeared  in  about  equal 
members.  These  also  produced  gas  in  small  quan- 
tities and  formed  a  curd  when  grown  in  milk.  Also 
certain  flat,  smooth-edged,  opaque  colonies  were  evident. 
None,  or  very  few  indeed,  of  the  colonies  that  appear 
upon  milk-agar  plates  poured  from  batters,  the  initial 
temperature  of  which  did  not  exceed  60  to  65  °  C, 
show  a  peptonization  of  the  milk  either  upon  the 
plates  themselves  or  when  transferred  to  milk  tubes. 
If  the  temperature  of  the  batter  exceeds  75  °  C,  how- 
ever, a  different  flora  of  bacteria  is  present,  for  nearly 
all  the  colonies  that  appear  show  a  peptonization 
of  the  milk,  which  is  made  apparent  by  the  clear  zone 
that  surrounds  the  colonies,  and  also  by  the  yellow 
solution  that  is  formed  when  the  colonies  are  trans- 
ferred to  milk  tubes.  The  bacteria  that  survive 
the  higher  temperatures  differ  also  in  that  they,  as 
far  as  has  been  determined,  liquefy  gelatin.  If  a 
temperature  of  75  °  C.  or  over  obtains  in  making  the 
batter,  it  is  only  occasionally  that  gas  bubbles  appear 
in  plates  made  from  it  although  the  batter  itself  is 
vigorously  evolving  gas,  and,  as  already  stated,  only 
once,  and  then  not  without  some  doubt  in  regard 
to  its  purity,  was  a  culture  obtained  that  would  pro- 
duce gas,  and  this  culture  soon  lost  this  ability.  When 
the  meal  is  subjected  to  lower  temperatures,  how- 
ever, a  gas-forming  organism  can  readily  be  isolated, 
and  it  is  the  opinion  of  the  author  that  the  pure  culture 
with  which  bread  was  made  in  these  experiments 
was  subjected  to  a  temperature  lower  than  75  °  C, 
by  the  housewife  making  the  bread,  and  that  the 
organism,  although  its  cultural  characteristics  were 
not  fully  determined,  was  a  member  of  the  coli  group. 
It  produced  a  similar  reaction  in  milk  and  gelatin 
media,  did  not  form'  spores,  and  had  the  morpho- 
logical   characteristics. 

As  would  be  expected  from  the  variations  in  the 
flora  of  bacteria  present  in  the  batter,  depending 
upon  the  temperature  at  which  it  is  made,  differences 
are  also  observed  in  the  character  of  the  bread  pro- 
duced. The  batter  when  not  subjected  to  tempera- 
tures that  destroy  non-spore-bearing  organisms  has  a 
different  and  usually  a  stronger  odor  which  at  times 
becomes  very  offensive,  and  it  not  eliminated  during 
the  process  of  baking,  although  it  is  usually  moderated 
somewhat.  It  is  the  experience  of  the  author  that 
better  bread  is  obtained  if  the  liquid  used  in  making 
the  batter  is  brought  to  a  boil,  which  subjects  the  meal 
to  a  temperature  of  85  to  90  °  C,  than  if  the  batter 
is  set  at  lower  temperatures.  Fermentation  and  the 
evolution  of  gas  begins  sooner,  but  with  less  regularity 
and  certainty,  when  the  temperature  of  the  batter 
is  not  raised  to  the  point  at  which  non-spore-bearing 
organisms  perish.  With  the  use  of  the  artificial  prod- 
uct prepared  in  these  experiments,  however,  which 
it  was  found  best  to  stir  directly  into  the  boiling  liquid. 
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tin-  evolution  of  gas  begins  both  sooner  and  with  a 
much  greater  degree  oi  regularity  than  if  meal  is 
used    and    set    at    the    most    favorable    temperature. 

CONCLUSIONS. 

The  leaven  in  salt-rising  bread  is  not  yeast  as  is 
indicated  by  the  literature  on  the  subject,  but  certain 
bacteria.  These  bacteria  aerate  the  bread  by  decom- 
posing certain  of  its  constituents,  principally  the  sugars, 
into  gaseous  products  and  not,  as  has  been  suggested, 
by  producing  acids  which  liberate  carbon  dioxide 
from  the  soda.  The  microbic  flora  involved  varies 
greatly,  depending  upon  the  temperature  to  which 
the  meal  is  subjected  in  setting  the  "batter."  The 
organisms  that  predominate  in  the  batter  when  it  is 
made  by  stirring  the  meal  into  boiling  milk  or  water 
are  only  occasionally  found  upon  plates  made  from 
batters  that  were  not  subjected  to  temperatures 
which  destroy  non-spore-bearing  organisms.  The  chief 
source  of  the  bacteria  is  not  the  air  and  utensils,  as 
has  been  suggested  in  the  literature,  but  the  corn- 
meal  used  in  making  the  batter.  One  organism  was 
isolated  which  in  pure  culture  produces  the  gas  neces- 
sary to  properly  aerate  bread.  This  bacterium 
seems  to  be  a  member  of  the  coli  group  and  was  never 
found  in  batters  that  were  heated  to  75 °  C.  It  in 
all  probability  belongs  to  the  same  group  as  the  or- 
ganism described  by  Wolfnn  and  Lehman,  which 
they  call  Bacillus  levans.  This  organism  could  be 
propagated  in  liquid  media,  such  as  milk,  or  could 
be  grown  in  a  batter  and  subsequently  dried,  to  be 
used  in  the  preparation  of  bread. 

When  the  liquid  used  in  making  the  batter  is  taken 
sufficiently  hot  to  bring  the  temperature  of  the  batter 
to  750  C.  or  higher,  certain  spore-bearing  organisms 
prevail  which  readily  produce  the  gas  necessary  to 
aerate  bread.  These  bacteria  soon  lose  their  gas- 
producing  power  when  kept  in  liquid  media  or  when 
transferred  to  fresh  media  at  intervals  of  12  or  24 
hours.  From  this  fermenting  batter  no  culture  was 
isolated  that  retained  its  ability  to  produce  gas  when 
kept  in  the  liquid  state.  A  dry  product  consisting 
for  the  most  part  of  starchy  material  was  prepared, 
however,  which  could  be  used  at  will  in  making  uni- 
form bread. 

Bread  made  by  the  "Sauerteig"  method  differs 
from  salt-rising  in  that  the  gaseous  fermentation 
in  the  latter  is  due  entirely  to  bacteria,  while  in  the 
former  the  leavening  power  owes  its  origin  primarily 
to  yeasts,  and  it  is  a  question  whether  the  bacteria 
present,  some  of  which  are  gas  formers,  are  desirable 
or  not;  they  differ  also  in  that  the  latter  is  made  from 
fresh  material  each  time,  while  in  the  preparation 
of  the  former  a  portion  of  dough  is  saved  to  start 
the  fermentation   in  the  next  baking. 

The  gases  produced  by  the  salt-rising  bacteria, 
as  found  in  these  experiments,  consist  of  nearly 
*/s  hydrogen  and  rather  more  than  '/s  carbon  dioxide 
and  no  hydrocarbons. 

The  losses  of  materials,  due  to  decomposition  and 
volatilization  of  some  of  the  constituents,  are  much 
smaller  in  salt-rising  bread  than  in  bread  made  with 
yeast,  and  the  losses  in  the  latter  vary  with  the  amount 


of  fermentation  to  which  it  is  subjected.  This 
ence  in  the  losses  of  materials  in  the  preparation 
of  the  two  kinds  of  bread  is  to  be  explained  by  the 
fact  that  (1)  there  is  no  alcohol  found  in  the  former; 
(2)  that  owing  to  inherent  difference  in  the  nature 
of  the  ferments  involved  it  is  subjected  to  far  less  fer- 
mentation; and  (3)  the  gases  are  much  lighter. 

The  author  wishes  to  express  his  gratitude  to  Robert 
Kennedy  Duncan  for  his  helpful  advice  and  direction 
in  this  work. 

Laboratory  of  Industrial  Research, 
University  of  Kansas. 


A  STUDY  OF  THE  VISCOSITY  OF  FISH  OILS. 

By  George  F.  White. 

Received  November  8,  1911. 

Up  to  the  present,  the  measurement  of  the  vis- 
cosity of  oils  has  been  carried  out  by  means  of  the 
Ostwald  viscosimeter,  and  also  by  means  of  various 
commercial  instruments  which  are  unsuitable  for 
scientific  research,  although  possessing  an  ease  of 
manipulation  very  desirable  in  this  work.  The  former 
instrument  has  been  shown  to  have  only  a  limited  de- 
gree of  exactness1  which  is  not  great  enough  to  obtain 
the  relations  between  the  viscosity  of  liquids  and  other 
physical  or  chemical  properties  and  establish  them 
on  a  firm  basis.  Bingham  and  White2  have  described 
a  viscosimeter  capable  of  measuring  viscosity  with 
, ,  the  greatest  accuracy,  by  which  abso- 
lute results  are  obtained;  that  is,  a 
constant  amount,  of  liquid  is  passed 
through  a  capillary  tube  of  known 
diameter  and  length,  the  time  of  flow 
being  regulated  by  a  variable  pressure 
which  is  adapted  to  the  nature  of  the 
liquid.  Recently  the  author3  of  this 
paper  has  devised  an  instrument  of 
the  same  general  type  which  can  be 
readily  constructed  and  also  is  quite 
exact.  The  calibration  of  the  visco- 
simeter, the  method  of  manipulation, 
and  data  showing  its  accuracy  were 
presented  in  the  previous  article;  also 
it  was  used  to  measure  the  viscosity 
of  blood  and  blood  serum  and  was 
found  t6  be  generally  applicable  for 
that  work. 

In    this     investigation     the     visco- 
simeter4    A,     which    was    referred  to 
above,  was  modified  for  the  measure- 
ment of  the  viscosity  of  fish  oils,  which 
of  course  are  relatively   very    viscous 
compared    with    water    and    aqueous 
viscosime-ter  b  solutions.     The  same  method  of  pro- 
cedure was  followed  in  this  work  as  in  that  with  blood 
and  blood  serum,  a  known  volume  of    liquid  passing 
through  a  capillary  tube  of  known  dimensions  under  a 

•Schmidt,  dissertation.  Baltimore,  Md..  1909.    Bingham  and  Durham, 
Am.  Chem.  J.,  46,  278  (1911).   . 

2  J.  Am.  Chem.  Soc,  33,    1257   (1911).      A  more   detailed  description 
will  soon  be  published. 

3  Biochem.  Z  ,  37,482  (1911). 
*  Ibid..  37,  483  (1911). 
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given  pressure  and  temperature.  A  new  viscosimeter, 
B  (Fig.  1),  was  constructed  on  the  plan  of  the  previous 
one,  but  with  a  much  shorter  capillary  tube  and  with 
the  volumes  of  the  limbs  considerably  less.  The 
method  of  standardizing  the  instrument  was  similar 
to  the  standardization  of  A  in  principle  but  water 
could  not  be  used  as  the  time  of  flow  would  be  too 
short  under  the  lowest  pressures  obtainable.  There- 
fore, the  viscosity  of  a  sample  of  menhaden  oil1  was 
determined  in  viscosimeter  A  (which  had  been  stand- 
ardized with  water),  the  temperature  being  50 °  to 
reduce  the  time  necessary  for  measurement.  The 
viscosity  was  found  to  be  o.  1518  in  the  left  limb  and 
0.1514  in  the  right  limb — average  0.1516  at  500. 
Viscosimeter  B  was  now  calibrated  with  the  above  oil, 
and  the  following  are  the  constants  obtained  for  this 
instrument: 

Length  of  capillary  (approx.) 1.7  cm. 

Volume  of  left  limb 2.1310  cc. 

Volume  of  right  limb 2  .0748  cc. 

Pressure  correction.  left  limb 1  .23  cm. 

Pressure  correction,  right  limb 1 .20  cm. 

Ratio  of  r*  to  I 0.00004577 

0.00004582 

This  viscosimeter  was  found  to  give  excellent  re- 
sults, the  time  of  flow  under  a  pressure  of  100-180 
cm.  varying  with  the  different  oils  from  two  to  six 
minutes,  depending  on  the  nature  of  the  oil  and  the 
temperature. 

v  d 
The   kinetic   energy  correction   in   the    formula 

87T// 

_  Tzr*pt         vd 
71  ~  Hvl         8tt7/ 

was  low,  this  being  necessary  if  the  work  is  to  be 
made  as  accurate  as  possible.  This  correction  was 
always  less  than  o .  5  per  cent,  of  the  total  viscosity. 
In  the  above  equation  7;  is  the  viscosity,  r  and  /  are 
the  radius  and  length  of  the  capillary  tube,  v  is  the 
volume  of  liquid  of  density  d,  p  is  the  pressure,  and 
t  is  the  time  of  flow. 

Viscosimeter  B  was  tested  at  60  °  with  the  men- 
haden oil,  the  viscosity  of  which  had  been  measured 
in  viscosimeter  A,  and  the  following  results  were 
obtained: 

Viscosity  of  Menhaden  Oil. 

Rt.  limb.         Left  limb.  Av. 

Viscosimeter  A 0.1169              0.1168  0.1169 

Viscosimeter  B , 0.1170              0.1166  0.1168 

Viscosimeter  B 0.1164              0.1165  0.1165 

The  average  of  the  four  measurements  in  B,  o.  1167, 
is  in  satisfactory  agreement  with  the  result  obtained 
with  the  other  viscosimeter,  o.  1169. 

In  general,  the  oils  used  for  this  investigation  were 
extracted  from  fish  obtained  at  Woods  Hole,  except 
the  samples  of  cod,  whale,  and  sperm  oils,  which  were 
commercial  products.  The  entire  fish  or  the  fish 
livers,  according  to  the  oil  desired,  were  subjected  to 
steam  pressure  in  an  autoclave  at  1150  for  .2-4  hours 
and   then   filtered  while   hot   through   cloth   with   the 

1  This  sample  of  oil.  among  others,  was  furnished  by  Mr.  J.  F.  Goode, 
with  the  firm  of  Marden.  Orth  &  Hastings,  Boston,  Mass.,  whose  favor 
is  gratefully  acknowledged. 


aid  of  pressure.  This  separated  the  oil  and  water 
from  the  great  quantity  of  proteid  matter  present, 
and  allowed  the  oil  to  rise  in  a  clear  layer  to  the  top 
of  the  mixture  placed  in  large  cylinders.  Water  was 
added  to  bring  the  oil  to  the  top  of  these  latter,  and 
the  oil  was  siphoned  off,  allowed  to  cool,  and  dried 
with  calcium  chloride  for  several  days.  The  dried 
oil  was  then  filtered  from  the  salt  and  separated 
stearin  or  other  insoluble  /ats  through  filter  paper  with 
the  aid  of  suction,  and  preserved  in  a  cool  place  for 
the  resulting  measurements. 

The  oils  generally  varied  in  color  from  a  very  light 
yellow  to  a  light  brown.  In  order  to  check  up  their 
composition  a  few  constants  were  determined — 
the  iodine  number  (Hubl),  the  acid  number  (milli- 
grams of  potassium  hydroxide  required  to  neutral 
ize  one  gram  of  oil),  and  the  saponification  num- 
ber (milligrams  of  potassium  hydroxide  necessary 
for  one  gram  of  oil). 

Table  I. 

Saponifica- 

Kind  of  oil.                                                        todine  No.  Acid  No.  tion  No. 

Menhaden  I  (commercial) 168.6  ...  ... 

Menhaden  II  (dark) 128.1  6.83  16.26 

Menhaden  III  (light) 143.3  0.88  191.1 

Whale  (commercial) 156.6  6.70  192.8 

Cod  liver  (white,  commercial) 142.6  1.82  185.8 

Cod  liver  (brown,  commercial) 150.9  9.83  189.8 

Sperm  (commercial) 85.5  0.33  167.0 

Dogfish 135.9  0.94  193.0 

Dogfish  liver  1 118.2  3.49  188.1 

Dogfish  liver  II 124.8  1.60  189.9 

Dogfish  liver  III 53.9  1.96  189.4 

Spiny  dogfish  liver 142.7  4.84  171.4 

Sand  shark  liver 213.6  1.52  182.7 

Hammer-head  shark  liver 155.5  3.32  174.1 

Torpedo  liver  1 111.0  0.92  164.0 

Torpedo  live*II 92.8  0.75  160.9 

Squeteague 103.9  7.40  196.5 

Scup 117.3  16.73  188.9 

Butter-fish 91.1  62.07  191.4 

Eel 117.4  1.02  191.1 

In  the  following  tables  are  given  figures  showing 
the  viscosity  of  the  oils  as  measured  in  the  right  and 
left  limbs  of  the  viscosimeter  at  30 °,  50 °,  70  °,  and 
90  °,  with  the  average  of  these  at  each  temperature 
respectively,  and  with  the  corresponding  fluidity. 
The  specific  gravity,  as  measured  in  the  ordinary 
Ostwald  pycnometer,  is  also  given,  as  it  was  neces- 
sary for  obtaining  the  kinetic  energy  correction  in- 
volved in  the  formula  for  the  calculation  of  the  vis- 
cosity. The  bath  containing  the  viscosimeter  was  a 
large  beaker  of  water  well  stirred  by  a  suitable  stirrer. 
The  temperature  was  regulated  by  hand  since  the 
time  of  measurement  at  any  one  temperature  was  so 
brief  as  to  make  an  automatic  regulator  troublesome. 
The  temperature  was  kept  constant  to  0.020,  and 
great  care  was  exercised  to  insure  this,  the  tempera- 
ture coefficients  of  viscosity  of  these  oils  being  very 
large. 

Table    II. — Menhaden    I,    Commercial    (Brevooriia    tyrannus). 
Viscosity. 

Temp.                     R.  L.             L.  L.  Av.  Fluidity.  Sp.  gr. 

30° 0.2958  0.2965  0.2961              3.377  0.9177 

50° ...  0.1516              6.597  0.9076 

70° 0.09559  0.09551  0.09555  10.47  0.8931 

90° 0.06357  0.06343  0.06350  15.75  0.8798 
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Temp                       U    I                II                    i.1  Fluidity  Si>  Er 

30° 0.6012           0.6025           0.6019  1.661  0,9371 

SO" ('  2936           I'   2938           0  2<)3S  3.407  0.9234 

70° 0.1683            0    1683            (I    1683  5   ''IS  0.9097 

90°....              ci    109;             "    1096            0.1097  9    107  0.8965 

Table  iv     Menhaden  hi  (Lioht). 

30° 0.3243            0.3233  0.1238  3.088  0.9230 

50° 0.1727            0.1727  0.1727  5.790  0.9090 

70° 0   104S           0.1049  0.1049  9.333  0.8454 

90° 0.07101          0.07092  0  07097  14.09  0.8824 

Table  V      Wham.  Commercial  (Balama  mysticetut) 

30° 0.3493            0.3477  0.3485  2.859  0.9192 

50° 0.1818            0.1824  0.1822  5.489  0.9063 

70° 0.1103             0.1099  0.1101  9.090  0.8912 

90° 0.07243          0.07328  0.07241  13.81  0.8782 

Table  VI. — Cod  Liver,  White   (Gadus  callarias). 

30° 0.3886            0.3882  0.3884  2.575  0.9277 

50° 0.2001            0.2005  0.2003  4.992  0.9149 

70° 0.1187            0.1189  0.1188  8.418  0.9008 

90° 0.07862          0.07882  0.07872  12.71  0.8900 

Table  VII. — Cod  Liver,  Brown   (Commercial). 

30° 0.3924            0.3924  0.3924  2.549  0.9162 

50° 0.2078             0.2080  0.2079  4.810  0.9034 

70° 0.1196             0.1194  0.1195  8.368  0.8911 

90° 0.07866          0.07843  0,07855  12.73  0.8769 

Table  VIII — Sperm,  Commercial  (Physeter  macroce phalus) . 

30° 0.3333            0.3333  0.3333  3.00 

50° 0.1719             0.1721  0.1720  5.814 

70° 0.1039            0.1037  0.1038  9.636 

90° 0.06647          0.06662  0.06655  15.03 

Table  IX. — Dogfish    {Muslelus  canis). 

30° 0.4319            0.4319  0.4319  2.315  0.9185 

50° 0.2133            0.2138  0.2135  4.682  0.9057 

70° 0.1262            0.1259  0.1261  7.931  0.8932 

90° 0.08272          0.08293  0.08283  12.08        '  0.8796 

Table  X. — Dogfish  Liver  I. 

30° 0.4089             0.4103  0.4096  2.441  0.9160 

50°... 0.2069             0.2075  0.2072  4.826  0.9016 

70° 0.1213             0    1211  0.1212  8.251  0.8884 

90° 0.07971          0.07973  0.07972  12.55  0.8758 

Table  XI — Dogfish  Liver  II. 

30° 0.3761             0.3762  0.3762  2.659  0  9164 

50° 0.1977             0.1977  0.1977  5.059  0.9038 

70° 0.1161             0.1160  0.1161  8.614  0.8902 

90° 0.07750          0.07729  0.07740  12.92  0.8768 

Table  XII. — Dogfish  Liver  III. 

30° 0.3781            0  3771  0  3776  2.649  0.9162 

50° 0.1944            0.1941  0.1943  5.147  0.9128 

70° 0.1155             0.1153  0.1154  8.666  0.8876 

90° 0.07648          0.07628  0.07638  13.09  0.8750 

Table  XIII. — Spiny  Dogfish  Liver  (Squalus  acanthias). 

30° 0.4000            0.3986  0.3993  2.504  0.9187 

50° 0.2045             0.2053  0.2049  4.880  0.9074 

70° 0.1213            0.1215  0.1214  8.237  0.8945 

90° 0.07965          0.07949  0.07957  12.56  0.8820 

Table  XIV. — Sand  Shark  Liver   (Carcharias  littoralis). 

30° 0.3675            0.3680  0.3678  2.719  0.9262 

50° 0.1943            0.1942  0.1943  5.150  0.9135 

70° 0.1177            0.1176  0.1177  8.497  0.9005 

90° 0.07916          0.07916  0.07916  12.63  0.8867 

Table  XV. — Hammer-head  Shark  Liver  (Sphyrna  zygaena). 

30° 0.5479            0.5461  0.5470  1.828  0.9245 

50° 0.2682            0.2684  0.2681  3.730  0.9122 

70° 0.1534            0.1539  0.1537  6.507       •  0.8986 

90° 0.09787          0.09800  0.09794  10.21  0.8863 
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Table  xvi      Torpedo  Lives  i   [Tetronora   occidtnlalis). 
Viscosity. 

'IV"i|>  R.I,.  1.1                 Av.  Fluidity  Sp.gr. 

30° 0.4257  0.4269  0.4263  2.345  0.9044 

50° 0.2134  0.2131  0.2133  4.688  0  8923 

70° 0.1256  0.1258  0.1257  7.956  0  8762 

90° 0.08071  0.08075  0.08073  12.39 

Table  XVII. — Torpedo  Liver  II. 

30° 0.4775            0.4773            0.4774  2.094  0.9018 

50° 0.2356            0.2356            0.2356  4.244  0  8890 

70° 0.1381            0.1377            0.1379  7.252  0.8764 

90° 0.08756          0.08746          0.08751  11.43  0.8644 

Table  XVIII. — Squeteague   (Cynoscinn  regahs). 

30° 0.4975  0.4985  0.4980  2.008  0.9177 

50° 0.2405  0.2399  0.2402  4.164  0.9048 

70° 0.1382  0.1385  0.1384  7.225  0.8910 

90° 0.08904  0.08914  0.08099  11.22  0  8784 

Table  XIX.— Scup   (Steno'lomus  chrysopj). 

30° 0.4193  0.4197  0.4195  2.384  0.9168 

50° 0.2138  0.2143  0.2141  4.671  0.9040 

70° 0.1239  0.1239  0.1239  8.071  0.8910 

90° 0.08129  0.08119         0.08124  12.31  0.8740 

Table  XX. — Butter-Fish   (Poronotus  Iricanthus). 

30° 0.4274            0.4257            0.4266              2.344  0.9090 

50° 0.2092            0.2091            0.2092              4.780  0.8962 

70° 0.1194            0.1193            0.1194              8.375  0.8824 

90° 0.07624          0.07602          0.07613          13.13  0.8704 

Table  XXI. — Eel   (Anguilla  roslrata). 

30° 0.4017  0.4012  0.4015  2.491  0.9135 

50° 0.2026  0.2026  0.2026  4.938  0.9012 

70° 0.1188  0.1185  0.1187  8.425  0.8880 

90° 0.07800  0.07805  0.07803  12.81  0.8750 

The  viscosity  measurements  were  made  at  practi- 
cally the  same  time  as  when  the  other  constants  were 
determined,  since  the  viscosity  changes  slowly,  due 
to  the  decomposition  of  the  oils.  The  following  de- 
terminations of  the  viscosity  of  sperm  oil  taken  two 
weeks  after  those,  the  results  of  which  are  given  in 
Table  VIII,  show  this,  the  later  values  being  larger. 

Table.  XXII. — Viscosity  of  Sperm  Oil. 
Temp  R.  L.  L.  L.  Av. 

30° 0.3417  0.3424  0.3421 

50° 0.1751  0.1754  0.1753 

70° 0.1032       •  0.1029  0.1031 

90° 0.06667  0.06661  0.06664 

The  question  also  arises  whether  the  oils  do  not 
change  in  composition  in  being  heated  from  3o°-c)00, 
in  such  a  way  as  to  affect  their  viscosity,  thereby 
introducing  a  complication  into  the  study  of  the  vis- 
cosity curves.  That  this  is  not  the  case  may  be  seen 
from  the  following  values  for  the  viscosity  of  butter- 
fish  oil  taken  at  30  °  after  measurements  had  been 
made  on  the  same  sample  of  oil  from  30  °  up  to  90  °. 


R    L. 
0.4285 


Av. 

0.4284 


The  average  value  before  heating  was  0.4266,  and 
the  difference  is  therefore  very  small. 

In  one  instance,  that  is  with  the  sand  shark  oil, 
on  standing  for  several  weeks  the  oil  became  cloudy 
and  there  was  deposited  some  solid  fat.  This  was 
filtered  from  the  liquid  fats  and  measurements  were 
taken  again  with  the  following  results: 
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Table  XXIII — Viscosity  of  Sand  Shark  Liver  Oil  (after   Filtration 
from  Separated  Solids). 

Temp.                                                 L.  L.                   R.  L  Av. 

30° 0.3703                0.3693  0.3698 

50° 0.1942                0.1950  0.1946 

70° 0.1179                0.1184  0.1182 

90° 0.07990               0.07981  0.07986 

The  viscosity  is  in  surprising  agreement  with  that 
before  the  separation  of  the  solid  fats  and  about  a 
half  a  per  cent,  higher. 

The  influence  of  the  degree  of  refinement  of  the  oil 
on  its  viscosity  is  shown  by  the  values  for  the  two 
cod  oils.  Here  again  it  is  clear  that  the  viscosimeter 
used  is  capable  of  making  small  differences  in  vis- 
cosity evident. 

That  the  method  for  the  extraction  of  the  oils  from 
the  fish  gave  oils  of  characteristic  viscosity  is  evi- 
denced by  the  closely  agreeing  values  for  the  various 
dogfish  liver  oils,  which  were  obtained  from  dif- 
ferent fish  and  extracted  in  the  autoclave  at  different 
times.  These  oils  were  all  a  very  light  brown  and 
no  solids  separated  from  them  on  standing.  They 
also  show  close  agreement  in  the  values  for  the  sa- 
ponification number  and  the  acid  number.  Tnis 
is  true  of  the  two  samples  of  torpedo  oil  although  the 
viscosities  do  not  agree  so  well.  This  latter  fact  is 
very  probably  due  to  physiological  variances  of  an 
exceptional  character,  since  one  liver  yielded  appar- 
ently an  abnormally  large  quantity  of  oil,  while  the 
other  gave  much  less.  Menhaden  oils  I  and  III  ap- 
proximated each  other  in  color  and  in  viscosity, 
whereas  Menhaden  II  had  a  viscosity  that  was  very 
high.  This  is  explained  by  the  fact  that  the  last  oil 
was  extracted  at  a  much  higher  temperature  (1300) 
than  the  other  two,  whereby  there  was  considerable 
decomposition  and  the  oil  became  quite  gummy. 

The  liver  oils  from  the  different  members  of  the 
same  family  may  be  compared.  In  the  shark  family, 
the  viscosities  of  the  smooth  dogfish,  the  spiny  dog- 
fish, and  the  sand  shark  liver  oils  are  in  the  same 
order  of  magnitude,  while  that  of  the  hammer-head 
shark  is  much  higher  than  any  of  these.  The  values 
for  the  commercial  whale  and  sperm  oils,  presumably 
refined  according  to  similar  methods,  are  very  close  to 
each  other.  A  further  study  will  be  made  of  this 
problem. 

No  relation  between  the  viscosity  and  the  iodine 
number  is  apparent,  as  has  been  suggested  by  some 
investigators. 

The  results  of  the  viscosity  measurements  were 
plotted  and  are  shown  in  Fig.  2,  the  ordinates  repre- 
senting fluidities  and  the  abscissas  temperatures. 
The  curve  for  each  oil  is  numbered  according  to  the 
table  in  which  the  viscosity  values  were  presented. 
The  graphs  show  that  the  fluidity  of  the  different 
oils  varies  with  the  temperature  in  approximately 
the  same  way,  and  not  linearly,  the  increase  in  fluidity 
being  proportionally  greater  at  the  higher  tempera- 
tures. The  fluidities,  and  not  the  viscosities,  were 
taken  into  consideration  in  view  of  Bingham's  theories 
on  the  relations  between  fluidity  and  composition.1 
He  believes,  and  has  supported  his  belief  with  experi- 

1  Z.  physik.  Chem.,  66,  1   (1909). 


mental  data,  that  pure  homogeneous  liquids,  which 
are  not  associated,  have  a  fluidity  which  is  a  linear 
function  of  the  temperature,  the  corresponding  vis- 
cosity curve  being  hyperbolic.  With  liquids  which 
are  associated  the  fluidity  curve  deviates  from  a 
straight  line  to  a  degree  dependent  on  the  association. 
Assuming  then  that  there  is  no  chemical  change  in 
heating  the  oils  from  30-90 °,  which  was  essentially 
proved  in  the  case  of  the  butter-fish  oil,  there  is  good 
evidence  for  the  belief  that  these  oils  are  more  or  less 
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associated  at  ordinary  temperatures  and  that  this 
association  is  broken  down  with  rise  in  temperature. 
These  oils  are  esters,  and  this  theory  is  supported  by 
the  fact  that  esters  are  known  to  be  associated. 
Viscosity  measurements  probably  afford  the  best 
method  for  making  this  association  evident. 

The  fluidity  of  oil  mixtures  will  be  discussed  in  a 
future  paper. 

SUMMARY. 

i.   A  viscosimeter  was  devised  capable  of  measuring 

1  Ibid. 
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the  viscosity  of  oils  with  an  accuracy  which  is  very 
great.  The  viscosity  of  about  twenty  fish  oils  was 
measured  at  30 °,  50°,  70 °,  and  90 °. 

M<  Li  ui.  mi  nis  of  the  viscosity  of  these  oils  were 
taken  at  30  °.  They  were  heated  to  90  °,  cooled  to 
30  °,  and  the  viscosity  redetermined,  and  it  was  found 
to  be  unaffected  by  the  heating.  The  separation  of 
solid  fats  from  the  sand  shark  liver  oil  causes  little 
change  in  its  viscosity,  perhaps  because  the  viscosity 
of  these  fats  is  practically  identical  with  that  of  the  oil. 


3.  Tin  fluidities  of  the  oils  arc  not  linear  functions 
of  the  temperature,  indicating  that  there  is  some 
association  at  the  lower  temperature.  This  theory 
is  supported  by  the  fact  that  esters  have  been  shown 
to  be  associated. 

The  author  wishes  to  express  his  gratitude  to  Mr. 
Adrian  Thomas  and  Mr.  William  Crozier  for  aid  dur- 
ing the  course  of  this  investigation. 

Richmond  College, 
Richmond.  Va. 
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HARDNESS  OF  PLASTERS  AND   CEMENTS,   AND  A  SIMPLE 
CHRONOGRAPHIC  APPARATUS  FOR  RECORDING  SET.1 

By  Chas.  F.  McKenna. 
Received  Jan.  10,  1912. 

One  cannot  give  a  clear  definition  of  the  term 
"hardness"  which  will  serve  for  all  the  meanings 
in  which  it  is  used.  The  mineralogist  using  Moh's 
Scale  always  means  by  this  a  measure  of  resistance 
to  scratching  or  abrading;  the  wood-worker  means 
the  resistance  to  cutting;  the  steel-maker  sometimes 
means  by  it  the  resistance  to  deformation  under 
applied  loads;  in  fact,  indentation  tests  rule  in  many 
fields  rather  than  scratching,  cutting,  or  any  other 
form  of  test. 

In  the  case  of  hydraulic  cements,  the  first  stages 
of  hardening  have  been  usually  measured  by  resist- 
ance to  penetration;  the  later  stages  by  finding  the 
increase  of  cohesion  determined  by  resistance  on 
uniform  cross-section  to  tractive  or  compressive 
forces  gradually  applied  until  rupture  occurs. 

The  setting  of  plasters  and  cements  is  the  very 
first  stiffening  and  rapid  development  of  cohesion 
up  to  the  stage  where  needle  points  under  moderate 
pressures  do  not  penetrate  the  surface,  or  where 
small  test  objects  are  easily  handled  without  frac- 
ture. Beyond  this  the  phenomenon  in  which  the 
cohesion  due  to  complex  mineral-forming  reactions 
is  step  by  step  increased  until  a  considerable  age  is 
reached  is  called  the  hardening. 

The  chemical  phenomena  occurring  in  the  setting 
of  plaster  of  Paris  are  chiefly  those  due  to  the  energy 
in  supersaturated  solutions.  Where  a  small  pro- 
portion of  water  is  used  a  hydrated  sulphate  of  lime 
of  one  form  goes  into  solution  and  the  concentration 
causes  the  settling  out  or  solidification  of  another 
form  of  hydrated  sulphate;  the  water  released  from 
this  helps  to  dissolve  more  again  of  the  first  form, 
which,  by  concentration,  duly  deposits  again,  and 
thus  the  process  is  continuous  to  total  solidification. 
Similar  phenomena  can  be  observed  in  super-satu- 
rated solutions  of  some  salts,  which  can  be  caused 
to  deposit  crystals  and  thicken  almost  to  total  solidi- 
fication. The  setting  of  such  a  compound  of  hy- 
drated sulphate  of  lime  is  rapid,  and  except  for  effects 
of  drying,  the  maximum  hardness  is  obtained  a  very 
few  hours  after  the  gauging. 

1  Paper  presented  at  the  Fourth  Annual  Meeting,  American  Institute  of 
Chemical  Engineers,  Washington.  December  20,  1911. 


In  the  setting  of  hydraulic  cements  we  have  some- 
thing much  more  complex,  though  we  have  been 
instructed  by  the  case  of  plaster  and  by  some  of 
the  points  of  similarity  in  it. 

Powdered  Portland  cement  clinker  is  a  complex 
solid  solution  of  silicates  and  aluminates  high  in 
lime.  When  it  is  wet  the  alkaline  lime  solution 
resulting  reacts  on  the  silicates,  producing  a  cplloidal 
mass.  A  thermal  effect  occurring  here  in  the  be- 
ginning is  the  absorption  of  heat  due  to  solution  or 
the  passage  of  the  solid  salts  into  the  ionic  condi- 
tion. 

In  the  setting  of  cement  the  first  gelatinous  mass 
formed  is  less  and  less  permeable,  due  to  drawing 
away  of  water  coincident  with  the  lowering  of  tem- 
perature; then  as  the  crystal  formation  begins,  the 
proportion  of  free  water  momentarily  increases  again 
and  softens  the  colloids.  Later,  the  full  interlacing 
of  crystals  and  the  drying  of  the  colloid  admit  less 
and  less  of  penetration,  and  thus  we  have  the  de- 
velopment and  finally  the  end  of  the  process  of  set- 
ting. 

Hardening  can  then  go  on  through  further  mo- 
lecular interchanges  leading  up  to  the  formation 
of  silicates  of  lime  and  alumina  analogous  to  some 
of  the  hydrous  silicates  of  mineralogy. 

According  to  Michaelis,  the  exact  steps  are  described 
as  practically  a  migration  of  water  throughout  the 
mass.  The  first  particles  of  clinker  are  dissolved 
on  the  surface;  the  supersaturated  lime  solution 
thus  formed  reacts  to  form  a  gelatinous  mass,  and 
when  crystals  of  aluminate  of  lime  are  formed  the 
water  separated  goes  further  to  attack  newer  par- 
ticles of  the  clinker  nodule,  later  deserting  the  col- 
loids formed  and  passing  into  the  air  or  into  the 
water  in  which  it  is  immersed. 

These  reactions  are  complicated  again  by  the 
presence  of  sulphate  of  lime,  which  serves  to  form 
with  the  aluminates  of  lime  a  double  compound  of 
slow-setting  qualities,  neutralizing  the  usual  effect 
in  a  cement  rich  in  aluminates  of  lime,  where  the 
setting  is  very  quick  and  the  development  of  heat 
sudden  and  great.  Thus  you  will  observe  we  con- 
sider setting  to  be  consequential  upon  the  formation 
of  both  colloids  and  crystalloids. 

Apparatus  for  observing  these  changes  in  the  set- 
ting process   have   usually  been   simple.     For  expert. 
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workers  it  suffices  to  use  the  thumb-nail.  With 
skill  and  accustomed  observation  they  thus  obtain 
a  definition  which  is  as  remarkable  as  the  means 
are  simple.  Nothing  has  been  developed  towards 
providing  means  for  observing  set  in  plaster  of  Paris; 
the  contraction  and  dilation,  however,  have  been 
observed  by  van't  Hoff  in  a  beautifully  simple  ap- 
paratus.1 

General  Gilmore  recommended,  for  observing  set 
in  Portland  cement,  a  weighted  coarse  wire  and  a 
more  heavily  weighted  fine  wire  (Fig.  1)  for  the  de- 
termination, respectively,  of  the  first  stiffening 
(initial  set),   and  the  firm  resistance  to  any  penetra- 


Fig   1. 


tion  or  deformation  (final  set).  Neither  of  these 
methods  are  instrumental  or  fitted  to  record  dis- 
tinct differences. 

The  first  apparatus  designed  for  such  a  purpose 
was  that  of  Vicat,  the  French  chemist  and  authority 
on  cements.  The  Vicat  needle  (Fig.  2)  is  a  weighted 
one,  cylindrical  and  1  square  millimeter  in  area  on 
the  face,  moving  in  a  vertical  scaled-off  guide  and 
falling  upon  the  mass  of  gauged  cement  in    a    mold 


Fig.  2 

below.  The  initial  set  is  taken  as  the  time  at  which 
the  needle  will  not  penetrate  within  a  certain  dis- 
tance  of   the   bottom   of   the   mass,    and   final   set   as 

1  Z.  fihys.  Chem .,  70,  146. 


the  time  when  there  will  be  no  mark  upon  the  sur- 
face from  the  needle. 

However,  chronographic  and  automatic  apparatus 
have  been  sought  for. 

Professor  A.  Martens,  of  Charlottenburg,  designed 
an  apparatus  in  which  needles  energized  by  mag- 
nets are  dropped  and  raised  again  as  a  clock  move- 
ment makes  the  contacts. 

The  Amsler-Laffon  cement  setting  recorder  (Fig.  3) 
has  been  used  in  Europe.  This  is  described  in  the 
journal  "Cement,"  from  which  the  accompanying 
figure  is  taken,  and  the  following  description:  In 
testing  the  activity  of  cements  by  this  apparatus 
two  molds  are  filled  with  a  plastic  paste  and  two 
needles  are  lowered  upon  the  cement  at  certain  in- 
tervals, penetrating  more  or  less  into  the  mortar 
according  to  the  progress  of  setting.  The  depth 
to  which  each  needle  enters  the  mortars  is  recorded 
on  a  drum  by  two  separate  pencils.  After  each 
strike  of  the  needles  the  drum  turns  a  little  and  the 
table  on  which  the  molds  rest  advances  a  step  from 
right  to  left.  The  needle-holders  are  lowered  and 
raised  by  a  lever,  which  is  set  in  motion  by  a  spiral 
spring;  a  clock  movement  lets  loose  a  governor  and 
stops  it  again  when  the  strike  of  the  lever  is  com- 
pleted. The  diameter  of  the  needles  is  one  milli- 
meter. The  weight  of  each  needle-holder  is  300 
grams. 

The  Nicol  SpisSograph  (Fig.  4),  the  invention  of 
R.  Gordon  Nicol,  of  Aberdeen,  Scotland,  and  made 
by  A.  and  J.  Smith,  of  that  city,  is  similarly  designed. 
This  apparatus  consists  of  a  clockwork  which  raises 
and  lowers,  every  three  minutes,  a  pointed  needle; 
at  the  same  time  the  paste  is  rotated  in  a  spiral  to 
present  a  different  spot  to  the  needle  at  every  con- 
tact. On  the  apparatus  is  a  thermograph  recording 
on  the  same  chart  the  temperature  of  the  air  at  the 
time  the  test  is  made.  The  whole  is  covered  with 
a  glass  case,  and  arrangements  are  made  for  keeping 
the  temperature  and  humidity  regular. 

One  of  the  best  achievements  in  this  line  has  been 
Gary's  apparatus  and  the  resulting  investigations. 
He  used  the  thermal  changes  during  setting  as  the 
basis  of  study,  and  by  photographing  the  changes 
of  the  mercury  columns  secured  data  for  a  chart 
(Fig.  5).  Such  a  record  as  was  thus  secured  gives 
admirable  indications  of  the  energy  at  work.  None 
of  these  automatic  instruments  has  been  used  in  this 
country  as  far  as  I  know. 

The  following  is  an  extract  from  the  official  report 
of  R.  Feret,  Boulogne-sur-Mer,  at  the  Fifth  Congress 
of  the  International  Society  for  Testing  Materials, 
held  at  Copenhagen  in  1909: 

"duration  of  setting." 

"The  use  of  the  Vicat  needle  continues  to  be  the 
only  practical  method  in  use  for  the  determination 
of  the  duration  of  the  period  of  setting  of  hydraulic 
cements.  The  appliance  is  of  extreme  simplicity, 
but  its  readings  are  sometimes  uncertain,  especially 
when  it  is  a  question  of  determining  the  end  of  the 
period;   besides,    the    readings    are    of    a    purely    con- 
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trentional  charactei  and  do  not  appear  always  to 
bi  "  a  sufficientlj  constanl  relation  to  the  duration 
of  tlif  setting   period  oi    the  mortars  oi   actual   prac- 


Fie.  3. 

tice.  The  discovery  of  more  exact  methods  has 
therefore  been  attempted.  Methods  of  testing  based 
on  the  measured  variations  in  the  electric  resistance 
of  mortars  while  hardening  have  not  given  results 
of  interest. 

"Other  investigations  have  aimed  at  the 
definition  of  the  setting  by  the  determina- 
tion of  the  temperature  of  the  mortar 
during  its  continuance.  Reasonably  regular 
curves  were  obtained  by  this  method, 
which,  however,  were  dependent  on  the 
testing  conditions  and  corresponded  with 
chemical  phenomena,  the  relation  of  which 
to  the  change  of  consistency  called  setting 
has  not  yet  been  quite  clearly  established. 

"The  principal  nature  of  the  method  to  be 
employed  may  be  the  ascertainment  of  the 
time,  reckoned  from  the  commencement 
of  the  gauging,  during  which  a  given 
mortar  can,  with  impunity,  be  further 
used  without  having  to  be  revived  by  a 
fresh  addition  of  water  or  a  too  violent 
mechanical  treatment." 

Reading  this  I  was  led  to  take  up  again 
certain  studies  of  setting  which  I  had 
made  some  years  before,  in  which  I  was 
observing  the  resistance  to  penetration  by 
glass  rods,  and  the  resistance  to  with- 
drawal of  glass  threads  progressively  acted 
upon  by  the  salts  and  compounds  formed 
in  the  paste  and  operating  during  the 
setting  process.  I  thought  that  the  holding 
power  of  newly  formed  salts  upon  glass 
might  be  progressively  observed.  Also  it 
seemed  to    me    then   that    the    testing   of 


i he  surface  by  wire  points  showed  a  lack-  oi  effective- 
ness in  determining  set.  in  colloids  and  crystallo-col« 
I' lidal  binding  agents,     Penel ration  along  a  plan* 

tn  shear  by  a  knife  blade 
sliouM   give    betti 

suit  s    than     mi  n     resist. - 

mci  to  rupl  ure  oi  a  sur« 

lace  at  one  point ,  just  as 
the  'in  i  mi-  <  ii  mi-talbya 
turning  tool  affords  a 
be.1  ter  tesl  i  >i  i  ohesios 
than  indentation  or 
scratching  does. 

If  several  glass  rods 
or  pins,  ten  or  fifteen- 
thousandths  of  an  inch 
in  diameter,  are  driven 
into  soft  paste  of  plaster 
or  cement,  and  at  inter- 
vals are  tipped  forward, 
they  will  cut  the  mass 
at  first  considerably; 
later  to  a  diminishing 
extent ;  and  finally  When 
the  colloids  and  crystals 
are  both  well  formed 
about  the  pins  (a  period 
corresponding  with  the 
final  set  or  resistance  to  the  light  wire  heavily  loaded) 
they  snap  off  sharply  and  suddenly.  Such  a  combina- 
tion seemed  to  give  indications  of  very  fine  and 
measurable  differences.  • 

Now  if  you  were   to   bring  up   against  a  line  of  such 
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pins  a  glass  rod  which  had  been  smoked,  you  ought  to 
get  markings  on  it  making  a  record  showing  relatively 
the  resistances  to  penetration. 

It   seemed    to    me   that    this   afforded    a    means    of 
operating  a  graphic  and  chronological    method,    and 
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I  have  made  many  models  of  apparatus  for  such  a 
purpose  by  making  simple  adaptations  of  things 
at  hand  till  the  present  model  was  developed  and 
put  lately  into  this  final  form  by  Messrs.  Schneider 
Bros.,  of  Jersey  City,  the  gifted  mechanicians  who 
are  known  all  over  the  world  for  the  simplicity  and 
beauty  of  their  work  on  scientific  instruments. 

I  will  explain  in  as  few  words  as  I  can  the  opera- 
tion of  this  instrument  (Fig.  6).  It  consists  of  a 
screw,  H,  operated  by  clockwork,  giving  two  speeds, 
there  being  a  shifting  lever,  L,  for  a  speed  of  one  inch 
an  hour  and  another  speed  of  double 
that.  It  can  also  be  operated  by 
hand  through  a  knurled  head  at  one 
end.  This  screw,  H,  carries  a  moving 
finger,  F,  projecting  over  a  long  rec- 
tangular paste  mould,  C.  This  moves 
forward  and  strikes  successively  the 
glass  pins  P  inserted  deeply  into  the 
paste  and  projecting  vertically  from  it 
in  one  line.  As  each  glass  pin  bends  for- 
ward it  bears  against  a  smoked  glass 
rod  and  traces  its  path  until,  when  a 
distinct  resistance  is  attained,  it  snaps 
off.  Back  of  this  is  an  adjusting  frame 
to  carry  the  glass  rod,  and  this  can  be 
brought  forward  very  delicately,  or  drawn 
back,  by  the  aid  of  a  fine  adjusting 
screw,  A,  at  the  back.  A  metal  mold 
is  filled  with  freshly  gauged  cement  and 
run  into  place  between  the  screw  and 
*he  adjusting  frame.     The  glass  rod,  which 


has  been  previously  smoked  and  then  rubbed  clean  over 
one-half  of  its  surface,  is  inserted  in  the  frame  and 
brought  forward  over  the  center  of  the  paste  so  that 
against  the  clean  part  of  its  surface  these  little  pins  are 
guided  by  it  as  they  are  inserted.  So  far  as  my  investi- 
gations have  gone  I  find  that  fifteen' one-thousandths 
of  an  inch  (0.015)  give  strength  enough  for  meeting 
resistance  and  at  the  same  time  giving  a  tendency 
to  snap.  They  are  pushed  in  vertically  along  the 
middle  line  one-half  inch  apart;  the  glass  rod  is  drawn 
back  by  the  screw  A  and  the  untouched  smoked 
part  is  turned  over  so  that  it  can  be  brought  up 
against  the  pins  by  the  screw  again,  ready  for  any 
record.  Then  the  clock  is  started,  the  finger  begins 
to  move,  and  as  it  strikes  each  pin  successively  it 
makes  the  respective  record  of  the  resistance  to  pene- 
tration at  that  point  and  time.  A  maximum  and 
minimum  thermometer  can  be  attached  to  the  base 
plate. 

When  everything  is  thus  arranged  the  top  glass 
case,  can  be  put  over  it,  leaving  a  small  dish  of  water 
in  the  case,  and  the  whole  may  be  left  for  instance 
over  night.  In  the  morning  the  entire  record  is  on 
the  glass  rod.  Records  thus  made  resemble  the 
markings  in  Fig.  7. 

(The  record  given  for  plaster  of  Paris  is  not  sym- 
metrical as  to  time,  as  the  legend  shows.) 

These  glass  rods,  with  the  records  upon  them, 
can  be  varnished  and  preserved  for  examination  at 
any  time,  or  the  record  can  be  photographed  on  sen- 
sitive paper  and  thus  preserved. 

From  plaster  of  Paris  I  obtained  a  simple  record 
of  differences  in  resistance  to  penetration.  I  have 
not  had  many  opportunities  to  experiment  with 
varieties  of  this  substance,  but  I  expect  to  find  that 
the  instrument  will  readily  indicate  the  differences 
due  to  changes  in  percentages  of  water,  catalytic 
agents,  etc. 

From  Portland  cement  the  first  few  records  already 
obtained  are  most  interesting.  It  seems  that  in 
every   normal    Portland   cement    I    have   thus    tested 
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there  is  observable  in  or  about  the  third  hour  an 
indication  of  a  relaxation  of  the  stiffness  first  obtained 
and  then  a  resumption  of  hardening.  Comparing 
these  results  with  those  of  Gary's  thermal  studies, 
it  is  seen  that  he  observed  a  marked  lowering  of  tem- 
perature at  or  about  the  third  hour.  If  we  con- 
sider again  the  most  modern  theories  of  setting,  I 
think  we  can  explain  this.  The  cooling  effect  of 
course  is  at  the  period  when  salts  are  going  into  solu- 
tion most  rapidly. 

It  is  well  known  that  if  a  break  occurs  in  a  tempera- 
ture-solubility curve  which  is  otherwise  continuous, 
it  is  a  proof  that  the  solid  substance  which  is  in 
equilibrium  with  the  solution,  has  passed  into  another 
form  at  the  temperature  of  the  break.  We  have 
the  reverse  of  this  in  our  record  of  cohesion,  namely, 
that  the  break  in  continuity  of  the  marks  of  increasing 
cohesion  indicates  the  separating  out  from  a  satu- 
rated solution  of  a  greater  proportion  of  still  another 
component,  and  that  the  water  thus  freed  permeates 
the  colloid  and  softens  it.  Later  by  desiccation, 
by  absorption  of  the  water  within  and  further  crystal- 
lization, cohesion  begins  to  increase  and  impenetra- 
bility and  hardness  go  on.  The  discovery  of  this 
slack  period  or  reverse  set  explains  contradictions 
experienced  in  the  past  in  measuring  or  determining 
the  initial  set  by  the  surface  penetration  system. 
It  probably  also  will  explain  anomalies  occurring 
in  the  practical  use  of  cement  during  the  first  hours 
of  gauging  fresh  cement. 

If  this  observation  of  change  in  the  order  of  set- 
ting should  prove  to  be  universal  for  cements  with 
the  sulphate  of  lime  additament,  we  may  have  to 
observe  first  initial  set,  then  reverse  set,  and  lastly  final  set, 
and  distinguish  between  them  in  time  and  character. 

It  is  my  intention  to  continue  work  as  opportunity 
presents  on  this  instrument,  which  appears  to  be 
simple  and  useful,  and  in  time  we  may  hope  to  reach 
a  little  further  in  our  knowledge  of  the  setting  of 
plasters  and  cements. 

Laboratory  of  Chas.  F.  McKenna, 
New  York,  December,   1911. 


RECENT  IMPROVEMENTS  IN  FILTRATION  METHODS.1 

By  Ernst  J.  Sweetland. 
Received  Jan.  6,  1912, 

Probably  the  simplest  method  of  filtration  is  that 
of  pouring  the  liquid  to  be  filtered  into  a  suspended 

1  Presented  at  the  meeting  of  the  American  Chemical  Society,   New 
York.  January  5,   1912. 
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bag  and  catching  the  solid  matter  in  the  bag  while 
the  filtrate  is  caught  in  a  receptacle  below.  This 
method  was  conceived  in  the  kitchen  and  has  been 
used  by  house-wives  for  generations.  Although  it 
seems  primitive,  it  is  the  method  at  present  employed 
in  most  cane-sugar  refineries.  The  great  disadvantage 
of  bag-filtration  is  that  the  bags  have  to  be  turned 
inside  out  to  be  cleaned. 

The  method  of  filtering  through  bags  inwardly, 
that  is,  passing  the  liquid  from  the  outside  of  the  bag 
and  draining  the  filtrate  from  the  interior,  has  also 
been  employed  in  sugar-house  work  to  a  limited  ex- 
tent. By  this  method  the  solids  are  deposited  on 
the  outside  of  the  bag,  and  it  is,  therefore,  more  easily 
cleaned.  In  this  type  the  usual  arrangement  is  to 
enclose  a  corrugated  plate  or  grid  in  the  flattened 
bag  to  prevent  it  collapsing  under  external  pressure, 
and  a  series  of  bags  so  arranged  is  enclosed  in  a  box 
capable   of   sustaining   a   moderate   pressure. 

A  flat  filter-bag  provided  with  means  to  prevent 
it  from  collapsing  when  subjected  to  external  pressure, 
and  having  a  suitable  drainage  outlet  for  filtered  liquor, 
constitutes  a  filter-leaf.  The  different  methods  by 
which  filter-leaves  may  be  constructed  are  too  numer- 
ous to  be  described  in  detail  here. 

The  first  large  leaf-filter  installations  were  intro- 
duced in  the  cyanide  process,  and  were  of  the  vacuum 
type. 

In  the  vacuum  leaf-filter  the  leaves  are  arranged 
in  groups  and  submerged  in  the  liquid  to  be  filtered, 
and  suction  applied  to  the  interior  of  the  leaves. 
The  partial  vacuum  formed  draws  the  filtrate  into 
the  leaves,  whence  it  drains  to  the  vacuum  receiver, 
or  in  the  absence  of  a  receiver  it  is  drawn  directly 
through  the  vacuum  pump. 

Vacuum  leaf-filters  are  divided  into  two  classes, 
namely,  the  movable  leaf  type  and  the  stationary 
leaf  type.  In  the  former  (Fig.  i)  the  "cake"  of 
residue  is  first    deposited  on  the  surface  of   the  leaf 


Sl 


VACUUM 
RECEIVER 


Fig.  1. 


Feb.,  191 2 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


"5 


to  a  thickness  of  one-half  to  three-quarters  of  an  inch. 
The  sludge1  is  then  withdrawn  from  the  filter-box, 
and  wash  water  is  admitted  to  take  its  place.  During 
the  time  the  change  from  sludge  to  wash  water  is 
taking  place  vacuum  is  maintained  in  the  leaves  to 
prevent  the  cakes  from  dropping  off.  The  cakes  will 
not  fall  as  long  as  the  vacuum  is  continued.  As  soon 
as  the  leaves  are  submerged  in  the  wash  water,  washing 
commences,  and  is  continued  until  the  valuable  solu- 
tion in  the  cake  has  been  displaced  with  water.  When 
this  is  done  the  suction  is  discontinued. 

The  next  step  is  to  dislodge  the  cakes  from  the  filter- 
leaves  and  discharge  them.  This  is  done  by  simply- 
admitting  compressed  air  into  the  leaves,  which 
bulges  the  cloth  slightly  and  the  cakes  immediately 
fall  to  the  bottom  of  the  hopper. 

When  the  cakes  have  fallen  the  surplus  water  in 
the  box  is  decanted  off  for  re-use,  and  the  pasty  mass 
of  cake  is  discharged  through  a  large  valve  at  the 
bottom  of  the  hopper. 

The  operation  of  the  movable  leaf  type  is  similar  to 
that  of  the  stationary  type,  except  that  instead 
of  the  sludge  and  wash  water  being  transferred,  the 
group  of  leaves  is  transferred  by  a  traveling  crane 
from  a  sludge  tank  to  a  wash- water  tank. 

The  requirements  of  a  filter  in  the  cyanide  process 
are  most  exacting.  When  it  is  noted  that  a  moderate 
sized  plant  will  handle  three  or  four  hundred  tons 
of  ore  residue,  or  slime,  per  24  hours;  that  the  cost 
of  filtering  must  be  well  under  ten  cents  per  ton  of 
dry  ore  filtered;  that  the  element  in  solution  to  be 
recovered  by  washing  is  in  many  cases  gold,  worth 
$20  67  per  ounce,  the  importance  of  the  filter  is  realized. 

In  the  case  of  a  cyanide  filter  working  on  a  gold 
ore,  in  good  practice  the  amount  of  dissolved  gold 
which  escapes  recovery  will  range  from  one  two- 
hundredth  to  one  five-hundredth  of  an  ounce  per 
ton   of  dry  residue,   or  say  about  one  grain  per  ton. 

This  splendid  washing  efficiency  is  due  to  what  I  shall 
take  the  liberty  of  calling  "direct  contact  washing." 
The  cake  is  deposited  in  an  even  layer  on  the  leaf 
and,  when  submerged,  is  in  direct  contact  with  the 
wash  water.  The  cake  has  been  deposited  in  a  natural 
unrestricted  manner  without  ■  packing  or  crowding, 
and  with  an  even  pressure  in  all  directions.  A  cake 
deposited  in  this  manner,  will,  if  all  conditions  are 
suited  to  the  material  in  hand,  be  of  even  thickness 
throughout  and  of  even  density,  but  if  during  the 
cake-forming,  some  disturbing  influence  enters,  which 
tends  to  cause  the  cake  to  vary  in  thickness,  the  density, 
or  perviousness  of  the  cake  will  automatically  adjust 
itself  to  suit  the  varying  conditions,  which  insures 
even  washing.    . 

The  rate  of  percolation  through  the  cake  is  governed 
by  the  resistance  offered  by  the  cake  and  the  pressure 
of  the  liquid  against  the  cake. 

Other  conditions  being  equal,  two  cakes  of  the  same 
thickness,  and  of  the  same  degree  of  porosity,  will  offer 
equal  resistance  to  percolation,  and  therefore  filter 
at  equal  rates  per  unit  of  area. 

1  The  term  "sludge"  as  here  used  refers  to  a  fluid  mixture  of  liquid 
and  solid  matter  to  be  filtered 


If  two  cakes  vary  in  resistance  they  must  vary  in 
thickness  in  order  to  be  equally  washed  in  a  given  time. 

To  properly  consider  these  statements  it  is  necessary 
to  consider  the  resistance  of  the  filter-cloth  as  well 
as  that  of  the  cake;  that  is,  the  resistance  per  square 
foot  of  cake  is  equal  to  the  resistance  of  one  square 
foot  of  cake  plus  the  resistance  of  the  square  foot 
of  cloth  underlying  it. 

For  example,  suppose  that  for  some  reason,  a  portion 
of  the  cloth  of  a  filter-leaf  has  become  partially  ob- 
structed and  offers  more  resistance  than  the  rest 
of  the  leaf.  While  cake-forming  is  in  progress  the 
cake  formed  on  this  partially  obstructed  spot  will 
be  thinner  than  that  in  other  places.  Now  when  the 
cake  is  submerged  in  wash  water  the  resistance  which 
limited  the  thickness'  of  the  cake  in  this  spot  again 
comes  into  play,  and  limits  the  amount  of  wash  water 
which  passes  through  it.  In  this  manner  the  thin 
cake  receives  an  amount  of  wash  water  proportionate 
in  its  volume. 

Before  proceeding  let  us  compare  the  cake-forming 
and  washing  in  a  common  plate  and  frame  filter  press 
with  the  same  in  leaf-filters.  In  forming  a  filter  cake 
with  any  material  there  is  a  certain  point  where  the 
rate  of  filtration  begins  to  drop  off  very  rapidly,  due 
to  the  resistance  offered  by  the  cake.  When  this 
decrease  has  been  noted,  the  cake  has  reached  the 
economical  limit  of  thickness,  and  to  proceed  farther 
is  a  waste  of  time  and  power!  For  instance,  it  has 
been  noted  that  with  certain  colloidal  materials  a 
cake  of  one-half  inch  can  be  formed  in  about  thirty 
minutes,  but  at  this  point  filtration  becomes  so  slow 
that  to  increase  this  cake  to  one  inch  in  thickness 
would  take  several  hours.  Obviously  this  would 
not  be  economical. 

In  a  plate  and  frame  press  each  wall  of  the  frame 
cell  is  a  filtering  wall,  and  the  cake  builds  up  on  each 
wall  until  the  two  adjacent  cakes  finally  join  together 
to  form  a  single  cake  filling  the  entire  cell.      In  Fig.  2, 
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a  shows  the  cake  partly  Eormed,  and  the  arrows 
indicate  flow  in  both  directions  while  rilling  the  press. 

In    b    the    cells    are    shown  filled,   the  arrows  indicating 

direction  of  flow  of  wash  water;  c  shows  cakes  on 
filter-leaves  and  the  arrows  indicate  the  direction 
of  flow  both  while  cake-forming  and  washing. 

Now  to  gel  the  maximum  cake-forming  capacity 
from  the  filter  press,  the  cake  formed  on  each  cloth 
must  be  up  to  the  economical  limit  of  thickness. 
This  is  all  right  if  washing  is  not  contemplated,  but 
if  the  cake  is  to  be  washed  we  find  that  wash  water 
has  to  be  forced  through  a  cake  twice  as  thick  as  it 
should  be. 

If  to  overcome  this  objection  the  thickness  of  the 
frame  be  reduced  to  give  a  cake  of  proper  thickness  for 
washing,  then  the  capacity  of  the  filter  press  for  cake- 
forming  is  greatly  reduced.  In  all  cases  the  frame 
must  be  solidly  filled  with  cake,  as  otherwise  the  line 
of  junction  between  the  cakes  formed  on  opposite 
surfaces  of  the  cell  will  be  soft  and  make  good  washing 
impossible.  Furthermore,  if  the  solid  matter  in  hand 
varies  in  structure,  some  of  it  being  granular  while 
the  rest  is  colloidal,  the  granular  particles  will  tend 
to  settle  to  the  bottom  of  the  filter  press  frames, 
making  the  lower  portion  of  the  cake  more  porous 
than  the  upper  portion,  and  when  washing  is  in  prog- 
ress the  bulk  of  the  wash  water  passes  through  the 
lower  portion  of  the  cake,  leaving  the  upper  part 
imperfectly  washed. 

Again,  some  cakes  tend  to  shrink  during  washing, 
and  shrink  away  from  the  rigid  walls  of  the  frames, 
leaving  channels  through  which  a  portion  of  the  wash 
water  passes,  unduly  increasing  the  volume  of  wash 
water,  and  impairing  the  efficiency  of  the  wash. 

In  leaf-filters  the  maximum  economical  thickness 
of  cake  can  be  formed,  because  the  cake  is  washed 
exactly  as  it  is  formed;  a  double  thickness  of  cake 
never  has  to  be  washed.  Then,  too,  in  the  leaf-filter, 
the  direction  of  flow  during  washing  is  the  same  as 
during  cake-forming,  while  in  the  plate  and  frame 
press  one-half  of  the  cake  is  washed  in  the  opposite 
direction  to  which  it  was  formed  against  the  grain, 
and  this  tends  to  disturb  the  natural  arrangement 
of  the  particles. 

If  the  texture  of  the  cake-forming  material  in 
which  a  filter-leaf  is  operating  varies,  and  the  granu- 
lar portion  settles  toward  the  bottom,  the  thickness 
of  the  cake  will  vary,  and  be  thicker  at  the  bottom 
than  at  the  top,  so  that  the  granular  portion  which 
admits  of  the  more  rapid  passage  of  wash  water, 
is  thicker  than  the  less  porous  portion,  and  really 
requires  more  washing. 

What  are  technically  known  as  vacuum  filters 
are,  in  reality,  pressure  filters,  operated  by  atmos- 
pheric pressure.  Obviously  in  an  open  filter  of  this 
type  the  maximum  pressure  that  can  be  brought  to 
bear  under  ideal  conditions  would  be  14.7  lbs.  per  square 
inch.  Under  practical  conditions  the  vacuum  main- 
tained is  usually  about  22"  or  the  equivalent  of  11 
pounds  pressure  per  square  inch.  Since  the  rate 
of  filtration  is  in  proportion  to  the  pressure,  the  low 
pressure  available  in  vacuum  filtration  makes  the  size 


of  installation  necessary  for  a  given  capacity  very  large. 
This    gives    rise    to  a  number  of  objections,  namely: 

barge  initial  cost. 

Large  floor  space  and  head  room  required. 
isive  power  consumption. 

High  cost  of  maintenance. 

In  addition  to  these,  vacuum  filters  are  entirely 
unavailable  for  filtering  hot  solutions. 

The  logical  means  of  overcoming  the  objections 
cited  is  to  enclose  the  filter-leaves  in  a  chamber  so 
that  greater  pressure  can  be  used  and  thus  greatly 
reduce  the  size  of  the  installation,  since  the  principles 
governing  leaf-filtration  apply  regardless  of  whether 
suction  or  external  pressure  is  used. 

The  difference  between  vacuum  and  pressure  fil- 
ters has  been  aptly  explained  by  saying  that  in  the 
former  the  liquid  is  pulled  through  the  cloth  while 
in  the  latter  it  is  pushed  through. 

The  number  of  mechanical  arrangements  by  which 
pressure  leaf-filters  may  be  constructed  are  many. 
Of  these,  three  different  types  have  been  in  operation 
on  a  large  scale  for  some  time.  These  are  the  Kelly, 
the  Burt  and  the  Sweetland  filters. 

The  Kelly  filter  comprises  a  plurality  of  leaves 
mounted  on  the  door  of  a  steel  shell  and  provided 
with  rollers  by  means  of  which  the  groups  of  leaves 
may  be  rolled  into  the  steel  shell  and  the  door  bolted 
in  place.  When  ready  for  discharge  the  door  is  un- 
fastened and  the  leaves  rolled  out  of  the  shell. 

The  Burt  filter  comprises  an  inclined  steel  shell 
with  vertical  leaves  suspended  at  intervals  throughout 
the  length  of  the  shell.  The  cakes  are  discharged 
through  a  door  on  the  lower  end  of  the  shell. 

In  designing  the  Sweetland  filter  I  endeavored 
to  keep  in  view  the  great  importance  of  easy  accessi- 
bility of  all  the  parts  for  examination  or  renewal, 
and  at  the  same  time  provide  a  construction  of  such 
flexibility  as  to  meet  the  many  and  varied  demands, 
of  the  chemical  and  metallurgical  industries.  In 
general  appearance  the  Sweetland  filter  somewhat 
resembles  the  standard  type  of  plate  and  frame  filter 
press,  that  is,  it  comprises  a  series  of  frames  resting 
upon  a  pair  of  side  bars,  and  an  end  piece,  or  head, 
forms  a  closure  for  each  end.  Each  frame  carries, 
an  inserted  gasket  of  rubber  or  other  suitable  material, 
and  the  frames  are  clamped. together  to  form  a  water- 
tight chamber  by  means  of  a  heavy  screw  bearing 
against  the  movable  head  (Figs.   3  and  4). 


Fig.  3. 
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Each  frame  carries  a  removable  leaf,  and  in  this 
usual  construction  a  space  is  left  between  the  bottom 
of  the  leaf  and  the  lower  wall  of  the  frame. 

The  operation  is  as  follows:  the  liquid  to  be  filtered  is 
admitted  to  the  chamber  through  an  inlet  at  the  bot- 
tom; while  filling  the  enclosed  air-escapes  through 
a  valve  at  the  top.  When  the  air-escape  valve  is 
closed  the  pressure  increases  within  the  chamber  and 
filtration  begins.  When  the  cake  has  formed  to  a 
suitable  thickness  the  source  of  supply  is  shut  off 
and  the  excess  unfiltered  liquid  is  withdrawn  from  the 
chamber. 

In  most  cases  the  cake  will  adhere  to  the  leaf  with- 
out assistance,  but  in  case  the  material  in  hand 
shows  a  tendency  to  drop  off  the  leaves,  the  cakes  are 
held  in  place  by  vacuum  applied  to  the  interior  of 
the  leaves.  The  excess  having  been  removed,  wash 
water  is  admitted  to  the  chamber  under  pressure,  the 
enclosed  air  being  allowed  to  escape  as  before.  The 
wash  water  percolates  through  the  cakes  and  displaces 
the  soluble  salts.  This  done,  the  excess  wash  water 
is  withdrawn  for  future  use. 
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Fig.  4. 


The  cakes  are  now  to  be  discharged.  If  wet  dis- 
charging is  permissible,  water  under  pressure  is  turned 
through  the  discharge  nozzles  at  the  upper  end  of  the 
press.  The  cakes  are  then  forced  off  of  the  filter- 
leaves  with  compressed  air,  and  as  they  fall  to  the 
bottom  they  are  rapidly  sluiced  out  through  the  dis- 
charge door  in  the  lower  head  of  the  press. 

If  it  is  desired  to  remove  the  cakes  as  dry  as  possible 
they  are  then  dropped  into  a  tray  which  is  inserted 
into  the  space  in  the  bottom  of  the  press,  or  else  they 
are  allowed  to  drop  into  the  space  below  the  leaves 
and  are  removed  with  a  hoe  or  scraper. 

If  the  Sweetland  filter  is  used  to  clarify  a  solution 
containing  but  a  small  percentage  of  solids,  the  space 
in  the  bottom  of  the  press  offers  a  material  advantage, 
for  in  this  space  accumulated  solids  may  be  stored 
without  obstruction  to  the  filter  surface.  When  the 
press  is  in  operation  in  this  manner  it  is  allowed  to 
run  until  accumulated  solids  on  the  leaves  begin  to- 
materially  decrease  the  rate  of  flow.  When  this  oc- 
curs a  puff  of  compressed  air  is  admitted  to  the  inte- 
rior of  the  leaves,  and  the  rush  of  air  through  the  pores 
of  the  cloth  in  the  contrary  direction  to  filtration, 
disengages  the  solids  from  the  filter-cloth,  and  the 
thin  cakes  fall  to  the  bottom  of  the  press,  to  lay  there 
until  sufficient  has  accumulated  to  justify  opening 
the  discharge  door  and  flushing  out  the  press. 

The  sectional  construction  described  permits  of  a 
great     many     modifications.        Lead-lined     presses     of 


this  type  have  been  built  for  acid  solutions,  the  sheet 
lead  lining  being  joined  by  fusion  to  lead  rings  which 
are  cast  into  the  edges  of 
the  cast-iron  frames  (Fig. 

5)- 

The  frames  are  made 
of  wood  for  such  materials 
as  make  the  use  of  metal 
impracticable,  and  in  such 
presses  the  head  pieces 
are  made  of  cast  iron 
with  wooden  linings,  and 
a  wooden  tray  may  be 
used  to  receive  the  cakes 
when  discharging  (Fig.  6). 

Bronze  presses  of  the 
Sweetland  type  are  built, 
and  have  particular  advan- 
tage of  being  much 
lighter  than  plate  and 
frame  presses,  since  the 
filter-leaf  takes  the  place 
of  the  heavy  plate. 

These  presses  have  also  been  built  with  steam 
spaces  in  the  frames  for  maintaining  the  heat  of  the 
liquor  being  filtered.  These  spaces  do  not  in  any 
way  interfere  with  the  sectional  construction. 

The  possibilities  of  leaf-filtration  are  broadening 
every  day.  It  has  recently  been  demonstrated  that 
in  refining  oils  and  fats  with  fuller's  earth,  the  amount 
of  oil  left  in  the  residue  can  be  greatly  reduced  by 
the  construction  described. 

The  time  is  near  at  hand  when  bag-filters  in  cane- 
sugar  refineries  will  be  displaced  by  leaf-filters  of 
the    pressure    type,    for   not    only   is   cleaning   of   the 


Fig.   6. 


leaves  made  almost  automatic  by  reversal  of  current 
through  the  cloth,  coupled  with  suitable  spraying 
devices,  but  the  filter  area  required  for  a  given  'ca- 
pacity will  be  greatly  reduced. 

Experience  has  shown  that  filter-cloth  made  into 
leaves  lasts  longer  than  the"  same  cloth  used  in  plate 
and   frame   presses,    because   on   the   latter   the   cloth 
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is  subject  to  handling,  scraping,  and  other  mechani- 
cal injury  from  being  squeezed  between  the  units 
oi  the  filter  press. 

The  filtering  requirements  of  the  chemical  industry 
are  so  many  and  varied  that  it  would  be  absurd  to 
blindly  advocate  any  specific  construction  as  a  cure 
for  all  filtering  evils.  Each  problem  must  be  ap- 
proached with  care  and  each  installation  properly 
designed  to  suit  the  needs  of  the  material  in  hand, 
and  when  this  is  done  higher  efficiency  and  lower 
filtration  costs  will  be  realized. 


AN  ELECTRIC  STILL   ADAPTED  FOR  DIFFICULT 

DISTILLATIONS.1 

By  I.  C.  Allen  and  W.  A.  Jacobs. 

GENERAL    STATEMENT. 

The  process  of  separating  two  or  more  volatile 
liquids  possessing  different  boiling  points  by  distil- 
lation was  one  of  the  first  processes  employed  in  the 
early  days  of  chemistry.  With  uncomplex  mix- 
tures it  is  comparatively  simple.  In  early  attempts 
at  distillation  the  volatile  substances  were  heated 
in  earthen  bottles  over  wood  or  charcoal  fires;  to- 
day they  are  heated  in  metal  or  glass  retorts  over 
gas  flames. 

The  modern  glass  distilling  flask  heated  with  a 
Bunsen  flame  is  too  well  known  to  need  description 
here,  but  connected  with  its  use  are  many  difficulties 
that  often  are  not  fully  appreciated.  The  continual 
wavering  of  the  flame,  even  when  it  is  most  care- 
fully screened  from  air  currents,  and  the  variations 
of  the  gas  pressure  subject  the  retort  to  uneven  and 
intermittent  heating.  Such  heating  causes  irregu- 
larity in  the  rate  of  distillation,  and  for  this  reason 
duplicate  distillations  do  not  yield  distillates  that 
are  alike  in  quantity  and  quality.  Also,  strains 
in  the  glass  are  produced  by  this  uneven  heating, 
and  the  glass  often  cracks.  With  inflammable  liquids 
this  is  a  serious  danger.  With  easily  decomposable 
materials  local  superheating  causes  decomposition. 
Again,  the  upper  parts  of  the  flask  are  not  directly 
heated,,  and  these  chill  the  vapors  and  cause  them 
to  drip  back,  thus  retarding  greatly  the  progress  of 
the  distillation. 

In  the  distillation  of  petroleum,  for  instance,  one 
has  to  do  with  a  material  composed  of  a  great  num- 
ber of  bodies  or  rather  a  number  of  series  of  bodies 
that  range  from  the  lightest  petroleum  ethers  to 
solid  paraffins  and  asphaltums  and  form  a  group, 
the  adjacent  members  of  which  so  closely  resemble 
one  another  in  their  physical  and  chemical  proper- 
ties, that  absolute  differentiation  is  well-nigh  impos- 
sible with  the  present  methods  of  procedure.  Close 
adjustment  and  control  of  temperature  is  the  prime 
requisite  in  effecting  the  separation  of  these  impor- 
tant series. 

Dissatisfaction  with  the  ordinary  method  of  dis- 
tillation   led    the    authors    to    develop    a    still    heated 

1  Published  from   Bulletin     19,     Bureau     of    Mines,     by    permission 
of  the  Director. 


externally  by  electricity;  this  apparatus  has  given 
such  satisfactory  results  that  a  description  will  be 
of  value,  it  is  believed,  to  those  having  to  do  with 
laboratory  stills  and  similar  heating  devices. 

DESCRIPTION    OF    STILL. 

The  Heater. 

The  heater  here  described  was  first  furnished  to 
the  writers  by  Dr.  David  T.  Day,  of  the  United  States 
Geological  Survey,  and  has  been  used  by  him  in  the 
petroleum  laboratory  of  the  Survey  at  Washington, 
D.  C.  The  pattern  now  used  by  the  writers  has 
been  developed  from  his  spherical  pattern,  and  con- 
sists essentially  of  two  pear-shaped  halves  of  heat- 
resisting  materials  enclosing  and  closely  fitting  the 
retort  or  distilling  flask.  The  halves  hold  on  their 
inner  or  concave  surfaces  a  metal  resistance  wire, 
wound  back  and  forth  (Fig.  2)  for  conducting  an 
electric  current.  The  electrically  heated  wire  warms 
the  flask  and  its  contents,  and  boiling  proceeds 
quietly,  uniformly,  and  most  satisfactorily. 

Fig.  1  shows  the  still  in  its  developed  form  as 
used  in  the  petroleum  laboratory  of  the  Bureau  of 
Mines. 

Protection  of  Still  Neck. 

The  heaters  are  wired,  that  is,  the  retorts  are 
actually  heated,  throughout  the  entire  length  of  the 
neck;  they  thus  differ  from  the  Day  heaters,  which 
are  heated  only  to  the  base  of  the  neck  and  have 
the  neck  jacketed.  The  retorts  are  heated  through- 
out that  there  may  be  no  cooling  or  dephlegmatory 
action  in  the  still  neck.  If  a  naked  neck  is  exposed 
to  the  variable  air  currents  of  the  laboratory,  chilling 
effects  are  bound  to  result;  consequently,  there  will 
be  variable  condensation  in  the  neck  and  resultant 
variations  in  the  distillates. 

The  obtaining  of  uniform  products  in  the  distilla- 
tion of  petroleums  depends  not  so  much  on  rigid 
adherence  to  the  exact  dimensions  of  the  retort' 
and  the  length  and  declination  of  the  condenser, 
though  these  are  important,  as  on  maintaining  ab- 
solute control  of  the  heating  itself.  The  condenser 
should  be  no  longer  than  is.  necessary  for  a  perfect 
cooling;  a  total  length  of  60  cm.  should  suffice. 

With  the  lighter  fractions  of  petroleums,  such  as 
naphthas  and  gasolines,  or  'with  mixtures  of  alco- 
hols, ethers,  or  volatile  substances  in  general,  a 
fractionation  with  a  proper  dephlegmator  gives  a 
better  separation  than  a  fractionation  without  such 
a  dephlegmator,  particularly  if  a  long  evaporator 
neck2  is  used  and  is  kept  at  a  definite  temperature 
by  means  of  a  water  jacket  or  by  means  of  an  elec- 
trically heated  jacket. 

With  the  heavier  oils,  however,  the  continuous 
heating  that  is  necessary  when  a  dephlegmator  is 
used  causes  a  degradation  in  the  quality  of  the  dis- 
tillates. In  distilling  such  bodies  as  petroleums 
consisting  of  a  solution  of  gasolines,  kerosenes,  lubri- 

1  Redwood,  Boverton.  "Engler's  Fractionating  System,"  "Petro- 
leum and   Its  Products,"    Vol.    II,   pp  534-6  ( 1 906) .      Holde.  Untersuchung 

der  Mineralole  und  Fetle.   1909,  pp.  20-2. 

2  Young.  Sydney,  "Fractional  Distillations,"  1903,  pp.  166-8. 
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cants,  waxes,  and  solid  asphaltums,  a  dcphlegmator 
makes  a  clean  cut  separation  of  the  naphthas,  but 
delays  the  distillation  of  the  kerosenes  and  abso- 
lutely prevents  the  fractionation  of  the  heavier 
lubricants. 

Therefore,  to  insure  uniformity  of  results,  to  re- 
move all  oils  that  boil  below  their  point  of  decomposition 
and  to  compare  various  oils  under  like  methods  of 
treatment,  control  of  the  temperature  in  the  still 
and  the  still  neck  must  be  maintained  in  some  manner. 

The  thermal  influences  of  variable  air  currents 
on  the  still,  particularly  if  it  is  not  jacketed  (the 
gas-heated    retorts    in    most    laboratories    are    usually 


A  simple  jacketing  of  the  still  neck  without  special 
heating  gives  good  results  in  the  case  of  the  lighter 
fractions — the  naphthas  and  the  lighter-burning 
oils — but  does  not  suffice  for  the  heavy  lubricating 
fractions. 

As  there  is  little  or  no  lag  of  the  vapors  in  the  still 
neck — this  being  of  the  same  temperature  throughout 
and  the  vapors  being  driven  onward  by  the  con- 
tinuous and  steady  generation  of  more  vapors  from 
below — they  can  not  be  materially  superheated  while 
passing  through  the  neck.  Their  clean  odor,  the 
absence  of  color,  and  the  non-appearance  of  carbon- 
aceous deposits  at  the  base  of  the  still  neck,  at  least 


Fig.  1. — Petroleum  still  complete,  showing  C02  generator  for  driving  out  water  vapors,  electric  heater,  Liebig  condenser  with  water  heater, 
Bruehl  receiver  with  receiving  tubes,  vacuum  pump  (Richards)  with  mercury  manometer,  electric  connections  leading  to  the  left 
to  the  regulating  rheostat  (not  shown  in  the  cut).     To  the  left  is  shown  a  dismantled  heater  and  Bruehl  receiver. 


without  jackets),  play  an  important  r6le,  but  are 
in  a  measure  overcome  by  incasing  the  entire  re- 
tort with  the  heater.    ■ 

Moreover,  the  lag  of  the  distillates  in  the  con- 
denser, particularly  noticeable  in  the  case  of  heavier 
fractions,  must  be  minimized  by  setting  the  cooler 
in  a  nearly  vertical  position  and  heating  the  cooling 
water  as  the  distillates  become  viscous  and  move 
more  sluggishly. 

It  is  therefore  considered  advisable  to  maintain 
control  of  the  thermal  conditions  in  the  retort  and 
the  still  neck  by  warming  the  neck  with  the  retort 
itself.  Such  warming  is  necessary  with  the  heavier 
oils  in  order  that  the  last  portion  of  the  vapors  may 
be  driven  over  and  not  be  allowed  to  lag  in  the  hot 
retort  under  conditions  that  cause  superheating 
and  consequent  decomposition. 


until   the   higher   temperatures'  are    reached,    lead    to 
this  conclusion. 

CONSTRUCTION    OF    THE    STILL. 

The  Heater. 
The  body  of  the  heater  is  composed  of  100  parts 
by  weight  of  powdered  magnesia,  100  parts  by  weight 
of  powdered  silica,  40  parts  by  weight  of  finely  shred- 
ded asbestos,  and  10  parts  by  weight  of  powdered 
sodium  silicate,  thoroughly  mixed  together,  dried,  and 
made  into  a  paste  with  a  saturated  aqueous  solution 
of  magnesium  chloride.  The  use  of  this  paste  was 
suggested  by  Mr.  A.  V.  Bleininger,  formerly  ceramics 
chemist  of  the  United  States  Geological  Survey.  The 
paste  may  be  molded  into  any  form  desired,  and  after 
setting  over  night  it  becomes  hard  and  firm  enough 
to  endure  gentle  handling. 
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To  prevent  cracking  and  warping  during  the  subse- 
quenl  drying,  the  heater  is  wanned  in  an  oven  at  about 
l  [or  is  hours,  after  which  it  is  heated  at  200°  C. 
for  several  hours  to  expel  the  last  traces  of  moisture. 
The  heater  is  then  hard  and  sufficiently  strong  for  most 
laboratory  purposes.  It  will  endure  heating,  without 
corrosion  oi  the  wire  and  without  injury  to  the  insu- 
lating material,  to  the  temperature  at  which  the 
glass  of  the  retort  begins  to  soften,  the  highest  tem- 
perature at  which  the  heaters  in  the  Pittsburgh  lab- 
oratory have  as  yet  been  subjected. 

This  heater  may  be  made  in  any  desired  form,  for 
heating  ovens,   water  baths,   hot  plates,   viscosimeter 


temperature  which  is  always  under  the  control  of  tin- 
operator. 

Mold  for  J I  eater. 
The  forms  for  a  distilling  flask  may  convenient^ 
be  made  as  follows:  Turn  from  a  block  of  wood  a 
model  the  size  and  form  of  the  distilling  flask,  with 
the  bulb  and  neck  in  one  piece,  and  saw  the  model 
into  halves  from  top  to  bottom.  Hollow  out  the 
bulb  and  neck  to  form  a  shallow  dipper,  making  the 
cavity  about  1  cm.  deep,  and  leaving  the  rim  about 
3  mm.  thick.  Drill  holes  the  size  of  a  small  wire  brad 
1  cm.  apart  and  3  mm.  below  the  edge  of  the  rim  of 
the  dipper  and  along  the  handle  or  neck  as  far  as  it 


Fig.  2. — Electric  heater  and  mold:  (a)  mold  after  and  before  wiring;  (b)  completed  heater. 


jackets,  etc.,  and  is  most  admirably  adapted  for 
incasing  a  still  neck  or  dephlegmator  to  maintain 
any  desired  temperature  within,  from  room  tem- 
perature up  to  the  temperatures  at  which  heavy  oils 
decompose  and  carbonize. 

Wiring  the  Heater. 

The  manner  of  wiring  the  heater  for  a  distilling 
flask  is  most  important.  Wrapping  the  wires  equi- 
distant from  one  another  from  the  bottom  of  the 
flask  up  to  the  top  of  the  neck  develops  too  great  a 
heat  in  the  neck  and  in  consequence  causes  super- 
heating of  the  heavier  oil  vapors. 

Wrapping  the  wires  from  the  bottom  of  the  flask 
up  to  the  base  of  the  neck  results  in  a  dephlegmatory 
action   in   the  neck   that  can   not  be   controlled. 

After  repeated  trials  (shown  graphically  in  Bull. 
19,  Bureau  of  Mines),  the  method  of  wiring  shown 
has  been  developed.  The  method  gives  a  nearly 
uniform  temperature  from  the  bottom  of  the  boiling 
liquid   to   the   side   tube   carrying    off    the   vapors — a 


is  desired  to  have  the  heating  wire.  Insert  brads 
through  these  holes  from  the  inside  and  allow  the 
points  to  project  about  3  mm.,  thus  forming  a  comb 
of  brad  points  around  the  outside  of  the  dipper  near 
the  edge  (Fig.  2(a)). 

Then,  after  greasing  well  the  convex  surface  of 
the  mold  to  prevent  the  paste  from  sticking,  wrap 
the  heating  wire  back  and  forth,  the  wires  being  1 
cm.  distant  from  one  another,  across  the  convex 
surface  of  the  dipper  between  these  points,  in  the 
manner  shown  in  Fig.  2(a),  tying  the  wire  in  place 
with  asbestos  cord  and  making  its  two  ends  fast  to- 
binding-post  projecting  at  convenient  positions. 
Lay  the  wired  form,  convex  side  up,  on  a  smooth 
board  covered  with  a  sheet  of  paper  and  apply 
freshly  prepared  paste  to  the  desired  thickness,  about 
2  cm. 

Allow  the  paste  to  harden  over  night.  Remove 
the  brads  from  the  inside  of  the  mold.  The  heater 
will  then  be  released  and  ready  for  the  final  drying 
described  above.      Do  not  pass  a  current  through  the 
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wire  until  the  heater  has  been  thoroughly  dried,  else 
rapid  corrosion  of  the  wire  will  result. 

A  l/l-\itev  heater  requires  about  500  grams  of 
material  and  3.5  meters  of  wire,  a  '/i-hter  heater 
about  1,000  grams  of  material  and  5.5  meters  of 
wire,  and  a  r-liter  heater  about  2,000  grams  of  material 
and  1 1  meters  of  wire. 

The  completed  heater  is  shown  at  6  in  Fig.    2. 

Wire. 

Any  high-resistance  wire  may  be  used.  In  the 
laboratory  of  the  Bureau  of  Mines  a  No.  24  (B.  &  S.) 
nickel-chrome  wire  (the  alloy  contains  about  60  per 
cent,  nickel,  18  per  cent,  chromium,  and  22  per  cent, 
iron)  insulated  with  asbestos  is  used.  This  wire 
has  a  resistance  of  about  0.00466  ohm  per  meter  at 

20°C.' 

TEMPERATURE    CONTROL. 

The  current,  and  therefore  the  temperature,  are 
most  admirably  controlled  by  a  simple  water  rheostat. 
Such  a  rheostat  hardly  needs  a  description  as  its  principle 
is  so  well  known.  The  one  used  consists  simply  of  a 
10-liter  stone  jar  containing  slightly  saline  water,  a 
metal  (preferably  a  carbon)  plate  at  the  bottom  of  the 
jar,  and  a  triangular  carbon  plate  that  dips  into  the 
water  and  is  suspended  from  a  windlass.  The  plate 
at  the  bottom  of  the  jar  is  connected  with  one  side 
of  the  electric  circuit  in  series  with  the  heater,  and  the 
triangular  plate  is  connected  with  the  other  side  of  the 
circuit  (Fig.  3).  By  turning  the  windlass  the  upper 
plate  may  be  lowered  into  the  water  and  the  current 


Heater        Ammeter  Rheostat 

Fig.  3. — Arrangement  of  electric  circuit  for  heater. 

increased.  The  slightest  turn,  the  lowering  of  the 
plate  1  mm.  into  the  water,  effects  a  change  in  the 
temperature  of  the  heater.  With  a  steady  current, 
any  temperature  between  the  temperature  of  the  room 
and  the  coking  temperature  of  asphaltum  is  readily 
maintained  throughout  any  reasonable  time  of  dis- 
tillation. Similarly,  a  digestion  at  any  desired  tem- 
perature may  be  carried  on  throughout  a  period  of 
several  hours. 

Either  alternating  or  direct  current  may  be  used, 
though  the  former  is  less  destructive  to  the  rheostat 
plates.     In    either   case,    however,    the    current    must 

1  This  wire  may  be  obtained  from  the  Driver-Harris  Wire  Co..  Newark. 
N.J. 


be  carefully  regulated  by  means  of  an  ammeter  during 
the  entire  distillation. 

The  current  required  ranges  from  a  very  low  amper- 
age, at  the  beginning  of  distillation,  to  3  or  3.5  amperes 
at  220  volts,  as  the  temperature  approaches  325 °  C. 

METHOD    OF    DISTILLING. 

Position  of  Condenser — Use  of  Warming  Oil. 

The  manner  of  petroleum  distillation  adopted 
in  the  Pittsburgh  laboratory  differs  from  the  Engler 
method1  in  that  the  condenser  is  placed  in  a  nearly 
vertical  position  instead  of  at  the  usual  angle  of  750 
with  the  vertical.  This  is  done  in  order  that  the 
distillates  condensing  in  the  cooler  may  flow  into 
the  receivers  in  the  shortest  possible  time.  Care 
must  be  exercised  to  prevent  the  direct  falling  of  the 
drops  to  the  lower  end  of  the  condenser,  or  the  spat- 
tering will  cause  loss.  When  the  condensed  vapors 
flow  quickly  into  the  receivers,  the  reading  of  the 
thermometers  at  the  outlet  of  the  retort  neck  cor- 
responds more  nearly  to  the  temperature  of  distilla- 
tion   of   the    distillate    as    collected    in    the    receivers. 

In  order  to  reduce  this  time  factor  or  lag  in  the  con- 
denser, a  warming  coil  is  arranged  in  the  water  system 
of  the  condenser  (Fig.  1)  whereby  the  water  can  be 
warmed  as  the  distillates  become  more  and  more 
sluggish. 

The  distillation  is  continuous2  and  not  intermittent* 
and  is  conducted  as  nearly  as  possible  at  the  rate  of 
1  drop  of  distillate  per  second.  This  rate  is  con- 
tinually controlled  by  observing  the  swing  of  a  pendu- 
lum beating  seconds,  and  carefully  regulating  the 
current  according  to  this  drip. 

Arrangement  of  Receivers. 

By  arranging  a  Bruehl  receiver  with  10  or  more 
receiving  tubes,  a  fractionation  of  any  ordinary  pe- 
troleum may  be  carried  on  under  atmospheric  pres- 
sure up  to  the  desired  temperature,  say  325 °  C, 
that  is,  nearly  up  to  that  temperature  at  which  the 
petroleum  begins  to  decompose,  thus  removing  the 
naphthas  and  burning  oils.  Then,  by  simply  re- 
placing the  receivers  by  empty  ones  (the  tempera- 
ture must  be  dropped  to  1250  C.  in  order  to  subject 
the  oil  to  vacuum  distillation),  the  distillation  may 
be  continued  under  a  vacuum  up  to  near  the  decom- 
posing point  of  the  petroleum  residues,  thereby  re- 
moving the  lubricating  oils.  The-  distillate  cuts 
are  made  at  each  increment  of  25 °  C.  With  an 
asphaltum  oil  this  procedure  gives  15  or  20  frac- 
tions and  leaves  a  dry,  brittle  asphaltum  residue 
without  causing  undue  decomposition  of  the  distil- 
lates or  carbonization  of  the  residue.  It  is  to  be 
noted  that  before  the  distillation  of  the  lubricating 
oils  under  vacuum  begins,  the  receivers  containing 
the  naphthas  and  burning  oils  should  be  removed, 
else  a  considerable  percentage  of  these  fractions  will 

1  Redwood.  Boverton,  "Petroleum  and  Its  Products."  Vol.  II,  pp.  534— 
536(1906).      Holde.  Untersuchung  der  Mineralok •  und  Fctle.  1909,  pp.  20-22. 

-  Ubbelohde.  L.,  "Fixation  de  la  limite  d'ebullition  du  pctrole,"  Moni- 
teur  du  ptlrole  Roumain.  March  10.  1908.  pp.  279-83. 

3  Redwood.  Boverton.  "Petroleum  and  Its  Products,"  Vol  II.  pp.  534-36 
(1906).      Holde.  Untersuchung  der  Mineraliile  und  Felle.   1909,  pp.  20-22. 
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be  volatilized  and  lost,  Also  in  distilling  lighl  oila 
the  receivers  should  be  packed  in  ice  to  prevenl 
volatilisation  oi  the  lighter  portions  of  the  oils  during 
the  ilistill.it ion. 

Minoi   Details. 

In  order  thai  a  high  vacuum  may  be  maintained 
Successfully,  it  is  advisable  to  lute  all  joints  with  a 
thin  paste  of  glycerin  and  litharge,  which  rapidly 
hardens  and  forms  a  strong  air-tight  seal.  Very 
effective  litharge,  canary-yellow  in  color,  is  readily  pre- 
pared by  heating  finely  pulverized  (200-mesh)  commer- 
cial litharge  or,  better,  chemically  pure  lead  carbonate, 
.in    an    electric    furnace    at    600 °  C.    for    45    minutes. 

Great  care  must  be  exercised  in  observing  the  baro- 
metric and  the  vacuum  pressures  during  the  distil- 
lations, the  vacuum  should  be  maintained  as  near  a 
constant  as  possible,  and  corrections  should  be  made 
for  the  boiling-point1  if  one  would  duplicate  his  work. 

By  making  use  of  a  good  "evaporator  neck"  either 
ice  cooled  or  electrically  heated,  according  to  the 
temperature  desired,  an  elaborate  refractionation 
of  any  desired  distillate  may  be  accomplished,  and 
any  petroleum  may  be  readily  separated  not  only 
into  its  technologic  components,  but  also  into  bodies 
having  fairly  definite  boiling  points. 

The  rapid  removal  of  the  distillable  oils  from  the 
asphaltum  residue  is  thought  to  be  advisable  because 
the  latter  is  of  variable  and  unstable  composition,  and 
continuous  heating  degrades  the  quality  of  the  distillates 
and   injures   the   properties   of   the   asphaltum  itself. 

All  distillations  are  made  by  weight,  the  flask  and 
receivers  being  weighed  empty  and  with  contents. 
This  procedure  is  more  convenient  and  more  accu- 
rate than  measuring  by  volume. 

Accuracy  of  Distillations. 

The  heaters  described  are  used  either  for  the  lightest 
gasolines  or  for  semisolid  bitumens.  As  an  example 
of  the  readiness  with  which  difficult  distillations 
can  be  conducted  with  the  above  still,  there  has  been 
distilled  without  difficulty  an  emulsified  crude  pe- 
troleum, an  analysis  of  which  gave  the  following 
results : 

Per  cent. 


Water 

Distillable  oils,  atmospheric  pressure 

Distillable  oils,  vacuum  pressure  of  18  mm.  mercury. 

Asphaltum.  brittle  at  room  temperatures 

Sand,  etc 

Total  distillation  losses 


33.0 

9.4 

25.8 

29.4 

1.0 

1.4 

100.0 


Again,    a   petroleum    fractionation    made    in    dupli- 
cate by  means  of  this   still  gave  the  following  results: 


Air  fractions  (747  mm.  pressure): 

175-200°  C 

200-225°  C 

225-250°  C 

250-275°  C 

275-300° C 

300-325°  C 


I.  II. 

Per  cent.  Per  cent. 

0.9  0.9 

14.5  14.1 

9.0  9.4 

7.6  7.5 

7.6  7.6 

8.2  8.1 


Total 47.8 

1  Young,  "Fractional  Distillation."  1903,  pp.  14- 


47.6 


v. Jin  fraction!  i  M  mm  pnmin)  Pa  cam  Pei  cent 

200-225°  C 2.9  3.0 

225-250°  C 4.2  4.0 

250-275°  C 4.3  4.6 

275-300°  C 5.3  4.8 

300-325°  C 6.3  7.0 

Total 23.0  23.4 

Residue 28.0  27.8 

Distilling  loss 1.2  1.2 

Total  residue  and  losses 29.2  29.0 

100.0  100.0 

Prevention  of  "Bumping." 

In  the  internally-heated  apparatus  described  by 
Beckmann1  in  his  account  of  his  boiling-point  deter- 
minations there  is  mention  of  "bumping"  when  he 
was  boiling  anilin  (boiling  point  1840  C.  at  760  mm.). 
In  the  above  externally-heated  still  there  is  used  in 
this  laboratory,  as  in  many  other  laboratories,  a 
"boiling  stone"  of  porous  porcelain  (or  of  a  pumice 
stone  for  the  lighter  oils)  weighing  about  0.5  gram, 
and  no  trouble  from  bumping  is  experienced  even 
with  heavy  oils  that  boil  at  temperatures  as  high  as 
3250  C.  under  a  vacuum  of  20  mm.  mercury -pres- 
sure. 

Richards  and  Matthews,  in  describing,  their  in- 
ternally heated  still,  remark:2 

In  brief,  this  note  (description)  shows  that  while 
distillation  by  means  of  a  wire  heated  electrically 
effects  a  somewhat  better  separation  than  the  ordi- 
nary method  and  causes  much  less  superheating  in 
the  liquid,  the  gain  in  efficiency  of  separation  is  not 
always  as  great  as  had  been  at  first  inferred  from  the 
great  constancy  of  boiling  point  observed  in  a  special 
series  of  cases. 

This  result  is  to  be  expected,  as  conditions  are 
similar  to  those  of  the  ordinary  method:  sharp 
local  internal  heating  with  the  small  wire  coil,  as 
compared  with  sharp  local  external  heating  with 
the  Bunsen  burner. 

In  the  internally-heated  systems  of  Beckmann, 
Richards  and  Matthews,  and  Bigelow^  only  nonelec- 
trolytic  materials  can  be  heated.  As  the  authors 
state  regarding  them: 

The  short-circuiting  through  the  liquid  causes 
slight  decomposition,  and  this  method  is  not  appli- 
cable to  liquids  of  this  (the  electrolytic)  type. 

The  internal  coil  must  be  wholly  immersed  in  the 
liquid,  else  there  will  be  injury  to  the  wire  by  over- 
heating, with  consequent  decomposition  of  the  oil, 
so  that  distillation  to  dryness  of  even  low-boiling 
liquids  is  not  practicable. 

The  internal  coil  partially  prevents  "bumping," 
but  a  fresh  "boiling  stone"  accomplishes  a  like  result. 
The  boiling  stone  must  be  porous  and  must  be  fresh. 
If  ebullition  once  ceases,  the  boiling  stone  seems 
to  become  less  effective.  Hence  it  is  advisable, 
when  practicable,  to  put  a  fresh  unused  boiling  stone 

1  Beckmann,  E-.  Z.  anorg.  Chem..  51,  100  (1906);  Z.  physik. 
Chem..  63,  177-215  (1908);  64,  506  (1908). 

2  Richards.  T.  W..  and  Matthews,  J  H.,  Proc.  Am.  Acad.  Arts  and 
Sci..  June,  1908,  pp.  521-24;  Z.  physik.  Chem...  64,  120  (1908) ;  /.  Am. 
Chem.  Soc.  30,  1282-84  (1908);  Nov..  1909,  pp.  1200-2. 

3  Bigelow,  S.  L..  Am.  Chem.  J..  22,  280-7  (1899) 
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in  the  cooled  liquid  before  again  heating  the  liquid 
to  boiling. 

The  bumping  is  caused,  the  authors  believe,  pri- 
marily by  uneven  and  irregular  heating.  Once  bub- 
bling has  started,  if  it  does  not  cease  by  reason  of 
varying  and  disturbing  external  heat  conditions, 
always  to  be  considered  in  connection  with  an  ex- 
posed or  a  gas-heated  flask,  or  by  reason  of  a  dimi- 
nution of  the  vacuum  when  one  is  used,  the  boiling 
will  continue  quietly.  With  the  residual  heavy  tars 
and  asphaltums,  the  internal  coils  are  a  source  of 
annoyance  in  cleaning  the  apparatus. 

When  oils  contain  emulsified  water,  it  is  advisable 
during  the  early  stages  of  the  distillation  with  all 
forms  of  stills  to  slowly  pass  a  dry  inert  gas,  such 
as  C02,  through  the  still  contents,  by  means  of  a 
capillary  tube  extending  nearly  to  the  bottom  of  the 
distilling  flask,  until  the  water  is  entirely  removed. 
In  such  case  it  is  difficult  to  insert  the  two  internal 
conductors,  a  capillary  tube  and  a  thermometer 
through  one  stopper  in  the  narrow  neck  of  the  ordi- 
nary distilling  flask.  To  fuse  the  conductors  through 
the  bottom  of  the  flask,  though  possible,  is  difficult 
and  hardly  practicable  for  general  laboratory  usage. 

In  short,  the  externally  heated  still  described  above 
is  adapted  to  most,  if  not  all,  classes  of  laboratory 
work.  In  modified  form  it  may  be  used  for  a  great 
variety  of  heating  devices.  The  authors  recommend 
it  to  those  interested. 


THE  CARBON  DIOXIDE  RECORDER  AS  A  FACTOR  IN 
FUEL  ECONOMY.1 

By,  E.  A.   Uehling. 
Received  Dec.   19.   1911. 

Vast  improvements  have  been  made  in  power 
plant  equipment  during  the  past  quarter  century. 
All  these  improvements  have  been  along  mechanical 
and  physical  lines,  consequently  in  the  utilization 
of  the  steam,  which  is  primarily  a  mechanical  and 
physical  problem,  is  where  the  great  economies  have 
been  achieved. 

The  consumption  of  steam  per  h.  p.  hour  has  been 
reduced  from  that  of  20-30  lbs.  per  h.  p.  hour  less 
than  a  generation  ago  to  10-15  lbs.  at  the  present 
time,  whereas  in  the  generation  of  the  steam  which 
is  fundamentally  a  chemical  problem,  30-40  per 
cent,  of  the  heat  contained  in  the  fuel  continues  to 
go  to  waste  precisely  as  it  did  25-30  years  ago.  The 
mechanical  devices,  such  as  automatic  stokers,  coal 
elevators,  ash  conveyors,  forced  draft,  etc.,  to  be 
found  in  every  large  and  modern  boiler  house,  ac- 
complish a  good  purpose  in  so  far  as  they  increase 
the  capacity  and  save  labor,  but  do  not  insure,  or 
even  tend  to  improve,  combustion  efficiency. 

That  so  little  has  been  accomplished  in  the  re- 
duction of  waste  in  the  process  of  steam  generation 
is  due  to  the  fact  that  the  chemist  has  not  been  called 
in  to  assist  in  solving  the  problem.  It  is  undoubtedly 
stating  it  very  conservatively  if  we  say  that  not  one 

1  Abstracted  by  the  author  from  an  address  before  the  Joint  Meeting 
of  A.  C.  S.,  S.  C.  I.  and  A.  E.  S..  New  York.  November  10.  1911. 


in  a  hundred  of  the  managers,  superintendents  and 
engineers  of  power  plants  know  the  true  composition 
of  the  coal  they  are  using.  Not  in  one  plant  in  a 
hundred  are  the  products  of  combustion  systemati- 
cally sampled  and  analyzed.  While  it  is  undoubtedly 
true  that  the  majority  of  power  plant  managers  are 
aware  of  the  fact  that  the  boiler  house  is  the  place 
where  very  substantial  economies  should  be  realiza- 
ble, they  cannot  get  themselves  to  tackle  the  prob- 
lem from  the  chemical  side.  Yet  in  the  analyses  of 
the  flue  gas  lies  the  key  to  fuel  economy. 

Engineers  as  a  class  incline  to  solve  their  prob- 
lems by  mechanical  means.  They  prefer  to  have 
something  the}-  can  get  at  with  a  hammer  and  cold 
chisel  and  monkey  wrench.  Hence  coal  weighing 
machines  and  water  meters,  or  water  weighers,  are 
more  readily  adopted  than  C02  recorders. 


Coal  and  water  weighing  machines  are  a  goocT 
thing  to  have  inasmuch  as  they  give  definite  infor- 
mation as  to  water  evaporated  per  pound  of  coal 
burned.  These  apparatus  are  also  useful  if  not  ab- 
solutely necessary  in  testing  the  value  of  one  kind 
of  fuel  against  another,  etc.  But  since  you  cannot 
solve  a  chemical  problem  by  mechanical  means,  coal 
and  water  weighers  can  be  of  practically  no  assis- 
tance in  attaining  and  maintaining  boiler  efficiency, 
which  is  primarily  a  chemical  problem. 

Of  the  heat  generated  from  the  coal  burned  in  the 
average   steam   plant   less  then    70  per  cent.,    and    in 
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man})  cases  riol  even  60  per  cent.,  is  transmitted  to 
the  water  in  tin-  boiler;  the  hulk  of  the  balance  is 
carried  off  by  the  products  of  combustion.  To  re- 
duce this  loss  to  a  minimum  we  must  know  its  cause, 
ami  (Ins  ran  be  determined  only  by  having  a  com- 
plete knowledge  of  the  chemical  composition  as  well 
as  the  physical  character  of  the  fuel  used,  and  by 
keeping  a  continuous  control  over  the  process  of 
combustion.  I  lay  special  stress  on  the  continuity 
of  control  over  the  process  of  combustion,  because 
the  conditions  are  continually  changing,  not  only 
from  day  to  day,  and  from  hour  to  hour,  but  from 
minute  to  minute.  Changes  in  atmospheric  con- 
dition as  to  pressure,  temperature  and  humidity; 
changes  in  the  physical  structure  of  the  coal  as  to 
preponderance  of  lumps  or  fines;  changes  in  the  con- 
dition of  the  fire,  due  to  accumulation  of  ashes,  for- 
mation of  clinker,  etc.,  and  last,  but  not  least,  changes 
in  the  rate  of  combustion  necessary  because  of  varia- 
ble steam  consumption. 

The  best  results  are  obtained  in  any  given  boiler 
by  securing  complete  combustion  with  a  minimum 
excess  of  air,  and  since  there  is  a  true  relation  be- 
tween the  per  cent  of  C02  in  the  flue  gas  to  the  ex- 
cess of  air  supplied,  we  have  in  this  constituent  an 
index  to  efficient  firing.  If,  therefore,  the  per  cent, 
of  C02  be  continuously  revealed  to  the  fireman  it 
will  serve  as  a  guide  and  enable  him  to  control  his 
fire  so  as  to  obtain  the  most  economical  results. 

No  sane  manager  of  a  steam  power  plant  would 
expect  his  fireman  to  keep  up  a  steady  pressure  with- 
out the  aid  of  the  steam  gauge  to  guide  him. 

Every  fireman  knows  that  his  job  depends  on  his 
ability  to  keep  up  the  required  steam  pressure,  and 
he  does  it.  The  question  whether  it  is  done  waste- 
fully  or  economically,  although  lately  -receiving  some 
attention,  has  not  been  attacked  by  power  plant 
managers  with  the  vigor  that  its  importance  merits, 
nor  from  the  side  that  promises  the  best  results. 

Fuel  economy  is  primarily  a  chemical  proposition 
and  should  be  attacked  from  the  chemical  side.  Com- 
bustion efficiency  depends  on  so  many  variable  con- 
ditions that  a  continuous  control  is  necessary  to  se- 
cure the  best  results.  Since  no  one  would  expect  a 
fireman  to  maintain  a  steady  steam  pressure  without 
a  gauge  to  guide  him,  he  should  not  be  expected  to 
maintain  economical  combustion  without  some  means 
of  knowing  where  he  is  at.  The  per  cent,  of  C02 
in  the  flue  gas  answers  the  requirement,  and  should 
be  before  the  fireman  as  prominently  and  continu- 
ously as  the  steam  pressure. 

The  Uehling  C02  recorder  fulfils  this  requirement. 
It  consists  of  three  principal  parts:  Fig.  1,  the  regu- 
lator or  analyzer,  which  may  be  located  at  any  con- 


venient, point  within  reasonable  distance  of  the  boiler, 
preferably  in  the  engine  room.  Fig.  2,  the  recorder 
which  is  preferably  placed  adjacent  to  the  regulator 
but  may  be  put  in  the  engineer's  office  if  conveniently 
located.  Fig.  3,  the  indicator  which  should  be  placed 
on  or  near  the  boiler  front  in  plain  view  of  the  fire- 
man. This  apparatus  is  of  very  substantial  con- 
struction and  contains  no  moving  parts.  The  gas 
is  continuously  drawn  through  by  a  steam  aspirator, 
the  C02  is  continuously  absorbed,  and  the  volume 
per  cent,  of  the  gas  passing  through  is  continuously 


■   <&  ; 


indicated  and  recorded.  The  absorbent  consists  of 
a  specially  prepared  dry  caustic  soda,  furnished  in 
cartons  which  last  about  one  week,  and  can  be  readily 
renewed  in  a  few  minutes. 

These  instruments  are  made  in  single,  double,  treble 
and  quadruple  sets  either  plain  or  in  combination 
with  pyrometers  which  indicate  and  record  the  stack 
temperature,  simultaneously  with  the  C02.  Fig.  4 
shows  a  double  combined  C02  and  temperature  re- 
cording gauge  and  indicator  accompanying  each    unit. 
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MINERAL  WASTES:    THE  CHEMISTS'  OPPORTUNITY. 
By  Charles  L.  Parsons. 
Received  December  22.  1911. 

No  part  of  the  world's  history  is  more  entertaining 
to  study  than  the  development  of  uses  for  the  minerals 
■with  which  we  are  so  abundantly  favored,  the  finding 
of  new  applications  and  new  uses  for  the  products 
prepared,  and  the  conservation  of  waste  material 
whereby  the  products  themselves  are  obtained  in 
increased  quantities  and  at  a  lower  cost.  Such  de- 
velopment has  been  a  constant  record  of  the  pro- 
duction of  new  material,  the  applications  for  which 
have  been  enlarged  and  the  demand  increased  by 
the  cheapening  of  product  through  increased  efficiency 
of  method  and  through  the  utilization  of  other  sub- 
stances found  in  greater  quantity  and  substituted 
for  those  which  may  be  threatened  with  exhaustion. 

In  the  earliest  history  of  civilization  only  some  five 
of  our  eighty  or  more  elements  were  intelligently 
used.  The  number  has  been  slowly  increasing,  and 
within  the  last  fifty  years  greater  progress  has  been 
made  in  the  utilization  of  the  mineral  matter  of  which 
the  earth  is  composed  than  in  all  previous  time.  The 
results  accomplished  have  been  the  work  of  the  chem- 
ist, the  physicist,  the  metallurgist  and  the  engineer, 
all  utilizing  the  broad  principles  of  chemistry  to  as- 
sist them  in  their  work.  Some  processes  have  already 
progressed  to  a  point  where  wastes  are  reduced  to  a 
minimum  and  their  efficiency  is  great,  although  in 
no  single  case  has  perfection  been  reached. 

The  twenty-nine  million  metric  tons  of  petroleum 
which  the  United  States  now  produces  is  for  the  main 
part  utilized.  Formerly  kerosene  was  the  chief  prod- 
uct, sought  and  immense  quantities  of  the  lighter  and 
heavier  fractions  were  allowed  to  waste.  With  the 
introduction  of  the  electric  light,  of  the  automobile 
and  of  the  proper  understanding  of  lubrication,  al- 
most the  total  output  is  now  worked  up  into  gas, 
gasolene,  naphtha,  kerosene,  lubricating  oils,  as- 
phaltic  road  material  and  carbon  for  electrical  pur- 
poses. Indeed,  kerosene  has  almost  become  a  second- 
ary product  and  within  the  last  few  years  the  demand 
for  gasolene  has  become  so  great  that  the  petroleum 
companies  are  anxious  to  increase  the  output  of 
that  fraction.  Indeed,  the  natural  gas  wells  have 
introduced  methods  for  condensing,  by  means  of  cold 
and  pressure,  the  gasolene  and  lighter  fractions  carried 
mechanically  by  the  gas,  and  during  the  latter  part  of 
1910  some  13,000  gallons  were  so  produced  daily. 
From  the  gas  wells  from  two  to  six  gallons  per  thousand  ■ 
cubic  feet  of  gas  may  be  obtained  and  the  gas  itself 
rendered  better  for  illuminating  purposes  or  for  gas 
engine  combustion,  but,  of  course,  considerably  de- 
creased in  volume. 

Every  student  of  chemistry  knows  the  advances 
which  have  taken  place  in  the  iron  and  steel  industry. 
Many  of  us  can  remember  the  old  campaign  argu- 
ments of  how  a  beneficent  tariff  brought  about  the 


reduction  in  price  of  steel  from  $145  per  ton  to  some- 
where in  the  neighborhood  of  $20,  but  it  was  only  in 
the  schools  that  we  were  taught  that  the  Bessemer 
process,  the  Open-Hearth  and  Basic  Bessemer  pro- 
cesses and  the  utilization  of  waste  gases  were  the 
chief  cause.  At  the  present  time  the  production  of 
iron  has  reached  a  perfection  which  would  have  been 
deemed  impossible  a  few  years  ago.  Besides  the  won- 
derful development  already  mentioned  the  utiliza- 
tion of  the  waste  gases  has  been  carried  so  far  that 
by  using  them  directly  in  gas  engines  driving  elec- 
tric generators  a  single  modern  blast  furnace  may 
produce  as  much  as  7,000  kw.  of  electric  power  be- 
sides driving  the  engines  necessary  for  its  own  air 
blast. 

Until  recently  there  have  also  been  immense  losses 
of  iron  ore  in  the  flue  dust  which,  according  to  Ed- 
ward M.  Hager,  amounted  to  fully  three  per  cent,  of 
the  total  ore  charged.  In  a  most  interesting  article 
on  "The  Utilization  of  the  Wastes  of  a  Blast  Fur- 
nace" he  points  out  that  by  collecting  this  dust  and 
heating  in  the  oxidizing  atmosphere  of  an  ordinary 
Portland  Cement  rotary  kiln,  this  three  per  cent,  of 
the  ore  added  to  the  blast  furnace  is  recovered  in 
a  nodular  form  carrying  over  sixty  per  cent,  iron,  an 
amount  aggregating  over  1,250,000,  tons  of  iron  ore 
per  annum.  Also  he  calls  attention  to  the  increasing 
utilization  of  slag,  which  formerly  went  to  waste,  for 
the  production  of  a  slag  cement  which  differs  but  little 
in  chemical  analysis,  fineness,  specific  gravity,  color 
or  in  its  operation  in  practical  work  from  that  made 
by  the  ordinary  methods.  In  19 10  over  seven  million 
barrels  of  this  kind  of  cement  were  produced  in  the 
United  States,  making  up  nearly  ten  per  cent,  of  the 
total  output  of  that  commodity.  Also  hundreds  of 
thousands  of  tons  of  scrap  iron  are  annually  collected 
and  remelted,  and  improved  processes  for  covering 
iron  with  protective  coatings  other  than  cement  are 
making  rapid  progress.  The  wonderful  effect  of  the 
growth  of  the  Portland  Cement  industry  on  the  con- 
servation of  our  natural  resources  cannot  be  over- 
estimated. In  fifteen  years  it  has  developed  from 
less  than  one  million  to  over  seventy-six  million  bar- 
rels per  year  for  this  country  alone  and  has  supplied 
a  cheap  material  which  not  only  replaces  iron  in  much 
structural  work  but  also  is  used  as  a  coating  to  iron 
itself,  greatly  increasing  its  life  by  protecting  it  from 
rust.  It  is  also  taking  the  place  of  millions  of  feet 
of  lumber,  the  great  demand  for  which  in  recent  years 
has  been  depleting  our  forests  so  rapidly.  It  is  in- 
teresting to  know  that  it  is  the  thousands  of  small 
users  of  cement  who  are  supplying  the  market  for  a 
large  part  of  the  product,  and  its  use  around  the  farm 
and  the  village  is  increasing  as  much  as  in  large  en- 
gineering work,  such  as  dams,  bridges  and  buildings. 
Indeed,  the  small  cement  house  is  becoming  more  and 
more  in  vogue,  and  with  its  comparatively  indestruc- 
tible   qualities    from    fire    or    weather,    together    with 
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new  methods  ol  coloring  and  decorating,  promises 
to  supplanl  our  ordinary  wooden  houses  in  future. 
But  the  facts  are  seldom  so  favorable  .-is  those 
alread]  cited.  Our  fertilizer  industry  is  the  largesl 
oi  .ill  .'in  chemical  industries,  producing  some  three 
million  tons  per  annum,  and  it  is  probable  thai  one 
half  of  tins  output  is  not  intelligently  utilized.  We 
produce  sulfur  cheaper  than  any  other  country  in 
in  the  world,  sell  it  at  the  highesl  price  and  discharge 
into  the  air  from  a  single  stack  of  the  Washoe  Smelter 
in  the  form  of  sulfur  dioxide  almost  as  much  as  is 
utilized  throughout  the  whole  country  from  sulfur 
and  domestic  pyrite  put  together.  Indeed,  the  total 
amount  of  sulfur  dioxide  discharged  into  the  air  in 
this  country  would  produce  probably  eight  million 
tons  of  sulfuric  acid,  the  basis  of  all  chemical  in- 
dustry, could  it  be  economically  recovered.  That 
the  sulfur  dioxide  from  smelter  smoke  can  be  re- 
covered has  been  proved  by  the  zinc  smelters  and  bv 
the  copper  smelters  of  Tennessee,  but  the  question  is 
so  closely  connected  with  the  question  of  transpor- 
tation and  markets  that  at  present  the  idea  of  con- 
verting the  waste  sulfur  dioxide  into  sulfuric 
acid  seems  to  be  almost  hopeless  for  our  western 
smelters,  although  there  can  be  no  question  that  in 
time  the  problem  will  be  solved,  perhaps  in  this  way. 
Already  rapid  progress  has  been  made  and  of  the 
three  million  tons  of  sulfuric  acid  now  manufactured 
in  the  United  States,  probably  two  hundred  thousand 
tons  are  recovered  as  a  by-product  in  the  roasting  of 
zinc  sulfide.  More  than  250,000  tons  are  reported  to 
have  been  produced  in  like  manner  from  the  cop- 
per smelters  in  Tennessee  and  at  the  same  time  a 
terrible  nuisance  to  the  surrounding  farms  has  been 
largely  mitigated.  The  fertilizer  industry  more  than 
any  other  requires  this  sulfuric  acid  for  rendering 
the  phosphoric  acid  of  phosphate  rock  available  to 
plants,  and,  as  immense  deposits  of  phosphate  rock 
exist  in  Wyoming  and  Montana,  it  is  probable  that 
some  market  for  sulfuric  acid  will  be  developed  in 
that  portion  of  our  country. 

Ages  ago  there  were  stored  up,  chiefly  through  the 
influence  of  plant  life,  immense  deposits  of  carbon 
and  of  nitrogen  which  have  made  modern  civilization 
possible.  Although  some  of  this  nitrogen  may  have 
been  brought  into  combination  by  means  of  electrical 
discharges  through  the  atmosphere,  it  is  highly  proba- 
ble that  the  larger  portion  of  it  was  fixed  through 
the  same  form  of  bacterial  action  that  is  now  known 
to  take  place  in  the  tubercles  growing  upon  the  roots 
of  the  leguminosae.  Certainly  it  appears  to  be  true 
that  the  five  hundred  million  tons,  more  or  less,  of 
sodium  nitrate  which  is  known  to  have  been  deposited 
in  the  desert  of  Atacama,  Chili,  probably  is  of  or- 
ganic origin  from  plants  through  animals  whose  ref- 
use under  the  peculiar  conditions  of  heat  and  limited 
water  supply  was  oxidized  and  collected  in  this  unique 
locality.  Besides  these  deposits,  bituminous  coal 
contains  between  one  and  two  per  cent,  of  nitrogen, 
a  small  fraction  of  which  can  be  recovered  by  proper 
methods.  From  these  deposits,  together  with  the 
comparatively  small   amounts  which  we  are   able  to 


conserve  by  saving  animal  and  plant  refuse  and  re- 
turning it  to  the  soil,  we  have  drawn  until  recently 
our  total  Bupply  oi  tins  absolutely  essential  element 
for  both  plant  and  animal  food.     From  these  supplies 

also  we  have  drawn  all  of  the  nitrogen,  without  which 
we  would  have  no  explosives  upon  which  depends 
our  whole  mineral  industry.  Our  wastes  of  nitro- 
gen, worth  in  combined  form  about  fifteen  cents  per 
pound,  are  almost  inconceivable,  and  no  calculation 
can  give  us  a  real  idea  of  what  these  losses  mean. 
Their  immensity  has  so  impressed  the  human  mind 
that  the  daily  press  for  years  has  contained  article 
after  article  in  regard  to  the  approaching  starvation 
of  man  through  the  inability  of  the  earth  to  supply 
plant  life  on  account  of  the  future  lack  of  nitrogen. 
2,600,000  tons  of  sodium  nitrate  are  being  produced 
each  year  in  Chili,  which  means  that  the  time  of  de- 
pletion of  these  deposits  is  probably  less  than  a  cen- 
tury ahead. 

Although  we  produced  last  year  over  406,000,000 
tons  of  bituminous  coal,  we  recovered  but  $3,800,000 
worth  of  the  $160,000,000  of  recoverable  nitrogen 
which  it  contained.  Of  course,  it  is  entirely  imprac- 
ticable under  present  conditions  ever  to  recover  all 
of  the  nitrogen  which  might  be  obtained  as  ammonia, 
but  it  does  at  least  seem  reasonable  to  bemoan  the 
fact  that  of  63,000,000  tons  of  coal  converted  into 
coke  in  1910,  containing  $22,000,000  worth  of  re- 
coverable nitrogen,  only  about  one-seventh  was  even 
treated  in  ovens  or  retorts  which  could  make  that 
recovery  possible.  The  balance  went  off  as  free 
nitrogen  in  the  air.  It  certainly  is  startling  to  realize 
that  if  we  consider  the  total  nitrogen  content  of  bi- 
tuminous coal,  last  year  we  saved  less  than  $4,000,000 
worth  of  combined  nitrogen  from  this  source  while 
more  than  two  billion  dollars  worth  of  that  stored  up 
for  us  ages  ago  was  again  dissipated  into  the  atmosphere 
in  the  uncombined  condition.  Of  course,  the  re- 
covery even  of  ten  per  cent,  of  this  amount  with  our 
present  knowledge  is  impossible,  but  it  is  interesting 
to  note  that  the  public  and  manufacturers  themselves 
are  being  aroused  to  the  loss,  that  by-product  coke 
ovens  are  being  employed  more  and  more,  and  that  the 
question  of  producing  combined  nitrogen  from  the 
atmosphere  in  which  we  live  is  making  a  real  be- 
ginning. 

As  an  offset  to  this  great  waste  of  nitrogen  there 
are  at  present  two  essentially  different  commercial 
methods  for  bringing  this  element  into  combination 
and  a  third  appears  to  be  imminent.  Two  of  these 
processes  have  already  reached  commercial  success, 
but  the  tremendous  amount  of  energy  at  present 
required  for  their  prosecution  raises  an  effective  bar- 
rier against  ever  really  offsetting  the  wastes  which 
are  taking  place. 

It  is  scarcely  necessary  before  this  audience  to  enter 
into  detail  of  the  processes  for  obtaining  nitrogen  in 
the  form  of  cyanamide  as  practised  at  Niagara  Falls 
and  abroad  or  to  describe  again  the  processes  of 
Birkeland  and  Eyde,  of  Pauling  and  of  the  Badische 
Company  for  obtaining  nitric  acid  by  means  of  the 
high    temperature    of   the    electric    arc    and    absorbing 
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it  in  lime  to  be  sold  as  calcium  nitrate.  It  may  be 
well  to  state,  however,  that  the  cyanamide  is  obtained 
by  the  action  of  nitrogen  on  calcium  carbide  heated 
to  1200°  C,  at  which  temperature  it  rapidly  absorbs 
the  gas  forming  cyanamide.  It  is  necessary,  how- 
ever, first  to  produce  calcium  carbide  and  to  obtain 
pure,  dry  nitrogen  free  from  oxygen,  which  is  done 
by  means  of  liquefying  air,  and  the  cost  of  these  opera- 
tions forms  the  chief  limitation  of  the  process.  Of 
the  three  processes  for  the  actual  burning  of  nitrogen 
and  oxygen  at  the  elevated  temperature  of  the  elec- 
tric arc  the  Birkeland  and  Eyde  process  at  Notodden, 
Norway,  has  been  so  far  the  most  successful,  per- 
haps because  it  was  the  first  in  the  field  and  has  cheap 
electric  power.  This  last  year  they  utilized  some 
50,000  kw.  of  electricity  throughout  the  year 
which  is  to  be  increased  to  100,000  kw.  Their  output 
approximates  70  grams  of  HN03  per  kw.  hour  and 
their  furnace  has  the  great  advantage  of  being  capable 
of  use  in  large  units,  some  of  which  are  of  4,000  horse 
power.  They  report  net  earnings  for  this  last  year 
of  some  $350,000  and  produce  nitric  acid  as  calcium 
nitrate,  which-  commands  a  ready  market.  The 
Pauling  process  is  being  used  near  Briancon,  France, 
and  also  appears  to  be  in  successful  operation.  The 
Badische  process  is  to  be  installed  in  new  works  in 
Norway  together  with  the  Birkeland  and  Eyde  pro- 
cess and  it  is  estimated  that  the  two  processes  will 
shortly  be  using  250,000  horse  power  in  that  country. 
Even  this  tremendous  expenditure  of  energy  can, 
however,  supply  but  a  fraction  of  the  world's  re- 
quirements for  combined  nitrogen,  as  it  requires 
one  kw.  year  to  produce  one  ton  of  13  per  cent. 
;alcium  nitrate.  The  success  of  these  processes 
at  the  present  time  is  dependent  almost  solely 
on  the  question  of  cheap  energy.  The  principle  of 
all  is  the  same;  namely,  the  utilization  of  the  intense 
heat  of  the  electric  arc  to  bring  about  a  reaction  be- 
tween nitrogen  and  oxygen  and  the  quick  cooling  of 
the  gases  in  order  that  the  reaction  may  not  reverse 
itself.  In  the  Birkeland  and  Eyde  process  the  elec- 
tric arc  is  branched  out  by  means  of  an  electric  field ; 
in  the  Badische  process  a  similar  active  surface  is 
Dbtained  by  producing  long  arcs  even  up  to  twenty- 
two  feet  in  length  in  tubes,  and  in  the  Pauling  process 
the  arc  is  enlarged  by  means  of  a  blast  of  hot  air  under 
pressure.  Patents  recently  issued  to  the  Badische 
Company  indicate  that  an  entirely  new  method  may. 
soon  be  used,  depending  upon  the  reaction  between 
litrogen  and  hydrogen  under  pressure  with  the 
reaction  hastened  by  uranium  or  some  catalytic  agent, 
the  ammonia  being  absorbed  as  fast  as  produced.  It 
will  certainly  be  of  inestimable  advantage  to  pro- 
cure some  method  by  which  nitrogen  can  be  fixed 
without  the  tremendous  loss  of  energy  required  when 
it  is  heated  to  the  3500  °  required  in  the  electric  pro- 
:esses.  It  would  certainly  seem  that  if  bacteria 
:an  bring  about  the  fixation  of  nitrogen  in  the  small 
.aboratory  they  utilize  on  the  roots  of  the  legumes, 
man  must  sooner  or  later  also  succeed  in  bringing 
about  this  reaction  at  moderately  low  temperatures, 
and  I  confidently  believe  that  we  may  in  some  meas- 


ure  hope    in    time    to    imitate    this   process   through    the 
use  of  catalytic  agents. 

The  waste  of  our  fuel  supplies  is  almost  incon- 
ceivable. In  the  mining  of  coal  in  this  country  it 
is  probable  that  scarcely  50  per  cent,  of  the  coal  in 
the  ground  is  taken  out  and  brought  into  a  form  where 
it  can  be  economically  utilized.  That  portion  which 
is  left  behind  is  undoubtedly  lost  forever,  for  the 
mines  are  allowed  to  cave  in  and  probably  can 
never  be  opened  again.  Of  the  energy  in  the 
coal  mined  probably  not  over  11  per  cent,  is 
effectively  utilized.  The  remainder  of  the  energy 
is  lost  through  the  inefficiency  of  the  steam  boiler, 
the  steam  engine  and  the  electric  dynamo.  It  is 
estimated  that  the  boiler  scale  alone  on  the  locomo- 
tives of  the  country  means  a  loss  of  over  fifteen  mil- 
lion tons  of  coal.  It  has  been  shown  that  '/n  of  ai* 
inch  of  boiler  scale  means  a  loss  of  13  per  cent,  of 
efficiency  and  that  1/i  inch,  which  occurs  in  many 
boilers,  means  a  loss  of  25  per  cent.  Not  only  does 
this  boiler  scale  mean  a  loss  of  energy,  but  its  re- 
moval means  much  longer  life  for  the  boilers  themselves. 
The  whole  question  of  the  conservation  of  these 
losses  of  energy  is  becoming  almost  as  much  the 
province  of  the  chemist  as  of  the  engineer.  In  spite 
of  present  conditions,  great  advancement  has  been 
made  and  greater  advances  are  yet  to  come,  although 
the  time  when  we  shall  be  able  to  directly  utilize 
the  full  energy  of  carbon  through  some  direct  chemi- 
cal process  may  not  be  reached  before  the  millenium 
is  here. 

Our  supplies  of  coal  are  being  more  and  more  con- 
served directly  through  the  utilization  of  water  power, 
of  which,  according  to  M.  T.  Bogert,  there  are  150,- 
000,000  horse  power  possible  of  economical  develop- 
ment in  this  country,  of  which  37,000,000  horse'power, 
equivalent  to  800,000,000  tons  of  coal,  are  readilv 
available  and  of  which  5,500,000  horse  power  are 
now  actually  used.  Also  the  development  of  the  gas 
engine,  by  means  of  which  power  can  be  obtained 
without  the  intermediary  loss  through  steam,  is  rapid 
and  has  the  distinct  advantage  that  much  coal,  too 
poor  in  carbon  content  to  be  economically  trans- 
ported, can  be  readily  used  in  gas  producers  and  its 
energy  utilized  and  transmitted  to  a  distance  through 
the  gas  engine  and  dynamo.  The  covering  of  pipes 
with  asbestos  and  magnesia  coatings  and  the  scien- 
tific control  of  the  combustion  of  coal  under  boilers 
is  adding  greatly  to  the  amount  of  energy  actually 
utilized.  Also,  as  already  stated,  the  recovery  of 
waste  products  through  by-products  coke  ovens  is 
not  limited  to  the  nitrogen  alone.  Mr.  E.  L.  Parker, 
of  the  United  States  Geological  Survey,  states  that 
the  value  of  the  recoverable  contents  of  the  coal 
made  into  coke  in  beehive  ovens  which  went  to  waste 
in  rgio  would  have  been  worth  between  $35,000,000 
and  $40,000,000.  If  all  the  coke  made  in  the  United 
States  was  produced  in  retort  ovens,  these  would 
yield  (from  the  carbon  now  wastefully  consumed) 
without  reference  to  the  other  by-products  obtained 
approximately  1,000,000  horse  power  for  every  day 
in  the  year 
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Without  entering  al  all  in t > >  the  detail  of  the 
wonderful  coal  tar  industry,  which  Has  nol  as  yel 
been  developed  in  this  country,  hut  is  probably  the 
greatest  example  of  chemical  industrial  progress,  it 
is  interesting  to  note  the  indirect  bearing  upon  our 
conservation  which  this  coal  tar  develops  when  we 
think  of  the  alizarin,  indigo  and  other  colors  which 
were  formerly  produced  on  land  now  devoted  to  other 
purposes.  It  has  been  stated  that  the  synthetic  in- 
digo now  prepared  from  coal  tar  is  equivalent  to  over 
300,000  acres  of  indigo  plants.  Development  of  one 
industry  like  this  always  has  a  striking  influence 
upon  another.  When  the  cyanide  process  for  the 
extraction  of  gold  was  first  proposed  potassium  cya- 
nide cost  over  one  dollar  per  pound.  By  the  utiliza- 
tion of  waste  products  and  the  perfection  of  methods 
the  price  of  cyanide,  now  chiefly  used  in  the  form  of 
sodium  cyanide,  has  been  reduced  in  the  chief  pro- 
ducing countries  to  something  like  fifteen  cents  per 
pound  and  since  a  difference  of  one  cent  per  pound 
of  cyanide  means  a  saving  of  something  like  $150,000 
a  year  to  the  gold  industry,  the  cheapening  of  this 
product  alone  means  a  saving  of  some  $12,000,000 
a  year. 

In  spite  of  the  losses  through  waste  already  men- 
tioned and  many  others  that  might  be  cited,  there  is 
really  a  silver  lining  to  the  cloud.  When  we  look 
at  the  question  from  the  standpoint  of  the  progress 
that  we  have  made  and  the  problems  which  may 
perhaps  be  easily  solved,  we  feel  proud  of  the  work 
which  the  chemist  has  accomplished  and  glad  that 
we  belong  to  a  profession  which  offers  so  much  in  the 
way  of  accomplishment.  The  president  of  our  largest 
chemical  corporation  recently  stated  that  progress 
in  chemical  industry  is  taking  place  so  rapidly  through 
new  processes,  new  machinery  and  new  methods 
that  his  company  has  very  little  in  the  way  of  plant 
to-day  which  was  in  existence  ten  years  ago.  Only 
three  years  ago  one  of  our  leading  scientists  stated: 
"The  crest  of  our  known  resources  of  high-grade 
copper  ores  is  clearly  past  and  we  are  using  lower  and 
lower  grades  with  increased  cost  of  production.  The 
inadequacy  of  our  copper  supply  is  a  matter  of  deep 
concern."  This,  of  course,  is  largely  true,  but  the 
situation  has  developed  in  a  different  way  from  that 
indicated  by  the  quotation  given.  The  fact  is  that  the 
low-grade  ores  are  proving  the  more  profitable  to  work 
and  have  not  brought  an  increased  cost  as  might 
have  been  anticipated.  Indeed,  although  our  pro- 
duction of  copper  has  increased  about  one  thousand 
per  cent,  in  the  last  twenty-five  years,  the  annual 
output  as  well  as  consumption  is  still  increasing  and 
prices  are  lower  than  they  were  three  years  ago, 
owing  to  the  greater  efficiency  of  method  and  the 
utilization  of  deposits  formerly  supposed  to  be  worth- 
less. Immense  mountains  of  ore  yielding  less  than 
2  per  cent,  of  metal  are  worked  with  steam  shovels, 
concentrated  in  mills  capable  of  handling  some 
30,000  tons  per  day,  with  a  recovery  three  years 
ago  deemed  impossible,  smelted  by  methods  far 
more  efficient  than  those  then  in  use,  and  bessemer- 
ized     in    basic-lined    converters    capable    of    handling 


three  times  the  charge  "i  the  old  acid  form,  using 
some  ore  dinci  for  its  fluxing  constituents  and  having 
.1  life  many  hundred  per  cent,  greater  than  their  lore- 
runners.      These  low-grade  deposits,   instead  ol   cau 

ing  an  increase  in  the  price  ol  copper,  are  really  forcing 
some  ol  the  high-grade  mines  to  struggle  for  a  con- 
tinued existence.  In  spite  of  all  this,  it,  is  doubtful 
if  there  is  any  branch  of  our  metallurgy  that  would 
respond  more  quicklj  to  scientific  research  by  well 
trained  men,  who  were  not  forced  always  to  keep 
the  immediate  output  in  mind,  than  the  metallurgy 
of  copper. 

But  our  industrial  chemical  problems  are  not.  all 
connected  with  the  larger  industries  of  which  I  have 
so  far  spoken.  Many  new  elements,  many  new  min- 
erals and  mineral  products,  are  coming  into  daily  use 
and  have  also  their  minor  problems  in  the  question  of  the 
utilization  of  waste.  In  the  manufacture  of  thorium 
for  the  Welsbach  mantle  the  larger  part  of  the  raw 
material  present  in  the  original  monazite  now  goes 
to  waste.  About  50  per  cent,  of  this  is  cerium  and 
the  balance  lanthanum,  neodymium,  praseodymium 
and  other  rarer  elements  of  the  rare  earths.  There 
is  every  prospect  that  the  cerium  will  soon  be  utilized 
and  bring  a  fair  price.  Its  separation  from  the  other 
earths  is  no  longer  difficult  and  once  in  solution  can 
be  brought  about  in  a  single  operation.  Its  proper- 
ties in  alloys,  some  of  which  have  most  remarkable 
pyrophoric  properties,  are  now  well  known  and  the 
metal  can  be  readily  reduced  by  the  electric  current. 
The  oxide  of  cerium  as  well  as  the  oxides  of  the  other 
elements  that  occur  with  it  are  highly  refractory 
and  may  find  special  uses  where  this  property  comes 
into  play. 

In  the  production  of  gold  telluride  ores  and  in  the 
refining  of  copper,  large  amounts  of  tellurium  are 
annually  going  to  waste  and  offer  a  splendid  oppor- 
tunity for  research.  No  promising  application  is 
yet  in  view. 

Our  output  of  bromine  might  also  be  greatly  in- 
creased could  uses  be  found.  The  application  to 
the  formation  of  bromides  is  apparently  not  increas- 
ing, but  there  seems  to  be  a  real  opportunity  for 
its  use  in  the  form  of  bromates  and  it  would  appear 
that  potassium  bromate,  the  wonderful  oxidizing 
properties  of  which  are  not  yet  appreciated,  may 
have  a  real  use  in  metallurgy  and  possibly  in  other 
industries  when  it  is  more  clearly  understood  that  if 
a  real  demand  arises  the  material  can  be  furnished 
at  a  surprisingly  low  cost.  Indeed,  many  of  our 
rarer  elements  are  being  passed  by  in  the  industries 
chiefly  because  the  cost  of  production  on  a  small 
scale  is  much  greater  than  would  be  the  case  if  an 
extensive  contract  could  be  entered  into.  Also  manu- 
facturers themselves  frequently  prefer  to  let  large 
quantities  actually  go  to  waste  rather  than  reduce 
their  prices  in  order  that  the  wastes  may  be  utilized. 

Chlorine,  like  bromine,  is  produced  in  the  electro- 
lytic manufacture  of  caustic  soda  and  potash  in 
amounts  which  make  its  utilization  a  problem.  It 
is  being  worked  up  more  and  more  into  the  form  of 
by-products    such    as    carbon    tetrachloride,     sulphur 
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chloride  and  acetylene  chloride,  is  being  liquefied  and 
transported  in  liquid  form  for  the  direct  production 
of  sodium  hypochlorite  for  use  in  laundries,  and  is 
utilized  in  recovering  the  tin  from  tin  scrap  in  the 
form  of  tin  tetrachloride  used  chiefly  for  weighting 
silk.  It  can  now  be  obtained  in  cylinders  which  are 
so  cheaply  made  that  their  return  is  not  necessary, 
or  it  can  even  be  procured,   if  desired,   in  tank  cars. 

Bleaching-powder  also,  by  being  mixed  with  a 
little  copper  sulphate  and  cobalt  oxide  to  act  as  a 
catalytic  agent,  is  now  on  the  market  as  a  cheap 
source  of  oxygen  under  the  name  of  Lavoirsite. 

Calcium  also  can  be  readily  obtained  cheaply  and 
in   quantity  as  soon   as  a  use  therefore  is  found. 

Silicon,  which  has  some  wonderful  properties  of 
resistance  to  chemical  agents,  is  now  easily  made 
and  except  for  its  brittleness  would  probably  find 
extensive  use.  Even  as  it  is,  uses  are  gradually 
developing,  one  of  the  most  interesting  of  which  is 
for  the  shoes  of  the  plows  used  in  certain  acid  or  py- 
rite  furnaces  where  iron  rapidly  goes  to  pieces. 
Many  tons  of  this  element  are  used  in  alloy  with 
iron,  especially  in  electrical  transformers.  It  re- 
duces  hysteresis   losses   and   increases   resistance. 

Among  the  comparatively  rare  elements  and  min- 
erals which  are  becoming  more  and  more  prominent 
in  industry  may  be  mentioned  tungsten,  the  ores 
of  which  to  the  extent  of  some  6,000  tons  per  annum 
are  now  worked  up,  to  be  used  chiefly  in  the  pro- 
duction of  tungsten  steel  but  also  in  the  filaments 
of  electric  lamps;  vanadium,  for  the  preparation  of 
vanadium  steel;  titanium,  for  the  preparation  of 
ferro-titanium,  with  which  more  than  half  of  the 
Bessemer  steel  now  produced  is  treated  in  order  to 
deoxidize  and  denitrogenize  the  product;  and  selenium, 
obtained  as  a  by-product  in  copper  refining,  which  has 
the  unique  property  of  changing  its  conductivity 
under  the  influence  of  light  and  which  is  now  used 
to  the  extent  of  some  twenty  tons  per  annum  to 
color  glass  or  enamel  a  beautiful  ruby-red,  and  also 
by  use  in  small  amounts  to  decolorize  glass  or  enamel 
by  neutralizing   the   greenish    tint    from   ferrous    iron. 

Bismuth,  so  valuable  in  medicine  and  alloys,  is 
now  obtained  as  a  by-product  in  the  electrolytic 
refining  of  lead  in  this  country  alone  to  the  extent 
of  some  90,000  pounds  per  year.  Palladium  even 
is  finding  new  uses,  so  that  the  accumulated  sup- 
plies of  many  years  appear  to  have  been  exhausted 
and  it  is  being  recovered  to  the  extent  of  2500  oz. 
per  year  from  copper  anode  slimes.  Zirconium 
oxide  is  being  eagerly  sought  for  and  new  patents 
issued  almost  daily  for  its  use  and  production,  chiefly  1  >n 
account  of  its  refractory  properties  and  its  power 
to  replace  tin  oxide  as  an  opacifier  in  enamels.  Mag- 
nesium even  appears  to  have  a  future  in  certain  very 
light  alloys  of  high  tensile  strength  for  use  in  the 
constructions  of  aeroplanes.  It  is  stated  that  the 
alloy  with  4  per  cent,  of  zinc  is  extremely  light  and 
extremely  strong.  Also  magnesite  is  greatly  in  de- 
mand for  the  preparation  of  refractory  brick,  but 
unfortunately  no  deposits  are  known  in  this  country 
east    of    California.      On    our   Atlantic    coast    at    least, 


most  oi  it  must  be  imported,  although  immense 
quantities  exist,  together  with  calcium  carbonate, 
in  dolomite. 

Barium  in  the  form  of  barite,  with  the  products 
therefrom,  is  finding  an  increased  use  in  paints  and 
in  the  production  of  barium  sulfide  for  the  manu- 
facture of  lithopone.  Barium  dioxide  is  imported 
for  use  in  the  manufacture  of  hydrogen  peroxide, 
since  America  has  no  deposits    of  witherite. 

Lithium  carbonate  is  also  now  a  comparatively 
cheap  substance  that  could  be  produced  in  much 
greater  quantities  if  more  extended  uses  could  be 
found. 

Asbestos  is  eagerly  sought  and  its  technology  has 
become  so  extensive  and  its  uses  so  diversified  that 
an  article  could  be  written  on  this  subject  alone. 
The  application  to  fire-proof  asbestos  lumber,  which 
can  be  sawed  and  milled,  and  to  asbestos  slate, 
which  is  replacing  shingles,  is  having  the  advantage 
of  utilizing  the  cheaper  grades  which  were  formerly 
largely  a  waste  product.  The  same  may  be  said 
of  mica,  and  the  old  mica  scrap  heaps  at  the  exits 
of  old  mines  have  been  all  carefully  reworked  on 
account  of  the  excellent  insulating  material  they 
contain  as  well  as  for  the  production  of  other  prod- 
ucts in  which  scrap  mica  has  been  utilized.  New 
methods  are  also  rendering  available  much  material 
that  formerly  went  to  waste  and  are  also  cheapening 
and  thereby  increasing  the  application  of  much  other 
material  long  used. 

Immense  deposits  of  graphite  have  not  been  availa- 
ble on  account  of  the  impossibility  of  separating  them 
from  the  gangue  that  they  contained,  but  it  has  been 
found  that  in  many  cases  simple  pulverizing  and 
sifting  through  sieves  will  separate  the  fine  granular 
gaUgue  from  the  more  flaky  graphite. 

Immense  deposits  of  molybdenum  occur  in  Maine 
and  in  the  West  which  have  been  useless  for  the  same 
reason.  They  could  not  be  worked  unless  they  could 
be  separated  from  the  gangue  and  no  good  method 
of  separation  was  known.  Molybdenum  has  not 
been  used  extensively  in  steel  chiefly  for  the  reason 
that  tungsten,  which  served  the  same  purpose,  was 
cheaper,  and  also  molybdenum  has  the  disadvan- 
tage of  volatilizing  out  of  the  steel  quite  easily.  On 
the  other  hand,  a  much  smaller  amount  will  bring 
about  much  the  same  result  that  tungsten  produces. 
Manufacturers  have  been  willing  to  pay  as  high  as 
$600  per  ton  for  limited  amounts  of  good  molybden- 
ite, practically  all  of  which  had  to  be  imported. 
By  a  new  flotation  method  it  now  seems  possible  to 
separate  molybdenum  as  well  as  other  sulfide  ores 
from  the  inert  material  with  which  they  occur,  and 
it  is  hoped  that  our  American  resources  of  this  min- 
eral may  now  be  utilized. 

Considerable  deposits  of  carnotite  and  some  urani- 
nite  are  found  in  Colorado,  and  the  material  is  now- 
being  exploited  for  the  extraction  of  radium  abroad. 
In  view  of  the  immense  value  of  radium  for  scien- 
tific and  medical  purposes,  it  would  certainly  seem 
that  this  wonderful  substance  should  be  produced 
in   our  own  country,  and  it  would  at  least  seem  pos- 


13° 


THE    JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Feb.,  1 g  i  j 


sible  thai  some  more  rapid  method  for  its  separation 
!  •  ■  i  ■  ■  ]  1 1    perhaps  be  found.     The  production   in   France 

for  i<)io  was  something  less  than  two  grams,  which 
sold  for  8150,000,  ami  the  material  is  so  rare  that  in 
Paris  one  hundred  milligrams  is  rented  out  at  the 
rate  oi  one  hundred  to  two  hundred  dollars  per  day 
for  scientific  or  medical  use. 

The  new  method  of  following  the  wastes  of  zinc 
concentration  in  New  Jersey  by  means  of  ultra-violet 
light  is  also  of  extreme  interest,  and  it  is  stated  that 
the  wastes,  which  formerly  amounted  to  some  5  per 
cent.,  have  been  reduced  to  less  than  2  per  cent, 
with  the  assistance  of  this  method. 

Much  might  be  added  on  the  question  of  alloys, 
artificial  stone,  refractories,  nickel  and  cobalt,  ar- 
senic, antimony,  tantalum,  boron  and  beryllium, 
but  I  do  not  wish  to  try  your  patience  too  far. 

In  order  properly  to  cultivate  our  natural  resources, 
experience  has  taught  our  progressive  manufacturers 
that  two  kinds  of  trained  chemists  are  essential  if 
they  expect  to  keep  ahead  or  even  abreast  of  the 
world's  progress.  They  must  have  the  works 
laboratory  where  careful  control  is  kept  of  the  actual 
carrying  out  of  the  process  in  hand,  and  they  must 
have  a  research  laboratory  where  new  processes, 
applications  and  ideas  are  developed  and  the  effi- 
ciency of  old  methods  studied  with  a  view  to  greater 
economy  of  production  and  value  of  output.  The 
importance  of  the  works  chemist  has  long  been  real- 
ized, and  his  usefulness  is  continually  augmented  by 
the  fact  that  customers  are  becoming  more  and  more 
exacting  in  their  requirements  for  purity  of  product 
and  more  and  more  insistent  that  standard  speci- 
fications be  accepted  and  fulfilled.  The  research 
chemist  has  until  recently  been  appreciated  only 
in  Germany,  but  America  is  fast  awakening  to  the 
real  basis  of  Germany's  industrial  progress  and  re- 
search laboratories  are  now  installed  by  large  numbers 
of  our  most  progressive  producers. 

It  is  probable  that  the  first  American  commer- 
cial laboratory  where  the  real  spirit  of  research  was 
fostered  by  the  company  itself  was  established  less 
than  ten  years  ago.  To-day  there  are  over  fifty  in 
active  operation  with  a  steadily  increasing  corps  of 
investigators,  and  one  at  least  has  passed  the  hun- 
dred mark  for  the  number  of  chemists  employed. 
These  laboratories  have  justified  their  existence 
and  in  every  instance  where  properly  trained  men 
have  been  secured  have  returned  the  investment 
many  fold.  Better  still,  they  have  kept  their  re- 
spective firms  far  ahead  of  their  competitors.  Other 
corporations,  less  wise  in  their  understanding  of  the 
requirements  of  the  situation,  have  thought  they 
were  establishing  laboratories  when  they  employed 
some  recent  graduate  at  one-tenth  the  salary  they 
would  pay  their  engineer  and  one-fiftieth  of  that 
they  would  allow  their  lawyer  and  have  expected 
him  to  revolutionize  the  business  within  a  twelve- 
month and  act  as  foreman  and  analyst  meanwhile. 
Sometimes  even  then  they  have  drawn  a  prize.  Re- 
search laboratories  are  also  being  fostered  by  the 
government    and    by    educational    institutions.      Even 


a    few    oi    our    more    progressive    consulting    labi 
tones     are     supporting     research     departments.      'I 
can    have  bu1    one   result,   which   is  that  American  in- 
dustry is  not  to  depend  alone  upon  unlimited  natural 
resources,    hut    also    upon    new    and    increasingly   effi- 
cient   methods    for    their   development.      Indeed 
cific    instances   of   wonderful    accomplishment   arc    i 
rare,    although    secrecy    as    to    results    is   too    often    in- 
sisted upon  and  maintained. 

A  few  instances  may  prove  of  interest.  A  chemist 
of  my  acquaintance  had  been  employed  for  years 
by  a  large  textile  company  that  saw  no  need  for  chem- 
ical research  and  kept  him  confined  almost  wholly 
to  passing  upon  the  quality  of  the  supplies  they 
bought.  It  happened  that  this  company's  engi- 
neers installed  an  open  pipe  line  through  which  raw 
cotton  was  blown  from  mill  to  mill  and  which  proved 
a  great  saving  over  the  previously  used  mode  of  trans- 
portation. Their  plan  worked  beautifully  until  the 
cold  days  of  the  late  fall  arrived,  when  moisture 
on  the  cotton  from  the  warm  mills  condensed  and 
freezing  to  the  large  galvanized  pipes  soon  caused 
a  stoppage.  This  was  removed,  to  be  immediately 
repeated,  and  it  was  evident  that  something-  must 
be  done  or  the  plan  abandoned  for  at  least  five  months 
of  the  year.  By  chance,  this  chemist  was  standing 
by  when  advice  was  given  by  the  local  engineers 
to  box  in  the  pipes  and  heat  with  other  pipes  carry- 
ing steam.  Knowing  some  of  the  principles  of 
elementary  physics,  he  modestly  suggested  that 
instead  they  open  the  window  that  happened  to 
be  near  and  blow  with  cold  air  inside  as  well  as 
outside  the  pipes.  Of  course,  there  was  then  no 
condensation  of  moisture,  the  pipes  worked  equally 
well  the  year  round  and  some  $14,000  of  con- 
struction was  rendered  unnecessary.  A  little  later 
a  specially  fine  grade  of  cloth  appeared  to  de- 
mand a  treatment  which  the  foreman  stated  could 
be  done  only  by  hand,  and  plans  were  drawn  for  a 
new  building  to  accommodate  seventy  additional 
laborers  for  the  purpose.  Profiting  by  experience, 
the  general  manager,  for  perhaps  the  first  time,  called 
his  chemist  into  conference,  with  the  result  that  the 
plans  were  temporarily  held  up  and  after  a  few  weeks 
finally  abandoned,  for  a  chemical  treatment  was 
accomplishing  easily,  cheaply  and  rapidly  the  work 
of  seventy  men.  It  is  useless  to  follow  the  case  fur- 
ther except  to  say  that  in  at  least  one  other  instance 
since  he  has  to  my  knowledge  saved  in  a  single  year's 
operation  of  a  new  process  more  than  the  company 
will  pay  him  in  his  lifetime.  He  is  now  appreciated 
by  his  employers  and  recompensed  in  some  measure 
of  his  value  to  them,  and  his  work  is  now  of  a 
research  character  with  helpers  for  the  routine. 

In  another  instance  the  vice-president  of  one  of 
our  large  corporations  told  me  that  in  the  first  year 
their  research  laboratory  was  established  one  thing 
accomplished  alone  netted  the  company  $80,000. 
Furthermore,  he  added  that  this  was  only  one  of 
dozen  improvements,  each  one  of  which  more  than 
paid  for  the  total  running  expenses  of  their  researcl 
work. 
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In  another  case  of  which  I  know,  a  young  and  well 
trained  chemist  was  sent  by  his  company  to  Amster- 
dam to  make  a  special  study  of  the  phase  rule  under 
Roozeboom.  They  were  manufacturers  of  soap,  and 
a  special  brand  they  made  was  subject  to  great  fluc- 
tuation in  cost  through  the  varying  price  of  one  of 
its  constituents.  On  his  return  to  the  laboratory 
he  was  able  to  apply  the  new  knowledge  he  had 
gained  in  such  a  manner  that  he  shortly  drew  a  chart, 
intelligible  even  to  the  foreman,  by  which  certain 
substitutions  were  made  as  the  market  varied  with- 
out altering,  in  any  way,  the  physical  character  of  the 
product,  a  result  which  had  before  been  impossible.  In 
the  first  year  something  over  $90,000  was  saved  thereby. 

While  these  are  only  a  few  of  the  cases  of  which 
I  have  personal  knowledge,  one  has  only  to  read  the 
exceedingly  interesting  address  of  Dr.  W.  R.  Whit- 
ney on  "Research  as  a  Financial  Asset"  to  be  im- 
mediately convinced  that  no  other  asset  is  more 
promising  for  investment.  He  casually  mentions 
the  fact  that  although  the  expense  of  the  research 
laboratory  of  the  General  Electric  Company  is  now 
considerably  in  excess  of  $100,000  a  year,  it  has  been 
a  good  expenditure  of  money.  As  the  result  of  the 
work  on  improvement  in  incandescent  lamps  alone, 
very  largely  brought  about  in  his  laboratory,  some 
$240,000,000  a  year  are  saved  to  the  consumers  of 
electricity  by  the  greater  efficiency  of  operation. 
He  mentions  also  another  case  where  a  corporation 
had  saved  by  the  results  of  its  research  men  over 
$800,000  a  year  and  cites  many  other  instances  minor 
only  by  comparison. 

In  closing,  I  want  again  to  call  attention  to  his- 
tory and  sound  a  warning  to  all  young  chemists  here 
to-night.  It  has  often  been  said  that  the  reason 
that   Germany   has   forged   so   far   ahead   of   England 


in  her  industrial  development  is  that  German  manu- 
facturers have  always  appreciated  brains  and  that 
pure  scientific  research  has  been  encouraged  to  go 
hand  in  hand  with  the  industry.  England,  on  the 
other  hand,  has  believed  in  the  "practical  man" 
and  their  manufacturers  have  had  little  sympathy 
with  the  theoretically  inclined.  In  America  we 
have  both  kinds,  not  only  among  our  manufacturers 
but  among  the  chemists  they  employ.  Many  are 
coming  nearer  to  the  German  idea  and  they  are  the 
ones  that  are  succeeding. 

As  Secretary  of  the  American  Chemical  Society, 
I  have  many  queer  experiences,  but  none  have 
proved  more  enlightening  than  letters  received  and 
conversations  held  with  certain  industrial  chemists 
on  the  one  hand  who  laugh  at  the  phase  rule,  the 
mass  law  and  the  general  application  of  advanced 
theory  and  who  openly  state  that  they  believe  the 
Journal  of  the  American  Chemical  Society  is  a  waste 
of  good  paper,  while  on  the  other  hand  certain  so- 
called  pure  scientists,  too  often  speaking  from  a  ped- 
estal raised  by  themselves  and  their  admirers,  sneer 
at  the  application  of  their  own  science  and  consider 
them  and  the  journal  in  which  they  find  place  quite 
unworthy  of  their  time  and  notice.  Fortunately 
the  number  of  each  is  small  and  is  decreasing.  I 
am  sure  there  are  none  such  in  this  audience,  but 
I  am  sure  that  in  so  far  as  your  knowledge  of  the 
theory  of  our  science  is  complete  and  your  ability 
to  apply  your  knowledge  develops,  just  so  far  will 
you  measure  up  as  a  successful  man. 

Our  science  has  progressed  so  far  that  each  one 
of  us  must  specialize  to  cover,  even  passably,  our 
particular  field,  biit  this  can  never  excuse  us  for  a 
lack  of  sympathy  with  our  honest  co-workers.  It  is 
only  arrogance  and  ignorance  that  assume  omniscience. 


PERKIN  MEDAL  AWARD. 


The  Perkin  Medal  was  conferred,  December  19th, 
in  Rumford  Hall,  Chemists'  Club,  New  York,  on  Mr. 
Herman  Frasch  for  distinguished  services  in  the  fields 
of  Applied  Chemistry. 

Mr.  Frasch's  inventions  in  connection  with  the 
purification  of  sulphur  oils  of  Canada  and  the  Ohio 
field,  and  also  his  invention  of  a  method  and  the  de- 
velopment of  the  mining  operations  in  the  sulphur 
fields  of  Louisiana,  are  fully  discussed  in  the  Presenta- 
tion Address  by  Professor  Chandler,  and  the  acknowl- 
edgment by  Mr.  Frasch.  An  additional  feature  of  the 
urogram  was  an  address  on  the  "Geology  of  the  Sulphur 
md  Sulphur  Oil  Deposits  of  the  Coastal  Plain,"  by 
Captain  A.  F.  Lucas,  and  an  address  by  Mr.  F.  H. 
Pough,  of  the  Union  Sulphur  Company,  on  the  opera- 
:ions  of  their  mines  in  Louisiana.  Mr.  Pough's  address 
vas  illustrated  by  lantern  slides  and  moving  pictures 
:aken  at  the  sulphur  mines  as  late  as  Saturday.  Janu- 
iry    13th.  — [Editor.] 

INTRODUCTION. 

By  M.  C.   Whitaker,  Chairman 

The  Perkin    Medal,  established    to    perpetuate    the 


memory  of  the  founder  of  a  great  chemical  industry, 
is  again  to  be  awarded  for  distinguished  service  in 
the  field  of  applied  chemistry.  Sir  William  Perkin 
expressed ,  deep  appreciation  to  his  fellow  workers 
in  America  for  the  honor  paid  him  on  the  occasion 
of  its  establishment.  The  full  wisdom  of  the  plan 
is  slowly  unfolding  to  us  as  we  see,  year  after  year, 
our  chemists  gather  in  these  halls  to  single  out  and 
honor  a  distinguished  member  of  our  profession. 

A  committee  representing  the  chemical  organiza- 
tions of  America,  a  body  of  men  selected  for  their 
wide  knowledge  and  experience  in  chemical  and 
industrial  development,  deliberate  and  select.  Merit 
and  achievement  alone  determine  their  choice. 

Dr.  Chandler,  we 'present  to  you,  as  the  Past  Presi- 
dent of  the  Society  of  Chemical  Industry,  and  as 
the  officer  wisely  designated  in  the  rules  of  the  So- 
ciety to  make  the  presentation  address,  the  unani- 
mous choice  of  the  committee.  You,  better  than 
any  other  member  of  our  "profession,  can  speak  with 
knowledge  and  with  admiration  of  the  scientific 
achievements  of  our  distinguished  guest  of  this  oc- 
casion, Mr.  Herman  Frasch. 
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PRESENTATION  ADDRESS. 

By  C  F.  Cm  .win  i  i 

Mr.  Chairman,  Brother  Chemists,  and  Mr.  Frasch: 

It  is  my  very  pleasant  privilege  as  the;  senior  Past. 
President  of  the  Society  of  Chemical  Industry,  re- 
siding in  this  country,  to  present  to  Mr.  Herman 
Frasch,  on  behalf  of  the  Perkin  Medal  Committee 
of  the  Associated  Chemical  and  Electro-Chemical 
Societies  of  America,  the  sixth  impression  of  the 
Perkin  Gold  Medal,  in  recognition  of  his  most  valuable 
work  in  Applied  Chemistry. 

Herman  Frasch  was  born  in  Gaildorf,  in  Wuertem- 
berg,  in  1852.  In 
1868  he  took  up  the 
practice  of  Phar- 
macy, came  to  Amer- 
ica, and  was  placed 
in  charge  of  the  lab- 
oratory of  Professor 
Maisch  at  the  Phila- 
delphia College  of 
Pharmacy.  He 

found,  however,  that 
Industrial  Chemistry 
interested  him  much 
more  than  Pharma- 
ceutical Chemistry, 
and  in  1874  he  es- 
tablished a  labora- 
tory of  his  own. 
Here  began  the 
studies  and  inves- 
tigations which  re- 
sulted in  some  of  the 
most  important 
achievements  ever 
accomplished  in  in- 
dustrial chemistry. 

In  1876,  at  the 
age  of  twenty-four, 
he  evolved  a  process 
for  refining  paraffin 
wax  which  was  pur- 
chased by  a  Cleve- 
land Petroleum  Com- 
pany, affiliated  with 
the  Standard  Oil 
Company.  These 
companies  were  so 
well  pleased  with  his 
first  invention  that 
they  induced  him  to 

give  up  his  work  in  Philadelphia,  move  to  Cleveland, 
and  make  the  petroleum  industry  his  specialty. 
He  devoted  himself  assiduously  to  the  refining  of 
petroleum,  and  made  many  improvements  in  the 
processes  in  use,  for  some  of  which  he  sought 
and  obtained  patents.  The  first  was  applied  for 
December  15,  1876,  when  he  was  but  twenty-four 
years  of  age.  It  was  for  an  improvement  in  appa- 
ratus and  processes  for  the  separation  and  treatment 
of  oils,  by  more  completely  separating  the  more  vola- 


HERMAN  FRASCH, 

PERKIN    MEDAL    1912. 


tile  constituents  from  the  less  volatile,  in  order  to 
increase  the  density,  improve  the  fire  test,  sweeten 
the  odor,  and  otherwise-  improve  the  quality.  This 
was  followed  by  further  applications  for  additional 
improvements  for  the  same  purpose.  Five  such 
patents  were  applied  for  between  1876  and  1885, 
all  of  which  were  granted. 

lie  also  obtained  a  patent  in  1884  for  the  manu- 
facture of  waxed  paper,  a  material  saturated  with 
paraffin  which  has  found  a  great  variety  of  appli- 
cations. In  1885,  Mr  Frasch  invented  an  improved 
petroleum  oil  lamp. 

'  )ur  great  inven- 
tor's attention  was 
not,  however,  con- 
fined to  petroleum. 
In  1882  he  invented 
a  process  for  manu- 
facturing white  lead 
directly  from  the 
Galena  ore.  In  the 
same  year  he  de- 
voted considerable 
attention  to  improv- 
ing the  processes  and 
apparatus  for  manu- 
facturing salt,  a  sub- 
ject which  continued 
to  occupy  his  atten- 
tion for  several  years. 
Five  patents  for  his 
improvements  in  this 
industry  were  ap- 
plied for  in  the 
years""i882  to  1899, 
and  [subsequently 
granted. 

He  also  studied  the 
ammonia  process  for 
making  carbonate  of 
soda  from  salt,  and 
between  1882  and 
1886  applied  for  four 
patents  for  improve- 
ments, all  of  which 
were  granted. 

In  1883  Mr.  Frasch 
devised  a  very  in- 
genious invention  of 
a  process  of  making 
elements  for  thermal 
electric  generators, 
which  was  granted  the  same  year.  In  the  same  year 
he  obtained  two  patents  for  the  manufacture  of  a 
superior  carbon  for  electric  light  carbons,  and  car- 
bons for  other  purposes,  from  "wax  tailings"  or 
"still  wax"  by  treating  the  same  with  nitric  or  sul- 
phuric acid  in  a  specially  designed  furnace. 

Mr.  Frasch's  contracts  with  the  various  oil  com- 
panies expired  in  1885,  and  he  then  moved  to  Lon- 
don, Ontario,  where  he  went  into  business  for  himself, 
forming    the    Empire    Oil    Co.     It    was   here   that   he 
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.solved  the  Canadian  oil  problem,  by  devising  a  sim- 
ple process  by  which  the  offensive  oils  of  Canada  and 
Ohio  could  be  made  so  pure  that  they  became  as 
valuable  as  the  Pennsylvania  oil.  There  had  never 
been  any  difficulty  in  treating  Pennsylvania  oil  so 
as  to  obtain  perfectly  sweet  gasolene,  benzine,  naph- 
tha, burning  oil,  lubricating  oil,  and  paraffin,  for 
the  simple  reason  that  these  oils  were  practically 
free  from  sulphur.  But  the  Canadian  and  Ohio  oils 
contained  about  one  per  cent,  of  sulphur,  in  such 
offensive  combinations  that  it  was  impossible  to  ob- 
tain from  them,  by  the  customary  processes  of  treat- 
ment, products  that  could  be  marketed,  so  they 
were  only  available  for  fuel  purposes.  Many  chemists 
attacked  the  problem  of  deodorizing  those  oils  by 
decomposing  the  sulphur  compounds;  many  processes 
were  devised  and  patented,  but  not  one  of  them  was 
satisfactory  until  Mr.  Frasch  began  to  study  the  sub- 
ject. On  February  1,  1887,  he  applied  for  his  first 
patent  for  "Refining  Canadian  and  similar  Petroleum 
Oils,"  and  by  December  31,  1894,  had  applied  for 
twenty  patents  for  his  inventions  in  connection  with 
this  subject,  all  of  which  were  granted.  The  essence 
of  his  invention  consisted  in  distilling  the  different 
products  of  the  fractional  distillation  of  the  crude 
oil,  with  metallic  oxides,  especially  oxide  of  copper, 
by  which  the  sulphur  was  completely  removed,  by 
entering  into  combination  with  the  copper,  while 
the  oils  distilled  over  as  odorless  and  sweet  as  those 
from  the  best  Pennsylvania  oil.  The  process  was 
comparatively  inexpensive,  as  Frasch  devised  simple 
processes  for  separating  the  sulphide  of  copper  from 
the  residuum,  and  restoring  it  by  roasting  to  its  origi- 
nal condition,  making  it  possible  to  use  it  over  and 
over  again  on  fresh  lots  of  oil. 

It  was  in  the  works  of  the  Empire  Oil  Co.  that 
Mr.  Frasch  solved  the  problem  of  raising  the  terribly 
offensive  sulphur-containing  oils  of  Canada  and  Ohio 
from  the  low  grade  of  fuel  oils,  to  the  highest  grade 
of  purest  oil.  He  had  the  process  in  operation  on 
a  large  scale,  when  in  May,  1888,  the  Standard  Oil 
Co.  purchased  his  patents  after  they  had  been  thor- 
oughly investigated  and  tested  by  their  experts. 
The  Company  bought  the  works  of  the  Empire  Oil 
Co.  at  London,  Ontario,  and  proceeded  at  once  to 
construct  large  works  for  carrying  out  Frasch 's  in- 
ventions at  Lima,  Cleveland,  Whiting,  Olean,  Phila- 
delphia and  Bayonne.  Mr.  Frasch  received  in  pay- 
ment, stock  of  the  Standard  Oil  Co.  selling  at  that 
time  for  168  and  paying  7  per  cent.  After  his  pro- 
cess had  been  thoroughly  established,  he  sold  half 
his  stock  at  820,  and  the  Company  had  been  paying 
for  some  time  40  per  cent,  instead  of  7  per  cent. 

When  one  considers  that  the  capital  of  the  Stand- 
ard Oil  Co.  was  one  hundred  million  dollars,  the  pe- 
cuniary return  from  the  Frasch  process  in  the  in- 
creased value  of  the  stock,  and  the  greatly  increased 
dividends,  assumes  gigantic  proportions. 

In  addition  to  the  advantages  to  the  owners  of  the 
stock  of  the  Standard  Oil  Co.,  there  were  a  host  of 
others  who  profited  to  an  enormous  extent.  Frasch's 
process  sent  up  the  price  of  crude  Ohio  oil  from    14 


cents  a  barrel  to  $r.oo  and  above,  thus  benefitting 
the  farmers  and  oil  producers  of  Ohio,  Indiana  and 
Illinois;  and  also  by  greatly  increasing  the  demand 
for  this  kind  of  oil,  until  the  production  of  this  field 
went  up  to  90,000  barrels  per  day,  giving  an  increase 
in  return  to  the  land-  and  well-owners  of  untold  mil- 
lions of  dollars. 

Other  inventions  of  Mr.  Frasch  in  connection  with 
petroleum  refining  are: 

1890. — A  process  for  removing  from  the  heavier 
burning  fraction  of  the  oil,  the  sulphuric  acid  taken 
up  during  the  acid  treatment  by  the  cracked  prod- 
ucts. This  he  accomplished  by  distillation  with 
lime. 

1895. — Processes  for  increasing  the  flow  of  oil  wells. 
The  Pennsylvania  oil  wells  occur  in  the  Devonian 
sandstone,  and  in  order  to  rejuvenate  an  exhausted 
well,  it  had  long  been  customary  to  shatter  and  crack 
the  surrounding  rock  by  exploding  one  or  several 
hundred   quarts  of  nitroglycerine   at  the  bottom. 

In  Ohio,  Indiana  and  Illinois,  the  wells  occur  at 
a  imich  deeper  geological  horizon,  in  the  Silurian 
limestones.  Frasch  substituted  sulphuric  or  hydro- 
chloric acid  in  place  of  nitroglycerine  for  the  pur- 
pose of  rejuvenating  the  exhausted  wells,  one  proving 
best  in  some  localities,  the  other  in  other  localities,  as 
one  yields  insoluble  calcium  sulphate,  and  the  other 
soluble  calcium  chloride. 

By  plugging  the  wells  after  the  acid  has  been  poured 
down,  the  pressure  of  the  carbonic  acid  gas  forces 
the  acid  through  the  most  minute  cracks,  which  were 
thus  widened  so  as  to  open  communication  with  new 
cavities  of  supply. 

1900. — The  application  of  live  steam  to  remove 
completely  the  gasoline,  naphtha  and  benzine  from 
the  burning  oil  in  the  process  of  distillation,  in  order 
to  raise  the  fire  tests. 

1902. — A  process  for  treating  the  peculiar  crude 
oil  of  Fresno  Co.,  California,  so  as  to  remove  the 
valuable  aromatic  hydrocarbons  which  it  contains: 
Benzol,    toluol,    xylol,    mesitylene    and    naphthalene. 

1902. — A  process  by  which  it  is  made  possible  to 
secure  a  satisfactory  burning  oil,  from  the  peculiar 
crude  oil  of  Beaumont,  Jefferson  Co.,  Texas,  which 
consists  on  washing  out  of  the  burning  oil  frac- 
tion, its  peculiar  smoke  producing  hydrocarbons,  by 
means  of  wood  alcohol. 

1899. — Improved  processes  to  bring  to  the  surface 
by  solution,  the  rock  salt  reached  by  boring. 

1894. — Process  for  purifying  solvent  extracted  oils, 
having  special  reference  to  linseed  oil,  consisting  in 
removing  the  solvent  naphtha  from  the  oil  by  low 
tension  steam  in  a  partial  vacuum. 

1895. — Improvements  in  mining  gold  or  like  metal, 
which  consist  in  saturating  strata  containing  the 
diffused  metal  with  an  aqueous  solution  of  a  suitable 
solvent,  the  final  solution  being  subsequently  drawn 
from  wells  or  borings  through  the  strata. 

On  the  23rd  of  October,  1890,  Mr.  Frasch  applied 
for  a  patent  for  an  epoch-marking  improvement  in 
the  sulphur  industry.  It  had  long  been  known  that 
there  was  a   large   deposit   of  native   sulphur  in   Cal- 
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Parish,   Louisiana,  al   a  depth  oJ  one  thousand      To  Mu.  Prasch: 


feel  below  the  surface.  Hut  all  attempts  to  gel  a1 
the  deposil  and  bring  the  sulphur  to  the  surface  had 
failed  completely,  on  accounl  ol  the  layers  oi  quick 
sand  above  the  deposit.  Mr.  Prasch  evolved  the 
idea  of  melting  the  sulphur  in  place,  by  means  of 
superheated  water  forced  down  a  boring,  and  forcing 
the  melted  sulphur  to  the  surface,  through  an  inner 
tube.  During  the  period  beginning  October  23,  1890, 
to  February  <>,  1005,  Frasch  has  applied  for  ten  pat- 
ents for  his  inventions  of  apparatus  and  processes 
for  accomplishing  this  result. 

His  efforts  have  been  entirely  successful.  The 
Union  Sulphur  Co.  was  organized,  he  secured  con- 
trol of  the  sulphur  deposit,  set  up  the  batteries  of 
boilers,  bored  the  wells,  built  the  railroad  to  carry 
the  sulphur  to  the  seaboard,  and  the  docks  at  Sabine 
Pass,  for  the  ships  which  deliver  the  sulphur  to  the 
seaboard. 

There  are  seven  batteries  of  boilers,  each  of  which 
runs  a  well.  A  single  well  delivers  about  four  hun- 
dred and  fifty  tons  of  sulphur  per  day.  In  a  two- 
months  test,  six  wells  delivered  one  hundred  and 
twenty-two  thousand  tons  of  sulphur,  proving  the 
capacity  of  the  mines  to  exceed  the  entire  consumption 
of  the  world. 

The  sulphur  is  pumped  into  bins  about^  fifty  feet 
high  constructed  of  planks,  where  it  congeals  and 
forms  a  block  of  from  seventy-five  thousand  to  one 
hundred  and  fifty  thousand  tons,  over  ninety-nine 
per  cent,  pure  sulphur.  The  planks  are  subsequently 
removed,  the  huge  block  is  broken  up  by  blasting, 
and  the  sulphur  is  loaded  directly  into  the  cars  by  a 
scooping  derrick  which  picks  up  two  tons  at  a  time. 

The  effect  of  this  work  on  the  imports  of  sulphur 
into  the  United  States  is  very  far-reaching,  as  will 
be  seen  in  the  following  figures,  showing  imports  and 
exports  of  sulphur  into  and  from  the  United  States. 


Imports. 
Tons. 


1903. 
1907. 


Exports. 
Tons, 
none 
35 , 000 


At  present  the  Louisiana  Deposit  supplies  this 
country  with  sulphur,  and  might  supply  large  quan- 
tities to  European  countries.  Fortunately  the  Corn- 
pan}-  is  owned  by  a  few  broad-minded  and  large- 
hearted  men,  who  could  not  be  induced  to  bring  star- 
vation and  ruin  upon  .the  two  hundred  and  fifty 
thousand  people  dependent  upon  the  mining  of  sul- 
phur in  Sicily. 

Ninety  per  cent,  of  the  stock  of  the  Union  Sul- 
phur Co.  is  owned  by  Herman  Frasch.  the  estates 
of  H.  McK.  Twombly,  Abram  H.  Hewitt  and  Ed- 
ward Cooper  and  Mr.  L.  H.  Severance. 

I  have  presented  to  you  very  briefly  the  great 
achievements  of  Mr.  Frasch  in  the  field  of  Applied 
Chemistry,  but  quite  fully  enough  to  satisfy  you 
that  your  Committee  is  fully  justified  in  placing  Mr. 
Frasch  by  the  side  of  Sir  William  Perkin,  as  one  of 
our  greatest  Industrial  Chemists  and  Chemical  Engi- 
neers. 


It    gives   me  great   pleasure,   as   the   re] it 

"i  the  Society  ol  Chemical  fndustry,  ifnliated 

Chemical  and  Electro-Chemical  Societii  to  placi 
in  your  hands  this  beautiful  token  of  the  apprecia- 
tion and  affection  of  your  Fellow  Chemists. 

ADDRESS  OF   ACCEPTANCE. 
By  Herman  Prasch. 

Mr.  Chairman,  Ladies  and  Gentlemen: 

When  I  received  the  notification  that  I  had  been 
awarded  the  Perkin  medal,  I  was  most  happily  sur- 
prised. I  recognize  and  appreciate  fully  the  honor 
and  distinction  which  the  medal  conveys,  and  I  wish 
to  express  my  sincere  thanks  and  appreciation  to 
the  members  of  the  Awarding  Committee  and  to  the 
Societies  which  they  represent. 


Very  little  is  known  of  the  impurities  contained 
in  petroleum.  They  influence  the  price,  however, 
to  a  remarkable  degree.  The  best  illustration  of  this 
is  the  case  of  Ohio  oil.  This  contains  about  0.7.5  Per 
cent,  of  sulphur,  and  before  my  desulphurizing  pro- 
cess was  known  sold  at  14  cents  per  barrel,  while 
Pennsylvania  oil,  with  a  sulphur  content  of  only 
0.03  per  cent.,  sold  at  $2.25  at  the  same  time.  Sul- 
phur affects  the  value  of  petroleum  in  a  greater  de- 
gree than  phosphorus  does  that  of  iron  ore. 

One  of  the  oils  which  contains  an  objectionable 
amount  of  sulphur  is  that  found  near  Pretolia,  On- 
tario. It  is  the  only  crude  that  has  been  found  in 
the  Dominion  of  Canada.  When  this  oil  was  first 
discovered  in  1868,  it  was  refined  in  the  usual  way — 
treated  with  sulphuric  acid  and  soda,  and  then  put 
on  the  market.  The  result  was  disastrous.  The 
odor  emanating  from  the  oil  was  very  offensive  and 
penetrating,  so  much  so  that  the  cargoes  of  ships  carry- 
ing flour  and  bacon,  anchored  near  a  vessel  loaded 
with  Canadian  oil,  were  spoiled,  as  the  flour  and  bacon 
absorbed  this  odor.  Law-suits  based  upon  these 
facts  were  decided  against  the  shippers  of  Canadian 
oil,  and  all  export  ceased.  In  order  to  protect  the 
home  industry,  the  Canadian  Government  imposed 
a  duty  of  9  cents  per  gallon  on  Pennsylvania  oil, 
but  in  spite  of  this  almost  prohibitive  duty,  half  the 
oil  consumed  in  Canada  was  imported  from  Pennsyl- 
vania. 

The  offensive  odor  of  this  oil,  moreover,  was  not 
its  only  objection.  It  had  also  the  property  of  de- 
positing soot  upon  the  lamp  chimney,  so  that  a  large 
percentage  of  the  light  emitted  by  the  flame  was  lost. 

The  Canadian  Government,  as  well  as  the  Cana- 
dian producers  and  refiners,  made  every  effort  to 
discover  a  method  by  which  the  objectionable  prop- 
erties of  this  crude  oil  could  be  eliminated,  but  practi- 
cally nothing  has  been  accomplished  in  twenty  years, 
except  perhaps  in  the  matter  of  covering  up  the  odor, 
when  in  1885  I  bought  a  refinery  in  Canada  and  made 
a  thorough  investigation  of  the  character  of  this 
crude  and  decided  to  discover  a  remedy,  if  possible. 
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This  dreadful  odor,  which  the  Canadians  called 
"skunk,"  arose  from  a  peculiar  hydrocarbon-sul- 
phur compound,  and  the  clouding  of  the  lamp  chim- 
ney was  due  to  its  sulphur  content.  The  sulphur 
in  the  oil  burned  into  sulphuric  acid,  which  condensed 
against  the  lamp  chimney,  and  any  unconsumed 
carbon  of  organic  particles  in  the  air  would  adhere 
thereto  and  form  this  objectionable  soot.  To  remove 
the  sulphur  from  the  oil  completely  meant  the  elimi- 
nation of  the  smoke  as  well  as  odor,  and  when  this 
was  effected  the  oil  furnished  an  illuminant  equal 
in  quality  to  the  best  Pennsylvania. 

To  free  petroleum  of  elementary  sulphur  or  hy- 
drogen sulphide  presents  comparatively  little  diffi- 
culty, but  the  sulphur  compound  which  is  the  cause 
of  this  offensive  odor  is  very  stable  and  cannot  be 
broken  up  into  hydrogen  sulphide  or  any  other  sul- 
phur compound  which  can  be  eliminated.  It  was 
because  of  the  presence  of  this  peculiar  compound 
that  Canadian  oil  for  so  many  years  resisted  all  the 
efforts  made  to  refine  it. 

This  sulphur  compound  has  the  peculiarity  of  dis- 
solving a  number  of  metallic  oxides.  When  the  oil 
is  saturated  with  all  the  oxide  it  can  carry  in  solu- 
tion,- the  disagreeable  odor  disappears.  It  reappears, 
however,  if  an  attempt  is  made  to  free  the  solution 
of  its  metal.  I  found  that  this  solution  of  metal  in 
petroleum  has  an  intense  affinity  for  sulphur,  and 
also  that  when  a  portion  of  the  sulphur  has  been 
precipitated  with  the  metal  as  a  sulphide,  additional 
quantities  of  metal  oxide  can  go  into  solution.  If 
more  oxide  than  that  necessary  to  precipitate  all 
the  sulphur  is  added  to  the  petroleum  while  it  is  being 
distilled,  a  complete  desulphurization  of  the  petro- 
leum is  effected. 

When  this  petroleum  solution  is  made  with  water- 
white  petroleum  distillate,  which  has  been  freed  of 
elementary  sulphur  and  hydrogen  sulphide,  the  solu- 
tions assume  colors  characteristic  of  each  metal. 
The  lead  solution  is  a  canary-yellow ;  mercury,  orange ; 
copper,  blood-red ;  silver,  brown. 

I  selected  copper  as  the  metal  most  suitable — first 
because  it  dissolves  in  the  petroleum,  and  in  the 
second  place  because  of  the  readiness  with  which 
the  sulphide  of  copper  can  be  reconverted  into  oxide. 
When  the  laboratory  work  had  been  completed, 
I  applied  for  letters  patent  and  erected  a  1,200  barrel 
still,  carrying  on  the  process  on  a  large  scale.  The 
shell  of  the  still  was  22  feet  in  diameter  and  16  feet 
high,  and  was  supplied  with  a  stirring  device  which 
kept  the  copper  in  suspension  while  distillation  was 
carried  on.  After  80  per  cent,  of  the  contents  of 
the  apparatus  was  distilled,  the  remainder,  when 
cool,  was  pumped  through  a  filter  press.  The  solid 
portion  was  ignited  and  roasted,  while  the  liquid 
residuum  was  mixed  with  a  new  charge  of  revivified 
oxide  of  copper  to  be  used  for  the  desulphurizing 
of  a  further  quantity  of  sulphur-containing  distillate. 
I  used  a  shelf  furnace,  operated  by  hand,  to  roast 
the  resulting  sulphide  of  copper.  In  this  manner  I 
produced  a  burning  oil  containing  0.02  per  cent, 
sulphur,      which      is      the      percentage     contained      in 


Pennsylvania  oil  of  similar  specific  gravity,  while 
Canadian  oil,  refined  by  the  ordinary  method,  has  a 
sulphur  content  of  0.6  per  cent. 

It  was  about  this  time  that  oil  almost  identical 
with  the  Canadian  was  discovered  in  Ohio,  and  while 
the  question  of  refining  Canadian  oil  was  interesting, 
the  problem  became  intensely  important  when  30,000 
barrels  per  day  were  being  produced  in  Ohio.  The 
new  field  proved  to  be  very  extensive,  and  the  Stand- 
ard Oil  Company  bought  property  near  Lima,  Ohio, 
upon  which  they  erected  a  large  refinery.  They 
disregarded  the  enormous  difference  in  the  sulphur 
content  of  Pennsylvania  and  Ohio  oils,  decided  to 
refine  the  latter  in  the  usual  way  and  put  it  on  the 
market.  When  the  refined  product  had  been  dis- 
tributed among  their  customers,  it  all  came  back  as 
unfit  for  use.  Every  effort  was  made  to  solve  the 
difficult  problem,  but  in  1887,  after  two  years  of  ex- 
perimentation and  with  all  the  skill  which  the  Stand- 
ard Oil  Company  could  call  to  their  assistance,  it 
was  decided  that  no  illuminating  oil  could  be  made 
from  Ohio  crude  and  that  it  was  fit  only  for  fuel. 
A  pipe  line  for  this  purpose  was  built  to  Chicago, 
and  long-term  contracts  made  at  14  cents  per  barrel. 

My  patents  had  now  been  granted  and  I  was  selling 
refined  Canadian  oil  with  a  guarantee  that  it  would 
burn  equal  to  the  best  Pennsylvania.  After  an  in- 
vestigation which  convinced  them  that  I  had  solved 
this  problem,  the  Standard  Oil  Company  bought 
my  patents  and  my  refinery,  and  as  soon  as  possible 
Lima,  Cleveland,  Whiting,  Philadelphia  and  Bayonne 
were  refining  oil  by  the  new  method. 

The  Ohio  field  was  found  to  extend  into  Indiana 
and  the  production  increased  to  90,000  barrels  per 
day.  The  price  of  this  crude  went  up  to  nearly  $1.00 
per  barrel,  fluctuating  between  60  cents  and  $1.00 
for  a  great  many  years.  The  advantage  resulting 
from  the  ability  to  use  these  oils  for  illuminants  did 
not  stop  with  the  large  profits  of  the  Standard  Oil 
Company,  but  the  farmers  and  oil  producers  of  Ohio 
and  Indiana  benefitted  by  the  enormous  advance 
in  the  value  of  Ohio  crude,  which  amounted  to  many 
millions  of  dollars  per  year. 

METHODS    OF    DESULPHURIZATION'. 

In  desulphurizing  petroleum,  the  oxide  of  copper 
is  mixed  with  the  petroleum  distillate  in  a  still  sup- 
plied with  an  upright  shaft  and  arms  radiating  there- 
from, to  keep  the  oxide  in  agitation  during  the  pro- 
cess of  distillation,  flexible  chains  attached  to  the 
arms  being  used  to  prevent  the  copper  from  adhering 
to  the  bottom  of  the  still.  One  hundred  thousand 
pounds  of  oxide  of  copper  are  used  for  the  first  charge 
of  2,000  barrels  of  distillate.  After  80  per  cent,  has 
been  distilled  off,  a  new  charge  of  distillate  is  added 
with  an  additional  charge  of  30,000  pounds  of  copper, 
which  is  followed  by  two  further  runs,  so  that  about 
200,000  pounds  of  copper  material  are  in  the  still  when 
the  fourth  run  is  made.  The  residuum  is  pumped 
through  a  filter  press,  and  the  solid  product  of  the 
filter  press  has  the  oil  adhering  thereto  burned  off. 
The    dry    mixture  of  oxide  and  sulphide  of  copper  is 
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then  pul  into  .1  roasting  furnace,  where  it  is  desul- 
phurized i"  1  per  rent,  or  less. 

A  variation  of  m\    method  treats  the  vapor  c ing 

from  a  still  charged  with  crude  petroleum,  and  con- 
sists in  passing  the  vapor  through  two  brushes  made 

oi  No,  10  steel  wire,  the  brushes  being  51/,  feet  in 
diameter  and  i  (>  feel  long.  They  are  inserted  into 
a  shell  which  is  almost  the  same  diameter  as  the 
brush,  and  the  requisite  amounts  of  copper  and  heavy 
oil  are  pumped  into  two  shells,  eaeli  containing  one 
brush.  The  vapor  passes  in  series,  first  around  the 
shell  to  prevent  condensation;  then  through  the  shells 
on  to  the  condenser.  The  brushes  are  made  to  re- 
volve at  about  six  revolutions  per  minute.  These 
wires  immersing  continually  in  this  oxide  of  copper 
magma,  the  shells  containing  the  brushes  are  sur- 
rounded by  the  vapor  coming  from  the  still,  and  as 
the  temperatures  of  the  vapors  increase,  anything 
condensed  thereon  during  the  prior  period  is  re- 
evaporated  by  the  hotter  vapor  following. 

Both  these  processes  are  now  in  operation  at  dif- 
ferent works. 

ROASTING    FURNACE. 

When  the  question  of  supplying  the  copper  neces- 
sary for  the  works  at  Lima  was  under  discussion,  it 
was  found  that  160  furnaces,  such  as  I  used  in  Canada, 
would  be  required  to  do  the  work.  In  order  to  avoid 
the  handling  and  transportation  involved  in  such 
a  gigantic  furnace  plant,  I  was  obliged  to  construct 
a  mechanical  roasting  furnace  of  a  capacity  in  con- 
formity with  the  magnitude  of  the  business. 

To  eliminate  the  difficulties  of  the  warping  of  the 
shaft  and  the  arms  which  had  caused  the  failure  of 
the  McDougal  furnace,  I  constructed  a  stirring  device, 
the  shaft  and  arms  of  which  were  cooled  artificially 
to  withstand  the  high  temperature  of  the  roasting 
furnace.  I  first  forced  air  as  a  cooling  medium  through 
the  stirring  device,  but  found  that  the  oxidation  of 
the  sulphide  of  copper  and  the  carbon  from  the  re- 
siduum of  the  petroleum  produced  a  temperature 
even  higher  than  that  of  the  ordinary  pyrites  fur- 
nace. It  therefore  became  necessary  to  substitute 
hot  water  for  air  as  a  cooling  medium,  which  proved 
very  satisfactory.  This  made  possible  an  increase 
in  the  size  of  the  furnace  to  16  feet  inside  diameter, 
and  to-day  these  shafts  and  arms  are  connected  with 
steam  drums  and  are  used  like  a  water  tube  boiler, 
so  that  the  surplus  heat  extracted  from  the  stirring 
device  of  the  roasting  furnace  is  converted  into  steam 
and  utilized  in  the  plant.  The  capacity  of  a  furnace 
is  fifty  tons  per  day,  and  four  to  six  are  used  in  one 
refinery.  After  the  copper  has  been  revivified,  it 
is  ground  and  mixed  with  residual  oil  from  the  filter 
press.  In  this  manner  the  copper  charge  is  pumped 
into  the  still  which  may  be  half  a  mile  away.  During 
the  twenty  years  that  this  process  has  been  in  opera- 
tion many  millions  of  barrels  of  oil  have  been  de- 
sulphurized. 

CALIFORNIA    OIL. 

In  1902  the  California  field  became  important, 
and  it  was  discovered  that  another  oil  which  smoked 
chimneys  had  to  be  refined.     This  oil,  however,  was 


practically  tree  from  sulphur,  the  smoke  being  due 
to  a  large  percentagi  oi  the  aromatic  series  ol  hydro- 
carbons and    to   1  he   £ac1    thai    ill'     percentage   ol    hy- 

drogen   to  carbon  was  too  small  to  maintain   the  lb 
temperature   neeessarv    to   consume   all    the   carbon.       [ 
ascertained     further    that     sulphuric    anhydride     ■■ 
verts    the    aromatic    series    into    sulpho    products,    in- 
soluble   in    petroleum,    and    tli.it    by    treating    the    dis- 
tillates from   the  crude  oil   with   sulphuric  anhydrid< 
the   members  of   the  aromatic  scries  in   the  petroleum 
can  readily  be  extracted. 

Tlie  existence  of  a  petroleum  containing  nearly 
50  per  cent,  of  the  coal-tar  products  is  intensely  in- 
teresting, especially  in  view  of  the  theories  advanced 
upon  the  origin  of  petroleum.  The  percentage  of 
these  hydrocarbons  in  the  crude  varies  from  the 
percentage  contained  in  coal  tar,  benzol  existing 
in  a  smaller  proportion  than  toluol,  while  xylol  rep- 
resents 7  per  cent,  of  the  volume  of  the  crude.  Naph- 
thalene, entirely  free  from  all  traces  of  carbolic  odor, 
is  quite  prominent,  while  anthracene  and  carbolic 
acid  are  entirely  absent. 

I  employed  numerous  methods  for  separating  the 
products  of  California  crude  by  physical  means.  -  Dis- 
tillation, with  large  back-flow  condensers  attached, 
showed  very  encouraging  results,  as  did  also  the 
method  of  washing  the  distillates  with  alcohol,  carried 
on  in  series,  the  aromatic  series  being  more  soluble  in 
alcohol  than  the  paraffine  series.  However,  the  sul- 
phuric anhydride  treatment,  which  I  first  used  in 
determining  the  amount  of  the  two  series  contained 
in  the  petroleum,  has  proved  to  be  very  simple  and 
effective  on  a  large  scale,  and  is  now  used  by  the 
Standard  Oil  Company  at  their  plant  in  Port  Rich- 
mond, California.  The  process  of  making  the  sul- 
phuric anhydride  employed  there  is  the  one  pur- 
chased from  the  Verein  Chemischer  Fabriken  of 
Mannheim.  The  capacity  of  the  plant  has  been 
increased  a  number  of  times,  until  to-day  it  is  by 
far  the  largest  in  the  United  States,  if  not  in  the 
world. 

SULPHUR. 

In  1865,  while  boring  for  petroleum  in  Louisiana, 
a  sulphur  deposit  was  discovered  beneath  a  layer 
of  quicksand  about  500  feet  thick.  As  a  result  of 
this  discovery,  quarrels  and  controversies  arose  as 
to  whether  the  lease  covering  the  petroleum  rights 
also  included  the  sulphur.  It  was  some  time  before 
the  matter  was  decided,  and  by  the  time  a  decision 
had  been  reached,  both  parties  had  lost  a  great  deal 
of  money,  and  those  who  got  the  sulphur  deposit 
lost  still  more  in  trying  to  exploit  it.  The  deposit 
seemed  to  bring  misfortune  to  every  one  connected 
with  it,  and  I  have  heard  many  stories  and  met  many 
people  who  told  me  of  having  lost  money  in  the  various 
schemes  that  marked  the  progress  of  the  sulphur 
mine.  Progress  there  seemed  to  mean  failure.  An 
Austrian  company,  a  French  company,  and  numerous 
American  companies — everybody  failed  and  not  a 
ton  of  sulphur  was  produced. 

When  I  heard  of  this  extraordinary  situation,  in 
1891,  I  obtained  a  core  from  the  sulphur  deposit  and 
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•  many  pamphlets  from  the  various  companies  who 
had  tried  to  operate  it,  each  one  telling  the  prospec- 
tive purchaser  that  his  fortune  was  made  if  he  but 
owned  a  few  shares  of  the  stock  of  that  particular 
company.  I  became  interested,  and  having  had  a 
great  deal  of  experience  in  drilling  and  mining  pe- 
troleum and  salt,  I  thought  the  problem  might  be 
solved  if  all  the  facts  concerning  the  deposit  were 
known.  Unfortunately,  all  the  drilling  records 
had  been  colored  by  the  people  who  expected  to 
float  companies — everything  unfavorable  was  con- 
cealed, and  only  that  given  which  would  be  likely 
to  induce  investment,  so  that  what  I  had  considered 
a  correct  report  proved  later  to  be  entirely  wrong. 

Being  misinformed  as  to  the  character  of  the  de- 
posit, I  reached  the  conclusion  that  the  sulphur  was 
distributed  in  the  rock  as  in  Sicily,  and  when  I  heard 
of  the  limestone  roof  covering  the  deposit,  I  felt  that 
sulphur  could  be  found  anywhere  within  reasonable 
proximity  to  the  sulphur  mine. 

To  meet  the  extraordinary  conditions  existing 
in  this  deposit,  I  decided  that  the  only  way  to  mine 
this  sulphur  was  to  melt  it  in  the  ground  and  pump 
it  to  the  surface  in  the  form  of  a  liquid.  After  care- 
ful study  and  consideration,  I  became  convinced  that 
this  could  be  done.  In  view  of  the  information  ob- 
tained from  the  various  companies,  I  believed  that 
there  was  sulphur  over  miles  of  territory,  and  started 
to  drill  on  land  I  had  purchased  within  a  mile  and  a 
half  of  Sulphur  Mine.  I  went  down  over  2,000  feet 
without  finding  anything,  then  I  located  a  second, 
a  third,  and  a  fourth  well,  but  found  no  sulphur  in 
any  instance.  This  took  much  time  and  money, 
and  I  finally  reached  the  conclusion  that  all  the  sul- 
phur was  located  on  the  land  owned  by  the  New 
York  company  operating  it  at  the  time.  They  had 
a  very  ingenious  scheme  for  sinking  a  shaft  with  a 
shield,  but  after  the  expenditure  of  a  great  deal  of 
money,  the  shield  was  lost,  and  the  danger  due  to 
the  presence  of  water  containing  hydrogen  sulphide 
was  demonstrated  by  the  death  of  a  number  of  men. 
It  was  decided  to  abandon  this  method,  especially 
after  a  drilling  record  had  been  made  by  a  drilling 
company  who  reported  direct  to  the  owners,  when 
it  was  discovered  that  there  was  no  roof  over  the 
sulphur,  and  that  sulphur  water  was  permeating 
the  deposit  in  inexhaustible  quantities. 

I  realized  at  the  outset  that  a  method  entirely 
different  from  that  employed  in  the  mines  of  Sicily 
was  necessary  for  success  here,  as  the  class  of  labor 
required  to  operate  this  mine  would  demand  at  least 
$5.00  per  day,  while  the  Sicilian  miners  were  being 
paid  60  cents. 

I  succeeded  in  getting  possession  of  the  property 
and  at  once  set  to  work  to  drill  a  well  of  sufficient 
diameter  to  determine  finally  the  character  of  the 
existing  material.  When  this  had  been  done,  I  was 
obliged  to  modify  completely  the  process  and  ap- 
paratus I  had  expected  to  employ. 

At  that  time  the  drilling  of  a  well  in  an  alluvial 
deposit  containing  quicksand,  etc.,  was  a  very  tedious 
task,    and   it   took    from    six    to   nine   months   to   get 


through  the  alluvial  material  to  the  rock — work  which 
we  do  now  in  three  days. 

I  drilled  a  well  through  the  alluvial  deposit  to  the 
rock  with  a  10"  pipe,  then  continued  through  the 
sulphur  deposit,  which  was  about  200  feet  thick, 
with  a  9"  drill,  and  immersed  a  6"  pipe  from  the  sur- 
face to  the'  bottom  in  this  well.  The  6"  pipe  had  a 
strainer  only  6"  long,  at  the  very  bottom,  and  a  seat 
to  receive  the  3"  pipe  through  which  we  expected 
to  lift  the  sulphur  to  the  surface.  The  6"  pipe,  di- 
rectly above  the  seat  for  the  3"  pipe,  was  also  per- 
forated for  a  distance  of  three  feet. 

After  the  well  had  been  drilled  and  before  the  pipes 
were  inserted,  it  was  filled  up  with  sand  in  order  to 
insure  a  tight  receptacle  at  the  bottom  for  the  liquid 
sulphur.  After  the  sand  had  been  washed  out,  the 
pipes  were  inserted  and  equipped,  and  the  well  was 
ready  for  the  melting  fluid. 

This  melting  fluid  consisted  of  water  superheated 
t°  335°  Fahrenheit.  The  porosity  of  the  rock  in 
which  the  melting  had  to  be  done  seemed  to  furnish 
an  almost  insurmountable  obstacle  to  success,  as  I 
feared  that  the  wild  waters  in  the  rock  would  break 
into  the  melting  zone  I  expected  to  create  and  re- 
duce the  temperature  of  the  fluid  with  which  I  ex- 
pected to  melt  below  the  temperature  necessary  to 
fuse  the  sulphur.  I  had  supplied  a  large  number 
of  boilers  to  furnish  the  heat  necessary  to  maintain 
in  the  well  a  temperature  higher  than  that  required 
for  the  fusion  of  the  sulphur. 

The  water  was  superheated  in  columns  in  which 
100  pounds  per  square  inch  pressure  was  maintained, 
and  the  apparatus  which  I  had  constructed  to  ac- 
complish this  proved  very  efficient.  We  used  twenty 
150  h.  p.  boilers  for  a  well,  which  represents  experi- 
mentation on  a  ponderous  scale. 

When  everything  was  ready  to  make  the  first  trial, 
which  would  demonstrate  either  success  or  failure, 
we  raised  steam  in  the  boilers,  and  sent  the  super- 
heated water  into  the  ground  without  a  hitch.  If 
for  one  instant  the  high  temperature  required  should 
drop  below  the  melting  point  of  sulphur,  it  would 
mean  failure,  consequently  intense  interest  centered 
in  this  first  attempt. 

After  permitting  the  melting  fluid  to  go  into  the 
ground  for  twenty-four  hours,  I  decided  that  suffi- 
cient material  must  have  been  melted  to  produce  some 
sulphur.  The  pumping  engine  was  started  on  the 
sulphur  line,  and  the  increasing  strain  against  the 
engine  showed  that  work  was  being  done.  More  and 
more  slowly  went  the  engine,  more  steam  was  sup- 
plied, until  the  man  at  the  throttle  sang  out  at  the 
top  of  his  voice,  "She's  pumping."  A  liquid  ap- 
peared on  the  polished  rod,  and  when  I  wiped  it  off 
I  found  my  finger  covered  with  sulphur.  Within 
five  minutes  the  receptacles  under  pressure  were 
opened,  and  a  beautiful  stream  of  the  golden  fluid 
shot  into  the  barrels  we  had  ready  to  receive  the 
product.  After  pumping  for  about  fifteen  minutes, 
the  forty  barrels  we  had  supplied  were  seen  to  be 
inadequate.  Quickly  we  threw  up  embankments 
and   lined   them   with  boards   to   receive   the  sulphur 
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thai  wa  gushing  forth;  and  since  thai  day  no  further 
attempl  has  beer  made  to  provide  a  vessel  or  a  mold 
into  which  to  pu1  the  sulphur, 

When  the  sun  wcui  down  we  stopped  the  pump  to 
hold  the  liquid  sulphur  below  until  we  could  prepare 
to  receive  more  in  the  morning.  The  material  on 
the   ground    had    to   l>e   removed,   and    willing   hands 

helped   to  make  a  (dean  slate  for  the  next   daw       When 

everything  had  been  finished,  the  sulphur  all  piled 
up  in  one  heap,  and  the  men  had  departed,  I  en- 
joyed all  by  myself  this  demonstration  of  success. 
I  mounted  the  sulphur  pile  and  seated  myself  on  the 
very  top.  It  pleased  me  to  hear  the  slight  noise 
caused  by  the  contraction  of  the  warm  sulphur, 
which  was  like  a  greeting  from  below — proof,  that 
my  object  had  been  accomplished.  Many  days  and 
many  years  intervened  before  financial  success  was 
assured,  but  the  first  step  towards  the  ultimate  goal 
had  been  achieved.  We  had  melted  the  mineral 
in  the  ground  and  brought  it  to  the  surface  as  a  liquid. 
We  had  demonstrated  that  it  could  be  done. 

This  was  especially  gratifying  as  the  criticisms  I 
had  received  from  technical  papers  and  people  who 
had  heard  of  what  I  was  attempting  to  do  had  been 
very  adverse.  Every  one  who  expressed  an  opin- 
ion seemed  to  be  convinced  that  this  thing  could 
not  be  done,  one  prominent  man  offering  to  eat  every 
ounce  of  sulphur  I  ever  pumped.  A  fair  illustration 
of  public  opinion  is  the  remark  of  the  mail  boy  who 
drove  me  to  the  railroad  the  morning  after  our  first 
pumping.  He  said:  "Well,  you  pumped  sulphur 
sure,  but  nobody  believed  it  but  the  old  carpenter, 
and  they  say  he's  half  crazy.' ' 

This  severe  criticism,  while  not  agreeable  did  not 
carry  very  much  weight  with  me.  I  felt  that  I  had 
given  the  subject  more  thought  than  my  critics,  and 
I  went  about  my  work  as  best  I  could,  thoroughly 
convinced  that  he  who  laughs  last,  laughs  best. 

At  first  we  pumped  with  an  ordinary  deep-well 
oil  pump,  changed  to  meet  the  corrosive  action  of 
the  sulphur.  We  experienced  great  difficulty  with 
the  valves  in  the  pump,  the  high  specific  gravity  of 
the  sulphur,  the  great  depth  from  which  it  had  to 
be  raised,  and  the  corrosive  action  of  the  mineral 
itself  making  the  maintenance  of  valves  very  diffi- 
cult. Zinc  and  aluminum  are  practically  the  only 
two  metals  unaffected  by  liquid  sulphur,  but  both 
these,  being  soft  and  easily  disintegrated,  would  not 
withstand  the  shock  at  the  change  of  stroke  of  the 
pump.  I  decided  that  if  the  specific  gravity  of  the 
sulphur  could  be  raised  by  the  admixture  of  some 
other  body  much  lighter,  a  point  might  be  reached 
where  the  hydrostatic  pressure  of  the  water  in  the 
ground  would  raise  the  sulphur.  Air  seemed  the 
most  suitable,  and  we  introduced  compressed  air 
into  the  column  of  liquid  sulphur  standing  in  the 
well,  using  a  volume  of  two  parts  of  air  and  one  of 
sulphur.  We  have  raised  our  sulphur  discharge 
lines  70  feet  above  the  ground,  so  that  we  can  fill 
bins  to  a  height  of  65  feet  without  machinery  or  pump 
of  any  kind  in  the  sulphur  proper. 

The  first  well  lasted   long  enough   to   demonstrate 


the    possibility    of    sin  -  I     to    indicate    in     what 

directions    impr ivem<  nl      must    be    made.     At    t bal 

time,     my    sulphur    enterprise    was    merely    a    hobby, 

the  bulk  of  my  time  devoted  to  my  Standard  Oil  work. 

Man}    difficulties  arose  which   ■■■  ■    had  no1   foreseen 

We  lost  some  wells  because  ol  the  parting  of  the  pipes. 
As  the  mineral  was  melted  from  the  bottom,  the  earth 
above  would  follow  as  the  sulphur  rock  settled  Tin- 
grip  oi  the  sand  and  earth  against  the  pipe  was  so 
great  that  instead  of  sliding,  it  would  pull  the  pipe 
in  two  and  the  well  would  be  lost.  A  12"  pipe  out- 
side of  the  10",  with  stuffing  box  and  telescope  joints, 
obviated  this  difficulty.  All  wells,  however,  are 
eventually  broken  and  crushed,  when  the  abstraction 
of  sulphur  becomes  so  great  that  the  cavity  made 
cannot  withstand  the  weight  of  the  ground  above  it. 

We  succeeded  in  increasing  the  life  of  a  well  greatly 
by  lining  the  hole  drilled  through  the  rock  with  a 
9"  perforated  pipe. 

About  that  time  we  found  that  some  wells  gave 
out  and  ceased  to  pump  when  there  had  been  no 
breaking  of  the  pipes.  I  reached  the  conclusion  that 
the  cold  sulphur  water  permeating  the  rock  had 
broken  into  the  melting  zone,  and  brought  the'  tem- 
perature of  the  melting  water  below  the  melting 
point  of  sulphur.  I  thought  this  might  be  remedied 
by  pumping  large  amounts  of  a  material  like  saw- 
dust into  the  mine  with  the  melting  fluid,  and  that 
if  the  quantities  of  sawdust  were  large  enough,  the 
channels  through  which  the  wild  waters  in  the  rock 
entered  the  melting  zone  could  be  sealed. 

One  well,  after  pumping  about  7,000  tons,  at  the 
rate  of  approximately  350  tons  per  day,  "ceased  to 
produce.  The  pipes  were  all  in  good  order,  and  we 
started  to  pump  sawdust  into  the  ground  with  the 
melting  water.  After  pumping  in  about  six  carloads 
per  day  for  five  days,  the  well  "sealed"  with  saw- 
dust and  promptly  produced  39,000  tons  more  be- 
fore the  caving  of  the  rock  broke  the  pipes. 

We  perfected  this  method  of  artificially  "sealing" 
the  rock  surrounding  a  melting  zone,  so  that  the 
amount  now  obtained  from  a  well  has  been  greatly 
increased.  Whenever  a  well  breaks,  we  shoot  off 
with  dynamite  the  10"  pipe  in  the  quicksand  above 
the  rock,  and  permit  the  sand  to  follow  into  the  cavity 
from  which  the  sulphur  has,  been  abstracted,  filling 
up  the  space  of  the  extracted  sulphur  rock  with  sand. 
The  surface,  consisting  of  about  200  feet  of  clay,  fol- 
lows the  quicksand,  gently  but  surely,  and  in  order 
to  maintain  the  pressure  which  is  necessary  to  pre- 
vent the  melting  water  from  breaking  into  steam, 
the  volume  of  the  sulphur  abstracted  from  below 
must  be  replaced  by  earth  from  above.  To  do  this 
a  dredge  with  a  capacity  of  4,000  cubic  yards  per 
day  became  necessary.  Numerous  reservoirs  have 
been  dug  on  the  outskirts  of  the  mine  to  supply  the 
material  required  to  do  this.  This  filling  has  been 
going  on  constantly,  and  the  ground  has  sunk  to 
such  an  extent  that  where  our  house  once  stood  is 
now  80  feet  below  the  original  surface. 

These  improvements  were  made  slowly,  as  all  ex- 
periments had  to  be  made  on  a  ponderous  scale  and 
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the  smallest  change  required  a  great  deal  of  time. 
-During  the  long  intervals  which  necessarily  elapsed 
between  my  visits  to  the  mine,  1  could  give  this  new 
enterprise  no  attention.  It  took  months  to  drill  a 
a  new  well  when  an  old  one  was  lost.  At  one  time 
the  work  lay  idle  for  a  whole  year  before  I  could 
take  it  up  again,  and  it  was  not  until  1903  that  we 
could  see  financial  success  ahead.  In  that  year  we 
produced  35,000  tons,  and  in  1904  enough  to  supply 
the  entire  consumption  of  the  United  States.  It 
was  in  that  year  that  we  sent  the  first  cargo  of  Ameri- 
can sulphur  to  France. 

In  order  to  demonstrate  what  the  mine  could  do 
with  six  wells,  we  pumped  that  number  simultane- 
ously for  two  months,  producing  122,000  tons  of  sul- 
phur, which  is  more  than  the  consumption  of  the 
whole  world  for  that  period  of  time. 

Prior  to  the  development  of  the  Louisiana  sulphur 
mine,  the  sulphur  production  of  the  United  States 
was  less  than  one-half  of  one  per  cent,  of  its  con- 
sumption, practically  the  entire  amount  required 
being  supplied  by  Sicily  and  Japan.  The  former 
really  had  a  monopoly  of  the  sulphur  business  for  a 
great  many  years.  The  Sicilian  sulphur  industry 
was  closely  interwoven  with  the  politics  of  the  islands, 
both  internal  and  external.  It  was  in  1833  that  an 
English  fleet  appeared  in  the  Bay  of  Naples  to  com- 
pel the  Italians  to  rescind  the  sulphur  monopoly 
that  had  been  granted  to  France. 

The  ups  and  downs  of  the  Sicilian  sulphur  busi- 
ness are  extraordinary.  The  people,  a  large  per- 
centage of  whom  are  employed  in  the  mines,  are 
very  poor  and  used  to  be  in  the  hands  of  dealers  and 
usurers,  who  manipulated  the  sulphur  market  to 
suit  themselves,  and  extremely  high  prices  and  ex- 
tremely low  prices  followed  each  other  as  suited 
their  convenience. 

In  England  a  process  had  been  discovered  for  the 
recovery  of  sulphur  from  the  waste  products  of  the 
Leblanc  soda  process,  quite  a  large  amount  of  money 
being  invested  in  the  necessary  machinery.  When 
another  sulphur  crisis  occurred  in  Sicily  in  1894-5, 
and  sulphur  sold  below  the  cost  of  production  of 
English  recovered  sulphur,  a  number  of  English 
capitalists  decided  to  finance  and  market  the  Sicilian 
output.  They  incoqiorated  as  "The  Anglo-Sicilian 
Sulphur  Company,"  and  succeeded  in  getting  be- 
tween 75  and  85  per  cent,  of  the  Sicilian  mine  owners 
under  rr:\  1  rac  *;  for  the  entire  output  of  their  mines, 
Sfha*  .1  ''.at  might  be,  at  a  fixed  price.  This  ar- 
rrngen-  ,u  was  made  with  the  consent  of  the  Italian 
i»0'  -rnment  for  a  term  of  five  years,  with  the  privi- 
lege of  renewal  for  five  years  more.  The  scheme 
proved  an  excellent  one,  both  for  the  Anglo-Sicilian 
Company  and  for  the  Sicilians.  The  former  made 
a  great  deal  of  money,  paying  about  50  per  cent, 
per  annum  on  their  common  stock,  and  reserved  large 
sums  for  contingencies.  The  contingencies  arose 
in  the  form  of  the  Louisiana  sulphur  production 
which  came  like  a  bolt  out  of  a  clear  sky.  They 
had  received  complaints  from  their  agents  here  that 
the  business  in  the  west  had  diminished  on  account 


of  sulphur  furnished  from  a  mine  that  was  no  mine 
at  all,  but  where  the  sulphur  came  out  of  the  ground 
ready  to  ship.  The  Anglo  Company,  as  well  as  the 
Sicilians,  declared  that  this  was  impossible,  and  that 
the  whole  thing  was  an  "American  swindle." 

I  was  very  anxious  to  get  all  the  business  possible, 
as  our  stock  pile  was  much  larger  than  our  bank 
account,  and  I  was  surprised  to  hear  that  the  Anglo- 
Sicilian  Company  had  accepted  a  contract  for  20,000 
tons  to  be  delivered  in  America,  very  much  below 
the  price  they  generally  quoted,  and  not  far  above 
their  cost.  I  decided  to  go  to  London  and  have  a 
talk  with  them  in  order  to  find  out  if  it  would  be 
necessary  for  us  to  put  the  price  below  their  cost 
in  order  to  maintain  the  American  business  which 
we  needed  very  badly.  I  was  perfectly  frank  and 
explained  our  position  fully.  I  met  with  a  great 
lack  of  enthusiasm  for  this  "American  humbug," 
and  was  told  that  they  would  go  their  own  way,  and 
I  could  go  mine.  I  did.  I  had  arranged  for  the 
sale  of  our  sulphur  in  the  various  European  coun- 
tries, and  knowing  the  production  cost  to  my  com- 
petitors, I  succeeded  very  shortly  in  demonstrating 
that  Louisiana  sulphur  was  not  a  swindle.  I  found 
out  afterwards  that  the  lesson  had  cost  the  Anglo- 
Sicilian  Company  285,000  pounds  sterling — but 
then  we  were  friends.  Their  attitude  changed  greatly, 
and  they  decided  to  go  out  of  business  and  let  the 
Sicilians   and   Americans   take   care   of   themselves. 

The  Anglo-Sicilian  Company,  especially  during 
the  last  years  of  its  life,  had  found  it  necessary  to 
store  a  great  deal  of  the  sulphur  tendered  to  them 
on  their  contracts,  as  they  had  lost  the  American 
market,  which  was  their  best  customer,  and  it  looked 
very  much  as  though  this  enormous  accumulation, 
approximating  500,000  tons,  would  have  to  be  thrown 
on  the  market  to  be  sold  for  whatever  it  would  bring. 
To  the  poor  Sicilian  miner,  whose  lot  under  the  most 
favorable  circumstances  is  not  an  enviable  one,  this 
would  have  meant  sulphur  below  cost,  with  the 
eventual  closing  of  the  Sicilian  mines  and  misery 
and  starvation  to  a  large  population. 

The  men  well  acquainted  with  the  situation  felt, 
as  I  did  also,  that  this  would  result  in  revolution 
and  bloodshed  for  Sicily.  The  laborers  could  not 
live  on  a  wage  lower  than  that  which  they  already 
received.  Frequent  strikes  and  disturbances  oc- 
curred when  the  misery  of  the  working  people  was 
greater  than  usual. 

Understanding  the  peculiar  character  of  the  Si- 
cilians, the  Government,  when  the  matter  was  brought 
to  their  attention,  decided  to  form  an  obligatory 
trust,  so  that  no  sulphur  would  be  sold  below  cost, 
and  the  government  was  to  finance  the  large  stock 
on  hand  by  issuing  bonds  and  guaranteeing  the  in- 
terest. All  the  Sicilian  sulphur  mines  were  to  be 
included  in  this  obligatory  trust,  and  the  government 
agreed  to  advance,  in  cash,  four-fifths  of  the  value 
of  the  sulphur  when  it  was  received  from  the  mine 
owners,  the  remainder  to  be  paid  to  them  after  pay- 
ment for  the  sulphur  sold  had  been  received  and  the 
expenses  of  conducting  the  business  deducted. 
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A  law  creating  this  obligatory  trust,  which  is  Imown 
as  tin'  " Consorzio  Obbligatorio  per  V Industrie  Solfi- 
;.>,/  Siciliana,"  was  passed,  ami  it  has  now  been  in 
operation  since  August  1,  1906.  It  has  gone  through 
the  vicissitudes  ami  occupies  a  unique  position  among 
tlu-  various  trusts,  which  is  dl'  special  interest  to  the 
United  States  Here  we  have  in  successful  opera- 
tion a  trust  created  by  lone,  which  all  those  engaged 
in  that  particular  business  are  obliged  to  join.  It 
has  a  board  of  thirty  directors,  an  executive  com- 
mittee of  ten,  four  of  whom  are  members  of  the  Gov- 
ernment, and  a  Royal  Commissioner,  also  appointed 
by  the  Government,  who  is  practically  its  President. 
Prices  are  fixed  and  maintained,  and  sulphur  is  sold 
to  all  comers  at  the  same  figure. 

This  obligatory  trust  has  been  a  godsend  to  the 
people,  and  so  well  are  the  Sicilians  satisfied  with 
its  operation  that  they  have  already  petitioned  the 
Government  to  extend  the  period  of  its  life  beyond 
that  originally  decided  upon.  Moreover,  the  present 
Commissioner's  able  and  wise  administration  has  been 
so  successful  that  the  Sicilian  stock  of  sulphur  on 
hand  and  the  obligation  of  the  Consorzio  towards 
the  Government  and  the  Bank  of  Sicily  have  been 
diminished  to  such  an  extent  that  the  stock  will  be 
reduced  to  normal  within  two  years  and  the  Con- 
sorzio will  be  entirely  out  of  debt.  It  is  a  striking 
illustration  of  the  fact  that  a  trust  may  be  beneficial 
to  all  concerned.  Great  credit  is  due  to  the  Italian 
Government  for  averting  the  misery  which  would 
inevitably     have     followed     another     sulphur     crisis. 


GEOLOGY    OF   THE    SULPHUR    AND   SULPHUR   OIL    DE- 
POSITS OF  THE  COASTAL  PLAIN.1 

By  Captain  A.  F    Lucas. 

In  accepting  the  honor  to  make  some  remarks  on 
the  geology  of  the  Great  Calcasieu  Sulphur  Mines 
and  the  sulphur  oil  fields  of  the  Coastal  Plain,  I  have 
not  done  so  because  I  consider  myself  a  specialist, 
these  subjects  having  been  covered  by  far  better 
pens  than  mine,  but  because  the  small  part  I  played 
therein  qualifies  me  in  a  small  measure  to  join  you 
in  paying  honor  to  a  man  who  has  through  his  ability, 
pluck  and  steadfastness  attained  international  fame 
in  solving  a  stupendous  undertaking  where  many  be- 
fore him  failed. 

The  geology  of  the  sulphur  mines  and  oil  fields  of 
the  Coastal  Plain  is,  of  course,  familiar  to  most  of 
you,  therefore  I  will  only  touch  the  subject  by  some 
practical  observations,  which  through  the  success  of 
Mr.  Frasch  have  become  of  international  importance 
and  which  makes  me  feel  glad  to  be  an  American 
citizen. 

America  stands  abroad  as  a  great  country  and 
Americans  as  great  men  who  do  great  things,  men 
who,  undaunted  by  failures  of  others,  have  under- 
taken and  carried  to  practical  solution  problems 
that   appeared   foolhardy   to   undertake,    and   the   suc- 

1  Address  delivered  at  the  Perkin   Medal  Meeting,  Society  of  Chemical 
Industry,  Chemists' Club,  Jan.  19.    1912. 


cess    of    this    accomplishment     must,    m    all    candor    be 

ascribed    to   genius,   especially   so   when     Mir     genius 

lot  her   nat  ions  to  take  not  ice  and  "  willy-nilly" 
pay  him  tribute. 

The  geology  of  the  Coastal  Plain  which  of  course 
includes  the  mounds  or  domes  extends  over  a  vast 
area,  practically  beginning  at  the  northwestern  coast 
of  Florida  for  about  50-100  miles  in  width,  and  fol- 
lowing the  littoral  zone  of  the  Gulf  States  of  Ala 
Mississippi,  Louisiana  and  Texas  down  to  Mexico 
and  beyond. 

This  vast  area  is  practically  as  level  as  a  floor, 
with  a  slight  dip  toward  the  sea,  and  in  traveling 
westward  one  comes  upon  slight  elevations  of  say 
from  10-100  feet  in  height  over  the  surrounding 
prairie.  These  elevations,  which  we  will  later  on 
feel  warranted  in  calling  domes,  are  of  limited  area, 
say  from  250-2,000  acres  which  have  by  now  as- 
sumed wonderful  economic  importance. 

It  is,  therefore,  precisely  of  these  elevations  that 
we  will  speak,  for  they  now  form  the  basis  of  the 
whole  economic  geology  of  the  Coastal  Plain  in  the 
states  of  Louisiana,  Texas  and  the  Gulf  States  of 
Mexico. 

To  attempt  to  make  soundings  in  search  of  min- 
erals of  economic  value  beyond  this  elevated  zone 
is  perfectly  useless  as  the  drill  will  only  encounter 
the  clays,  sands  and  gravel  of  the  Pleistocene  Colum- 
bia series,  then  the  red  sands  of  the  Neocene  Lafay- 
ette series  and  deeper  down  the  blue  clays,  "Gumbo" 
and  sporadic  laminations  of  limestone,  at  which  time 
the  driller  (if  he  is  lucky  to  have  reached  this  depth 
safely)  will  be  glad  to  pull  out  and  call  it  done. 

It  is  true,  however,  that  at  times  these  elevations 
are  so  slight  that  the  "wild  catter"  often  confuses 
them  with  the  local  phenomena  of  the  ant  mounds 
and  feels  warranted  to  drill  anyway,  and  we  have 
instances  on  record  where  he  eventually  hit  the  apex 
of  a  hidden  dome  as  it  happened  for  instance  at  Bat- 
som  Prairie,  Texas,  whereby  he  obtained  economic 
results. 

Undoubtedly  there  are  more  such  hidden  domes 
scattered  over  this  vast  area,  and  I  make  a  passing 
reference  to  the  possibility  of  their  existence  in  order 
to  point  out  the  hazard  of  hitting  any,  as  very  great. 

We  will  now  proceed  from  New  Orleans  westward 
and  come  upon  "  Belle  Isle,"  the  first  of  a  series  known 
as  the  five  Salt  Islands. 

They  are  called  in  sequence  "Belle  Isle,"  "Cote 
Blanche,"  "Grand  Cote,"  "Petite  Anse"  and  "Jef- 
ferson Island."  The  last  named  was  the  winter 
home  of  the  late  Joe  Jefferson,  the  actor. 

These  Islands  are  of  limited  area,  or  from  250-1200 
acres  in  extent  and  rise  abruptly  out  of  the  surround- 
ing marshes  at  an  elevation  of  from  60  to  200  feet. 
They  have  all  been  explored  and  salt  found  there- 
on except  "Cote  Blanche." 

On  Belle  Isle  salt  was  found  at  10 1  feet  in  depth 
and  the  drill  continued  in  salt  to  the  depth  of  3,250 
feet.  Unfortunately,  owing  to  its  hardness  at  the 
bottom,    it   has  been   impossible   to  obtain   drilling  to 
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classify  the  geological  age  upon  which  this  enormous 
-salt  dome  rests. 

Salt  at  Grand  Cote  was  found  at  102  feet  and  at 
900  feet  the  drill  stopped  in  salt. 

At  Petite  Anse  salt  was  discovered  at  15  feet  depth 
while  digging  a  water  well,  and  subsequent  drill  tests 
made  failed  to  pass  through  salt  at   1500  feet. 

At  Jefferson  Island,  the  shallowest  soundings  where 
salt  was  found  was  91  feet  from  the  surface  and  the 
drill  stopped,  still  in  salt,  at  2,090  feet. 

The  salt  of  all  these  domes  is  of  remarkable  purity, 
98-99  per  cent,  sodium  chloride,  except  perhaps  at 
Belle  Isle  where  part  of  this  salt  mass  is  saturated 
with  petroleum.  Following  the  contour  of  this  dome 
by  drilling  near  the  apex  and  while  sinking  a  shaft 
the  occurrence  of  Galena  and  Sphalerite  was  ascer- 
tained. The  crystals  are  all  sharp,  and  show  no  sign 
of  erosion.  Dr.  A.  C.  Gill,  of  Cornell  University, 
states  that  the  Galena  shows  no  silver  and  the  proba- 
bility is  that  it  represents  a  deposition  from  salt 
water  by  chemical  action. 

The  borings  made  at  Belle  Isle  for  oil  and  sulphur 
have  disclosed  lenses  of  considerable  limestone  and 
sulphur  and  pools  of  water  escaping  from  some  wells 
are  strongly  charged  with  H2S  and  S02,  and  yet  the 
oil  recovered  from  these  wells  gives  no  indication  of 
containing  sulphur  in  any  form.  This  oil  is  paraffine 
base,  of  45  °  B.,  and  has  the  appearance  of  Pennsylvania 
crude  only  somewhat  lighter  in  color.  Upon  sub- 
mitting a  sample  of  this  oil  to  the  Standard  Oil  Com- 
pany officials  it  was  difficult  to  convince  them  that 
this  oil  had  not  already  been  refined  in  whole  or  in 
part. 

Further  explorations  on  this  island  have  been  sus- 
pended, as  it  was  found  unpractical  to  work  the  same 
for  oil  or  salt.  Grand  Cote  and  Petite  Anse  are  now 
producing  a  superior  quality  of  rock  salt,  most  of 
which  is  shipped  to  the  northwest  in  competition 
with  the  Michigan  and  New  York  salt. 

Anse  La  Butte,  six  miles  north  of  Lafayette,  is 
also  a  salt  dome  of  limited  area  which,  however,  has 
so  far  produced  a  few  good  oil  wells.  The  oil  carries 
some  sulphur  and  is  of  21  °  B.  and  is  used  principally 
for  fuel. 

The  Jennings  field  on  which  oil  was  found  at  1800 
feet  in  considerable  quantities  is  also  a  dome,  but 
so  far  no  salt  has  been  found  thereon.  It  is  believed 
by  Professor  G.  D.  Harris,  of  Cornell  University,  who 
for  many  years  has  carried  on  most  thorough  and 
indefatigable  work  on  the  Coastal  Plain  of  Texas  and 
Louisiana,  that  larger  oil  resources  lie  beyond  the 
limit  of  the  proven  field. 

( )f  smaller  importance  is  the  field  of  Welsh,  which 
is  producing,  however,  an  excellent  grade  of  oil,  but 
so  far  no  salt-rock  has  been  found,  and  the  wells  as 
a  rule  yield  the  best  result  at  about  1,000  feet.  This 
in  Id  gives  no  indication  on  the  surface  of  primary 
or  secondary  doming. 

The  oozing  of  petroleum  and  escape  of  gas  at  Bayou 
Choupique,  now  known  as  the  sulphur  mines,  led  the 
Louisiana  Oil  Company  to  drill  for  oil  in  1865,  and 
alter  going  through  the  clavs  and  sands  of  the  Pleisto- 


cene, the  quicksands  and  gravels  of  the  Columbia  to 
443  feet,  entered  a  gray  massive  limestone  of  about 
60  feet  in  thickness.  Under  this,  almost  pure  alter- 
nate layers  of  sulphur  and  limestone  were  found  for 
a  thickness  of  about  260  feet;  below  this  lies  the 
gypsum  beds  with  occasional  layers  of  pure  sulphur. 
It  remains  to  be  proved  by  deeper  drilling  if  this  dome 
is  also  underlayed  by  rock  salt.  The  geological  age 
of  this  dome  has  been  ascribed  by  Hilgard  as  Cre- 
taceous, by  Harris  as  Eocene.  The  fossils  as  classified 
by  Van  Ingen  are  of  Tertiary  and  by  Dall  and  Aid- 
rich,    of   Miocene   origin. 

A  new  company  was  organized  by  General  Jules 
Brody  to  win  this  sulphur  by  sinking  an  iron  ringed 
shaft,  and  after  reaching  a  depth  of  no  feet  the  shaft 
was  abandoned  on  account  of  a  break  in  the  lining 
and  the  asphyxiating  of  several  miners  by  sulphur 
gas. 

Mr.  Frasch  became  interested  in  this  sulphur  de- 
posit about  1893  and  at  once  proceeded  to  experi- 
ment on  practical  and  scientific  lines,  to-wit,  by  "the 
Frasch  hot  water  fusing  process."  Sulphur  is  known 
to  fuse  at  about  1140  C,  and  he  undertook  to  fuse 
this  sulphur  mass  by  injecting  superheated  water 
directly  in  contact  with  the  sulphur  deposit  below, 
raising  the  fused  sulphur  by  specially  constructed 
pumps.  Later  on  he  improved  this  method  by  forcing 
the  fused  sulphur  out  of  a  concentric  pipe  by  means 
of  compressing  hot  air  through  a  central  pipe.  This 
method  proved  a  technical  success  at  the  start,  but 
it  required  a  genius  to  overcome  the  immeasurable 
difficulties  to  bring  it  to  a  commercial  success  such 
as  it  has  been  now  for  a  number  of  years.  Any  one 
will  agree  with  me  if  he  were  to  see  a  number  of  pipes, 
of  say  3  or  4  inches  in  diameter,  perched  about  40 
or  45  feet  in  height,  ejecting  pure  liquid  sulphur  at 
the  rate  of  500  tons  per  day  into  enormous  bins.  As 
the  sulphur  cools,  it  solidifies  quickly,  so  that  one  can 
see  a  block  of  sulphur  grow  in  a  few  days  to  a  great 
cube  of  about  200  by  300  feet  and  60  feet  high, 
which  block  may  contain  over  100,000  tons  of  pure 
sulphur  of  commerce. 

Since  the  advent  of  the  sulphur  no  serious  attempt 
has  been  made  to  explore  the  sources  of  heavy  oil 
that  still  flows  from  the  upper  layers  of  some  old  test 
wells  except  by  the  Beaumont  boomers  in  1901,  and 
I  am  of  the  opinion  that  if  Mr.  Frasch  were  to  make 
a  serious  attempt  he  would  succeed  not  only  in  get- 
ting the  oil  in  gushers,  but  also  little  Chinamen  with 
fire-crackers  from  the  lower  regions. 

Numerous  attempts  have  been  made  to  explore 
the  "Vinton  Dome"  about  fifteen  miles  west  of  Sul- 
phur, but  progress  was  impeded  principally  owing 
to  the  heavy  gravel  and  quicksand  beds  of  the  Co- 
lumbia, until  about  one  year  ago  the  many  efforts 
have  been  crowned  with  success.  The  Vinton  field 
now  furnishes  considerable  oil  of  about  21  °  B.  which 
carries  about  half  per  cent,  sulphur. 

You  have  all  heard  from  the  fields  of  "Spindle 
Top,"  "Sour  Lake,"  "Saratoga,"  "Humble,"  etc. 
They  are  also  salt  domes  and  have  produced  great 
quantities  of  sulphur  oil  of  an  average  specific  gravity 
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oi  B.     Spindle  Top  alone  is  credited  with  about 

incc  millii m  barrels  oi  oil  to  date. 
( >n   Spindle   Top   was   made   the   first    discovery   of 
sulphur   oil    oi    the    Coastal    Plain    on     January     10, 

iqoi.       It    is  also  a   salt    dome  and   lies  at.   an   elevation 

of  onlj  i  •  feel  from  the  surrounding  prairie,  the  sur- 
face of  which  contains  about  235  acres  only.  Ex- 
plorations had  been  made  in  1882,  1885  and  [888  in 
search  ol  sulphur  or  oil,  but  owing  to  alternating 
beds  ol  quicksand  and  gravel  of  the  Columbia,  it  was 
found  impossible  to  go  deeper  than  300  feet,  until 
in  October,  1900,  I  made  the  second  attempt,  and 
.Htcr  going  through  irregular  alternating  beds  of  clays, 
sand,  gravel,  lime,  caleite  and  sulphur,  reached  the 
oil  rock  at  11 20  feet  depth.  The  pressure  of  gas  and 
oil  was  so  great  that  the  four-inch  drill  pipe  was  shot 
out  to  a  great  height,  carrying  the  head  block,  swivel 
and  cable  with  it.  Then  a  great  rush  of  mud  and 
water  came  out  (the  water  used  for  drilling)  followed 
by  the  ejection  of  large  fragments  of  dolomite  and 
fossils.  It  settled  then  to  a  steady  flow  of  oil  to  a 
height  of  aboiit  200  feet  through  a  six-inch  pipe. 
The  well  flowed  continuously  for  ten  days  when  it 
was  finally  closed  by  an  eight-inch  gate  valve.  This 
oil  was  heavily  saturated  with  H2S  and  S02  and  was 
very  offensive  to  the  nose  while  the  well  was  in  erup- 
tion, as  within  a  radius  of  several  miles  all  houses 
painted  with  white  lead  were  blackened,  also  the 
silver  in  houses  and  even  to  the  silver  coins  in  cir- 
culation. It  was  estimated  that  this  well  flowed  in 
ten  days  while  in  eruption  about  750,000  barrels  of 
oil.  The  oil  rock  is  a  porous  dolomite  carrying  some 
sulphur  in  crystals  and  containing  considerable  cal- 
cium or  magnesium. 

The  size  of  the  cavities  in  the  dolomite  can  be  es- 
timated only  by  the  large  fragments  shot  out  from 
the  wells  while  in  eruption.  Drillers,  however,  re- 
ported instances  of  their  tools  dropping  for  several 
feet  leading  one  to  conclude  that  the  oil  rock  is  cavern- 
ous, which  in  consequence  made  an  admirable  storage 
reservoir  for  the  oil.  The  actual  thickness  of  the  oil- 
bearing  rock  is  undetermined,  but  it  has  been  esti- 
mated to  be  from  "75-150  feet  thick.  A  test  well 
drilled  near  the  discovery  well  entered  gypsum  at 
about  1200  feet  and  at  1650  feet  encountered  rock 
salt  which  continued  to  a  depth  of  1900  feet  when 
drilling  stopped. 

The  discovery  of  this  oil  pool  started  a  celebrated 
boom  in  Texas  and  Louisiana.  Many  men  and  women 
with  speculative  oil  tendencies  were  stirred  up  from 
Mexico  to  the  Appalachians  with  Spindle  Top  as  an 
objective  centre.  The  mere  fact  of  land  being  in 
the  vicinity  of  Beaumont  sold  it  at  fabulous  prices, 
while  fractions  of  an  acre  on  Spindle  Top  sold  at  the 
rate  of  $760,000.00  per  acre.  Not  that  there  was 
any  value  thereon  warranting  such  prices,  but  that 
it  enabled  the  boomer  to  capitalize  his  twenty-five 
by  thirty  feet  of  land,  near  a  known  gusher,  at  mil- 
lions of  dollars.  However,  by  the  time  he  was  through 
with  the  sale  of  his  stock,  widely  advertised,  a  well 
came  in  dry  and  the  boom  collapsed,  and  so  did  most 
of    the    many    hundreds    of    companies  capitalized  at 


enormous    figures.      Mad    Spindle    Top    been      and 
exploited    by    experienced    drillers,     I    am    confident 
that  it  would  gush  to-day. 

Still     traveling      westward     we    com< 
domes    such    as    "Hoskins,"    "Bryan    Heights,"    "  Mig 
Hill     in     Matagorda"    and     "Big     Hill    in    Jefferson 

County,"      "Damon,"       "Kyser, "       "High       [sla 
"Barber  Mill,"  etc.,  all  oi   which  have  been  ex] 
but   so  far  have  been   found  barren   in   whole  or  1 

Ihli  Island  and  Damon  Mound,  two  interesting 
elevations  of  50-100  feet  above  the  surrounding 
prairies,  and  of  about  3,000  acres  in  extent  each,  have 
practically  the  same  characteristic  indications  that 
Spindle  Top  had.  to-vvit:  the  elevation  above  the 
prairie  indicating  a  possible  dome,  the  sour  water, 
tlie  springs  charged  with  the  hydrogen  sulphide,  the 
gas  escape,  etc.  The  opening  of  a  well,  drilled  by 
hand  at  High  Island  in  search  of  water,  was  plugged 
with  straw  and  a  few  years  later  the  plug  was  ex- 
tracted and  found  to  be  a  solid  mass  of  sulphur,  yet 
after  repeated  dnlling  to  a  considerable  depth  on 
this  island  and  Damon  Mound  nothing  of  commer- 
cial importance  was  found.  The  drill  passed  through 
alternate  beds  of  quicksand,  silicious  clay,  sulphur 
and  clay,  some  oil  and  rock  salt  at  bottom. 

At  Big  Hill,  Jefferson  County,  Texas,  also  an  at- 
tractive possibility  for  an  oil  proposition,  solid  dolo- 
mite was  found  at  350  feet,  which  continued  to  a 
depth   of    1400    feet   when    drilling   was   discontinued. 

At  Bryan  Height  a  great  gas  pressure  was  encoun- 
tered in  1 90 1  charged  with  hydrogen  sulphide,  but 
it  was  subsequently  abandoned.  Big  Hill,  Mata- 
gorda County,  had  a  small  production.  The  oil  was 
found  at  depths  of  885-1050  feet,  in  limestone  which 
possesses  the  same  characteristic  features  of  the  oil- 
bearing  rock  of  Spindle  Top.  As  much  as  60  feet  of 
solid  sulphur  was  reported  from  some  wells,  and 
always  near  the  oil  horizon.  The  oil  was  propor- 
tionately charged  with  it  and  the  gas,  chiefly  H2S 
mixed  with  S02. 

In  conclusion  I  would  say  that  the  domes  of  the 
Coastal  Plain  have  broken  the  world's  precedents: 
First,  for  the  limited  area;  second,  for  the  produc- 
tiveness as  yet  developed,  and  this  holds  good  for 
sulphur,  oil  and  rock  salt,  which  goes  to  the  credit 
of  the  Coastal  Plain  only. 

There  are  other  richly  productive  fields  of  some- 
what older  geology,  but  want  of  time  precludes  me 
from  describing  them. 

By  glancing  at  the  map  you  will  note  that  the 
Southern  Pacific  Railroad  found  itself  to  be  located 
onto  every  field  as  fast  as  discovered,  and  I  was  told 
by  a  "wag"  that  when  the  Almighty  created  the 
Universe  He  also  located  this  railroad,  and  at  once 
got  busy  to  provide  material  for  this  road  to  haul, 
and  that  is  the  reason  why  He  placed  the  sulphur 
deposit  and  oil  pools  and  the  rock  salt  adjacent  to 
its  line.  This  road  was  the  first  one  to  utilize  this 
cheap  and  convenient  resource  as  fuel  and  this  at 
a  minimum  cost. 

He    then    improved    and    grew    magnificent     forests 
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of  timber  also  adjacent  to  this  line,  and  prepared 
the  soil  for  the  unexcelled  culture  of  rice  and  sugar. 
The  whole  of  these  enormous  commercial  resources 
were  placed  by  Him  so  to  speak  in  the  front  yard 
of  this  fortunate  railroad  and  without  the  expendi- 
ture of  a  dollar  for  their  advertising  bureau,  so  that 
I  feel  justified,  in  concluding,  to  call  the  foregoing 
"The  Economic  Geology  of  the  Southern  Pacific 
Railroad.  " 


SULPHUR  MINES  OF  THE  UNION  SULPHUR   COMPANY   IN 
LOUISIANA.' 

By   F    H.   Pough. 

Mr.  Frasch  has  given  us  a  most  interesting  de- 
scription of  the  discovery  and  development  of  Sul- 
phur Mine  and  of  the  Frasch  Process,  but  for  which 
this  enormous  deposit  of  sulphur  would  to-day  be 
absolutely  worthless.      Much   that  he  has  told  us  was 


After  what  Mr.  Frasch  has  told  us  there  is  really 
nothing  more  to  be  said  in  further  description  of  the 
process,  but  if  you  will  allow  me,  I  will  try  to  give 
you  some  further  details  as  to  the  size  of  the  deposit, 
the  output  and  the  method  of  storing,  handling  and 
shipping  our  product.  After  having  done  this,  as 
it  is  customary  to  chaperon  visitors  to  the  mine,  it 
will  be  my  pleasant  duty  to  conduct  you  over  the 
mine  as  I  cannot  actually  take  you  through  it  in  the 
conventional  way,  the  Frasch  method  of  operating 
making  the  mine  too  damp  and  warm  for  comfort. 
I  shall  endeavor  to  do  this  with  the  aid  of  about 
thirty  lantern  slides  and  some  motion  pictures. 

I  think  I  should  add  that  the  motion  pictures1 
were  made  during  the  past  week,  especially  for  pre- 
sentation before  you  this  evening  so  that  practically 
you  will  see  the  work  going  on  as  it  was  at  the  mine 
to-day.  As  a  matter  of  fact  the  undeveloped  films 
did  not  reach  New  York  until  Wednesday  and  I  saw 


Fig.    1. — Employees'   Dwellings  at  Sulphur  Mine. 


ruite  new  to  me  and  so  little  has  been  published 
leretofore  about  these  deposits  which  was  authentic, 
hat  I  think  we  are  all  to  be  congratulated  upon 
tearing  at  first  hand  so  much  of  the  inside  history 
)f  the  development  of  this,  the  largest  sulphur  mine 
n  the  world. 

1  Lecture  illustrated  by  lantern  slides  and  moving  pictures,  delivered 
t  the  Perkin  Medal  Meeting.  Society  Chemical  Industry.  Chemists'  Club, 
an.  19,  1912. 


the  finished  films  for  the  first  time  late  this  afternoon. 

Sulphur    Mine    is    located    about    three    miles    from 

Sulphur,  Calcasieu  Parish,  Louisiana,  a  town  of  about 

t.ooo    inhabitants    on    the    Southern    Pacific.     From 

1  List  of  titles  of  motion  pictures  of  Union  Sulphur  Co.  Mine  shown 
by  Mr.  Pough:  Entrance  to  Mine,  Panorama  of  Works  from  Office;  Scenes 
from  Belt  Line  Train;  Sulphur  Wells  and  Derricks;  Pilling  Bins  with  Liquid 
Sulphur;  Blasting  Sulphur;  Men  Working  in  Sulphur,  Loading  Sulphur 
in  Box  Cars;  Loading  Sulphur  in  Open  Cars;  Dredge  in  Operation;  Men 
doing  Home  from  Work;  and  Panoramic  View  of  Workmen's  Homes. 
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600-700  men  are  regularly  employed  at  the  mine, 
so  that  you  will  see  it  is  quite  a  community  of  itself, 
and  every  effort  is  made  by  the  Company  to  further 
the  comfort  of  the  men.  A  complete  sewerage  sys- 
tem has  been  established  and  the  Company  owns  a 
number  ol  houses,  which  it  rents  to  the  older  employees, 
the   foremen    and    members  of    the   office   force  at  a' 


is  no  company  store  or  anything  of  that  nature  per- 
mitted, but  no  private  commercial  enterprise  0 
kind  is  allowed  upon  or  near  the  Company's  pro 
unless  a  barber  shop  can  be  so  classed. 

The  sulphur  deposit,  as  shown  by  test  boring!, 
is  quite  sharply  defined  and  nearly  circular  in  shape 
It  is  considerably  more  than  half  a  mile  in  diameter, 


Fig.   2 — A  Well  Discharging  500  Tons  of  Molten  Sulphur   per  Day. 


nominal  rental.  It  is  compelled  as  a  matter  of  public 
necessity  to  operate  a  boarding-house  for  the  un- 
married men,  but  as  this  results  in  a  yearly  loss  to 
the  Company  of  from  $8,000  to  $10,000,  it  is  hardly 
a  paying  enterprise.  Mr.  Frasch  is  so  set  against 
anything  that  might  be  looked  upon  as  an  exploita- 
tion of  the  men  or  that  might  lead  to  it,  that  not  only 


and  I  can  assure  you  that  you  will  find  your  trip  this 
evening  much  more  comfortable  than  had  you  made 
it  with  me  on  foot  last  July,  although  as  the  mine 
is  encircled  by  a  standard  gauge  railroad  some  three 
miles  in  length,  we  could  have  placed  an  engine  and 
a  flat  car  at  your  disposal.  While  we  claim  to  be 
up-to-date  in  all  other  respects,  we  have  to  confess 
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that  our  passenger  accommodations  on  the  railroad 
are  somewhat  primitive. 

The  sulphur  apparently  was  deposited  in  the  cone 
of  a  great  geyser,  which  dates  back  to  the  tertiary 
period,  and  is  contained  in  a  limestone  formation 
in  the  proportion  of  about  70  per  cent,  sulphur  to 
30  per  cent,  limestone.  The  sulphur  beds,  which 
are  underlain  by  a  bed  of  gypsum,  extend  to  a  depth 
of  1 100  feet  or  more. 

When  you  visit  the  mine,  the  most  conspicuous 
objects,  next  to  the  well  derricks  which  dot  the  land- 
scape in  great  profusion,  are  the  boiler  stacks,  of 
which  there  are  over  130,   each  stack  representing  a 


fact  that  an  almost  negligible  quantity  of  the  steam 
generated  is  used  for  power. 

In  a  building  to  the  rear  of  each  battery  are  located 
the  pumps  and  superheaters.  The  latter  are  ver- 
tical, cylindrical  receptacles,  about  4  ft.  in  diameter 
by  16  ft.  high,  containing  a  series  of  shallow  trays 
over  which  water  pours  and  is  thus  brought  into 
intimate  contact  with  live  steam  from  the  boilers. 
The  problem  of  heating  the  great  quantity  of  water 
required  for  the  operation  of  the  wells  to  the  proper 
temperature  was  a  difficult  one  and  the  method  de- 
scribed is  another  of  Mr.  Frasch's  ingenious  inven- 
tions.     Possibly  a  better  idea  of  the  capacity  of  this 


-100.000-Ton  Block  ok  Sulphur. 


boiler  of  150-300  h.  p.  These  boilers  are  arranged 
in  eight  batteries,  containing  with  one  exception 
15  or  20  boilers  each,  and  each  battery  is  capable 
of  operating  a  well.  As  a  rule  two  batteries  are 
placed  in  a  group  so  that  one  foreman  can  oversee 
both.  The  boilers  are  fired  entirely  with  fuel  oil 
and  but  three  men,  two  firemen  and  one  water  tender, 
are  required  on  each  shift  to  attend  to  the  firing, 
and  the  feed  water  in  each  battery.  The  total  boiler 
capacity  is  in  the  neighborhood  of  25,000  h.  p.  and 
yon  will  therefore  see  that  there  is  installed  at  Sulphur 
Mine  one  of  the  largest  industrial  steam  generating 
plants  in  the  world,  a  unique  feature  of  which  is  the 


plant  can  be  gained  from  the  fact  that  the  consump- 
tion of  fuel  oil  amounts  to  700  barrels  per  day  at 
each  battery,  when  operating  at  full  capacity;  that 
the  average  total  daily  consumption  of  water  is  about 
7,000,000  gallons,  and  the  average  yearly  consump- 
tion of  fuel  oil  over  1,000,000  barrels. 

The  enormous  amount  of  water  required  for  the 
boilers  and  superheaters  is  provided  for  by  means 
of  a  pumping  station  located  on  the  Houston  River, 
about  6  miles  from  the  mine.  This  pumping  station 
contains  a  centrifugal  pump  having  a  capacity  of 
12,000,000  gallons  per  day  and  the  water  is  carried 
to  the  mine  by  means  of   a   private  canal.     To   sup- 
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n1    the    pumping    station    and    provide 
breakdowns,    there   is  an   artificial   storage   reservoir, 
i  50  acres. 

The    wells   are   sunk    in    groups,    the    individual    wells 

placed    50    ioo    feel    apart,    and   one    well    will 
Mies    produce    as    high    as    400   500    tons   of   sul- 
phur per  day,  and  keep  up  a  steady  flow  for  months 

at  a  time  m  cue  ease  the  output  from  a  single  well 
reached  7,1.000  tons.  I  might  say  here  that  one  of 
our  wells  is  now  producing  considerably  more  than 
500  tons  a  day  and  has  been  for  some  weeks.  The 
e  output  is  over  250,000  tons  per  year  but 
the  only  limitation   is  the   market   demand. 


dail  A.S    the    bed    of    sulphur    grows    in     thickness, 

the  sides  ol   the  bins  are  raised  by  means  of  additional 

uprights  .Hid    planking  until   they  reach  a    hi 

oo  It.  or  more.  When  a  bin  is  filled,  another  i 
alongside  of  it,  as  shown  in  the  pictures,  so  that  iti 
this  way  (Fiji;.  2)  continuous  blocks  of  sulphur  n 
formed  several  hundred  feet  in  length  by  150  feel  1  1 
more  in  width,  and,  as  1  have  said,  60-65  " 
height.  Blocks  of  sulphur  have  thus  been  1 
containing  as  much  as  150,000  tons. 

When  it  is  desired  to  ship  the  sulphur,  a  movable 
track  is  laid  as  a  spur  from  the  main  line,  parallel 
to    the    long    side   of   the    bin.      The   boards   from    this 


-£9S      •  V 

Fig.  4. —Loading  35  Tons  of  Sulphur  in   14  Minutes. 


The  liquid  sulphur  as  it  flows  from  the  wells  is  so 
pure  that  we  are  able  to  guarantee  a  sulphur  content 
of  99V2  Per  cent.,  for  as  a  matter  of  fact  the  average 
purity  is  well  above  that  figure.  The  sulphur  is 
collected  and  stored  in  large  bins  about  150  by  250 
ft.  square,  which  are  made  by  setting  posts  into  the 
ground  to  which  are  nailed  2"  X  12"  planks  of  suita- 
ble length.  The  sulphur  is  delivered  into  the  center 
of  these  bins  and  caused  to  spread  in  thin  layers 
about  1"  thick,  which  cool  so  rapidly  as  to  permit 
continuous  operation.  A  separate  bin  is  used  for 
each  well  in  order  to  permit  accurate  measurement 
of  the  output  which  is  carefully  taken  and  recorded 


side  are  then  removed  and  the  sulphur  thrown  down 
by  means  of  blasts  placed  near  the  bottom  of  the 
pile.  The  sulphur  is  then  picked  up  and  loaded  into 
cars  by  means  of  locomotive  cranes  fitted  with  grab 
buckets  capable  of  handling  2  tons  at  a  time  and  of 
loading  a  35-ton  car  in  14  minutes.  Shipments  from 
the  mine  have  frequently  reached  1,000  tons  per 
day  for  periods  of  20—30  consecutive  days. 

A  large  quantity  of  sulphur  is  shipped  directly 
from  the  mine  in  closed  cars  which  are  loaded  by 
box  car  loaders,  but  by  far  the  largest  portion  of  the 
sulphur  is  shipped  by  rail  in  open,  bottom-dump 
cars    to    Sabine,    Texas,    in    trains    of   about    20   cars, 
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where  it  is  loaded  into  steamers  for  distribution  along 
the  Atlantic  Coast  and  for  export  to  Europe. 

The  loading  plant  at  Sabine  has  a  capacity  of  from 
600-800  tons  per  hour,  and  the  facilities  are  such 
that  it  is  possible  for  a  7500-ton  steamer  to  dock, 
load  and  sail  within  12  hours.  It  is  customary  for 
the  steamers  to  come  to  the  dock  with  the  hatch 
covers  raised,  and  while  I  was  at  Sabine  last  January 
I  saw  our  own  steamer,  the  "HERMAN  FRASCH" 
begin  to  load  sulphur  within  15  minutes  from  the 
time  she  was  made  fast  to  the  dock.  The  "HERMAN 
FRASCH,"  I  might  say  incidentally,  was  built  for  us 
at  the  Quincy  yards  of  the  Fore  River  Shipbuilding 
Company  and  launched  in  December,  1909.  She 
has  a  cargo-carrying  capacity  of  5500  tons  and  we 
are    now    contemplating    building    a    second    ship    of 


somewhat  smaller  capacity.  In  addition  to  our 
own  steamer  we  usually  have  two  or  three  steamers 
under  charter. 

The  sulphur  is  handled  at  Sabine  by  means  of 
cranes  and  grab  buckets  similar  to  these  used  at  the 
mine,  which  deliver  the  sulphur  into  hoppers,  from 
which  it  falls  upon  a  rapidly  moving  system  of  belts, 
which  carry  it  to  the  dock  and  up  an  incline  to  a  height 
of  about  10  feet  above  the  steamer's  deck.  From  the 
inclined  belt  it  falls  into  an  adjustable  iron  chute  in 
the  form  of  a  pipe  which  telescopes,  from  which  it 
drops  into  the  hold  of  the  steamer.  By  turning  this 
iron  chute  from  side  to  side,  it  is  practical  to  load 
the  cargo  so  evenly  that  no  trimming  is  required  in 
our  own  steamer,  or  vessel  designed  for  carrying 
bulk  cargoes. 
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FORTY-FIFTH  ANNUAL    MEETING   A.  C.  S.  PROGRAM 
OF  PAPERS. 

At  the  forty-fifth  meeting  of  the  American  Chemi- 
cal Society,  held  in  Washington,  December  27-30^, 
a  large  number  of  important  and  instructive  papers 
were  presented  under  the  various  divisional  heads. 
The  following  program  indicates  the  character  of 
material  discussed.  The  greater  portion  of  these 
papers   will   appear   in    the   Journals    of   the    Society. 

DIVISION  OF  INDUSTRIAL  CHEMISTS  AND  CHEMICAL  ENGINEERS. 

G.  D.  Rosengarten,  Chairman. 
F.  E.  Gallagher,  Secretary. 

Relation  of  Ultimate  Composition  to   Calorific  Power  in   Coal. 

By  H.  C.  Sherman,  D.  A.  Bartlett  and  N.  E.  Weatherless. 
Relation  of  Proximate  Composition  to  Calorific  Power  in  Coal. 

(Preliminary  Report).     By  H.  C.  Sherman  and  S.  H.  Reg- 

ESTER. 

Preliminary    Note    of    the    Production    of    Mercury    Fulminate. 

By  Charles  E.  Munroe. 
The  Present  Status  of  the  Gas  Industry  and  its  Outlook.     By 

Charles  E.  Munroe. 
New  Forms  of  Gas   Analysis   Apparatus.     By  G.   A.   Burrell. 
New  Forms  of  Apparatus  for  Gas  Analysis.     By  F.  M.  Williams. 
Problems  in  the  Manufacture  of  C.  P.  Acids.     By  J.  T.  Baker. 
A  Rapid  Method  for  the  Determination  of  Vanadium  in  Steels, 

Ores,  etc.,  Based  on  its  Quantitative  Inclusion  by  the  Phos- 

phomolybdate  Precipitate.     By  J.   R.   Cain  and  J.  C.   Hos- 

TETTER. 

Valuation  of  Fluorspar.     By  Ernst  Bidtel. 

The  Quality  of  Commercial   Kerosene.     By  L.  B.  Lockhart. 

Notes  on  a  New  Type  of  Extraction  Thimble.     By  P.  A.  Boeck. 

The  Effect  of  Filtration  upon  the  Physical  Properties  of  Petroleum 
Oils.     By  J.  P.  Simmons  and  O.  J.  Steeple,  Jr. 

The  Direct  Determination  of  Small  Amounts  of  Platinum  in 
Ores  and  Bullion.     By  F.  P.   Dewey. 

The  Product  Patent.     By  F.   P.  Summers. 

The  Use  of  Potassium  Cyanide  Solution  in  the  Investigation 
of  the  Structure  and  Conductivity  of  Copper,  Copper-covered 
Steel  and  Other  Metals.     By  J.  O.  Handy. 

An  Apparatus  and  Improved  Method  for  Determining  Quanti- 
tatively Hydrogen  Sulfide  in  Illuminating  Gas.  By  E.  P. 
Harding  and  E.  Johnson. 

Free  Lime  in  Portland  Cement.     By  H.  E.  Kiefer. 

Glass  Analysis.     By  W.  C.  Taylor  and  E.  C.  Sullivan. 


The  Estimation  of  Absorbed  Gases  and  Oxygen  in  Copper  by 
Ignition  in  Carbon  Dioxide  and  Hydrogen.     By  G.  L.  Heath. 

Symposium  on  Mineral  Wastes. 

Informal  discussions  of  losses  in  the  preparation  and  utiliza- 
tion of  mineral  products,  and  of  wastes,  inefficient  methods 
and  proposed  improvements  of  processes  in  the  chemical  tech- 
nology of  mineral  substances. 

Carbon  Waste.     By  J.   A.   Holmes. 

(a)  Zinc  Losses  in  Brass  Manufacture.  (6)  Need  of  Special 
Alloys  for  Special  Uses.     By  W.  H.  Bassett. 

Losses  of  Combined  Nitrogen.     By  J.   D.  Pennock. 

New  Uses  to  Reduce  Abuses  in  Conservation.  By  W.  R.  Whit- 
ney. 

Wastes  in  the  Ceramic  Industry.     By  A.  V.  BlEininger. 

The  Abuse  of  Brand.     By  A.  D.  Little. 

Waste  and  Conservation  of  Potash  and  Phosphoric  Acid.  By 
F.  K.  Cameron. 

Sulfur  Fumes  and  Flue  Dust.     By  F.  G.  Cottrell. 

Miscellaneous     Mineral    Wastes.     By    Charles    L.    Parsons. 


division  of  agricultural  and  food  chemistry. 

H    E.  Barnard,  Chairman. 
B.   E    CURRY,  Secretary. 

A  Study  of  the  Pollution  of  the  Ohio  River    Bordering   Indiana. 

By  H.   E.   Barnard,  Chairman's   Address. 
A    Modification   of   the   Tiemann-Schulz    Method.     By    W.    A. 

Withers  and  F.  W.  Sherwood. 
Determination  of  Small  Amounts  of  Caffeine — A  Comparison  of 

Methods.     By  B.  L.  Murray. 
The  Filtration  of  Soil  Solutions.     A  New  Filter  for  this  and  Similar 

Purposes.     By  W.  H.  Ross  and  R.  C.  Benner. 
The  Presence  of  Lead  and  Copper  in  Cream  of  Tartar  and  Tar- 
taric   Acid.     Technical    Methods    to    Purify    These    Products. 

By  Fernand  Brunschwig. 
The   Forms   of   Phosphorus    in    Cotton   Seed    Meal.     By   J.    B. 

Rather. 
An  Electric  Conductivity  Test  for  Purity  of   Maple  Syrup.     By 

J.  F.  Snell. 
A  Brief  Study  of  the  Phosphorus  of  the  Matiere  Noire.     By  John 

Stewart. 
The    Composition   of   Free  Oyster  Liquid.     By  Emma  Crandal. 
New    Data    on    the    Composition    of    Prepared     Mustards.     By 

H.  E.  Bishop. 
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A  Method  for  the  Separation  of  the  Seven  Coal  Tar  Colors  when 

Occurring  in    Mixtures.      By  J,    M     PricB 
Altering    the    Composition    of    Indian  Corn    by   Seed    Selection. 

\'-\   I..   11.  Smith. 
Influence  of   Reaction   of   Culture    Medium   on    Root   Develop- 
ment of  Wheat  Seedlings.     By  J.  F.  BreAZEALE  and  J.  A.  Le- 

Clbrc. 
The   Study   of   True   and   Imitation    Graham   Flour.     By  J.   A. 

LeClbrc  and  B.   R.  Jacobs. 
The  Desiccation  of  Potatoes  and  the  Uses  of  the  Product.     By 

C.  C.  Moore. 
Marking  of  Porcelain  and  Silica  Crucibles,  etc.     By  P.  A.  Yodek. 
Perilla  Oil.     By  Charles  Fox. 
Bacterial    Activities   in   Frozen   Soils.     By   P.    E.    Brown   and 

R.  E.  Smith. 
Report  of  Progress  in  a  Study  of  the    Maine  Sardine  Industry. 

By  H.  H.  Hanson. 
The  Index  of  Refraction  of  the   Mixed  Acids  of  Fatty  Oils.     By 

W.   B.  Smith. 
The  Profitable  Application  of  Chemistry  to  the  Milling  Industry. 

By  B.  H.  Kepner. 


division  of  pharmaceutical  chemistry. 

B.  L.  Murray,  Chairman. 
F.  R.  Eldred,  Secretary. 

Our  Advances  and  Retrogressions  in  Pharmaceutical  Chemistry. 
By  B.  L.  Murray,  Chairman's  address. 

Smoking  Opium:  Its  Manufacture  and  Chemical  Composition. 
Exhibit-Samples  and  Smoking  Outfit.  By  A.  B.  Adams 
and  J.  M.   Dorman. 

An  Improved  Method  of  Assay  for  Aromatic  Sulfuric  Acid. 
By  Linwood  A.  Brown. 

The  Pharmacopoeial  Requirements  for  Cannabis  Sativa.  By 
H.  C.  Hamilton. 

Notes  on  Cannabis  Indica.     By  H.  C.  Hamilton. 

Progress  on  the  Work  of  Revision  of  the  United  States  Pharma- 
copoeia.    By  Joseph  P.  Remington. 

The  Estimation  of  Morphine  in  Cough  Syrups.  By  A.  D. 
Thorburn. 

Laboratory  Studies  of  Rennin.     By  A.  Zimmerman. 

The  Bromine  and  Iodometric  Methods  for  the  Volumetric  Estima- 
tion of  Cresol.     By  C.  M.  Pence. 

The  Analysis  of  a  Very  Old  Sample  or  Powdered  Gelsemium 
Root.     By  L.  E.  Sayre. 

A  Bromine- Hydro bromic  Acid  Method  for  the  Determination  of 
Phenols.     By  Atherton  Seidell. 

Impurities  of  Anesthetic  Chloroform  and  their  Detection.  By 
Charles  Baskerville  and  W.  A.  Hamor. 

The  Influence  of  Patents  and  Trademarks  on  the  United  States 
Pharmacopoeia.     By  M.  I.  Wilbert. 

The  Estimation  of  Morphine  in  Pills,  Tablets,  Etc.  By  J.  B. 
Williams. 

Notes  on  Mastic  and  Sandarac.     By  Frank  O.  Taylor. 

The  Alcohol  Requirement  of  the  Pure  Food  and  Drug  Law  and 
the  Accuracy  of  Alcohol  Assays  of  Pharmaceutical  Prepara- 
tions.    By  C.  H.  Briggs. 

A  Laboratory  Study  of  Vegetable  and  Mineral  Oils.  By  Fred 
Klein. 

Comments  on  Tests  of  the  U.  S.  Pharmacopoeia,  Eighth  Re- 
vision.    By  Frederick  J.  Austin. 

Suggested  Modifications  to  the  U.  S.  P.  Assay  of  Opium.  By 
R.  Norris  Shreve. 

Some   Unfamiliar  Facts  about  Familiar  Detergents.     By  F.  P. 

DUNNINGTON. 

Colocynth  U.  S.  P.     By  J.  R.  Rippetoe  and  R.  Minor. 
Estimation  of  Antipyrine  in  Acetanilid  or  Acetphenetid   in   Mix- 
tures.    By  W.  O.  Emery. 


Estimation  of  Codein  in  Acetanilid  or  Acetphenetidin   Mixtures. 

By  \v.  0.  Emery, 
Standard  for  Tincture  of  Ginger.     By  I,.  F,  kKHLER. 
Estimating  Small  Quantities  of    Morphin  in    Mixtures.     By  E. 

O.  Eaton. 
Estimating  Small  Amounts  of  Nitroglycerin.     By  A.  G.  Murray 
Standards  and  Methods.     By  L.  F.  Kebler. 

DIVISION  OB  FERTILIZER  CHEMISTRY. 

PAUL  Kudnick,  Chairman. 

.).  E.  Bkkckenridge,  Secretary. 

Fertilizer  Chemistry — A  Report  of  Progress.  By  Paul  Rub 
nick,  Chairman's  Address. 

The  Effect  of  the  "Wet  Process"  on  the  Availability  of  Low- 
Grade  Nitrogenous  Materials.  By  B.  L.  Hartwell  and  F.  R. 
Pember. 

A  Method  for  Testing  Out  Problems  in  Acid  Phosphate  Manu- 
facture.    By  F.  B.  Porter. 

Exact  Work  in  Fertilizer  Analysis.     By  I.  K.  Phelps. 

Activity  of  Organic  Nitrogen  as  Measured  by  the  Alkaline  Per- 
manganate Method.     By  C.  H.  Jones. 

Fertilizer  Economics.     By  H.  G.  Bell 

The  Sulfur  Requirements  of  Crops  in  Relation  to  the  Soil  and 
Air  Supply.     By  E.  B.  Hart. 

Note  on  the  Permanganate  Methods  for  Availability  of  Organic 
Nitrogen.     By  J.  P.  Street. 

Conductivity  Method  of  Making  Neutral  Ammonium  Citrate 
Solution.     By  A.  J.  Patten. 

Committee  Reports. 

SECTION  OF  INDIA  rubber  chemistry. 
D.  A.  Cutler,  Chairman. 
F.  J.  Maywald,  Secretary. 

Scientific  Tests   in    Methods  for   Rubber   Content   in   Raw  and 

Vulcanized  Rubber.     By  W.  A.  Ducca. 
On   Mineral  Compounds  Used  in  Rubber.     By  S.  P.  Thacher. 
A  Few  Notes  on  Rubber  Goods  Used  in  Beet  Sugar  Factories. 

By  Victor  Hanzlik. 
The  Treatment  of  Crude  Rubbers.     By  F.  R.  Peabody. 
Does  the  Acidity  of  Crude  Rubber  Indicate  its  Botanical  Origin? 

By  David  Bloom. 
Apocynum  Rubber.     By  Charles  Fox. 
Report    of    Committee    on    Rubber    Analysis.     By    Charles 

Knight. 
Discussion  on: 

Synthetic  Rubber. 

Effects  of  Oils  and  Other  Adulterants  in  Reclaiming  Rubber. 

Uses  of  Ceylon  Rubbers. 


MINUTES  OF  DIVISION  OF  INDUSTRIAL    CHEMISTS  AND 
CHEMICAL  ENGINEERS.1 

The  Industrial  Division  met  at  the  McKinley 
Manual  Training  School,  Washington,  D.  C,  De- 
cember 28,  29  and  30,  191 1,  with  the  chairman, 
George  D.  Rosengarten,  presiding. 

The  Chairman  reported  for  the  Executive  Com- 
mittee that  the  Divisional  Committees  on  Official 
Specifications  and  on  Standard  Methods  of  Techni- 
cal Analysis  were  to  be  combined  into  one  committee 
of  five  members,  to  be  called  Committee  on  Stand- 
ard Specifications  and  Methods  of  Analysis;  that 
a  scheme  presented  by  the  Secretary  for  the  guid- 
ance of  the  committees  of  the  Division  was  adopted; 
that    the    Committee    on    Definition    of   Trade    Terms 

1  Forty-fifth  meeting.  American  Chemical  Society.  Washington,  Decem- 
ber, 1911. 
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vas  to  be  continued  for  one  year;  and  that  the  fi- 
tancial  report  of  the  Secretary  was  approved.  On 
rote,  this  report  was  accepted  by  the  Division. 

The  report  of  the  Secretary  was  read  and  accepted 
lpon  the  vote  of  the  Division.  This  described  the 
rablication  of  circular  letters,  the  by-laws  and  the 
lirectory  of  the  Division,  and  reported  upon  its 
)resent  financial  condition. 

Miscellaneous  expenditures $  30.98 

Printing  of  Directory  (approx.) .  .  .  100.00 

Mailing  of  Directory 22.00 

Total    expenditures $152.98 

Cash  received  from  dues 65.00 

Deficit — December  26,   191 1 $87.98 

A  motion  of  T.  J.  Parker,  seconded  by  W.  R. 
Whitney,  was  passed,  instructing  the  Secretary  to 
;end  bills  to  members  for  the  Divisional  dues,  these 
)ills  to  be  marked  "Voluntary  Contribution." 

Informal  reports  were  received  from  the  commit- 
ees  on — 

Analysis  of  Soap  Products  and  Glycerine,  Re- 
;earch  Problems,  Standard  Methods  of  Technical 
Analysis. 

Reports   were    presented    by    the    committees   on— 

Definition  of  Trade  Terms,  Official  Specifications, 
special  Compounds,  and  Professional  Code  of  Ethics. 

A  proposal  was  made  by  Percy  H.  Walker  that 
vhen  the  Division  votes  upon  the  acceptance  of 
specifications  proposed  by  the  Committee  on  Stand- 
ird  Specifications  and  Methods  of  Analysis,  the 
•ight  of  suffrage  be  limited  to  representatives  of 
consumers.  After  a  spirited  discussion,  a  motion 
Dy  G.  E.  Barton  was  passed  "that  the  vote  on  ac- 
:eptance  of  specifications  be  limited  neither  to  pro- 
ducers nor  to  consumers." 

The  Nominating  Committee,  consisting  of  W.  R. 
Whitney,  T.  J.  Parker  and  Percy  H.  Walker,  re- 
ported on  the  officers  for  191 2    who  were  duly  elected. 

Chairman,  George  D.  Rosengarten. 
Vice-Chair  man,  George  P.  Adamson. 
Secretary,  Francis  E.  Gallagher. 
Executive  Committee: 
Officers, 

M.  C.  Whitaker,  Ex  officio, 

W.  H.  Walker, 

S.  W.  Parr, 

Arthur  Lowenstein, 

W.  D.  Richardson, 

H.  S.  Miner. 

Program   of   papers   listed   elsewhere   in   this   issue. 

It  was  voted,  on  the  motion  of  R.  M.  Shreve,  that 
the  paper  by  Mr.  Summers,  entitled  "The  Product 
Patent,"  be  referred  to  the  American  Chemical  So- 
ciety Committee  on  Patent  and  Related  Legislation 
(Charles  E.  Munroe.  chairman)  for  consideration. 
This  committee  is  now  considering  patent  legislation. 

One  entire  day  was  devoted  to  a  very  successful 
symposium  on   "Mineral  Wastes  and  Conservation 


under  the  leadership  of  Charles  L.  Parsons.  A 
stenographic  record  of  the  papers  and  discussion 
will  be  published  in  the  March  issue  of  This  Journal. 
At  the  conclusion  of  the  symposium,  the  appreci- 
ation of  the  Division  was  voted  to  Professor  Par- 
sons for  arranging  and  conducting  this  very  attract- 
ive feature.  F.  E.  Gallagher,  Secretary. 


MINUTES   OF   DIVISION  OF  AGRICULTURE  AND  FOOD 
CHEMISTRY.1 

Meeting  was  called  to  order  by  Mr.  H.  H.  Barnard,  Chairman 
of  the  Division.     The  following  papers  were  read: 

H.  E.  Barnard.  Chairman's  Address.  "A  Study  of  the  Pollu- 
tion of  the  Ohio  River  Bordering  Indiana." 

II'.  A.  Withers  and  F.  W.  Sherwood.  "A  Modification  of  the 
Tiemann-Schulze  Method." 

B.  L.  Murray.  "Determination  of  Small  Amounts  of  Caffeine 
—A  Comparison  of  Methods." 

W.  H.  Ross  and  Raymond  C.  Benner.  "The  Filtration  of 
Soil  Solutions.     A  New  Filter  for  This  and  Similar  Purposes." 

/.  F.  Snell.  "An  Electric  Conductivity  Test  for  Purity  of 
Maple  Syrup." 

Emma  Crandal.     "The  Composition  of  Free  Oyster  Liquid." 

H.  E.  Bishop.  "New  Data  on  the  Composition  of  Prepared 
Mustards." 

/.  M.  Price.  "A  Method  for  the  Separation  of  the  Seven 
Coal  Tar  Colors  when  Occurring  in  Mixtures." 

J.  A.  Le  Clerc  and  B.  R.  Jacobs.  "The  Study  of  True  and 
Imitation  Graham  Flour." 

C.  C.  Moore.  "The  Desiccation  of  Potatoes  and  the  Uses 
of  the  Product." 

P.  A.  Yoder.  "Marking  of-  Porcelain  and  Silica  Crucibles, 
etc." 

P.  E.  Brown  and  R.  E.  Smith.  "Bacterial  Activities  in  Frozen 
Soils." 

//.  H.  Hanson.  "Report  of  Progress  in  a  Study  of  the  Maine 
Sardine  Industry." 

The  Executive  Committee  of  the  Division  presented  the  fol- 
lowing Tentative  By-Laws  to  govern  its  meeting,  which  matter 
had  been  referred  to  this  committee  by  the  Division  at  the 
Indianapolis  meeting. 

Tentative   By-Laws   for   the    Division    0}    Agriculture   and   Food 

Cliemistry. 

Article  1. — Membership. 

Membership  of  the  Division  shall  be  open  to  all  members  of 

the  American  Chemical  Society  and  any  member  of  the  Society 

shall  upon  request  to  the  Secretary  of  the  Division  be  registered 

as  a  member  of  the  Division. 

Article  2. — Officers  and  Manner  of  Election. 

1 .  The  Officers  of  the  Division  shall  be  a  Chairman,  a  Vice- 
Chairman,  a  Recording  Secretary  and  an  Executive  Committee. 
The  Chairman,  Vice-Chairman  and  Recording  Secretary  shall 
be  members  of  the  Executive  Committee,  cx-offlcio. 

2.  The  Chairman  of  the  Division  shall  be  Chairman  of  the 
Executive  Committee. 

3.  The  Executive  Committee  shall  consist  of  two  members 
of  the  Division  and  the  members,  ex-ofpcio,  provided  by  Sec- 
tion 1  of  this  article. 

4.  The  Chairman  at  the  first  session  of  the  Division  shall 
appoint  a  committee  of  three  who  shall  present  nominees  for 
the  offices.  The  officers  shall  be  elected  annually  by  ballot 
at  the  last  session  of  the  Division  held  during  the  annual  meeting 
of  the  Society,  and  shall  take  office  at  the  close  of  the  meeting 
at  which  they  are  elected.     They  shall  hold  office  for  one  year 

1  Forty-fifth  General  Meeting  American  Chemical  Society.  Washington, 
December.  1911 
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"i  until  thcii  luccessors  are  elected.  Officers  may  be  reelected, 
but,  with  the  exception  of  the  Secretary,  shall  not  serve  in  any 
one  office  more  than  two  consecutive  years, 

5.  The  Executive  Committee  shall  fill  any  vacancies  thai 
maj  occui  among  the  Officers  of  the  Division 

Article  3.  Duti  i  0)  I  >//"  ers. 
1  li  shall  be  the  duty  of  the  Chairman  to  represent  the  Divi 
si, .11  In  the  Council  of  the  Socie  y,  to  preside  at  meetings  of  the 
Executive  Committee,  to  carrj  into  effect  the  decisions  and 
recommendations  of  that  committee,  to  prepare  a  program  for 
the  genera]  meeting,  to  presid  at  State  Meetings  of  the  Divi- 
sion and  to  deliver  an  address  to  the  Division  at  its  general 
meetings. 

2.  In  absence  of  the  Chairman,  the  Vice-Chairman  or  Seen' 
tarv  at  any  stated  meeting  their  places  shall  be  filled  temporarily 
by  the  Executive  Committee. 

3.  It  shall  he  he  duty  of  the  Recording  .Secretary  to  keep  a 
record  of  the  proceedings  of  the  Division  and  of  the  Executive 
Committee,  to  maintain  a  list  of  members,  to  send  to  members 
such  notices  as  tin-  business  of  the  Division  may  require,  to 
transmit  to  the  Secretary  of  the  Society  the  names  of  all  officers 
and  standing  committees  of  the  Division  within  ten  days  of 
their  appointment;  and  in  like  manner  to  notify  the  Secretary 
of  the  Society  of  any  changes  of  Officers  or  standing  committee 
during  the  year. 

4.  The  Recording  Secretary  shall  be  the  custodian  of  the  rec- 
ords, communications,  documents,  and  papers  of  the  Division. 
He  shall  have  charge  of  the  funds  of  the  Division  and  shall  make 
all  disbursements,  subject  to  the  authorization  of  the  Execu- 
tive Committee.  He  shall  report  to  the  Division  at  its  general 
meetings. 

5.  The  Executive  Committee  shall  conduct  the  business  of 
the  Division  and  direct  its  activities.  At  each  general  meeting 
of  the  Society  the  Committee  shall,  as  early  as  possible,  hold 
a  meeting  to  consider  the  affairs  of  the  Division  and  receive 
reports  of  its  committee.  The  Executive  Committee,  exclusive 
of  the  Secretary,  shall  be  responsible  for  all  expenditures  not 
authorized  by  the  Council,  and  shall  audit  the  accounts  of  the 
Secretary  previous  to  the  annual  meeting. 

Article  4. — Meetings. 

1.  There  shall  be  a  meeting  of  the  Division  at  each  genera1 
meeting  of  the  Society.  Business  effecting  the  organization 
(Amendments,  elections  of  officers,  etc.)  of  the  Division  shall 
be  transacted  only  at  meetings  coincident  with  the  annual 
meeting  of  the  Society. 

2.  The  order  of  business  shall  be  as  follows: 

(a)  Reading  of  the  Minutes.  (/»)  Reports  of  the  Chairman 
and  Secretary,  (c)  Reports  of  the  Executive  Committee. 
(d)  Reports  of  Committees,  (c)  At  the  annual  meeting, 
election  of  officers.  (/)  Reading  of  Papers  and  Discussions. 
(g)   Miscellaneous  Business. 

The  regular  order  of  business  may  be  suspended  at  any  session 
by  the  consent  of  three-fourths  of  the  members  of  the  Division 
present. 

Aitulc  s. — Special  and  Standing  Committees. 

The  Chairman  shall  appoint,  from  time  to  time,  committees 
of  the  Division  to  consider,  conduct  and  report  upon  such  special 
matter  as  may  be  delegated  to  them. 

Article  6. — Expenses. 
The  Executive  Committee  may  make  an  annual  assessment 
of    not  to  exceed  50  cents  per  member,  to  meet  the  expenses 
of  the  Division,  including  non-serial  publications. 

Article  7. — Amendments. 
These    By-Laws   may   be   amended    at   any   annual    meeting 
of  the  Division  by  a  three-fifths  vote  of  the  members  present, 
provided  notice  of  the  proposed  amendment  together  with  the 


text    thereol    has   been   sent    lo  each    member   of    Ihe    Division   at 

least    two    necks    before    the    annual  meeting,     Amendments, 
to  !"   effective,  must  l»  approved  by  the  Council  and  accepted 
by   that   body  as  not   inconsistent  with  the  Constitution   and 
1  '.\  Laws  of  the  Societ  j 
These  By  Laws  presented  were  discussed  :ii  some  length  bj 

the  members  of  the  Division  present  and  wen  finally  adopted 
as  tentative,  in  order  to  govern  the  meeting,  with  the  exception 
of  Article  6  which  relates  io  tii.  annual  assessment. 

Il    was  decided   to  publish   these    By-Laws  and   bring   them   up 
lor  final  action  before  the   Division  at   the  next   meeting. 
Following  officers  were  elected  for  the  ensuing 
Chairman,   11.    E.    Barnard;    Vice-Chairman,   E.   W.    Robison; 
Secretary,  ('..  F.  Mason;  Executivt   I  1  mmitU  e,  C,  D.  Wood,  II    S 
Bailey,  W.  M.  Allen. 

G.   F.  Mason,  Secretary. 


MINUTES    OF    THE      DIVISION      OF      PHARM ACUETICAL 
CHEMISTRY.' 

FIRST   SESSION. 

The  first  session  was  called  to  order  by  the  chairman,  B.  L. 
Murray,  at  10.00  a.m.,  December  27th,  at  the  MeKinley  High 
School,  twenty-two  members  present. 

The  Secretary  reported  an  increase  in  membership  from 
seventy  at  the  beginning  of  the  year  to  one  hundred  and  sixty- 
four  at  the  present  time;  and,  as  treasurer,  reported  total  re- 
ceipts of  $75.00,  total  expenditures  of  $61.35,  and  a  balance  of 

$14-15- 

Dr.  L.  F.  Kebler  presented  a  report  for  the  Executive  Committee 
and  expressed  his  satisfaction  at  the  progress  of  the  division. 

The  report  of  the  Committee  on  Quantitative  Methods  was 
read  by  the  Secretary  in  the  absence  of  the  chairman  of  the 
committee,  F.  O.  Taylor.  The  report  was  formally  accepted, 
and  a  motion  prevailed  authorizing  Mr.  Taylor  to  publish  a 
bibliography  on  the  quantitative  estimation  of  mercury  com- 
piled by  the  committee. 

The  chairman  of  the  Committee  on  Quantitative  Methods 
was  authorized  to  use  his  discretion  in  the  selection  of  work 
for  the  coming  year,  and  the  executive  committee  was  empowered 
to  make  such  changes  in  the  organization  and  size  of  the  former 
committee  as  seemed  best. 

The  first  paper,  on  "Smoking  Opium:  Its  Manufacture  and 
Chemical  Compositions,"  by  A.  B.  Adams  and  J.  M.  Doran, 
was  read  by  Mr.  Adams,  who  exhibited  a  complete  smoking 
outfit  and  a  considerable  number  of  samples  of  smoking  opium. 
Mr.  Doran  contributed  some  interesting  facts  in  regard  to  the 
traffic  in  smoking  opium. 

Dr.  Caspari,  Jr.,  recommended  the  discontinuance  of  aqueous 
solid  extracts  of  opium  and  prohibition  of  the  sale  of  prepara- 
tions of  opium  below  the  United  States  Pharmacopoeial  standard 
of  strength. 

It  was  pointed  out  that  the  aqueous  extract  had  already  been 
withdrawn  by  most  of  the  pharmaceutical  manufacturers,  but 
L.  F.  Kebler  expressed  the  opinion  that  this  would  not  remedy 
the  evil,  as  habitues  would  still  obtain  opium  in  some  form, 
and  that  the  only  remedy  was  the  complete  government  control 
of  the  sale  of  opium  and  its  preparation. 

Messrs.  Adams  and  Doran  were  given  a  vote  of  thanks  for 
presenting  the  exhibit  in  connection  with  their  paper. 

Mr.  L.  A.  Brown  presented  a  paper  on  "An  Improved  Method 
of  Assay  for  Aromatic  Sulphuric  Acid,"  which  was  discussed 
by  several  members,  and  it  was  suggested  that,  as  the  present 
U.  S.  P.  method  had  been  shown  to  be  inaccurate,  it  should 
be  replaced  by  some  method  such  as  that  proposed  by  Brown. 

"Progress  on  the   Work  of   Revision   of  the   United   States 

1  Forty-fifth    General    Meeting    of    the    American    Chemical    Society. 
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Pharmacopoeia"  was  presented  by  Jos.  P.  Remington  and  was 
followed  by  a  general  discussion  of  matters  pertaining  to  the 
pharmacopoeia. 

SECOND    SESSION. 

W.  0.  Emery  presented  two  papers  entitled,  "Estimation 
of  Antipyrine  in  Acetanilid  or  Acetphcnetidin  Mixtures"  and 
"Estimation  of  Codeine  in  Acetanilid  or  Acetphcnetidin  Mix 
tures." 

F.  P.  Dunnington  presented  a  paper  on  "Some  Unfamiliar 
Facts  about  Familiar  Detergents." 

R.  Norris  Shreve  read  a  paper  on  "Suggested  Modifications 
of  the  U.  S.  P.  Assay  of  Opium." 

M  I.  Wilbert  discussed  "The  Influence  of  Patents  and  Trade 
Marks  on  the  United  States  Pharmacopoeia,"  and  L.  F.  Kebler 
presented,  in  abstract,  a  paper  by  E.  O.  Eaton,  on  "Estimating 
Small  Quantities  of  Morphine  in  Mixtures." 

A.  G.  Murray  presented  a  paper  on  "Estimating  Small  Quan- 
tities of  Nitrogen." 

Other  papers  on  the  program  whose  authors  were  not  present 
were  read  either  in  full  or  in  abstract  by  the  secretary. 

THIRD    SESSION. 

Chairman  B.  L.  Murray  presented  his  annual  address  on 
"Our  Advances  and  Retrogressions  in  Pharmaceutical  Chem- 
istry," and  a  committee  consisting  of  Chas.  Caspari,  Jr.,  M.  I. 
Wilbert  and  R.  Norris  Shreve  was  appointed  by  the  acting 
chairman  to  report  on  recommendations  contained  therein. 

L.  F.  Kebler  then  presented  two  papers  on  "Standard  for 
Tincture  of  Ginger"  and  "Standards  and  Methods." 

A.  Seidell  presented  a  paper  on  "A  Bromine-Hydrobromic 
Acid  Method  for  the  Determination  of  Phenols."  These  papers 
were  discussed  collectively,  followed  by  a  general  discussion  of 
drug  assaying  and  pharmacopoeial  standards  and  tests. 

FOURTH   SESSION. 

The  following  resolutions  were  passed: 

Resolved,  "That  the  Division  of  Pharmaceutical  Chemistry 
of  the  American  Chemical  Society  respectfully  urge  the  United 
States  Pharmacopoeial  Revision  Committee  to  change  the  pres- 
ent form  of  stating  solubility  data  from  the  parts  of  solvent 
to  dissolve  unit  quantity  of  substances,  to  the  grams  weight 
of  substances  which  are  dissolved  per  ioo  grams  of  the  saturated 
solution." 

On  motion  this  resolution  was  referred  to  the  Committee  on 
Revision  of  the  U.  S.  Pharmacopoeia. 

Resolved,  "That  the  Division  of  Pharmaceutical  Chemistry 
of  the  American  Chemical  Society  recommend  to  the  Committee 
of  Revision  of  the  United  States  Pharmacopoeia  (IX)  the  re- 
tention of  the  form  and  style  of  spelling  the  names  of  the  sub- 
stances now  used  in  the  Eighth  Revision,  and  that  the  official 
names  of  the  new  substances  to  be  admitted  be  brief  and 
distinctive." 

Resolved,  "That  it  is  the  sense  of  the  members  of  the  Division 
of  Pharmaceutical  Chemistry  of  the  American  Chemical  Society 
present,  that  in  stating  the  strengths  of  acids  in  the  U.  S.  P. 
they  be  stated  in  such  terms  as  hydrogen  chloride,  HCI  ('ab- 
solute hydrochloric  acid')." 

The  chairman  then  called  L.  F.  Kebler  to  the  chair  and 
Chas.  Caspari,  Jr.,  presented  the  report  of  the  committee  on  the 
chairman's  address,  favoring  the  suggestion  made  by  the  chair- 
man and  recommending  that  a  committee  of  three,  including 
the  chairman  of  the  Division,  be  appointed  to  confer  with  the 
president  or  other  suitable  officers  of  the  Society  in  regard  to 
the  connection  which  the  Division  should  have  with  the  publi- 
cation of  pharmaceutical  literature  in  the  Society's  journals. 
This  report  was  adopted. 

The  chairman  took   the  chair  and   the   following  resolutions 


introduced    bj     M.    I.    Wilbert   were   passed   and   referred   to   the 
Society's  Committee  on  Patents. 

Resolved,  "That  the  members  of  the  Division  of  Pharmaceuti 
cal  Chemistry  of  the  American  Chemical  Society  favor  amending 
the  present  patent  laws  so  as  to  provide  adequate  protection 
for  the  original  invention  of  a  useful  article  or  process  for 
making  the  same." 

Resolved  "Thai   we  depreciate  the  issuing  of  product  patents 

for  substances  of  a  chemical  nature  " 

Resolved  "That  we  favor  a  literal  interpretation  of  the  present 
Trade  Mark  Registration  law  so  that  names  used  solely  as 
generic  titles  for  widely  used  substances  will  become  public 
property  on  the  expiration  of  the  period  for  which  they  are 
registered." 

The  following  resolution  introduced  by  F.  R.  Eldred  was  passed 
and  referred  to  the  Bureau  of  Standards. 

Resolved  "That,  as  the  members  of  the  Division  of  Pharma- 
ceutical Chemistry  feel  the  need  of  accurate  tables  giving  the 
refractive  indices  of  mixtures  of  alcohol  and  water  and  having 
the  same  range  as  the  specific  gravity  tables  for  alcohol,  we  sug- 
gest that  the  Bureau  of  Standards  should  consider  the  prepara- 
tion of  such  tables." 

The  election  of  officers  for  the  ensuing  year  resulted  as  follows' 

Chairman,  B.  L.  Murray;  V ice-Chairman,  L.  A.  Brown; 
Secretary,  Frank  R.  Eldred;  Members  oj  Executive  Committee, 
L.  F.  Kebler,  Atherton  Seidell. 

The  Division  adjourned  sine  die. 

Frank  R.  Eldred,  Secy. 


MINUTES  OF  THE  MEETING  OF  THE  FERTILIZER  DIVISION.1 

Meeting  called  to  order  December  28th  by  Chairman  Mr. 
Paul  Rudnick. 

The   following  papers  were   presented: 

Paul  Rudnick.  Address.  "Fertilizer  Chemistry,  a  Report 
of  Progress." 

lUitt  L.  Hartwell  and  F.  R.  Pember.  "The  Effect  of  the 
'Wet  Process'  on  the  Availability  of  Low-Grade  Nitrogenous 
Material  ." 

F.  B.  Porter.  "A  Method  for  Testing  Out  Problems  in  Acid 
Phosphate  Manufacture." 

/.   K.   Phelps.     "Exact   Work   in   Fertilizer  Analysis." 

C.  H.  Jones.  "Activity  of  Organic  Nitrogen  as  Measured 
by  the   Alkaline   Permanganate   Method." 

H.  G.  Bell.     "Fertilizer  Economics." 

E.  B.  Hart.  "The  Sulfur  Requirements  of  Crops  in  Relation 
to  the  Soil  and  Air  Supply." 

John  Phillips  Street.  "Note  on  the  Permanganate  Methods 
for  Availability  of  Organic  Nitrogen." 

A.  J.  Patten.  "Conductivity  Method  of  Making  Neutral 
Ammonium  Citrate  Solution." 

There  was  much  interest  and  discussion  on  the  papers  relating 
to  Availability  of  Organic  Nitrogen  and  Neutral  Ammonium 
Citrate. 

The   following   Committee   reports   were   given: 

Committee  on  Nitrogen;  Committee  on  Potash;  Committee 
on    Phosphate    Rock;    Committee    on    Fertilizer    Legislation. 

Officers  were  elected  for  1912: 

Chairman,     Paul     Rudnick;     V  ice-Chairman,    J.     P.     Street: 
Secretary,  J.  E.  Brcckcnridge ;  Executive  Committee,   F.    B.   Car 
penter,  A.  Lowenstein,    W.  J.  Jones,  Jr.,  and  G.   Farnham. 
J.  E.  Bkbckenridgb,  Secretary 

1    Forty-fifth  General  Meeting  American  Chemical  Society     Washing- 
ton, December.  1911. 
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MINUTES  OF  THE  MEETING  OF  THE  RUBBER  SECTION.' 

Decembei  19  The  morning  session  "as  opened  with  37 
members  present,  and  17  came  in  during  the  session. 

The  following  program  was  presented: 

"Scientific  Tests  and  Methods  for  Rubber  Content  in  Raw 
anil  Vulcanized  Rubber,"  bj  W.  C,  Ducca,  Discussion  by 
Messrs.  Boggs,  Cutler  and  others. 

"The  Treatment  of  Crude  Rubber,"  by  Mr.  Peabody.  Dis- 
cussion  at  some  length  I))-  Missis.  Whipple,  Harrier,  and  Boggs. 

"  Rubber  Goods  Required  in  Beet  Sugar  Factories,"  by 
Ml     llansliek. 

"A   Punching  Machine  for  Rubber  .Samples,"  by  H.  P.  Mills. 

Pi  Leo  Baekeland  announced  the  joint  meeting  to  be  held 
during  the  summer  of  1912,  in  conjunction  with  the  Section  of 
Plasties   of    the    International   Congress   of   Applied   Chemistry. 

The  secretary  announced  that  the  former  chairman  of  the 
Section,  Mr.  Goodrich,  had  donated  $100  to  the  funds  of  the 
Section,  and  that  the  present  chairman,  Mr.  Cutler,  and  also 
Mr.  Harold  Van  der  Linde  had  agreed  each  to  donate  the  same 
amount. 

Dr.  Knight,  Chairman  of  the  Committee  on  Standard  Methods 
of  Analysis,  reported  for  that  committee,  and  submitted  such 
figures  as  had  been  received  by  him.  The  report  was  discussed 
by  Messrs.  Wesson,  Boggs,  Walker,  Hibbert,  and  Cottle. 

It  was  then  voted  that  the  report  of  the  Committee  on  Methods 
be  accepted,  and  that  the  committee  be  discharged  with  thanks. 

"Does  the  Acidity  of  Rubber  Indicate  its  Botanical  Origin?" 
by  Mr.  Bloom,  was  read,  and  discussed  by  Messrs.  Evans, 
Boggs,    and  Maywald. 

The  chairman  called  up  for  discussion  the  subject  of  Syn- 
thetic Rubber  and  made  a  lengthy  report  as  to  work  which 
had  been  done  on  the  investigation  of  synthetic  rubber  by  the 
Rubber  Goods  Manufacturing  Company.  He  stated,  among 
other  things,  that  the  synthetic  rubber  made  by  his  company 
from  isoprene  obtained  from  turpentine  could  not  be  vulca- 
nized by  itself,  but  that  vulcanization  did  take  place  if  any 
other  rubber  was  added  to  the  synthetic  rubber.  He  said 
further,  however,  that  synthetic  rubber  made  from  isoprene 
obtained  from  Cameroon  rubber  could  be  readily  vulcanized. 
He  also  stated  that  his  Company  had  been  investigating  the 
subject  of  synthetic  rubber  for  the  past  ten  months,  and  that 
with  isoprene  at  50  cents  a  pound,  the  price  at  which  they  had 
obtained  it,  the  price  of  the  resulting  synthetic  rubber  would 
be*  thoroughly  satisfactory.  The  matter  was  discussed  by 
Messrs.  Boggs,  Maywald,  and  others. 

Mr.  Barrows  gave  a  short  talk  on  his  theory  of  the  formation 
of  the  rubber  molecule.  This  theory  was  discussed  at  length 
by  Mr.  L.  G.  Wesson  and  others. 

The  chairman  called  for  discussion  on  the  effects  of  oils  and 
other  adulterants  in  reclaiming  rubber.  Discussion  by  Messrs. 
Whipple,  Cutler,  Boggs,  and  Boughton. 

In  the  absence  of  Mr.  Thacher's  paper  on  "Mineral  Com- 
pounds Used  in  Rubber,"  the  question  of  the  use  of  sublimed 


white    lead    ill    i  libber   compounds   .mil    its  exclusion    from   such 
compounds   by    various  specification   was  brought  up  by  Mr. 

and    discussed    bv    Messrs.    Whipple,     Barrier,    Walker, 

Turtle,  l  lansiiek  and  \\'e.  ©n 

December  30th.  The  meeting  «as  called  to  order  at  9.50 
by  the  chairman,  with  37  members  and  visitors  present.  The 
meeting   was   first    addressed   by   Mr     Parsons,   Secretary  of  the 

Societ  v. 

Officers  weri'  elected  for  the  ensuing  year:  Mr.  Cutler,  Chair- 
man;  Mr.  Whipple,  Secretary. 

There  was  then  a  general  discussion  on  the  appointment 
of  a  Committee  on  Standardizing  Methods  of  Rubber  Analysis, 
by  Messrs.  Walker,  Fay,  Geer,  Culter,  Boggs,  and  Parsons.  It 
was  voted  that  a  committee  of  five,  consisting  of  the  chairman, 
secretary,  and  three  of  the  members,  elected  by  ballot,  appoint 
a  Committee  on  .Standard  Methods  of  Analysis.  Messrs.  Geer, 
Boggs,  and  Fay  were  duly  elected  to  serve  with  the  Chairman 
and  Secretary,  and  on  motion  this  Committee  was  made  the 
Executive  Committee  for  the  ensuing  year. 

Mr.  Walker,  on  behalf  of  the  Bureau  of  Chemistry,  and  Mr. 
Smith,  on  behalf  of  the  Bureau  of  Standards,  offered  the  facili- 
ties of  their  respective  bureaus  to  the  committee.  Mr.  Geer 
announced  informally  that  his  Company  was  prepared  to  de- 
tail some  of  its  chemists  to  carry  on  work  for  the  committee. 

It  was  unanimously  voted  that  every  member  of  this  Sec- 
tion would  cooperate  with  the  Committee  on  Methods  of 
Analysis. 

A  vote  of  thanks  was  extended  to  Mr.  Goodrich,  the  former 
chairman,  for  the  work  which  he  had  done  during  his  adminis- 
tration. 

The  question  of  abstracts  in"  the  Abstract  Journal  was  dis- 
cussed by  Mr.  Evans,  Mr.  Barrier,  and  others.  The  secretary 
read  a  letter  which  he  had  received  from  Mr.  Whittelsey  in 
reply  to  criticisms  which  had  been  made  as  to  rubber  abstracts 
in  the  Journal. 

Dr.  Gray  announced  that  he  had  found  isoprene  present 
in  certain  crude  petroleums,  but  would  not  state  in  what  par- 
ticular petroleums  he  had  found  them. 

The  following  new  members  joined  the  Section: 

I.  V.  .Stone,  Revere  Rubber  Co.,  Providence,  R.  I. 

John  A.  Schaeffer,  Picher  Lead  Co.,  Joplin,  Mo. 

F.  E.  Barrows,  Patent  Attorney,  918  F  St.,  Washington,  D.  C. 

H.  B.  Rodman,  Pennsylvania  Railroad,  Altoona,  Pa. 

E.  W.  Boughton,  Bureau  of  Chemistry,  Washington,   D.  C. 

Norman  G.  Madge,  Chief  Chemist,  Continental  Rubber  Co. 
of  N.  Y.,  11  Vandewater  St.,  New  York,  N.  Y. 

John  B.  Tuttle,  Bureau  of  Standards,  Washington,  D.  C. 

William  H.  Smith,  Bureau  of  Standards,  Washington,  D.  C. 

D.  Whipple,  114  Liberty  St.,  New  York,  N.  Y. 

Percy  H.  Walker,  Bureau  of  Chemistry,  Washington,  D.  C. 

Henry  Fay,  Massachusetts  Institute  of  Technology,  Boston. 

Joseph  Westesson,  Navy  Yard,  Washington,  D.  C. 

Laurence  G.  Wesson,  Bureau  of  Standards,  Washington,  D.  C. 
F.  J.  Maywald,  Secretary. 


NOTES  AND  CORRESPONDENCE 


NOTE  ON  THE  PRODUCTION  OF  MERCURY   FULMINATE. 

By  Charles  E.  Munroe. 

Although  it  is  stated  that  mercuric  fulminate  has  been  pro- 
duced through  the  reaction  taking  place  between  sodium  ni- 
tromethane  and  mercuric  chloride,  yet,  since  the  discovery 
of  mercury  fulminate  by  Edward  Howard  in  1800,  it  has  been 

1  Forty-fifth   Meeting,   American  Chemical   Society.   Washington,    De- 
cember. 1911. 


commercially  produced  through  the  reactions  occurring  between 
ethyl  alcohol,  mercuric  nitrate  and  nitric  acid  or  its  derivatives. 
In  1888  I  began,  in  a  desultory  way,  the  study  of  this  reaction 
when  other  alcohols  were  substituted  for  ethyl  alcohol  and, 
though  methyl  alcohol  failed  to  give  any  satisfactory  results, 
it  was  found  that  propyl,  butyl,  amyl  and  the  higher  alcohols 
gave  bodies  allied  to  fulminic  acid  but  containing  a  larger 
number  of  carbon  atoms  or  alkyl  groups. 

A  closer  study  of  these  reactions  and  particularly  the  ob- 
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served  fact  that  the  reaction  between  ethyl  alcohol  and  mercuric 
nitrate,  even  when  well  acidified  with  nitric  acid,  did  nut  pro- 
ceed, except  when  nitrogen  oxides  were  present,  or  until 
they  had  been  formed,  suggested  that  the  first  step  in  the 
reaction  consisted  in  the  conversion  of  the  alcohols  into 
aldehydes,  and  that  then  and  only  then  were  the  fulminates 
formed.  This  suggested  the  substitution  of  aldehydes  for 
alcohols  and  on  using  them,  beginning  with  acetaldehyde,  as 
the  parent  substances  it  was  found  that  not  only  were  fulminic 
acid  and  substituted  fulminic  acids  produced  but  that  the  re- 
actions ran  on  much  more  smoothly  and  completely. 

As  I  have  said  these  operations  were  conducted  in  a  desultory- 
way  and  continued  over  a  term  of  many  years,  for  my  duties 
have  been  numerous  and  exacting  and  they  have  continually 
encroached  on  my  efforts  to  conduct  researches.  Fortunately 
I  have  now  an  accomplished  student,  trained  in  this  field,  who 
appreciates  the  problem  and  has  entered  on  its  solution  and  I 
hope  soon  that  we  may  present  a  fuller  statement  and  a  more 
complete  record  of  these  interesting  reactions  and  the  results 
that  follow  from  them. 

George  Washington  University, 
December.  1911. 


TUNGSTEN  PRODUCTION  IN  THE  UNITED  STATES  IN  ion. 

There  was  a  sharp  falling  off  in  the  production  of  tungsten 
ores  in  191 1,  owing  to  the  decrease  in  the  market  for  tool  steels, 
in  which  the  bulk  of  the  tungsten  is  used.  According  to  pre- 
liminary figures  collected  by  Frank  L,.  Hess,  of  the  United 
States  Geological  Survey,  about  1,125  short  tons  of  concen- 
trates carrying  60  per  cent,  tungsten  trioxide  were  produced 
and  shipped  during  the  year,  which  is  less  than  two-thirds 
of  the  output  for  1910,  when  1,821  tons  were  marketed.  The 
prices  for  the  year  ranged  from  $4.50  to  $8.50  per  unit,  depend- 
ing on  quantity,  quality,  and  individual  bargaining.  At  the 
close  of  the  year  $5.00  per  unit  was  offered.  The  unit  is  twenty 
pounds  of  tungsten  trioxide' per  short  ton  of  ore. 

As  usual  the  Boulder  County  (Colorado)  field  gave  the  largest 
returns,  740  tons,  and  the  Atolia  (California)  deposits  the 
second  largest.  Smaller  amounts  were  produced  in  Arizona, 
Nevada,  Idaho,  and  Washington. 

The  ore  mined  in  Boulder  County  is  ferberite  (iron  tungstate), 
which  is  not  obtained  in  large  quantity  at  any  other  place  in 
the  world.  In  spite  of  the  poor  market  several  new  companies 
were  formed  to  mine  ore  in  the  Boulder  field  and  commenced 
operations  during  the  year.  Two  companies  profitably  worked 
over  tailings  left  from  former  operations.  A  considerable 
quantity  of  the  ore  mined  both  in  this  and  in  other  fields  was 
not  marketed. 

The  Atolia  field  did  not  make  so  large  a  production  as  in 
1910,  but  carried  on  work  through  most  of  the  year. 

Near  Nipton,  Cal.,  work  was  done  by  several  persons  on 
tungsten-bearing  veins,  but  most  of  the  ore  was  left  at  the  mines 
to  await  higher  prices. 

In  Arizona  a  number  of  carloads  of  ore  were  mined  near 
Arivaca,  more  than  70  miles  south  of  Tucson,  and  hauled  to 
that  place  for  shipment  to  Denver  for  milling. 

The  tungsten  ore  in  the  Blue  Wing  district  had  been  long 
mistaken  for  a  dark  zinc  blende,  with  which  it  occurs. 

New  discoveries  of  wolframite  were  reported  from  the  vicinity 
of  Oroville,  Wash.,  and  in  silver-bearing  veins  in  the  Sonoma 
Range,  south  of  Golconda,  Nev.,  Hiinberite  was  found  in 
veins  once  worked  for  silver  in  the  Potosi  district,  9  miles  from 
Pony,  Mont.,  and  scheelite  was  found  in  gold  veins  in  the  New 
Goldfield  district  near  Rebel  Creek,  Nev. 


CLAY  PRODUCTS  IN  1010. 

The  products  of  the  clay-working  industries  in  the  United 
States — brick,  tile,  pottery,  etc.  reached  in  1910  the  largest 
value  ever  attained,  the  total  being  $170,115,974,  compared 
with  $166,321,213  in  1909.  These  figures  arc  presented  by 
Jefferson  Middleton,  of  the  United  States  Geological  Survey, 
in  an  advance  chapter  from  "Mineral  Resources"  for  1910 — 
" Clay- Working  Industries." 

In  the  brick  and  tile  industry  building  brick  of  all  kinds 
except  fancy  or  ornamental  declined  in  value,  while  drain  tile, 
sewer  pipe,  architectural  terra  cotta,  fireproofing,  stove  lining, 
and  fire-brick  showed  gains.  In  the  pottery  industry  every 
item  increased  in  1910  except  stoneware  and  yellow  and  Rock- 
ingham ware,  which  showed  a  loss  of  about  $200,000. 

The  following  are  the  ten  States  with  highest  recorded  pro- 
duction for  1 9 10: 

State.  Brick  and  tile.  Pottery. 

Ohio $17,231,236  $14,294,712 

Pennsylvania 19,814,355  2,279,930 

New  Jersey 9,245,854  8,588,455 

Illinois 14,331,414  844,747 

New  York 9,778,288  2,093,661 

Indiana 7,143,306  956,704 

Missouri 7,058,705  29,061 

Iowa 5,310,706  17,535 

California 4,744,968  97,423 

West  Virginia 1,322,457  2,675,588 


LEAD  INDUSTRY  IN  1010. 

According  to  a  report  by  C.  E.  Siebenthal  just  issued  by  the 
United  States  Geological  Survey  the  total  production  of 
primary  lead  from  all  sources,  domestic  and  foreign,  made  a 
gain  of  5  per  cent,  over  that  of  1909.  Missouri  made  individ- 
ually a  larger  gain  than  the  whole  domestic  increase  and  pro- 
duced over  43  per  cent,  of  the  domestic  output  of  lead.  The 
total  production  of  refined  lead  in  this  country  in  1910  was 
470,380  short  tons,  the  greatest  output  in  the  history  of  the 
industry. 

The  total  quantity  of  primary  lead  produced  in  Missouri 
in  1910  was  161,659  short  tons,  Idaho  was  next  with  99,924 
short  tons,  Utah  third  with  57,081  short  tons,  and  Colorado 
fourth  with  35,685  short  tons. 

The  World's  Production  of  Lead,  1910,  in  Short  Tons 

Australia 108,907 

Austria-Hungary 19,290 

Belgium 43 ,  65 1 

Canada 16,535 

France 23 ,  148 

Germany 1 74 ,  053 

Great  Britain 33,620 

Greece 18,519 

Italy 17,639 

Japan 3 ,  858 

Mexico 138,890 

Russia 1 ,323 

Spain 211,201 

Sweden 331 

Turkey  in  Asia 13 ,  999 

Other  countries 14,220 

United  States  (domestic) 372,227 

Total 1,211,411 
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CONSULAR  AND  TRADE  NOTE.5 


GERMAN  POTASH  INTERESTS. 

Consul  George  Nicolas  lilt.  Nuremberg,  reports  that  the 
announcement  ol  the  discovery  of  potash  in  the  United  States 
always  attracts  much  attention  in  Germany,  and  a  recent  an 
nouncement  of  this  smi  brought  forth  a  statement  from  th< 
German  Potash  Syndicate  that  it  had  at  once  caused  inquiry 
tn  In-  made  by  an  expert  official  and  found  that  the  efforts  of 
both  the  United  States  Geological  Survey  and  the  Department 
hi  Agriculture  have  thus  far  failed  to  locate  any  valuable  potash 
beds.  The  newspapei  report  was  declared  to  have  been  based 
cm  the  well-known  but  unimportant  potash  beds  in  Death 
Valley.  The  Potash  Syndicate  puis  little  faith  in  the  produc- 
tion of  potash  from  the  kelp  of  the  Pacific  coast,  declaring  that 
its  production,  except  as  a  by-product  of  iodine,  would  not  pay. 

The  general  press  was  not  so  skeptical,  however,  and  re 
fined  to  the  news  as  at  least  a  warning  that  Germany's  natural 
monopoly  in  the  potash  field  is  not  so  certain  for  the  future 
as  has  been  supposed,  and  that  it  must  so  organize  itself  as  to 
be  ever  ready  to  meet  new  competition. 


NORWEGIAN  GUANO  SHIPMENTS  TO  UNITED  STATES. 

Consul  P.  Emerson  Taylor,  Stavanger,  reports  that  the  largest 
shipment  of  fish  guano  and  whale  meal  ever  made  from  this 
district  to  the  United  States  went  from  this  city  to  Charleston, 
S.  C,  on  November  25,  1911.  The  shipment  aggregated  20,179 
bags  of  100  kilos  each,  or  a  total  of  4,439,380  pounds,  invoiced 
at  $95,769.  The  shipment  consisted  of  12,981  bags  (2,855,820 
pounds)  of  herring  guano,  priced  at  $65,802,  6,682  bags  (1,470,- 
040  pounds)  of  whale  guano,  priced  at  $27,197,  and  516  bags  of 
whale-meat  meal  (113,520  pounds),  priced  at  $2,769. 

A  tramp  steamer  was  chartered  by  the  seller  and  manu- 
facturer of  the  guano  and  whale  meal  and  the  shipment  was 
made  direct  from  this  port  to  Charleston,  the  product  being 
sold  to  a  New  York  firm.  The  total  export  of  fish  guano  and 
whale  meal  from  this  district  to  the  United  States  in  November, 
191 1,  aggregated  $105,407. 


GLASS  PAVING  BLOCKS  IN  FRANCE. 

Consul  Carl  Bailey  Hurst,  Lyon,  has  investigated  the  sup- 
posed use  of  glass  bricks  or  blocks  manufactured  for  pavements, 
with  the  following  result: 

Seven  or  eight  years  ago  a  plant  was  established  at  La  Demi 
Lune,  a  suburb  about  4  miles  from  Lyon,  for  making  glass 
paving  material  under  the  name  of  "pierre  de  verre  Garehey." 
After  many  experiments  carried  out  at  the  factory  the  manu- 
facturer applied  to  the  Lyon  municipality  for  the  right  to  make 
a  trial  on  one  of  the  chief  thoroughfares.  The  necessary  author- 
ization was  granted,  provided  that  the  inventor  would  bear 
the  entire  expense  of  the  undertaking.  The  place  chosen  for 
laying  the  glass  pavement  was  a  section  of  the  Place  de  la  Re- 
publique,  where  traffic  of  cabs,  automobiles,  and  wagons  of 
all  kinds  is  very  heavy.  The  glass  bricks  remained  in  place 
for  less  than  two  years,  and  were  then  taken  out,  as  they  were 
in  very  poor  condition;  the  edges  were  all  broken,  and  in  many 
cases  the  blocks  were  split  through  and  through. 

The  opinion  of  officials  here  at  that  time  was  to  the  effect 
that  this  glass  pavement  could  be  used  under  favorable  cir- 
cumstances for  sidewalks,  but  not  for  the  middle  of  streets. 

The  manufacturer  after  the  failure  of  his  experiment  closed 
or  dismantled  his  small  factory,   left  Lyon,  and  his  address  is 


not    ascertainable.      At    present    onlj     stone    and    wood 

ployed  fin  pa  vements  in  this  cit  v 

PALM-OIL  INDUSTRY  OF  WEST  AFRICA. 

Consul  William  J,  Verby,  Siena  Leone,  gives  an  interesting 
report  on  the  palm  oil  industry  of  West  Africa.  The  amount 
of  palm  oil  annually  exported  from  British  West  Africa  now 
amounts  to  15,150,000  imperial  gallons,  valued  at  not  less 
than  $5,750,000,  while  the  yearly  export  of  palm  kernels  is 
226,000  long  tons,  valued  at  over  #>  16,000,000.  These  figures 
do  not  include  the  exports  of  palm  oil  or  kernels  from  French 
West  Africa,  German  West  Africa,  nor  the  Kongo.  The  palm 
tree  from  which  the  oil  and  kern  Is  are  obtained  is  indigenous 
and  grows  in  great  quantities  in  all  West  Africa.  It  is  most 
prolific  from  the  Camcroons  to  and  including  a  part  of  French 
Guinea,  the  area  embracing  Northern  and  Southern  Nigeria, 
the  Gold  Coast,  the  Ivory  Coast,  Dahomey,  Togoland,  the 
Kongo,  Liberia,  and  Sierra  Leone. 

The  trees  are  30-40  feet  high,  and  bear  as  many  as  7  or  8 
cones  of  fruit  each  about  the  size  of  a  man's  head.  These 
cones  are  studded  with  the  kernels,  which  consist  of  the  fibrous 
outer  coating  or  pericarp,  which  contains  the  palm  oil  and  the 
oil  and  the  palm  nut,  enclosed  in  a  thin  shell.  The  pericarp 
and  the  kernel  yield  about  60  and  50  per  cent.,  respectively, 
of  their  weight  in  oil.  The  oil  obtained  from  the  pericarp  is 
a  deep  yellowish  blood-red,  while  that  from  the  kernel  is  white. 
Both  the  palm  oil  and  the  palm-nut  oil  are  used  locally  instead 
of  lard.  The  natives  and  some  Europeans  claim  that  it  has 
a  fine  flavor. 

There  is  no  cultivation  of  the  fruit  other  than  gathering  it 
when  matured.  The  kernels  are  prepared  by  beating  the  fruit 
in  a  mortar  until  the  pericarp  is  separated  from  the  enshclled 
kernel.  The  emulsified  pericarp  is  then  boiled  in  water  in  a 
large  pot,  that  part  of  the  oil  that  has  not  already  been  freed 
collecting  at  the  top.  The  kernels  are  cracked  one  at  a  time 
with  a  hammer  or  stone  by  the  women  and  children.  There 
are  now  on  the  market  several  machines  for  removing  the  peri- 
carp and  cracking  the  kernels,  but  they  have  not  as  yet  proved 
a  success. 

The  only  drawback  to  the  wide-spread  development  of  the 
palm-oil  industry  in  West  Africa  is  the  lack  of  transportation, 
and  this  will  not  be  overcome  until  the  country  is  well  opened 
up.  Steady  progress  is  being  made  in  this  direction,  however. 
There  are  large  palm-bearing  districts  not  far  from  the  coast 
and  on  the  verge  of  wide  navigable  rivers,  where  the  question 
of  transportation  involves  no  great  difficulty  or  expense,  and 
it  is  in  these  districts  that  the  industry  will  first  be  undertaken 
on  a  large  scale.  As  plam  oil  will  bring  $150  per  ton  in  Europe 
at  the  present  time,  and  as,  handled  on  a  large  scale,  it  could 
be  delivered  in  Liverpool  for  $75  per  ton,  including  all  charges 
with  the  cost  of  production,  it  can  be  easily  seen  that  future 
developments  will  be  rapid  and  have  an  important  bearing 
on  the  general  prospects  of  West  Africa.  The  amount  of  trade 
here  is  doubling  every  10  years,  and  promises  in  the  near  future 
to  rival  that  of  South  Africa. 


INCREASED  CUSTOMS  DUTIES  IN  BOLIVIA. 

Just  prior  to  the  adjournment  of  the  Congress  of  Bolivia, 
in  November,  191 1,  the  duties  on  all  foreign  products  were 
increased  1 5  per  cent,  and  a  duty  of  2  per  cent,  was  imposed 
on  all  foreign  products  hitherto  free  of  duty  under  the  tariff. 
These  new  tariff  rates  take  effect  January  1,  19 12. 


Feb.,  iQi- 
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Addresses  to  Engineering  Students.  Edited  by  Wadpkll  and 
HARRINGTON,  Consulting  Engineers,  Kansas  City,  Missouri. 
First  Edition  1911.  480  pages.  Price:  $1.00  for  single  copies 
obtained  from  the  editors;  75  cents  when  distributed  in  quan- 
tities to  Universities  and  Colleges. 

The  object  of  the  Editors,  as  stated  in  the  preface,  is  to  ac- 
quaint students  with  the  importance  of  the  engineering  pro- 
fession and  of  its  ethics.  They  also  draw  attention  to  the  gener- 
ally recognized  shortcomings  in  English,  especially  that  re- 
lating to  engineering  in  most  of  the  courses  covering  that  subject. 
It  is  recommended  by  the  editors  that  the  book  be  used  as  a 
text  book  or  one  of  reference. 

It  is  rather  a  shock  to  one's  sense  of  ethics  to  find  an  address 
verging  closely  on  the  line  of  exploitation  and  the  qualification 
may  be  superfluous,  placed  beside  the  addresses  of  Dr.  Eliot, 
Prof.  Karapetoff  and  others  especially  when  it  is  recommended 
by  the  editors  that  this  compilation  of  addresses  be  used  as  a 
text-book  to  help  mold  and  guide  the  prospective  engineer 
in  the  "ethics  of  his  profession." 

The  first  address,  quite  properly,  is  "Advice  to  l'Veshmen." 
It  is  by  Dean  Shenchon.  It  contains  considerable  wise  counsel 
but  we  regret  to  observe  the  rather  "flippant"  way  in  which 
he  treats  a  pecuniary  obligation.  The  attitude  which  some 
people  assume  when  a  money  obligation  is  involved  is  strange 
and  unfortunate.  Dean  Shenchon  would  have  his  students 
believe,  if  only  by  inference,  that  it  is  rather  "smart"  to  play 
"fast  and  loose"  with  a  money  obligation.  The  existing  con- 
dition is  bad  enough  and  we  can  not  look  for  much  improvement 
so  long  as  such  doctrine  is  preached  to  students.  Fortunately, 
subsequent  addresses  in  the  compilation  remove  the  sting  of 
this  shortcoming  in  Dean  Shcnehon's  remarks. 

The  second  address  is  by  Prof.  J.  B.  Johnson  on  "Two  Kinds 
of  Education  for  Engineers."  He  states:  "Engineering  differs 
from  all  other  learned  professions,  however,  in  this,  that  its 
learning  has  to  do  only  with  the  inanimate  world,  the  world 
of  dead  matter  and  force.  The  materials,  the  laws  and  the 
forces  of  nature,  and  scarcely  to  any  extent  its  life,  are  the 
peculiar  field  of  the  engineer."  And  further:  "In  short  what 
interest  is  there  for  him  (the  Engineer)  in  what  we  now  commonly 
include  in  the  term  humanities."  This  to  us  seems  just  the 
contrary  to  the  policy  which  is  being  evolved  by  the  best  minds 
in  charge  of  our  engineering  courses.  The  situation  is  different 
from  that  which  existed  a  generation  or  more  ago,  and  the  con- 
trast is  becoming  more  pronounced  as  our  industrial  develop- 
ment proceeds.  It  was  not  long  ago  when  courses  in  civil 
engineering  predominated  but  to-day  the  field  for  mechanical 
and  electrical  engineer  is  in  the  ascendance  and,  relatively  speak- 
ing, civil  engineering  is  of  minor  importance.  While  we  admit 
that  ethics  do  not  change,  we  must  insist  there  are  other  things 
that  do  and  one  of  these  is  the  field  of  the  engineer  during  the 
material  progress  of  a  country. 

Now,  educating  students  along  exclusively  highly  technical 
lines,  somewhat  as  Prof.  Johnson  outlines,  has  created  a  certain 
degree  of  prejudice  against  the  technical  graduate  because  the 
line  of  training  has  not  complied  to  the  conditions  to  be  met. 
It  has  resulted  principally  through  the  neglect  of  that  very 
clement  which  Prof.  Johnson  says  does  not  concern  the  cngi 
neer. 

The  material  progress  of  any  country  consists  largely  in  the 
construction  and  consequent  operation  of  industrial  establish 
ments.  Their  operation  is  more  or  less  perpetual.  To  success- 
fully conduct  the  affairs  of  these  establishments  is  the  province 
of  the  engineer  and  requires: 
1  st.  An  engineering  knowledge. 
2nd.  The   ability  to  successfully   handle   human   nature — the 


ability  to  obtain  the  highest  initiative  of  each  individual.  This 
is  a  widely  varying  quantity  but  one  which  is  largely  controlled 
by  a  few  underlying  principles. 

The  first  qualification  without  the  second  will  almost  always 
spell  failure.  The  second  with  even  only  a  smattering  of  the 
first  will  generally  bring  success  but  the  combination  of  the 
two  indicates  the  broadest  type  of  engineering.  Many  an  es 
tablishment  has  been  doubled  in  capacity  when  the  only  variable 
was  the  one  in  charge  of  the  operation  and  when  both  men  may 
have  been  equals  in  technical  knowledge.  We  do  not  mean 
to  say  there  is  no  field  for  the  highly  educated  technical  engi- 
neer. There  is  such  a  field  and  it  is  a  vast  one  but  the  field 
for  the  operating  engineer  is  increasing  at  a  very  rapid  pace 
and  the  training  which  is  necessary  for  its  fulfilment  is  not 
met  by  our  present  engineering  courses.  The  student  should 
be  taught  that  knowledge  is  not  judgment,  that  success  or 
failure  is  measured  by  results  and  that  an  idea  without  the 
ability  to  execute  is,  to  that  extent,  worthless.  If  the  students 
were  to  follow  the  advice  of  Prof.  Johnson  he  would  fall  far 
short  of  the  desired  goal.  Ignoring  the  human  phase,  which 
so  intimately  concerns  the  work  and  life  of  the  engineer,  has 
caused  many  good  men  to  "fall  by  the  wayside." 

On  the  whole,  we  think  the  editors  would  do  well  to  revise 
this  compilation  of  addresses  and  separate  the  "chaff  from  the 
wheat"  before  recommending  that  it  be  placed  on  the  library 
shelf  for  reference.  While  most  of  the  addresses  are  admirable 
they  are  rather  too  scattering  in  their  nature  to  permit  of  their 
use  in  this  form  as  a  text-book.  Willis   E.   Hall. 


Die  Polarimetric  der  Erdble.     By  M.   A.    RAKUSIN.       8vo.     404 

pp.     Verlag  fiir   Faehliterature.     Berlin,  191 1.     Price,  $4.00. 

This  book  was  apparently  published  for  the  purpose  of  bring- 
ing down  to  date  the  controversy  on  the  method  of  formation 
of  natural  petroleum.  It  is  divided  into  two  sections,  theoret- 
ical and  experimental. 

In  the  theoretical  portion,  200  pages  are  devoted  to  a  com- 
prehensive review  of  the  history  of  investigations  on  optical 
activity  and  racemized  crude  oils,  and  to  discussions  of  these 
investigations  from  the  standpoints  of  pure,  analytical  and  phys- 
ical chemistry,  physics  and  geology. 

The  results  of  the  investigation  of  about  100  European  crudes, 
heretofore  unpublished,  are  discussed  from  the  various  stand- 
points. Day's  filtration  experiments  are  also  discussed  rather 
fully  and  are  further  elaborated. 

In  the  experimental  portion  some  30  pages  are  devoted 
to  the  methods  of  fractional  distillation.  This  is  followed 
by  150  pages,  including  numerous  tables,  of  results  of  the  frac- 
tional distillation  of  a  large  number  of  European  crudes  along 
with  their  polarimetric  measurements.  These  results  are 
very  interesting,  and  are  of  great  importance  for  the  purposes 
of  comparison. 

No  attempt  is  made  to  show  that  the  polariscope  is  of  any 
value  in  the  petroleum  laboratory,  other  than  as  suggesting 
a  possible  method  for  the  detection  of  the  geographical  source 
of  a  sample.  Nevertheless,  a  few  figures  are  given  in  one  sec- 
tion, seemingly  to  show  that  the  optically  more  active  frac- 
tions from  some  crudes  were  the  more  viscous. 

The  book  is  well  worth  the  reading  by  any  oil  chemist,  as 
it  contains  suggestions  which  are  certain  to  be  of  value  in  the 
refinery. 

The   references    to   the   contributions   of   other   investigators 
in  this  field  arc  numerous  and  will  be  valuable  to  any  one  look 
ing  up  the  subject.  Gaii    Mersereau, 
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Alcohol,  Wood     ,   Acetic   Acids,   Acetates,   Acetone.     By   Louis 

Cauvet.     8vo.,  367  pp.     $1.25.     Ch.  Blranger,  Paris. 
Alkaloid     Chemistry,     1908-1911.     By     J.     Schmidt.     ],.  8vo 

Ferdinand  Enke,  Stuttgart.     (German.) 
Analysis,  Chemical     .     By  B.  M.  Margoschbs.     L.  8vo.     $0.60. 

Ferdinand  Enke,  Stuttgart.     (German.) 
Analytical    Chemistry;   Short   Text-book   of     ;   Vol.    I.  Qualita- 
tive   Analysis     By   F.    P.   TrBADWBU,.      7  Lli   Ed.     8vo.,   512 
pp.     $2.50.     Vienna,  191 1.     (German.) 
Assaying;    Manual    of    Fire—.     By    C.    H.    Fulton.     2d    Ed. 

8vo.,  236  pp.     $2.00.     McGraw-Hill  Book  Co.,  New   York. 
Chemical  Works,  Their  Design,  Erection  and  Equipment.     By 
I..  L.  Dyson  and  S.  S.  Clarkson.     8vo.     D.  Van  Nostrand 
Co.,  New  York. 
Chemistry,     Yearbook    of--:     Vol.     XX.   1010.     By     Richard 
Meyer.     8vo.     $4.75.     Friedrich    Vicwcg    &    Sohn,    Bruns- 
wick.    (German.) 
Coals  Available  for  the   Manufacture  of  Illuminating  Gas.     By 
A.  H.  White  and  Perry  Barker.     8vo.,  75  pp.     Bureau  of 
Mines,  Bulletin   6. 
Distillation,    History  of   the   Pharmaceutical-Chemical —    Appa- 
ratus.    By  Herman  Schelenz.     Sm.  8vo.,  169  pp.     Presenta- 
tion Ed.     Schimmel  &  Co.,  Miltitz.     (German.) 
Electro- Analysis.     By   Edgar   F.   Smith.     5th   Ed.  '  8vo.,   332 

pp.     $3.00.     Philadelphia,  1911. 
Emery  and  the  Emery  Industry.     By  A.  Haenig.     8vo.,  104  pp. 

D.  Van  Nostrand  Co.,  New  York. 
Engineering   Valuation   of   Public    Utilities   and   Factories.     By 

Horatio  A.  Foster.     D.  Van  Nostrand  Co.,  New  York. 
Fertilizers,  Report  on  Analyses  of  Samples  of —  Collected  by  the 
Commissioner  of  Agriculture   during  191 1.     By  E.  L.  Baker. 
8vo.,    101    pp.      New   York  Agricultural    Experiment  Station, 
Bulletin  341. 
Fertilizers,    The    Use    and    Production    of    Commercial — .     By 
Frank  K.  Cameron.     U.  S.    Senate  Document  190,   Wash- 
ington, D.  C. 
Flour,  Effect  of  Common  Mill  Fumigants  on  the  Baking  Qualities 
of  Wheat — .     By  G.  A.   Dean  and  C.  O.  Swanson.     8vo., 
207     pp.     Kansas    State      Agricultural     College     Experiment 
Station,  Bulletin  178. 
Granites  of  Connecticut.     By  T.  N.  Dale  and  H.  E.  Gregory. 
8vo.,   137  pp.      U.  S.  Geological  Survey,  Bulletin  484,   Wash- 
ington, 191 1. 
Illuminating  Gas,  Text-book  of  the —  Industry.     By  W.  Bert- 
elsmann.    Vol.     II.     L.  8vo.,     984     pp.     $8.50.     Stuttgart, 
191 1. 
Inorganic,  A  Text-book  of —  Chemistry.     By  A.  F.  HollEman. 
4th  Ed.     8vo.,   505   pp.     $2.50.     John   Wiley  &  Sons,  New 
York. 
Light,  The  Chemical   Action  of — .     By  F.  Weigert.     L.  8vo., 

114  pp.     $i.oo.     Stuttgart,  1911. 
Maple   Sirup,    A   Study   of — .     By   A.    McGill.     8vo.,   41    pp. 
Laboratory    of    the    Inland    Revenue     Department,    Ottawa, 
Bulletin  228. 
Metallurgy    of    Iron    and    Steel.     By    Bradley    Stoughton. 
2nd    Ed.     8vo.,    560    pp.     $3.00.     McGraw-Hill    Book    Co., 
New  York. 
Organic  Chemistry,  The    Methods  of — .     By  The  Weyl.     Vol. 

II.     8vo.,     $14.00.     Georg   Thierne,   Leipzig.     (German.) 
Organic,  The  Identification  of —  Compounds.     By  G.  B.  Neave. 

D.  Van  Nostrand  Co.,  New  York. 
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Peat,  The  Uses  of  for  Fuel  and  other  Purposes.  By  Charles 
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Pharmacy,  Encyclopedia  of  .  Hy  J.  MoELLER  and  II.  ThomS. 
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RLCLNT  INVENTIONS 


Reported  by  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGill  Building,  Washington,  D.  C. 


CONTINUOUS    PROCESS    OF    MAKING   WHITE    LEAD    AND 

APPARATUS  THEREFOR. 
U.  S.  Patent  No.  1,002,246,  to  Carleton  Ellis,  Montclair,  N.  J. 

This  invention  is  a  process  of  making  white  lead  in  a  con- 
tinuous or '  non-cumulative  manner,  which  makes  the  opera- 
tion an  automatic  one  from  the  time  the  lead  is  introduced 
into  the  melting  pot  up  to  the  time  when  the  finished  white 
lead  is  ready  to  be  packed  for  shipment. 

The  invention  involves  melting  the  lead,  preferably  in  a  tank 
equipped  with  a  melting  pot  and  molten  lead  reservoir,  in 
comminuting  the  molten  lead  by  means  of  a  jet  of  compressed 


air,  inert  gas,  steam  or  water,  collecting  the  comminuted  prod- 
uct and  maintaining  it  by  such  means  as  an  extensive  con- 
veying system,  in  contact  with  air  and  carbon  dioxid  and  water 
or  steam  or  both,  until  the  lead  has  become  converted  into 
basic  carbonate  of  lead  or  hydrated  carbonate  of  lead,  corre- 
sponding to  the  accepted  formula  for  white  lead,  and  finally 
freeing  the  product  from  its  moisture. 

The    illustration    shows    apparatus   in   which   the   process  is 
carried  out. 

PROCESS  OF  MAKING  SUPERPHOSPHATES. 
U.  S.  Patent  No.  1,003,681,  to  Rinaldo  Williams,  of  Birmingham, 
Alabama. 
This  invention  is  a  process  for  the  manufacture  of  super- 
phosphate or  acid  phosphate  particularly  where  phosphate 
rock  containing  a  relatively  large  percentage  of  impurities, 
such  as  oxid  of  iron,  alumina,  etc.,  is  treated  with  sulfuric 
acid  to  form  available  phosphoric  acid  in  the  form  of 
Ca02H,OP,06  or  2CaOH2OP2Ov 


The  patentee  has  found  that  sulfuric  acid  will  not  act  on 
the  impurities  in  the  phosphate  rock,  or  at  the  most  will  act 
but  little  where  the  reaction  between  the  acid  and  phosphate 
takes  place  at  a  low  temperature.  In  other  words,  when  the 
sulfuric  acid  and  crushed  phosphate  rock  are  mixed  in  the  pan 
or  retort  if  the  mixture  and,  if  necessary,  the  pan  itself  be  kept 
cool  or  below  ioo°  F.,  the  sulfuric  acid  will  act  only  on  the 
tricalcic  phosphate  in  the  rock,  converting  the  latter  almost 
entirely   into  available  phosphoric  acid   in  an   acid   phosphate 


mixture  which  will  contain  in  addition  to  said  acid  phosphate 
only  the  quantity  of  impurities  originally  in  the  phosphate- 
rock,  the  same  constituting  practically  a  fixed  element. 

TREATMENT  OF  PETROLEUM. 
U.  S.  Patent  No.  1,002,570,  to  J.  A.  Dubbs,  Santa   Monica,  Cal. 
This   invention   relates   to   the   distillation   of    petroleum   to 
produce  asphalt  and  asphaltic  residual  bodies. 


The  process  consists  in  treating  petroleum  to  dry,  and  free 
the  same  from  water,  distil  or  produce  asphalt  therefrom,  con- 
sisting in  continuously  causing  the  petroleum  to  drop,  in  racuo, 
in  the  presence  of  ascending  currents  of  combustion  gases  to 
drive  off  the  lighter  products  from  each  of  said  drops  while  in 
suspension  and  collecting  the  asphaltic  residuum  below  the 
heat  zone,  the  size  of  the  drops  being  varied  according  to  the 
ascending  heat  and  to  the  product  desired. 

The  illustration  shows  apparatus  in  which  the  process  is 
carried  out. 
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EDITORIALS 


CONSERVATION. 

In  publishing  the  symposium  upon  conservation 
which  occupies  a  large  portion  of  this  number  of  the 
Journal,  a  great  service  is  being  done.  It  should  be 
realized  that  the  problem  of  conservation  is  largely 
a  chemical  one  and  that  the  leaders  in  industrial 
chemistry  have  serious  responsibility  in  respect  to 
it. 

In  reference  to  many  of  the  materials  extracted 
from  the  earth  there  are  certain  common  factors. 
Most  of  them  have  been  exploited  for  thousands  of 
years.  However,  the  drafts  upon  the  reserves  of  the 
earth  as  compared  with'its  total  capacity  were  small 
until  the  beginning  of  the  nineteenth  century.  From 
the  dawn  of  civilization  until 'that  time  the  amounts 
of  fuels  and  metals  mined  had  been  so  inconsiderable 
that  there  was  no  need  of  thought  for  the  morrow. 
By  the  philosophers  of  any  time  before  the  nineteenth 
century,  it  might  have  been  asserted  that  the  stores 
of  these  substances  were  so  large  as  compared  with  the 
need  for  them  that  they  would  last  through  the  in- 
definite future. 

In  the  early  half  of  the  nineteenth  century  there 
appeared  a  phenomenal  increase  in  the  drafts  upon 
the  various  mineral  resources;  but  still  the  amounts 
demanded  were  not  so  large  as  to  sttggest  forethought. 
Then  came  the  latter  half  of  the  century,  the  age  of 
scientific  advance  and  invention,  the  industrial  and 
commercial  age.  Any  forecasts  as  to  the  future 
life  of  the  mineral  resources  which  might  have  been 
made  upon  earlier  data  became  worthless;  and  the 
closing  decade  of  the  nineteenth  century  and  the 
first  decade  of  the  twentieth  century  show  the  rate  of 


exploitation  ever  accelerated.  Indeed  in  the  Un 
States  for  many  substances  the  output  has  doubled 
in  ten  years  or  less,  including  the  all-important  coal 
and  iron.  So  far  as  this  is  true,  it  means  that  the 
output  of  the  first  decade  of  this  century  has  been 
more  than  equal  to  that  of  all  previous  decades. 

In  this  modern  era  of  stable  government  for  great 
nations,  with  peace  general,  war  exceptional,  instead 
of  war  general  and  peace  exceptional;  with  the  de- 
velopment of  agriculture,  manufacture,  and  trans- 
portation, there  has  come  an  enormous  increase  in 
population.  This  increase  will  continue  until  the 
habitable  areas  of  the  world  are  fully  occupied.  The 
natural  resources  must  be  so  handled  as  to  meet  the 
needs  of  these  billions  of  people  through  hundreds  of 
thousands,  probably  millions,  of  years  to  come.  From 
the  point  of  view  of  coming  generations,  the  problem 
of  conservation  is  the  most  fundamental  and  far- 
reaching  of  those  that  are  presented  to  the  race. 

The  conservation  movement,  following  the  White 
House  conference  in  1908,  was  taken  up  with  great 
enthusiasm  all  over  the  country,  and  became  almost 
at  once  a  national  policy;  but  the  successful  solution 
of  the  problem  of  conservation  is  one  which  will  re- 
quire the  work  of  the  leaders  in  applied  science  through 
many  years  to  come.  Already  the  popular  interest 
in  the  movement  is  waning.  Now  is  the  time  when 
the  staying  powers  of  those  who  appreciate  its  im- 
portance is  required.  It  is  fortunate  for  the  nation 
that  the  industrial  and  engineering  chemists  fully 
appreciate  this  situation,  and  are  striving  not  only 
to  keep  the  conservation  movement  alive  but  to  push 
it  forward  with  increasing  power. 

Charles   R.  Van  Hise. 


MINERAL  WASTES  SYMPOSIUM 


CARBON  WASTES. 

By  J.  A.  Holmes. 

In  opening  the  discussion  on  the  question  of  waste, 
it  may  be  proper  to  say  just  a  word  or  two  on  the 
general  question  of  waste  and  the  possibilities  of  its 
reduction. 

The  Bureau  of  Mines,  created  about  one  and  a  half 
years  ago,  has  had  set  before  it  two  general  purposes 
which  illustrate  the  way  that  the  Federal  Government, 
as  a  government,  is  interested  in  this  matter  of  pre- 
venting waste.  One  of  these  purposes  is  to  lessen  the 
loss  of  life,  and  the  other  is  to  lessen  the  waste  of  re- 
sources in  the  mining,  metallurgical  and  general 
mineral  industries  of  the  country.  Both  of  these 
lines  of  endeavor  are  essential  to  the  permanent  wel- 
fare of  the  nation  as  a  whole. 

In  discussing  problems  of  this  kind  under  the  topics 
of  waste  and  conservation,  we  must  bear  in  mind  the 
fact  that  conservation,  which  in  name  though  not  in 
reality    is  a  comparatively  modern  invention,  has  been 


used  and  abused  to  such  an  extent  that  while  it  has 
become  more  or  less  popular  in  the  country-at-large, 
it  has  also  become  decidedly  unpopular  with  certain 
classes  of  people  in  this  country.  I  think  it  is  the 
province  of  the  chemists  and  mining  engineers,  more 
than  any  other  classes  of  people  in  the  country,  to  give 
conservation  the  basis  in  practical  affairs  which  it 
ought  to  have. 

I  know  that  many  of  us,  from  the  geologic  and 
engineering  side,  have  been  trying  for  years  to  get 
along  without  chemists  or  with  fewer  chemists.  But 
we  have  found  this  impossible;  instead,  we  have  been 
almost  swamped  with  the  constantly  increasing  need 
for  more  chemists.  It  is  therefore  eminently  proper, 
it  seems  to  me,  to  discuss  these  waste  problems  with 
and  among  chemists. 

The  topic  in  this  symposium  which  has  been  assigned 
to  me,  namely  "Carbon  Wastes,"  illustrates  one  or 
two  general  principles  which  also  I  trust  I  may^be 
pardoned  in  calling  attention  to  in  opening  this  dis- 
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cussion,  and  that  is,  what  is  a  real  waste  may  or  may  not 
now  be  a  preventable  waste  in  the  present  state  of 
knowledge  or  under  existing  economic  conditions. 
Thus  the  waste  in  the  utilization  of  coal;  those  who 
are  less  familiar  with  the  mining  industry  than  you 
are  with  the  metallurgy,  may  not  be  aware  of  the  fact 
that  for  every  ton  of  coal  brought  to  the  surface  in 
the  bituminous  or  soft  coal  mines  of  this  country, 
not  less  than  one-half  a  ton  is  left  under  the  ground, 
and  it  will  not  be  possible  to  bring  it  to  the  surface 
in  the  future  at  any  reasonable  cost,  if  at  all.  But 
more  shocking  still  is  the  fact  that  in  our  anthracite 
coal  fields,  which  are  so  limited  in  extent  as  to  be 
confined  to  a  territory  comprising  less  than  four 
hundred  square  miles,  even  with  all  modern  improve- 
ments, not  more  than  50  per  cent,  of  the  anthracite 
coal  of  the  areas  mined  is  being  brought  to  the  surface. 
The  remainder  of  it,  now  aggregating  80,000,000  tons 
a  year,  is  being  left  underground  in  such  condition 
as  to  make  its  future  recovery  difficult  if  not  im- 
possible. 

In  the  early  days  of  anthracite  mining  there  was 
brought  to  the  surface  an  average  of  between  30  and 
40  per  cent,  of  the  coal,  so  that  from  60-70  per  cent, 
remained  under  the  ground,  which  was  sufficient  to 
give  strength  to  the  proof;  and  to-day  mining  engineers 
are  bringing  to  the  surface  a  part  of  the  coal  which 
was  left  in  the  mines  30  or  40  years  ago.  But  as  the 
percentage  of  coal  mined  has  increased  from  time  to 
time,  the  possibility  of  recovering  what  is  left  behind 
diminishes.  It  has  been  estimated  that  since  the 
beginning  of  coal  mining  in  the  United  States,  more 
than  2,000,000,000  tons  of  anthracite  coal  and  3,- 
000,000,000  tons  of  bituminous  coal  have  been  left 
underground  in  such  condition  as  to  make  its  future 
recovery  doubtful  or  impossible. 

I  know  of  no  other  American  industry  which  to-day 
is  in  so  deplorable  an  economic  condition  as  is  the 
bituminous  coal  industry.  The  operators,  unable 
under  existing  laws  to  combine  and  fix  prices  of  coal 
or  any  trade  agreements,  are  adopting  what  appears 
to  be  the  only  alternative — ruinous  competition,  which 
encourages  or  enforces  wasteful  and  dangerous  mining. 
It  seems  essential  that  Federal  or  joint  state  legislation 
be  enacted  authorizing  such  reorganization  of  this 
great  industry  as  will  permit  reasonable  returns  on  the 
money  invested  and  at  the  same  time  properly  safe- 
guard the  public  interests.  You  realize  that  it  is 
often  less  expensive  per  ton  for  the  operator  to  bring 
the  first  half  of  his  coal  to  the  surface  than  it  is  for 
him  to  bring  out  the  remaining  half,  because  this 
second  half  will  support  the  roof  while  the  first  half 
is  being  removed;  but  while  he  removes, the  second  half 
he  must  often  temporarily  support  the  roof  with 
timbers;  this  entails  additional  expense  to  meet  which 
there  is  generally  neither  an  accumulated  surplus  from 
which  to  draw,  nor  a  temporary  profit  from  which  to 
meet  this  extra  expense;  hence  the  coal  is  abandoned. 
It  is  only  fair  to  the  coal  operator  that  he  is  not  in  the 
mining  business  for  his  health,  but  to  make  a  living 
by  earning  a  reasonable  return  on  his  investment. 
Therefore,  what  we  may  consider  a  waste  may  be  a 


necessary  waste  under  existing  economic  conditions; 
a  waste,  however,  that  is  preventable  and  should  be 
prevented  by  improvements  in  our  economic  condi- 
tions, and  necessary  legislative  requirements. 

Therefore,  I  think  it  is  up  to  the  people  of  the  United 
States  before  condemning  the  coal  operator  for  this 
waste,  to  make  it  profitable  and  possible  for  him  to 
mine  all  the  coal  and  then  to  see  that  he  does  it.  I 
shall  not  now  attempt,  with  the  limited  time  set  apart 
for  this  discussion,  to  inflict  you  with  statistical 
details.  The  figures  I  have  given  you  represent  some 
of  the  largest  preventable  losses  in  carbon.  Other 
large  wastes  of  carbon  come  in  the  burning  of  coal  for 
power  and  lighting  purposes,  flue  losses,  radiation 
losses,  losses  in  imperfect  burning,  losses  in  the  engines, 
and  the  transformation  of  steam  into  mechanical 
work,  or  electric  light.  Many  of  these  losses  we 
cannot  see  how  to  avoid  now.  They  may  be,  for 
years  to  come,  necessary  losses.  Both  chemists  and 
engineers  should  do  everything  in  their  power,  and 
they  are  doing  much,  to  reduce  these  losses  and  render 
them  preventable.  You  and  I  to-day  perhaps  pay 
all  that  we  ought  to  pay  for  coal  laid  down  at  our 
furnaces,  but  not  enough  of  that  goes  back  to  the  mine 
to  repay  the  operator  and  the  miners  for  the  cost  of 
their  labor  and  other  mining  expenses.  The  coal 
repays  to  the  operator  and  the  laborer  together 
scarcely  more  than  $1.00  per  ton  for  the  responsible 
and  dangerous  work  of  getting  out  and  putting  on 
board  the  cars  most  of  the  bituminous  coal  in  the 
United  States.  The  operator  in  Europe  gets  twice  as 
much  per  ton  out  of  his  coal  after  getting  it  on  board 
cars,  as  does  the  American  operator.  I  know  cases 
where  the  profit  per  ton  on  European  coal  at  the  mine 
is  greater  than  the  total  price  received  for  American 
coal  of  the  same  quality  on  board  cars  at  the  mines. 
Our  American  operator  is  right  when  he  says  that  he 
cannot  prevent  this  waste,  nor  can  he  spend  much 
on  safety  devices,  at  the  present  prices  of  coal.  With 
facts  and  justice  on  his  side,  he  says:  "What  can  we 
do?     We  have  to  earn  a  living." 

Our  waste  of  natural  gas  is  a  crime,  and  thoroughly 
discreditable  to  the  nation.  It  is  far  worse  than  the 
waste  of  coal.  The  statistics  for  last  year  (19 10), 
according  to  the  Geological  Survey,  showed  that  some 
480,000,000,000  cubic  feet  of  gas  were  turned  into  the 
atmosphere  and  forever  lost.  In  the  above  as  in 
other  cases,  the  individual  operator  finds  it  easier  to 
save  a  part,  than  all,  of  these  resources,  yes,  cheaper 
for  him  to  waste  a  large  part  of  these  resources  than 
to  save  all.  In  the  case  of  natural  gas  he  says:  "I 
want  to  get  oil,  and  if  I  can  get  the  oil  cheaper  by 
letting  the  gas  escape,  that  is  the  operation  I  will 
pursue."  And  the  state  and  the  nation  stand  by  and 
watch  the  operation. 

In  connection  with  petroleum,  we  have  less  losses 
than  in  almost  any  other  branch  of  the  American  fuel 
industry.  The  losses  in  this  branch  of  the  industry, 
which  may  be  considered  in  any  sense  preventable 
losses,  probably  do  not  exceed  10  per  cent.;  but  a 
loss  ot  10  per  cent,  in  a  great  industry  like  the  petro- 
leum industry  is  a  serious  matter  and  worthy  of  con- 
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sideration  The  waste,  it'  such  it  be  called,  In  the 
petroleum  industry,  is  rather  that  of  the  misuse  of 
ecu. mi   products,  but  that  may  be  passed  by  for  the 

present. 

When  the  waste  products  prove  injurious  in  the 
atmosphere  a  new  factor  is  brought  into  place,  which 
aids  in  developing  prohibitory  legislation;  but  pro- 
hibitory legislation  without  the  aid  of  the  chemist 
accomplishes  little.  If  we  turn  some  4,000  tons  of 
sulphur  per  day  into  the  atmosphere,  as  S03,  the 
chemist  must  discover  how  that  sulphur  can  be  caught 
and  utilized  again,  or  stored  until  the  need  for  it  has 
developed.  If  we  are  now  turning  more  than  100 
tons  of  arsenic  into  the  atmosphere  daily,  the  chemist 
must  show  us  how  we  can  use  this  arsenic.  The 
operator  says:  "You  must  show  me  some  way  in  which 
I  can  prevent  these  losses  and  still  make  my  business 
pay." 

A  remedy  of  one  waste  may  bring  about  a  waste  in 
some  other  direction.  In  coal  mining,  for  example,  we 
have  been  trying  to  stop  the  gas  explosions,  and  found 
that  one  way  to  stop  them  is  to  pump  two  or  three 
hundred  thousand  cubic  feet  of  air  through  the  mine 
and  sweep  out  these  gases;  but  we  found  that  in  doing 
this  the  coal  dust  itself  becomes,  during  the  cold 
weather,  more  dangerous  than  the  gas,  because  this 
very  ventilation  keeps  it  dry.  Then  when  we  turn 
exhaust  steam  through  the  mine,  trying  to  moisten 
the  coal  dust  and  cause  it  to  settle,  and  trying  to 
prevent  that  being  explosive,  we  find  we  have  de- 
veloped conditions  in  that  mine  which  in  turn  are 
especially  favorable  to  the  hookworm  and  other 
trouble. 

So  we  can  develop  along  the  best  lines  only  by 
cooperation  between  the  chemists  and  the  engineers, 
in  trying  to  find  out  what  wastes  can  be  prevented 
to-day,  and  how  the  necessary  waste  of  to-day  can  be 
made  a  preventable  waste  of  to-morrow  on  a  fair, 
business-like  basis. 

There  axe  many  other  examples  of  extensive  and 
serious  carbon  waste  in  this  country.  Thus,  in  the 
coking  industry  the  beehive  coke  ovens  have  turned 
into  the  atmosphere  more  than  100,000,000,000  cubic 
feet  of  valuable  gas  which,  if  properly  treated,  will 
yield  not  only  gas  but  other  important  carbon  by- 
products. 

I  There  is  also  turned  loose  into  the  atmosphere  from 
the  blast  furnaces  of  the  country  enormous  quantities 
of  valuable  gas.  During  the  past  few  years  there  has 
been  considerable  progress  made  in  the  utilization 
of  this  gas  for  power  purposes,  but  a  large  portion 
of  it  still  goes  to  waste. 

So,  too,  there  is  a  loss  of  large  quantities  of  carbon 
growing  out  of  the  making  of  coke  by  the  beehive 
instead  of  the  by-product  process.  There  are  still 
other  important  carbon  wastes,  if  time  permitted  even 
their  mention. 

In  this  discussion  I  have  made  no  attempt  to  cover 
the  losses  of  carbon  in  the  consumption  or  the  waste 
of  forest  products,  lumber,  etc.,  but  in  any  complete 
treatment  of  the  subject  this,  of  course,  would  deserve 
consideration. 


The  important  proposition  before  us  is,  knowing 
BOmething  of  the  extent  of  this  waste,  to  find  the 
remedy. 

discussion. 

Mr.  Kent: 

1  enter  this  discussion  by  request  of  Dr.  Holmes.  I  have 
been  familiar  with  the  work  done  by  him  for  a  great  many 
years,  and  just  want  to  supplement  what  he  says  on  the  ques- 
tion of  wastes  of  coal  in  mining  operations,  by  saying  something 
with  regard  to  the  wastes  of  coal  after  it  is  mined  and  is  in  the 
market.  As  he  says,  50  per  cent,  of  the  coal  now  mined  is 
wasted  in  the  mines,  and  then  of  the  50  per  cent,  that  gets  into 
the  market,  perhaps  50  per  cent,  of  that  coal  is  wasted  by  the 
consumer.  I  have  no  statistics  on  this,  but  it  is  a  pretty  good 
guess. 

In  the  best  boiler  practice,  we  can  get  nearly  80  per  cent, 
efficiency  out  of  the  coal,  but  such  a  high  efficiency  is  reached 
only  when  we  have  the  aid  of  the  chemist  to  control  the  com- 
position of  the  waste  gases.  The  latest  boiler  experiments 
indicate  that  the  condition  of  maximum  efficiency  is  that  the 
free  oxygen  in  the  gases  ranges  within  the  narrow  limits  of  5 
and  8  per  cent.  But  we  have  as  yet  no  gauge  or  indicator  by 
which  theu  fireman  can  tell  whether  the  gas  is  of  the  proper 
composition  and  whether  he  is  firing  right  or  not.  He  has  a 
steam  gauge  to  tell  him  the  pressure  of  the  steam,  but  whether 
he  is  firing  that  fire  so  as  to  have  between  5  and  8  per,  cent, 
oxygen,  he  does  not  know.  So  instead  of  70-80  per  cent, 
efficiency  in  boilers,  we  have  in  practice  only  40-60  per  cent. 

Now  as  to  steam,  we  all  know  that  there  is  a  tremendous 
loss  in  the  steam  engine,  and  in  the  gas  engine  too;  but  there 
is  one  feature  of  loss  that  is  not  generally  considered;  that  is, 
the  increase  in  the  use  of  power  which  is  not  really  necessary 
except  to  satisfy  our  desire  for  luxury:  for  instance,  it  takes 
four  times  as  much  coal  to  take  a  vessel  across  the  Atlantic 
in  four  days  as  it  would  in  eight  days.  Of  course,  burning 
four  times  the  amount  of  coal,  enabling  it  to  cross  the  Atlantic 
in  four  days,  may  be  offset  by  a  saving  in  the  time  of  passengers 
and  crew,  but  as  far  as  the  coal  is  concerned,  high  speed  in- 
volves a  tremendous  waste. 

There  is  also  a  waste  here  in  Washington  and  in  every  other 
city,  an  immense  waste  of  coal — in  the  electric  lights  used 
purely  for  advertising  purposes. 

We  are  burning  up  coal  at  an  ever  increasing  rate  and  charging 
the  atmosphere  with  carbon  dioxide,  which  floats  around  the 
world  until  it  is  absorbed  by  vegetation.  It  is  hoped  that  the 
agricultural  chemists  some  day  will  be  able  to  devise  a  process 
by  which  they  can  catch  some  of  that  carbon  dioxide  and  put 
it  back  into  the  soil  and  produce  carbon  compounds,  such  as 
alcohol,  which  we  can  use  for  heat  and  light  and  power,  and  thus 
diminish  the  waste  of  coal. 

Mr.  Whitney: 

I  rise  to  oppose  the  suggestion  of  Mr.  Kent  that  you  are 
wasting  too  much  energy  in  lighting  the  great  white  ways. 
Owing  to  recent  reductions  in  costs  of  producing  light,  you  are 
nowhere  near  using  your  "velvet"  in  lighting  your  great  white 
ways  to  which  he  referred. 

Mr.  Little: 

The  paper  industry  is  one  which  is  peculiarly  conservative. 
They  are  not  particularly  anxious  to  be  shown.  I  remember 
an  early  experience  of  mine  when,  after  much  trouble,  I  finally 
made  a  contract  with  a  large  paper  mill.  The  first  thing  I  did 
when  I  went  there  was  to  collect  samples  of  all  of  their  waste 
waters,  and  determine  the  amount,  proportion  and  kind  of  ma- 
terial that  was  going  into  the  stream.  The  mill  had  never  paid, 
though  it  was  well  located.  One  reason  for  their  failure  to  pay 
a  dividend,  as  I  found,  was  that  17  per  cent,  of  the  product  was 
going  down  the  river.     I  told  the  manager  about  it.     Well, 
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he  paid  my  salary  for  a  year  and  never  allowed  me  to  come 
into  the  mill  again. 

/  Steps  have  already  been  taken  to  utilize  a  large  quantity  of 
the  timber  waste  for  the  produ  tion  of  ethyl  alcohol.  Some 
of  our  lay  friends  have  expressed  skepticism  as  to  the  possi- 
bility of  getting  rain  alcohol  from  wood,  but  everything  be- 
comes clear  when  we  simply  tell  them  that  we  make  it  from  the 
grain  of  the  wood. 

However,  that  industry^is  one  which  is  bound  to  expand 
very  largely.  There  is  one  plant  in  operation  making  two 
thousand  gallons  per  day,  and  when  the  new  plant  comes  in  it 
will  make  from  five  to  seven  thousand  gallons  per  day,  and 
probably  will  be  followed  by  many  others  of  similar  proportions. 

The  paper  trade  is  not  the  only  one  that  permits  itself  to 
indulge  in  needless  waste  and  even  the  best  intentions  sometimes 
lead  to  extravagance.  There  is  a  story  of  an  automobile  con- 
cern which  was  led,  by  a  laudable  desire  to  maintain  a  dustless 
testing  track,  into  sprinkling  the  track  with  twenty-seven 
barrels  of  cylinder  oil. 

Mr.  Loeb: 

I  should  like  to  call  attention  to  a  plan  which  Professor  Bone, 
of  England,  related  to  us  recently  in  New  York,  and  which  seems 
to  be  well  adapted  toward  reducing  at  least  some  of  the  waste 
of  coal.  It  appears  that  considerable  waste  occurs  through 
running  dynamos  of  high  capacity  continuously  at  a  low  duty, 
merely  to  be  ready  for  a  maximum  load  at  any  time.  They 
overcome  this  in  England,  especially  in  Yorkshire  and  Durham 
County,  by  coupling  all  the  electric  plants  throughout  the 
country  in  a  single  wiring  system,  so  that  each  manufacturer 
can  draw  on  all  the  combined  dynamos  of  the  region  when  he 
needs  an  excess  of  power,  and  transfer  his  own  surplus  when 
his  demand  is  less  than  his  actual  capacity;  in  other  words  the 
entire  group  of  plants  insure  each  other  against  individual  over- 
loading and,  consequently,  need  not  keep  excessively  large 
units  in  operation.  The  saving  resulting  from  this  system  in 
England  is  very  large,  according  to  Professor  Bone. 

Mr.  Herty: 

In  connection  with  the  enormous  waste  of  wood  in  the  southern 
lumber  mills,  I  think  it  only  fair  to  the  southern  lumberman 
to  say  this:  They  are  fully  aware  now  of  the  waste  that  is 
going  on,  and  I  do  not  suppose  you  will  find  any  body  of  men 
in  this  country  who  are  more  anxious  to  avert  that  waste  than 
the  very  men  who  are  making  it.  What  they  are  suffering 
from,  however,  is  the  lack  of  guidance  in  how  to  do  it,  or  rational 
methods  of  how  to  avoid  it.  I  have  talked  with  a  number  of 
these  men  in  years  past,  arid  they  are  alive,  wide-awake,  and 
anxious  to  know  how  to  do  it.  That  part  of  it,  the  educational 
problem,  is  finished,  so  far  as  arousing  interest  is  concerned. 

What  is  to  be  avoided  in  the  future  is  the  men  who  are  not 
scientifically  trained,  who  are  promoters  of  the  worst  type, 
who  are  crippling  the  work  of  the  real  scientific  men  of  the 
country.  I  cannot  point  out  to  chemists  any  more  resourceful 
field  for  work  than  this-.  I  can  assure  you  that  these  lumber- 
men are  anxious  to  know  how  to  help  themselves  in  preventing 
this  form  of  waste  of  the  carbon  of  the  country. 

Mr.  Comey: 

Speaking  of  the  paper  industry:  I  was  in  the  Adirondacks 
this  summer  and  saw  them  cutting  up  spruce  trees  100  feet 
tall  and  2  feet  or  more  in  diameter  into  cordwood  to  send  down 
to  New  York  to  make  New  York  Journals.  I  think  that  is 
about  as  complete  a  waste  of  good,  material  as  can  be  found 
anywhere.  Several  thousand  cords  of  that  wood  were  used  to 
make  one  Sunday  edition  of  the  New  York  Journal. 

Mr.  Parr: 

I  simply  want  to  mention  one  source  of  carbon  waste  which, 
at  first  thought,  may  be  a  little  absurd,  but  any  manufacturer 
appreciates    the    very   considerable   expense    attached    to    the 


matter  of  crating,  and  when  he  begins  to  figure  out  especially 
that  crating  material  is  rather  expensive  to  recover  and  put 
together  again,  he  prefers  to  make  a  bonfire  of  that  material 
rather  than  store  it  and  utilize  it  again.  A  change  is  gradually 
coming  into  vogue  in  certain  forms  of  cheap  material,  which 
will  not  make  it  so  expensive  as  with  the  better  grades  of  ma- 
terial that  have  been  used  in  crating,  but  still  there  is  a  waste, 
and  it  is  growing. 

Mr.  Breneman: 

It  may  surprise  many  to  know  that  in  New  York  Bay,  for  a 
mile  or  two  below  the  Narrows,  I  have  seen,  for  many  years 
past,  accumulations  of  driftwood  along  the  shore,  sometimes  as 
much  as  fifty  cords  of  perfectly  good  wood,  which  could  have 
been  utilized  to  great  advantage  as  kindling  wood  in  the  city 
if  any  one  would  take  the  trouble  to  collect  and  use  it.  The 
people  along  the  shore  get  all  the  firewood  they  want  from  this 
driftwood,  which  is  composed  of  lost  or  discarded  timber  from 
vessels,  broken  piles  and  lop  from  the  city  piers,  carpenters' 
waste,  etc.  At  Seagate,  the  western  end  of  Coney  Island,  it 
used  to  be  burned  in  large  heaps  to  be  rid  of  it. 

Mr.  Caldwell: 

In  connection  with  what  has  been  said  in  regard  to  the 
waste  of  lumbermill  materials,  I  may  simply  state  that  I  visited 
not  long  ago  a  mill  which  made  use  of  sawmill  slabs,  also  sawdust, 
in  the  manufacture  of  producer  gas.  While  I  have  no  figures 
to  report,  I  expect  it  was  a  very  profitable  operation,  so  that 
people  are  now  becoming  more  wide  awake  to  the  necessity 
of  using  these  waste  materials.  I  do  not  think  1  can  illustrate 
that  any  better  than  to  relate  the  fond  hope  which  somebody 
had  the  other  day.  He  came  into  my  laboratory  with  a  cubic 
foot  of  dried  swamp  land,  which  of  course  contained  an  immense 
amount  of  carbon,  and  he  expressed  the  hope  that  it  might  be 
used  for  fuel. 

Mr.  Bird: 

In  connection  with  the  subject  of  carbon  waste,  a  most  crying 
need  of  conserving  carbon  is  to  correct  what  is  going  on  now  so 
extensively  in  the  neighboring  Appalachian  mountains;  namely, 
the  burning  of  the  forests,  depredations  by  insects,  etc.  For 
a  future  supply  of  forest  products,  we  must  protect  the  young 
trees,  and  bring  about  a  rational  system  of  cutting  the  older 
trees. 

Mr.  Frankforter: 

I  have  been  interested  in  the  matter  of  the  lumber  and  wood 
waste  in  the  lumber  mills  for  a  number  of  years.  Actual  ex- 
periments show  that  nearly  60  per  cent,  of  the  total  weight  of 
timber  is  wasted.  Forty  per  cent,  of  the  tree  is  the  best  that  the 
lumber  mill  can  do  at  the  present  time.  I  have  seen  trees, 
8-12  feet  in  diameter,  cut  20  feet  above  ground  in  order  to  avoid 
the  resin  which  is  frequently  so  abundant  as  to  make  the  lower 
part  of  the  tree  of  little  value  for  lumber.  You  can  imagine 
what  the  waste  would  be  in  trees  of  that  type.  On  the  Pacific 
Coast  the  mills  save  between  25  and  30  per  cent,  on  the  big 
trees. 

Mr.  Roberts: 

A  rather  unusual  variety  of  utilization  of  a  carbon  waste 
product  is  involved  in  the  proposal  to  extinguish  fires  and  kill 
vermin  in  mines,  ships  and  other  enclosed  places,  by  blowing  the 
burnt  gases  from  the  furnaces  into  the  burning  compartment. 
The  gases  first  are  cleaned  and  cooled  by  a  shower  of  water. 
The  basic  idea  is  the  subject  of  an  expired  patent,  but  the 
earlier  machinery  was  crude.  An  efficient  machine  for^the 
purpose  is  covered  by  a  recent  patent  (Harker,  1909,  U.  S. 
No.  915,431)-  The  machine  has  been  thoroughly  tried  out  and 
approved  by  the  Australian  authorities,  and  the  U.  S.  Public 
Health  and  Marine-Hospital  Service  is  now  installing  one  for 
trial  on  a  quarantine  steamer. 
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Mu.  Holmes:  Most   commercial   brands   of   zinc   carry   both    lead 

The  practice  in  Belgium  and  Germany  to-day  of  filling  in  the  and    cadmium.     Either   of    these    elements    may   run 

mines  with  sand  and  other  materials  known  as  flushing  makes  as  high  as  0.75  per  cent,  in  the  common  brands  used 

possible  not  only  the  taking  out  of  all  the  coal,  but  prevents  the  in    brass-making.     The    cadmium      in      the     Western 

settling  ol  the  surlaee,  and  it  also  prevents  explosions  and  mine  brands  average  0.30  per  cent,   to  0.50  per  cent. 

fires  of  which  latter,  in  this  country,  wc  have  so  many.    So  The    composition    of   the    flue    dust    from    the    fires 

there   are   many   reasons   why   that  ought  to  be   done,   and   in       •     ,   .  ■   ,    , „  •     vu^j  ■     •    t  *•  -t    •     ■• 

.        .         ,  ,    .           ,  6                     ,     '  in  which  brass  is  melted  is  interesting  as  it  indicates  a 

European  countries   the  added  cost  has  not  exceeded   twenty-  ,                         •  ,         ,,•,.,•            r         ,      •                 ,  , 

'                             .,                     .                 .  .      ..,.    -    ..  much  more  rapid   volatilization  of  cadmium   and  lead 

live  cents  per  ton  on  the  extra  coal  recovered  by  this  flushing  . 

Drocess  than  of  zinc.     Samples  taken  from  flues  in  the  casting 

The  losses  of  carbon  in  many  of  these  ways  which  have  been  shoPs  of  two  different  mills  gave  the  following  com- 

mentioned,  blast  furnaces,  cupolas,  etc.,  arc  tremendous.  position: 

Mr.  Parsons:  t>"A".           J'B'\ 

Per  cent.  Per  cent. 

There  is  one  point  in  connection  with  this  question  of  carbon  Copper  oxide 2  85  2 .  50 

\\  aste  that  has  not  been  dwelt  upon,  and  that  is,  the  tremendous  iron  oxide 2 .43 

waste  in  carbon  and  in  energy  in  the  beehive  coke  oven.     It  Zinc  oxide... 32.13  24.74 

has  been  figured,  I  believe,  by  Mr.  Parker,  of  the  Geological  1     d      d 

Survey,  that  the  energy  allowed  to  go  to  waste  in  the  produc-  Per  cent,  cadmium  oxide  amounts  to  4.9-3.6  per  cent,  re- 

tion  of  coke  in  this  country  alone  amounts  to  one  million  horse-  spectively,  of  the  ZnO  present. 

power  per  day,  which  is  four  times  the  amount  of  energy  they 

hope  to  utilize  in  Sweden  for  the  fixing  of  atmospheric  nitrogen.  In  some  instances  we  have  found  6  per  cent,  as  much 

They  expect  in  two  or  three  years  to  have  250,000  horsepower  cadmium  oxide  as  zinc  oxide.      A  search  for  cadmium 

aetually  at  work  in  fixing  the  nitrogen  of  the  atmosphere,  and  in  sheet  brass  made  from  zinc  carrying  '/a  per  cent. 

there  is  actually  one  million  horsepower  going  to  waste  in  the  of  that  element  failed  to  reveal  an  amount  sufficiently 

coke  industry  in  this  country  alone.  large    for   determination,    indicating   that    in    ordinary 

I  doubt  if  this  audience  realizes  that  by  the  utilization  of  the  practice  the  cadmium   is  substantially  all  volatiliz'ed. 

new  cup  system  of  gathering  turpentine  in  the  South,  probably  part   q£   thg   zinc    logt   b      vo]atilization   remains   in 

thirteen  million  dollars  has  been  saved  in  the  turpentine  in-  .,       a                 .       .        .i,      _             ,                 _          ,                . 

,    ,  the    fluxes    mixed   with    line    ashes   as   flue    dust   and 

dustry.  . 

part  goes   off   into   the   atmosphere.     Numerous   sug- 
gestions have  been  made  for  the  saving  of  all  of  the 
„T1VT„  T  ~C01-.0  zinc  oxide,  but  none  of  these  have  seemed  likely  to 

Z 1IN  L    LUooilo.  . 

succeed    commercially    on    account    of    the    expensive 

By  W.  H.  Bassett.  .                        J                                                               l 

.             .  ,       ,  ,      .                 ,,      .,                       r           .  plant   required   and   the   low   value   of   the   recovered 

A    considerable    loss    in    the    brass    manufacturing  r          .  ,       T     .               .     ,. 

.j                         .,           ,     ..           .  ^.,.     ..          ,  .,         .  material.     It  is  practically  impossible  to  get  enough 

industry  arises  through  the  volatilization  of  the    zinc  .,„-,                       ,-,                            .         , 

.,                         c         u>             j      11      •           ™  •     1  for  the  flue  dust  to  pay  for  the  transportation  charges, 

in    the    process    of    melting    and    alloying.      Ihis    loss  .                ,,,                    ,r...               , 

,..,,           ..  ..                 .    ,  Apparently  the  better  grade  of  material  is  now  lost 

owing   to   want   of    reliable   statistics  cannot   be   even  .   .       ,                    ,                 ,.„,,.           , ,  , 

.       ,  ,         ..       .    ,  into  the  atmosphere,   and  if  this  could  be  recovered 

approximately  estimated.  r       . ' 

*                       .            .                   ,  ,.                                 .  the  total  product  might  be  of  higher  quality. 
I  he  copper  losses  in  most  of  the  more  progressive 

manufacturing  establishments  are  very  small.     These  0ne  of  the  reasons  for  the  difficulty  in  recovering 

have  not  been  difficult  to  take  care  of,  but  the  zinc  the  zinc  fume  is  the  Sreat  dilution  of  the  flue  gases, 

losses,    on    the   other   hand,    have   presented   a   much  caused  by  opening  the  furnace  to  add  to  the  charges 

more    difficult    problem    on    account    of    the    volatile  in  the  crucibles  and  to  work  the  material  down  into 

nature  of  the  metal  tne   pots.     The   new   idea   of    separating   solids   from 

Zinc   melts   at   about   4200   C.    and   boils   at   about  flue  Sases  hY  means  of  an  electrical  discharge,  which 

930 °    C.     Copper   melts    at   about    1080 °    C.    and,    in  has  been  worked  out  by   Professor  Cottrell,   appears 

making  brass,   has  to  be  sufficiently  heated  to  take  to   be    a   possible    solution    of   this   problem, 

the  zinc  without  chilling  before  it  is  all  added.     Brass  It  also  appears  that  zinc  is  decidedly  volatile  and 

for  working  is  poured  into  iron  chills,   and  must  be  escapes  from  its  alloys  at  temperatures  considerably 

sufficiently  hot  when  cast  to  give  a  smooth  surface  below   its  boiling  point.     On   a  number  of  occasions 

free  from  cold  sets  and  other  flaws.     On  this  account  white  deposits,  which  proved  on  analysis  to  be  zinc 

the    pouring    temperature    for    high    brass    is     about  oxide,    have   been    observed    on    the    annealing    pans. 

1050  °    C.     The    melting    point    of    the    alloy    copper  This  occurred  when  the  temperature  of  the  heat  treat- 

70  zinc   30  is  given  by  Charpy  as   945 °C,   and  that  ment  had  not  been  above  5000  C.  during  the  opera- 

of  the  alloy  60  copper  40  zinc  as  880  °  C.     Two  and  tion. 

one  brass  melts  at  approximately  920°  C,  that  is,  It  has  also  been  frequently  noted  that  strips  of  cop- 
very  nearly  at  the  boiling  point  of  zinc.  It  is  con-  per  or  copper  colored  alloys  heated  in  loose  contact 
sequently  evident  that,  when  most  of  the  brasses  are  with  brass  became  brass  colored  and,  in  fact,  that 
sufficiently  fluid  to  pour  freely,  the  zinc  is  rapidly  the  surface  of  copper  would  be  changed  to  brass  for 
distilling  from  them.  a  depth  of  0.2  to  0.3  mm.     On  account  of  these  ob- 

The   actual   loss   of   zinc,    in   flue   dust   and   in  zinc  servations  the  following  experiment  was  undertaken: 

fumes  which  pass  into  the  atmosphere  in  the  melting  Pieces  of  hard  rolled  brass  made  from  2  parts  copper 

and  casting  of  brass  for  rolling,  amounts  to  approxi-  to  1  part  zinc  2.5  cm.  X  12  cm.  X  o.  1  cm.  were  wrapped 

mately  6  per  cent,  of  the  zinc  used.  in  thin  sheet  copper  and  packed  with   fine  charcoal 
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in  a  sealed  copper  pipe,  and  heated  in  a  Sauveur  furnace 
for  one  hour  and  for  10  hours.  At  3500  C.  and  at 
450°  C.  there  was  no  apparent  loss.  At  550°  C. 
the  loss  was  0.3  gram  per  square  meter  of  surface 
exposed  in  10  hours.  At  6500  C.  the  loss  was  1.5 
grams  per  square  meter  in  one  hour  and  5.4  grams 
per  square  meter  in  ten  hours.  At  7500  C.  it  was 
46  grams  per  square  meter  in  one  hour  and  63  grams 
per  square  meter  in  ten  hours.  The  copper  envelope, 
in  the  heats  where  there  was  noticeable  volatilization 
of  zinc,  was  changed  to  brass  on  the  inside  surface. 
This  means  that  soft  brass  15  mm.  thick  in  the  usual 
processes  of  annealing  in  being  reduced  to  thin  sheets 
has  lost  about  1.3  per  cent,  of  its  weight,  due  to  the 
volatilization  of  zinc.  In  other  words,  4  per  cent, 
of  the  zinc  in  the  brass  is  lost  by  volatilization.  In 
annealing,  as  it  is  usually  carried  out  in  the  open 
furnace,  the  loss  is  greater  on  account  of  oxidation. 
Since  the  annealing  is  done  at  varying  temperatures, 
it  is  difficult  to  estimate  this  loss,  but  it  is  probably 
not  far  from  3  per  cent. 

The  use  of  chlorides  as  fluxes  in  melting  promotes 
the  volatilization  of  zinc.  The  action  of  vapors  of 
common  salt  at  temperatures  considerably  below  the 
melting  point  of  brass  will  completely  dezincify  the 
alloy.  This  is  illustrated  by  the  following  experience: 
Brass  2.5  mm.  thick  was  heated  for  one  hour  at  ap- 
proximately 650 °  C.  in  a  wood-fired  annealing  furnace 
with  wood  which  had  been  soaked  in  sea  water.  The 
result  was  that  all  but  about  0.2  mm.  in  the  center 
was  completely  dezincified,  had  the  color  of  copper, 
and  cracked  apart  when  bent.  A  similar  experience 
was  had  through  the  accidental  placing  in  the  an- 
nealing furnace  of  the  heads  and  staves  of  an  old  salt 
barrel. 

The  residue  and  slags  from  the  casting  shops  gen- 
erally find  their  way  back  to  the  copper  smelter, 
and,  in  the  process  of  smelting,  all  of  the  zinc  which 
these  contain  is  lost.  This  loss  amounts  probably 
to  a  little  more  than  1  per  cent,  of  the  total  spelter 
consumed   in   the   manufacturing   of   wrought   metals. 

Taking  all  of  these  sources  of  loss  together,  it  seems 
probable  that  fully  10  per  cent,  of  the  spelter  used 
in  making  wrought  brass  is  at  present  a  total  loss. 
In  the  cast  brass  industry,  in  spite  of  the  fact  that 
the  alloys  used  generally  contain  but  a  small  pro- 
portion of  zinc,  the  losses  must  be  very  large  on  ac- 
count of  the  use  of  -small  oil  reverberatory  furnaces 
of  various  types  and  also  crucible  melting  furnaces 
which  have  been  devised  more  with  an  idea  of  con- 
venience   than    of    preventing    metallurgical    losses. 

discussion. 

Mr.  Parsons: 

In  order  to  start  this  discussion,  I  will  bring  out  one  or  two 
[joints  that  have  impressed  me  and  I  hope  a  good  many  others 
in  the  audience  will  have  something  to  add.  One  of  the  first 
things  of  prime  importance  is  to  remember  that  most  of  the 
zinc  which  is  mined  each  year  is  ultimately  wasted.  Copper, 
platinum,  gold,  or  metals  of  that  character  are  to  a  great  extent 
stored  up  and  accumulated  and  used  over  and  over  again. 
Probably  this  is  less  true  of  zinc  than  of  any  other  of  our  im- 
portant metals.     For  example,  there  are  now  about  59,000  tons 


of  zinc  oxide  made  each  year  and  used  in  paint,  rubber  goods, 
and  some  other  industries,  practically  none  of  which  is  ever 
recovered.  I  understand  that  the  automobile  industry  isusing 
at  the  present  time  approximately  forty  million  pounds  of  zinc 
oxide  as  a  filler  for  automobile  tires. 

Approximately  two-thirds  of  all  the  zinc  produced  is  used 
in  galvanizing  iron.  Now  that  zinc,  while  it  preserves  thejron, 
is  for  the  most  part  ultimately  lost;  the  iron  may  be  recovered 
as  scrap,  but  little  zinc  is  recovered  from  galvanized  iron. 

There  does  not  seem  to  be  much  prospect  of  very  great  re- 
covery as  long  as  the  price  of  zinc  is  low.  Also  in  the  mining 
of  zinc  there  is  fully  as  much  loss^asjin  the  mining  of  carbon. 
Immense  amounts  of  zinc  are  left  in  the  ground,  simply  for 
the  reason  that  a  royalty  is  charged  on  the  basis  of  the  zinc 
mined  and  the  producing  companies  naturally  take  out  of  the 
ground  only  that  part  which  can  be  readily  disposed  of,  and 
leave  in  the  mine  that  which  does  not  immediately  pay  them. 
Later  the  mine  is  covered  up,  filled  in,  and  abandoned,  and  that 
part  of  the  zinc  left  in  the  ground  has  little  probability  of  ever 
being  recovered. 

Also,  the  peculiar  chemistry  of  zinc — its  volatility,  the  diffi- 
culty of  its  condensation  when  mixed  with  inert  gases,  the  ease 
with  which  it  reduces  carbon  dioxide  at  temperatures  but  little 
above  its  boiling  point — -makes  losses  in  the  smelting  of  zinc 
almost  inevitable. 

Now  in  the  brass  industry,  from  seven  to  ten  per  cent,  of  the 
zinc  used  is  wasted.  In  Waterbury  alone,  there  are  probably 
7500  pounds  of  zinc  in  the  form  of  zinc  oxide  passing  out  of  the 
chimneys  every  day.  Such  scrap  as  cannot  be  directly  melted 
in  the  brass  industry  goes  to  a  smelter  in  New  Jersey,  and  if  I 
am  correctly  informed  as  to  the  methods  they  use,  the  copper 
alone  is  saved.  They  use  reverberatory  furnaces  with  oxidizing 
flame,  and  the  zinc  oxide  accordingly  passes  off  into  the  atmos- 
phere and  is  wasted. 

The  Geological  Survey  estimates  that  probably  something 
like  $45,000,000  of  metal  scrap  are  produced  each  year.  These 
figures,  as  I  understand  them,  include  all  scrap,  both  that  of 
definite  and  known  composition  which  by  simple  remelting  can 
be  readily  used  again  and  that  of  varying  and  unknown  com- 
position, such  as  is  obtained  through  junk  dealers.  In  the 
first  case,  there  is  very  little  waste  of  material,  and  I  am  person- 
ally doubtful  if  it  should  be  considered  "scrap"  at  all,  for  it 
is  simply  remelted  to  be  used  again  in  much  the  same  way  as 
the  dough  from  which  doughnuts  are  cut  is  again  kneaded  to- 
gether and  rolled  out  into  sheet  for  further  use.  Even  here, 
there  is,  however,  a  considerable  loss  of  zinc  in  the  remelting  in 
crucibles,  which  has  to  be  made  up  by  the  addition  of  more  spelter. 
With  true  scrap  picked  up  as  junk  the  case  is  quite  different. 
This  is  remelted  in  reverberating  furnaces  for  the  copper  alone 
and  the  zinc  passes  off  with  the  waste  gases.  It  is  impossible  to 
accurately  estimate  this  loss  at  the  present  time,  but  I  know 
of  one  company  that  recovered  2,000,000  lbs.  of  copper  last 
year  from  this  kind  of  material,  the  corresponding  zinc  going 
to  waste.  The  whole  of  this  material  formerly  went  to  waste 
and  it  was  some  time  after  the  waste  was  known  before  the 
chemist  of  the  company  could  persuade  the  managers  to  let 
him  have  the  necessary  apparatus  to  recover  it.  It  is  recovered 
by  Wifley  tables,  and  the  chemist  mentioned  told  me  that  they 
saved  $40  the  first  day  their  experimental  table  was  installed, 
and  $80  the  second  day.  After  that  he  could  not  buy  tables 
fast  enough  to  suit  the  management.  I  speak  of  this  particu- 
larly to  bring  out  the  fact  that  chemists  often  have  other  prob- 
lems than  scientific  ones  to  solve,  namely  half-hearted  support 
from  those  in  control,  and  the  17  per  cent,  loss  mentioned  by 
Mr.  Little  in  the  paper  industry  is  another  good  example. 

Mr.  Ittner: 

The  loss  in  the  brass  industry  seems  to  be  considerable, 
and  most  of  it  appears  to  be  due  to  volatilization  and  oxida- 
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I  inii  1  would  like  to  ask  if  it  is  Dot  possible  to  prevent  a  large 
amount  oi  this  volatilization  by  simply  confining  the  zinc 
during  the  melting  process.  I  am  not  in  the  brass  industry 
.11  ill,  but  I  have  to  deal  with  some  other  liquids  which  are 
more  volatile  than  zinc,  and  I  find  that  we  can  prevent  losses 
by  confining  these  liquids.  If  you  put  water  in  an  open  dish 
and  heat  it,  you  know  that  the  water  volatilizes;  but  if  you  con- 
line  it  by  a  tight  cover,  you  can  heat  it  up  to  the  boiling  point, 
and  over  the  boiling  point,  and  not  lose  the  water.  If  you 
want  to  heat  it  to  the  boiling  point  and  do  not  want  to  have 
pressure,  you  can  connect  the  dish  with  a  tube,  so  that  the 
pressure  may  be  relieved. 

Therefore,  if  zinc  is  lost,  I  would  like  to  know  why  they  can- 
not melt  it  in  closed  vessels,  and  if  necessary  to  relieve  any 
possible  pressure,  connect  tubes  with  these  vessels  so  that  zinc, 
if  it  is  distilled  off,  can  be  collected  as  metallic  zinc  or  as  oxide. 
Mr.  DorEmus: 

A  great  saving  of  metallic  zinc  is  effected  by  the  substitution 
of  dynamos  for  primary  batteries.  At  the  Western  Union 
offices  at  the  corner  of  Dey  Street  and  Broadway,  N.  Y.,  there 
were  some  30,000  primary  cells  in  use  before  the  introduction 
of  dynamos.  Not  only  was  the  zinc  sulphate  thrown  away, 
but  also  most  of  the  metallic  zinc  left  as  stubs. 

A  demonstration  of  the  melting  of  metallic  lead  was  given 
the  other  day  in  N.  Y.  using  the  "Bonecourt"  system  of  surface 
combustion.  The  heat  is  applied  internally.  An  explosive 
mixture  of  gas  and  air  is  fed,  under  slight  pressure,  into  an  iron 
pipe  of  i'/2  inches  diameter  which  passes  down  to  the  bottom 
of  the  melting  pot  where  it  is  united  by  a  couple  of  right-angle 
elbows  to  a  three-inch  upright  iron  pipe.  At  the  bottom  of 
the  upright  pipe  a  plug  of  non-conducting  material  is  placed, 
having  a  central  hole  through  which  the  gaseous  mixture  passes. 
Broken  pieces  of  porous  contact  material  are  placed  in  the  three- 
inch  pipe  above  the  plug  and  the  combustion  of  the  gaseous 
mixture  is  confined  to  the  space  occupied  by  these  pieces.  The 
heat  is  applied  below  the  surface  of  the  molten  lead  and  when 
the  walls  of  the  melting  pot  are  suitably  insulated  there  is  great 
economy  in  the  consumption  of  gas.  The  apparatus  is  applicable 
not  only  to  the  melting  of  lead,  but  also  to  that  of  type  metal 
and  other  alloys. 
Mr.  Bueix: 

We  have  had  considerable  experience  the  last  few  years  in 
trying  to  hold  down  the  zinc  losses  and  recover  the  oxide  from 
the  furnace  gases.  We  have  tried  a  good  many  devices  and 
spent  a  good  many  thousand  dollars  without  getting  results 
which  were  of  enough  value  to  use,  and  so  appreciate  the  de- 
sirability as  well  as  the  difficulty  of  the  subject. 

Most  of  the  devices  that  have  been  used  and  suggested  for 
recovering  zinc  oxide  are  such  as  are  hard  to  use  in  connection 
with  foundry  work  where  the  making  of  brass  is  the  prime 
object,  and  recovery  of  the  zinc  oxide  a  secondary  consideration. 
With  most  of  the  methods,  efficient  modifications  in  the  con- 
trol of  the  furnace  are  necessary  and  this  usually  works  to  the 
disadvantage  of  the  brass. 

I  am  hoping  to  hear  of  the  work  which  Professor  Cottrell 
has  done  in  regard  to  reclaiming  such  material  from  the  chimney 
gases,  and  I  agree  with  Mr.  Bassett  that  this  process  of  Pro- 
fessor Cottrell's  promises  to  be  a  solution  of  the  present  diffi- 
culty. 

Mr.  Price: 

I  should  like  to  say  that  under  the  present  condition  of  melting 
brass  by  means  of  coal,  it  would  not  pay  to  recover  these  zinc 
oxide  fumes,  because  they  are  so  contaminated  by  dirt  and 
ashes.  The  only  means  of  attacking  that  problem  would  be 
by  means  of  producer  gas  or  oil  furnaces,  or  the  solution  may 
come    some    day   by   means   of   electric   furnaces.      I    do   not 


think  it  is  practicable,  under  existing  circumstances,   to    distil 
tlu-  zinc  oxide  fumes.     You  could  not  confine  them  undei    the 
operations   <>f    manufacturing   practiced   at   the   present   time. 
Mr.  Ericson: 

I  am  chiefly  interested  in  the  losses  in  zinc  smelting,  and  it 
varies  between  8  and  22  per  cent.,  depending  on  the  character 
of  the  ore.  In  regard  to  recovering  zinc  once  used,  it  must  be 
remembered  that  practically  two-thirds  of  all  spelter  made 
is  used  in  galvanizing,  and  consequently  it  covers  a  very  large 
surface  area,  which,  in  connection  with  the  cheapness  of  the 
metal,  makes  de-zincing  impossible,  such  as  is  possible  with 
tin,  a  very  much  higher  priced  metal. 

In  reference  to  electric  zinc  smelting,  I  will  say  that  there  are 
at  present  two  electric  zinc  smelters  in  operation  in  Scandinavia, 
both  working  under  the  DeLaval  patents,  one  at  Trollhattan, 
Sweden,  and  the  other  at  Sarpsborg,  Norway.  The  cheap 
waterpowcr  available  makes  them  possible,  after  the  technical 
difficulties  have  been  overcome,  and  I  do  not  believe  that  elec- 
trical energy  generated  from  coal  has  any  chance  in  the  near 
future  to  supplant  the  present  retort  practice. 

However,  I  have  been  informed  that  the  plant  at  Trollhattan 
has  contracted  for  10,000  additional  horsepower  for  enlargement. 
The  difficulty  with  electric  smelting  with  ores  tried  so  far  is  that 
the  recovery  on  the  zinc  content  is  so  low  that  it  can  be 
applied  only  to  cheap  complex  ores,  and  that  a  second  dis- 
tillation is  necessary  before  a  high-grade  spelter  can  be  -ob- 
tained. 

Mr.  Grev: 

I  cannot  agree  with  the  gentleman  that  the  furnaces  are  not 
satisfactory  for  condensing  zinc.  A  few  years  ago  we  had  a 
loss  of  200,000  pounds  of  copper  out  of  5,000,000.  By  increas- 
ing our  dust  chamber  capacity  we  cut  the  loss  down  50  per 
cent.  You  could  not  go  below  50  per  cent.,  because  the  sulphur 
would  be  converted  into  sulphuric  acid  and  ruin  your  dust 
chambers.  They  would  fall  down  some  day  after  the  gas  was 
cold. 

Mr.  Parsons: 

You  will  be  interested  to  know  that  the  Bureau  of  Mines 
is  planning  to  take  up  the  question  of  electric  furnaces  for  these 
non-ferrous  alloys.  The  problem  is  one  of  the  greatest  impor- 
tance in  the  conservation  of  waste,  for  it  strikes  at  the  basis 
of  the  whole  difficulty  in  zinc  losses  in  alloy  manufacture.  The 
vapor  pressure  of  pure  zinc,  of  course,  reaches  atmospheric 
pressure  at  its  boiling  point,  which  Mr.  Bassett  has  just  given 
as  about  930°.  When  zinc  is  diluted  with  copper,  the  temper- 
ature necessary  for  the  mixture  to  "boil"  will  of  course  be 
greatly  increased.  Zinc  losses  now  occur,  as  Mr.  Ittner  has 
indicated,  simply  because  the  melting  is  done  in  crucibles  or 
other  open  containers,  over  which  a  current  of  air  or  flue  gases 
are  passing,  giving  every  possible  aid  to  the  volatilization  and 
oxidation  of  zinc.  It  is  not  at  all  surprising  that  zinc  will 
sublime  from  brass  under  such  conditions  at  5000  or  even  lower. 
It  is  exactly  the  same  situation  as  the  well  known  evaporation 
of  water  at  temperatures  even  below  its  freezing  point  when 
freely  exposed  in  open  vessels.  Neither  zinc  nor  water  will 
evaporate  below  their  boiling  point  if  kept  in  closed  vessels 
at  atmospheric  pressure  and  of  course  the  boiling  point  of  zinc 
is  raised  by  the  addition  of  copper  exactly  as  the  boiling  point 
of  aqueous  solutions  is  raised  by  the  addition  of  a  non-volatile 
solute  which  under  certain  conditions  may  combine  with  it. 
Accordingly,  an  electric  furnace  properly  enclosed  and  so  con- 
structed as  to  overcome  other  difficulties,  of  which  there  are 
many,  would  be  ideal.  The  cost  of  fusion  would  be  high  but 
other  advantages,  such  as  large  units,  easy  stirring,  low  labor 
cost,  non-intermittent  firing,  saving  of  zinc,  etc.,  would,  in  my 
opinion,  more  than  compensate.  I  personally  believe  that  the 
object  to  be  striven  for  is  a  closed  furnace,  and  it  now  looks 
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as  if  this  would  ultimately  be  accomplished  through  the  use 
of  electricity. 

Mr.  Flowers: 

Another  loss  in  zinc,  which  is  perhaps  not  noticed  by  most 
chemists,  is  in  the  illustrated  literature  of  the  country,  which 
is  printed  from  zinc  plates.  As  far  as  I  know,  outside  of  a  few 
cents  obtained  for  the  scrap  metal,  the  zinc  consumed  in  etching 
these  plates  is  never  recovered. 

Mr.  Langmuir: 

It  seems  to  me  we  should  not  only  discuss  the  waste  of  zinc, 
but  also  the  waste  of  the  health  and  lives  of  the  workmen  from 
the  zinc  fumes. 

Mr.  Bassett: 

It  seems  to  me  that  if  we  can  get  some  kind  of  electrically 
heated  furnace  with  the  electric  discharge  for  condensing  zinc 
fumes  and  obtain  power  cheap  enough,  we  will  be  making 
great  strides  toward  the  end  sought  for. 

The  effect  of  zinc  fumes  on  the  health  of  the  casters,  in  the 
ordinary  casting  shops,  at  least  those  connected  with  the  wrought 
brass  industry,  are  not  any  more  harmful  to  health  than  is  the 
use  of  tobacco.  Throughout  the  large  mills  of  Connecticut 
you  will  find  as  fine  looking  tnen  engaged  in  casting  brass  as 
you  can  find  in  any  trade  where  the  work  is  carried  on  in  intense 
heat.  They  are  mostly  big,  husky  men  who  enjoy  life  to  a 
good  old  age,  and  do  not  seem  to  mind  the  effect  of  the  zinc. 
Occasionally,  there  are  men  who  do  not  seem  able  to  stand  the 
work,  the  same  as  in  any  trade  where  work  is  severe  and  hot, 
but  in  almost  every  instance  the  casters  of  brass  are  healthy 
and  apparently  not  injured  in  any  way  by  the  zinc  fume  which, 
to  people  who  are  not  accustomed  to  it,  is  quite  troublesome. 
A  certain  zinc  company  in  starting  a  new  plant  found  great 
difficulty  in  getting  help  that  would  work  in  the  bag  room, 
because  a  considerable  amount  of  zinc  oxide  was  carried  into 
the  atmosphere.  The  laborers,  who  were  unused  to  zinc,  were 
troubled  with  the  chills,  fever  and  nausea  that  go  with  acute 
zinc  poisoning,  and  would  not  stay  at  work  until  they  had  be- 
come accustomed  to  it.  The  company  offered  each  man 
who  worked  a  month's  pay  bonus.  This  resulted  in  a 
number  staying  to  collect  the  extra  pay,  and  as  they  soon 
became  accustomed  to  the  zinc  the  difficulty  was  over- 
come. The  trouble  with  zinc  is  soon  over  and  one  becomes 
immune. 

With  regard  to  the  recovery  of  the  zinc  that  is  distilled  off, 
Mr.  Price  has  answered  that  question  fully.  The  brass  industry 
has  been  carried  on  for  more  than  a  century  in  Connecticut. 
The  industry  was  imported  from  England,  and  considerable 
study  has  been  given  the  matter  of  zinc  loss,  but  up  to  date 
we  have  been  unable  to  find  any  way  to  overcome  it.  We 
hope  that  the  work  that  has  been  done  by  the  United  States 
Bureau  of  Mines  will  help  us. 

So  far  as  protecting  the  metal  from  the  currents  of  air  which 
may  sweep  away  the  zinc  and  produce  extra  volatilization  is 
concerned,  I  think  that  this  is  now  done  thoroughly  by  a  good 
heavy  covering  of  charcoal.  Of  course,  without  the  covering 
of  charcoal,  the  zinc  would  be  much  more  rapidly  lost.  The 
temperature  at  which  the  brass  is  cast,  and  the  loss  of  zinc 
on  that  account,  is  something  that  we  are  unable  to 
control. 

I  think  there  is  no  industry  getting  out  sheet  metal,  wire, 
rods,  tubes  and  other  articles  of  that  kind,  where  the  perfec- 
tion of  the  product  required  is  as  great  as  it  is  in  the  brass  in- 
dustry. The  brass  manufacturer,  for  instance,  is  obliged  to 
get  out  brass  for  the  maker  of  cartridge  shells,  which  brass  must 
be  absolutely  perfect.  The  practices  in  use  in  the  brass  mills 
making  this  material  are  those  which  have  been  found  by 
experience  to  give  a  product  that  will  meet  these  requirements. 


NEED  OF  SPECIAL  ALLOYS  FOR  SPECIAL  PURPOSES. 

By  W.  H.  Bassett. 

The  development  in  engineering  construction  has 
arrived  at  a  point  where  the  use  of  special  alloys  for 
specific  requirements  needs  attention.  These  re- 
quirements may  be  considered  under  two  heads: 
first,  the  physical  requirements;  second,  resistance 
to    corrosion. 

The  physical  properties  are  easily  studied  in  the 
laboratory.  Machines  have  been  devised  for  obtain- 
ing not  only  the  tensile  strength  and  elongation, 
but  for  studying  hardness  and  resistance  to  abrasion 
and  the  behavior  of  the  material  under  repeated  stress 
and  shock. 

The  matter  of  corrosion  has  been  one  of  a  more 
or  less  mysterious  nature;  partly,  perhaps,  because 
of  a  want  of  knowledge  on  the  part  of  engineers  as 
to  the  composition  of  the  various  alloys  with  which 
they  deal. 

Confusion  has  arisen  on  account  of  the  names 
of  alloys.  The  nomenclature  used  in  the  non-ferrous 
metals  trade  is  confusing  to  those  who  are  not  familiar 
with  the  business.  This  nomenclature  has,  through 
usage,  become  so  firmly  rooted  that  it  is  practically 
impossible  to  change  it.  The  trade  names  have  an 
actual  value  to  the  producers  of  various  material  and 
they  would  naturally  resist  changes  which  would 
destroy  such  values.  Years  ago,  Thurston  undertook 
to  introduce  the  name  "Kalchoid"  for  the  stronger 
brasses  which  contain  a  considerable  percentage  of 
zinc  together  with  tin  or  iron  or  a  combination  of 
these  elements;  but  as  "Bronze"  was  a  more  eupho- 
nious name  and  represented  a  metal  of  higher  cost, 
the  trade  simply  paid  no  attention  to  Thurston's 
suggestion  and  to-day  we  have  several  classes  of 
"Bronzes,"  *'.  e.,  copper-tin  alloys  which  are  properly 
"Bronzes;"  the  copper-zinc  alloys  of  a  red  color 
which  are  properly  red  "Brasses;"  and  the  classes 
of  alloys  (which  Thurston  called  "Kalchoids")  which 
are  properly  Brasses  containing  some  element  or  ele- 
ments to  give  them  strength  and  protect  them  from 
corrosion. 

It  would  be  quite  evident  to  any  chemist  that 
accelerated  corrosion  at  the  expense  of  the  metal 
containing  the  larger  proportion  of  zinc  will  take 
place  if  two  "Bronzes,"  one  of  an  alloy  of  copper 
and  tin  and  the  other  of  the  "Kalchoid"  type,  are 
placed  together  in  an  electrolyte  such,  for  instance, 
as  sea  water.  We  often  are  asked  to  explain  why 
a  gun  metal  propeller  is  lost  from  the  end  of  a  man- 
ganese bronze  shaft.  It  not  infrequently  occurs 
that  brass  strainers  are  held  in  position  with  copper 
or  gun  metal  bolts,  or  a  brass  screen  is  put  into  posi- 
tion with  copper  rivets  and  burrs.  Of  course,  gal- 
vanic action  is  set  up  in  all  of  these  cases  to  the  de- 
struction of  the  alloy  containing  the  greater  percentage 
of  zinc.  This  destruction  is  usually  brought  about 
by  the  dezincification  of  the  alloy  containing  the 
larger  proportion  of  zinc.  When  this  action  has 
taken  place,  the  material  left  behind  is  a  mass  of 
spongy  copper  having  very  little  tenacity  but  still 
retaining   the   shape    of   the   original    material.     The 
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brass    manufacturer    has    many    times,    on    accounl 

of  this  action,  been  accused  Of  Bending  OUt  his  material 
without  proper  mixing.  There  is  certainly  need  "I 
more  (-iluc.it  ion  along  the  line  of  prevention  of  corro- 
sion l>\  not  putting  together  alloys  which  will  natur- 
ally set  up  galvanic  action  under  the  conditions  of 
exposure  to  which  they  are  subjected.  With  iron 
and  steel  there  is  hardly  a  parallel  case,  but  such  a 
variety  of  non-ferrous  alloys  is  possible  and  the  com- 
position of  alloys  produced  by  various  makers  for  the 
same  work  so  different  that  material  of  different 
compositions  not  infrequently  finds  its  way  into  the 
same  structure. 

One  of  the  best  examples  of  the  need  of  alloys  for 
special  purposes  is  that  of  the  condenser  tube  problem. 
Condenser  tubes  have  been  made  of  Muntz  metal 
having  the  composition  of  approximately  60  parts 
copper  to  40  parts  zinc  and  of  brass  having  a  com- 
position of  approximately  two  (2)  parts  copper  to 
one  (1)  part  zinc.  Muntz  metal  is  one  of  the  alloys 
which  may  be  worked  hot,  and  is  composed  of  mixed 
crystals  of  the  a-  and  /?-alloys.  In  the  presence  of 
sea  water,  galvanic  action  is  started  between  these 
alloys  with  the  result  that  the  /?-alloy  becomes  de- 
zincified,  leaving  a-crystals  in  a  mass  of  spongy  copper. 
The  action  then  reverses  and  the  a-crystals  are  de- 
zincified,  finally  leaving  a  tube  made  up  of  spongy  and 
brittle  copper  which  may  be  snapped  •  off  as  easily 
as  a  rotten  stick. 

Brass  tubes  have  proved  but  little  better,  since 
any  substance  like  carbon  or  oxide  of  iron  which  goes 
into  the  condenser  starts  galvanic  action  with  a  re- 
sult similar  to  that  just  described. 

In  order  to  overcome  these  troubles  the  Admiralty 
alloy  was  devised.  This  consists  of  70  copper,  29 
zinc,  and  1  tin.  It  is  much  more  resistant  to  cor- 
rosion than  the  alloys  first  mentioned  as  it  is  richer 
in  copper  and  the  tin  exerts  a  protective  influence. 
Under  the  conditions  of  exposure  in  polluted  harbors, 
even  this  alloy  will  be  destroyed  through  dezinci- 
fication  within  a  few  years. 

Attempts  were  made  to  obtain  an  alloy  which 
would  be  still  further  resistant  to  corrosion,  and 
tubes  were  made  from  alloys  of  copper  and  nickel, 
but  these  were  not  enough  better  than  those  from  the 
Admiralty  alloy  to  warrant  the  extra  expense  of 
production. 

Attempts  made  to  secure  condenser  tubes  which 
would  last  by  lining  copper  tubes  with  aluminum 
failed.  Various  alloys  of  copper,  zinc  and  tin  were 
tried  but  none  of  these  appeared  to  outlast  Admiralty 
tubes  in  similar  service.  Finally  a  trial  has  been  made 
with  a  special  grade  of  aluminum  bronze,  known 
to  the  trade  as  "Benedict  Bronze,"  with  results  which 
indicate  that  this  bronze  is  very  much  superior  to 
any  other  alloy  which  has  been  used  in  condenser 
tubes  in  the  presence  of  sea  water,  and  especially 
in  the  presence  of  water  in  polluted  harbors.  Such 
bronzes  have  generally  been  known  to  be  particularly 
resistant  to  corrosion,  but,  on  account  of  the  difficul- 
ties which  were  encountered  in  working  the  metals, 


it   has  no1   been  possible  to  handle  them  with  buccoi 

until  recently. 

Another  illustration  of  the  choosing  of  a  proper 
alloy  for  a  Specific  purpose  is  shown  in  the  failures 
of  screens  made  from  brass  wire.  A  number  of  years 
ago  considerable  quantities  of  wire  screens  were 
required  for  houses  in  a  tropical  seaport.  Brass 
wire  screen  was  asked  for,  and  furnished  in  2  and  1 
brass.  The  wire  used  was  of  fine  size  and  when  ex- 
posed to  atmospheric  influences  would  easily  give 
way.  The  result  of  the  exposure  of  these  screens  was 
that  within  a  few  weeks  they  had  simply  rotted  and 
fallen  to  pieces.  It  was  claimed  that  inferior  brass 
had  been  furnished  but  this  was  not  the  case.  Fine 
wire  or  thin  sheets  of  alloys  containing  considerable 
zinc,  when  exposed  to  sea  air  or  to  atmospheres  laden 
with  sulphur  or  to  ammonia  fumes  which  arise  from 
decomposing  nitrogenous  matter  in  the  presence 
of  dampness,  are  more  or  less  rapidly  disintegrated. 
Experienced  manufacturers  of  fine  wire  cloth  are 
aware  of  this  difficulty,  and  choose  only  alloys  which 
carry  small  amounts  of  zinc,  i.  e.,  less  than  20  per 
cent.,  these  alloys  not  being  subject  to  the  disinte- 
grating action  of  such  atmospheres  as  we  have-  de- 
scribed. 

Owing  to  the  fact  that  alloys  have  been  looked 
upon  as  somewhat  mysterious,  there  is  a  feeling 
that  it  is  simply  necessary  to  put  together  some 
unusual  combinations  to  make  so-called  new  metals 
which  will  resist  corrosion  or  have  other  valuable 
properties.  This  idea,  even  among  intelligent  people, 
is  carried  to  the  extent  that  statements  are  accepted 
to  the  effect  that  fluxes  can  be  added  to  molten  metal 
which  will  greatly  modify  the  properties  of  the  cast- 
ings in  their  resistance  to  corrosion  or  their  tensile 
strength  or  other  physical  properties.  It  is  safe 
to  assert  that  one  skilled  in  the  art  of  making  alloys 
can  duplicate  in  every  particular  any  alloy  of  which 
he  can  obtain  an  adequate  sample,  provided,  of  course, 
that  he  has  at  hand  the  facilities  for  its  production. 

There  is  beginning  to  be  a  well  defined  literature 
on  the  subject  of  alloys,  and  from  what  has  already 
been  published  one  can  very  closely  predict  the  prop- 
erties of  various  combinations  of  the  more  commonly 
known  metals.  For  instance,  Roberts- Austen,  followed 
a  number  of  years  later  by  E.  S.  Shepherd  and  still 
later  by  Carpenter  and  Edwards,  has  very  thoroughly 
covered  the  field  of  alloys  of  copper  and  zinc.  The 
copper-tin  alloys  were  similarly  investigated  by 
Heycock  and  Neville,  by  Shepherd  and  Upton,  and 
by  others.  .  The  ternary  alloys  of  copper,  tin  and 
zinc  were  pretty  thoroughly  investigated  by  Thurs- 
ton. An  attempt  to  give  an  account  of  the  work 
which  has  been  done  on  the  alloys  of  copper  with 
aluminum,  nickel,  manganese  and  other  metals  would 
be  entirely  out  of  place  at  this  time.  There  are,  of 
course,  certain  particular  fields  which  have  not  been 
very  thoroughly  studied,  but  the  general  properties  of 
the  alloys  in  these  fields  may  be  known  by  consulting 
a  good  metallurgical  library.  I  simply  desire  to 
indicate  that  the  microscope  and  the  pyrometer  have 
awakened  new  interest  in  the  study  of  alloys  and  that 
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this  study  has  now  progressed  to  the  point  where 
one  can  find,  by  consulting  a  reliable  authority  upon 
the  subject,  data  which  will  enable  him  to  predict 
the  nature  of  almost  any  alloy  of  which  he  can  con- 
ceive. 

discussion. 

Mr.  Parr: 

Mr.  Chairman,  I  think  it  is  always  dangerous  to  talk  about 
anything  that  has  not  yet  reached  the  point  where  you  are 
satisfied  with  it.  However,  I  do  not  know  that  we  are  ever 
quite  satisfied  with  anything  we  are  doing,  so  I  will  venture 
a  word  as  to  my  work  on  alloys. 

It  may  not  interest  any  one  with  a  laboratory  fund  so  liberal 
as  to  make  it  an  easy  matter  to  keep  up  their  platinum  supply 
to  the  full  extent  of  their  requirements,  but  the  case  is  different 
with  me  where  I  have  been  obliged  to  keep  actively  on  the  job 
after  sixteen  years  of  almost  daily  service  a  piece  of  apparatus 
which  has  in  its  make-up  some  three  hundred  dollars  worth  of 
platinum.  I  refer  to  a  Mahler  bomb  of  the  Atwater  type. 
Put  more  than  that,  instead  of  a  single  bomb  to  serve  the  needs 
of  two  or  three  men  in  investigations,  and  twenty-five  to  thirty 
students  in  class  work,  I  want  at  least  a  half  dozen.  I  have 
therefore  been  attempting  to  develop  an  alloy  with  properties 
as  resistant  to  nitric  and  sulphuric  acids  as  platinum. 

We  have  reached  a  very  satisfactory  degree  of  success  with 
an  alloy  of  the  nickel-chrome  type  having  an  amount  of  the 
latter  constituent  approximating  20  per  cent.  We  have  been 
able  to  produce  quite  a  number  of  such  pieces  showing  in 
4N.HNO3  or  dN.Hj.SO,,  or  a  mixture  of  the  above  acids  when 
preferred,  a  unit  of  100  sq.  cm.  of  surface  and  one  hour  of  time, 
a  solubility  factor  of  0.0  milligram.  Other  tests  have  shown 
dissolved  metal  to  the  extent  of  0.09  mg.,  still  others  0.17  mg., 
etc.  Our  greatest  difficulties,  however,  have  been  met  with 
in  attempting  to  cast  this  material,  the  shrinkage  upon  solidifying 
being  very  great.  With  an  alloy  of  high  melting  point,  above 
12000  C,  this  feature  has  made  the  case  at  times  almost  hope- 
less. However,  we  have  so  far  succeeded  that  a  solid  cap  has 
been  cast  of  this  material  and  the  same  has  been  in  use  for  over 
six  months  on  our  Atwater  oxygen  bomb  with  exceedingly 
gratifying  results. 

Mr.  Buell: 

I  should  like  to  ask  Mr.  Bassett  with  regard  to  the  amount 
of  ammonia  produced  from  the  decomposition  of  organic  ma- 
terial in  the  various  localities  and  if  it  is  sufficient  to  materially 
affect  brass.  We  occasionally  have  cartridges  returned  from 
some  of  the  damp  warm  climates  such  as  occur  around  Calcutta 
and  in  the  vicinity  of  Memphis  in  this  country,  which  crack  in 
storage  from  no  apparent  reason.  These  cracks  are  not  such 
as  would  come  from  heat  cracking  or  from  imperfect  anneal- 
ing or  wrong  composition.  I  would  like  to  know  if  any  one 
has  had  any  such  experience  with  brass. 

Mr.  Bassett: 

With  regard  to  the  question  that  Mr.  Buell  asked,  I  do  not 
believe  I  know  entirely  as  to  all  of  the  causes  for  this  disintegra- 
tion of  brass.  Those  mentioned  are  some  that  I  had  had  experi- 
ence with.  The  exposure  of  brass  articles  to  ammonia  fumes  from 
a  dirty  stable,  particularly  if  the  brass  is  in  a  hard  condition, 
might  cause  it  to  break.  An  experience  which  I  had  at  one 
time  illustrates  how  rapidly  and  seriously  ammonia  will  attack 
brass.  A  solution  of  copper  sulphate  and  ammonia  was  mixed 
in  a  brass  pail  on  Saturday  afternoon.  When  the  work  with 
this  solution  was  finished  an  assistant  was  directed  to  clean  out 
the  pail.  He  failed  to  do  this,  and  on  Monday  morning  it  was 
noticed  that  the  solution  had  begun  to  leak  out,  and  the  pail 
dropped  apart  between  wind  and  water,  although  it  was  made 
from  heavy  metal.      The  brass  in  the  lower  section  was  a  most 


perfect  example  of  the  so-called  "disintegration  of  brass." 
The  ammonia  solution  had  simply  rotted  the  alloy. 

The  difficulty  in  melting  aluminum  by  itself,  or  in  alloys,  is 
its  affinity  for  oxygen,  and  the  failure  of  the  oxide  of  aluminum 
to  separate  itself  from  the  metal.  The  aluminum  oxide  stays 
in  the  metal,  making  a  mess  and  causing  all  sorts  of  trouble. 
It  leaves  the  alloy  rotten  and  full  of  dirt. 

Mr.  Price: 

I  think  I  can  supplement  these  remarks  of  Mr.  Bassett  by 
stating  a  specific  instance  which  came  to  my  notice.  We  make 
brass  acetylene  generators  for  automobiles.  We  had  one 
of  these  returned  to  us  that  was  disintegrated.  Upon  investiga- 
tion, it  was  found  that  the  disintegration  was  due  to  ammonia 
salts  formed  with  the  acetylene  gas  when  the  calcium  carbide 
was  acted  upon  by  water. 


WASTE  AND  CONSERVATION  OF    POTASH    AND 
PHOSPHORIC   ACID. 

By  F.  K.  Cameron. 

As  far  as  the  phosphates  are  concerned,  there  is 
a  great  deal  of  waste  in  the  Florida  fields.  It  varies 
there  quite  a  little,  but  sometimes  amounts  to  as  much 
as  200  or  300  per  cent. ;  that  is  to  say,  for  every  ton 
of  phosphate  rock  mined  there  and  ground  for  fer- 
tilizer, twice  as  much  phosphate  rock  in  a  comminuted 
condition  generally  is  thrown  away,  wasted.  In 
Tennessee,  where  large  deposits  of  phosphate  rock 
are  found,  the  mining  is  very  much  cleaner  than  in 
Florida,  and  there  is  very  little  waste.  The  mining 
methods  in  that  section  have  been  greatly  improved 
in  recent  years,  and  the  waste  is  falling  off.  In  the 
Charleston,  S.  C,  fields  there  is  still  a  great  deal  of 
waste. 

The  great  problems  in  handling  phosphates  are 
to  insist  upon  clean  mining,  and  to  develop  methods 
for  segregating  phosphoric  acid  from  the  rock  phos- 
phate and  thus  make  low-grade   material    available. 

At  the  present  time  there  is  practically  no  high-grade 
rock,  that  is  72  per  cent,  bone  phosphate,  used  in  this 
country.  All  of  the  high-grade  rock  that  we  mine, 
or  practically  all  of  it,  is  shipped  abroad  and  the  Amer- 
ican market  takes  only  the  lower-grade  material. 
It  is  improbable,  so  far  as  we  can  judge,  that  there 
will  be  any  very  great  consumption  of  the  high-grade 
material  in  this  country  so  long  as  the  foreign  demand 
keeps  up,  and  we  have  to  utilize  the  lower-grade 
material. 

The  estimates  which  we  have  been  able  to  make 
from  the  survey  of  the  existing  fields  of  this  country, 
indicate  that  the  deposits  of  the  high-grade  rock  are 
so  large  that,  at  three  times  the  present  rate  of  con- 
sumption in  this  country,  it  would  last  something 
like  1200  years;  that  is,  excluding  any  new  discoveries. 
We  have  not  only  the  Florida  fields,  the  hard  rock,  the 
pebble  rock,  the  Charleston  field,  the  Arkansas  field,  the 
Kentucky  field  and  the  Tennessee  field,  but  the  largest 
deposits  of  high-grade  rock  in  the  world  have  been 
discovered  in  Montana,  Utah,  Idaho  and  Wyoming. 
There  are  a  good  many  fields  in  this  country  that 
carry  some  phosphorus  in  the  rock,  which  makes  it 
useful   locally   from   the  fertilizer  point   of   view;   for 
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instance,  up  in  the  Shenandoah  Valley  some  rocks 
run  two  or  three  per  cent,  phosphoric  acid,  and  some 
deposits  are  known  in  North  Carolina,  along  the 
Piedmonl  Plateau,  that  run  quite  high  in  phosphoric 
acid. 

The  next  big  waste  that  we  have  to  consider  is  the 
nitrogen  waste.  This  is  more  or  less  intimately 
connected  with  carbon  waste,  already  discussed. 
By  the  introduction  of  a  by-product  oven  in  this 
country,  we  are  saving  some  of  the  nitrogen  from 
the  coal,  as  well  as  making  gas.  Both  the  ammonia 
and  the  gas  are  finding  a  market,  but  their  values 
depend  largely  upon  the  location  of  the  plant,  and  the 
overhead  charges,  which  vary  with  the  different 
installations.  That  it  pays  can  be  illustrated  by 
the  fact  that  one  concern  in  a  coal-mining  district  is 
taking  the  product  from  the  mine,  coking  it,  returning 
it  to  the  mine  owner,  and  paying  him  a  royalty  on  it, 
and  it  is  paying  him  very  handsomely;  so  much  so 
that  they  have  made  a  contract  for  a  good  many 
years. 

For  press  of  time  I  can  only  interject  here  the  fact 
that  we  are  making  in  this  country  about  one-third 
as  much  ammonium  sulphate  as  we  are  importing, 
and  what  we  are  getting  is  about  one-eighth  as  much 
as  it  is  possible  to  make  from  the  coal  being  coked 
at  the  present  time. 

The  amount  of  nitrogen  that  is  wasted  in  the  form 
of  fish  refuse  is  enormous,  especially  on  the  Pacific 
Coast.  I  have  seen  enormous  amounts  of  fish  refuse 
thrown  in  the  rivers,  a  perfect  nuisance  to  the  towns, 
washing  up  along  the  shores  and  banks  of  the  rivers, 
and  no  attempt  being  made  to  utilize  this  most  valu- 
able material. 

One  of  the  big  carbon  wastes,  which  might  have 
been  spoken  of  this  morning,  and  which  contains 
potash,  nitrogen  and  phosphorus,  is  the.  city  wastes — 
the  garbage  and  night  soil.  There  is  very  little 
effort  made  to  conserve  these.  Some  doubt  exists 
in  this  country  as  to  their  value  as  fertilizer,  it  being 
claimed  by  some  that  it  is  practically  nil,  and  we 
are  at  a  loss  to  know  what  the  true  values  of  these 
materials  are.  Night  soil  is  utilized  very  largely 
in  China  and  Japan,  and  some  of  the  American  gardeners 
in  this  country  also  use  it,  but  there  is  a  great  objec- 
tion here  to  its  use  on  account  of  the  danger  from 
pathogenic  germs.  It  has  been  found  to  be  very- 
good  fertilizer  in  those  countries,  while  in  Europe 
and  this  country  it  has  not  been  found  to  be  so  good. 
But  here  it  has  not  been  used  under  the  same  con- 
ditions. All  of  the  material  of  this  kind  used  in  Japan 
and  China  is  first  worked  over  in  appropriate  pits 
or  vessels,  and  "fermented"  before  it  is  applied  to 
the  field. 

The  biggest  problem  of  all,  for  us,  has  been  the  pos- 
sibility of  using  raw  materials,  waste  materials  if 
you  please,  for  the  production  of  potash  salts.  With 
the  prospect  for  1200  years  of  phosphates  before 
us,  we  need  not  be  very  much  worried  at  present 
on  that  score,  and  with  the  prospect  of  getting  all 
the  nitrogen  we  want  from  by-products  of  one  kind 
and  another,   or  by  utilizing    atmospheric    nitrogen, 


bacteria,  etc.,  we  need  have  no  serious  concern  on 
this  score. 

We  have,  however,  been  in  a  quandary  as  to  what 
to  use  for  potash,  and  the  public  mind  has  been  very 
much  exercised  on  account  of  the  well  known  diffi- 
culties between  this  country  and  the  one  country  that 
contains  the  principal  source  of  potash  for  the  world's 
supply,  namely,   Germany. 

Now  this  country  takes  about  one-fifth  of  the  potash 
salts  mined  in  Germany,  and  about  one-half  of  the 
amount  that  is  exported  from  Germany;  and  we  had 
no  other  source  of  supply  until  quite  recently.  There 
is  a  possibility  of  our  getting  potash  from  some  of 
the  arid  basins,  of  getting  a  small  amount  from 
smelter  fumes,  from  wood  ashes,  and  from  sawdust. 
There  is  made  annually  in  the  lumber  mills  of  this 
country  something  like  5,850,000  tons  of  sawdust. 
This  is  equivalent  to  about  5,200  tons  of  potassium 
carbonate.  But  when  you  recognize  that  it  is  scattered 
around  the  country,  there  is  no  possibility  of  its  being 
of  much  importance  for  general  use. 

Practically  all  the  salt  wells  in  this  country  carry 
a  small  amount  of  potash,  and  when  the  water  in  the 
wells  is  evaporated,  the  mother  liquors  would  give 
a  material  which  compares  fairly  well  with  the  so- 
called  manure  salts.  It  is  possibly  one  of  the  waste 
products  which  could  be  used,  but  at  present  it  will 
hardly  pay. 

Another  source  of  potash  in  which  people  have 
been  interested  is  the  silicate  rocks  carrying  potassium. 
There  have  been  quite  a  number  of  processes  suggested, 
patented  or  secret  as  the  case  may  be,  for  extracting 
potash  from  silicate  rock.  It  is  possible  to  do  so, 
but  it  is  very  difficult  to  do  economically,  and  practic- 
ally none  of  these  processes  as  yet  have  any  commercial 
value.  There  are  several  of  them  that  are  being 
tried  at  the  present  time,  and  some  may  later  prove 
extremely  valuable. 

There  is  a  silicate  rock  process  that  has  given 
promise  of  becoming  commercially  valuable.  The 
extraction  of  potash  is  commercially  possible  so 
long  as  they  can  get  a  certain  by-product  which,  I 
am  sorry  to  say,  I  cannot  yet  mention  in  public. 
This  process  is  perfectly  possible  as  a  source  of  potash 
to  the  extent  of  40  to  60  tons  a  day,  but  if  they  try 
to  go  beyond  that  they  are  certain  to  lose  money, 
because  they  cannot  get  the  necessary  raw  products, 
aside  from  the  potash  mineral,  at  figures  which  will 
enable  them  to  make  a  profit.  This  is  one  of  those 
very  curious  processes  that  the  larger  you  make  it  the 
less   it   pays. 

There  is  one  substance  which  has  been  a  waste 
product,  and  which  has  been  a  nuisance  in  that  part 
of  the  country  in  which  it  grows,  and  that  has  turned 
out  to  be  a  very  good  source  of  potash. 

Along  the  Pacific  Coast  of  the  United  States  and 
Alaska,  there  are  a  number  of  seaweeds,  or  kelps. 
In  fact,  we  have  them  along  the  New  England  coast. 
The  seaweeds  have  been  used  along  the  New  England 
coast  for  fertilizers,  and  also  along  the  coasts  of  the 
British  Isles,  Norway,  Denmark,  Sweden,  the  Hebri- 
des,   and   have   been   considered   extremely   valuable. 
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Kelp  rights  were  one  of  the  important  assets  of  the 
owners  along  the  coasts  of  the  countries  named. 
But  kelps  have  heretofore  been  used  principally 
as  a  source  of  iodine,  and  when  iodine  was  developed 
from  the  mother  liquors  of  the  Chile  saltpeter,  kelps 
went  out  of  fashion  and  little  has  been  thought  of 
them  until  quite  recently. 

In  examining  the  Pacific  kelps  we  found  that  some 
people  were  interested  in  them  as  a  source  of  iodine, 
and  some  from  the  standpoint  of  their  being  a  nuisance. 
When  our  attention  was  directed  to  this  waste  matter, 
we  were  at  the  same  time  interested  in  potash.  We 
organized  three  parties  to  investigate  the  extent 
of  these  kelp  areas,  mapped  out  the  kelp  beds  in 
half  of  Puget  Sound,  and  found  that  about  210,000 
tons  of  the  principal  kelp  were  produced  there  an- 
nually ;  there  is  a  great  deal  along  the  California  coast 
from  the  Golden  Gate  down  to  Point  Sur,  and  from 
Point  Sur  south  there  are  enormous  beds  of  very 
large  kelps,  the  main  kelp  there  being  quite  dif- 
ferent from  that  growing  in  the  Puget  Sound  region. 
Some  of  these  beds,  along  the  Southern  California 
coast,  extend  from  two  to  five  miles  in  length  and  from 
a  half  to  two  miles  in  width,  or  even  larger,  and  some 
of  the  large  beds  are  extremely  thick.  We  have 
mapped  this  past  summer  about  one  hundred  square 
miles  of  kelp  beds,  the  two  principal  areas  being  in 
the  north,  in  Puget  Sound,  and  in  the  south,  from 
Point  Sur  southward.  The  plants  grow  in  strong  tide- 
ways, or  where  they  are  exposed  to  the  full  force 
of  the  open  sea.  All  of  the  groves  are  within  the  three- 
mile  limit. 

We  have  found  that  the  kelps  in  the  Puget  Sound 
area,  when  dried,  contain  as  much  as  30  per  cent, 
potassium  chloride  and  two-tenths  per  cent,  iodine. 
In  the  South,  they  contain  20  to  30  per  cent,  potas- 
sium chloride  and  rather  more  iodine  than  those  in 
the  north.  The  kelps  in  the  Puget  Sound  region 
(probably  the  same  as  those  in  Alaska)  are  annuals, 
are  in  best  condition  for  cutting  and  have  finished 
fruiting  the  latter  part  of  July.  If  these  kelp  beds 
are  to  be  a  source  of  profit,  they  should  be  protected 
and  should  not  be  cut  until  after  the  middle  of  July. 
In  the  south,  the  important  kelps  are  probably  peren- 
nial and  if  cut  not  more  than  two  feet  below  the  sur- 
face, become  as  thick  as  before  in  about  forty  days. 

It  is  quite  impossible  to  give  an  exact  estimate 
of  the  amount  of  potassium  chloride  in  sight  from 
this  source.  The  analyses  would  indicate  that  the 
amount  of  potassium  chloride  to  be  obtained  from 
these  kelp  beds  annually  is  something  like  8,000,000 
tons.  This  is  pretty  big,  so  we  arc  standing  by  a 
very  conservative  estimate  of  1,000,000  tons  as  the 
probable  production  of  potassium  chloride  from  the 
Pacific  kelp  beds,  if  the  beds  are  properly  protected. 
This  gives  a  source  of  potash  at  least  three  times  as 
great  as  the  total  potash  importations  from  Germany. 
If  the  larger  estimates  prove  true,  it  means  a  possible 
production  of  potassium  chloride  about  the  same, 
or  even  a  little  larger  than  the  total  production  in 
Germany. 

There  are  all  sorts  of  things  of  interest  in  connection 


with  these  kelps  as  a  present  waste  product.  It 
is  possible  to  make  from  them  a  number  of  foods  which 
are  used  in  Japan  and  elsewhere,  known  as  Kombus. 
Another  series  of  good  products  is  known  as  Nori, 
and  while  it  is  probable  we  might  develop  an  industry 
in  the  making  of  these  things  for  the  Japanese,  it 
is  rather  improbable  that  the  Americans  will  care 
for  them. 

It  is,  however,  probable  that  a  cattle  food  might 
be  developed  in  this  country  from  kelps.  The  nitrogen 
content  of  these  kelps  would  place  them  about  the 
same  as  hay,  better  perhaps  than  the  ordinary  eastern 
hay,  if  not  as  good  as  the  best  western  alfalfa;  and 
there  is  a  possibility  that  the  organic  material  could 
be  used  as  roughage  for  cattle  food  after  the  salts 
had  been  extracted. 

It  is  also  estimated  that  the  possible  kelp  pro- 
duction would  give  us  an  amount  of  iodine,  which 
is  easily  recoverable  apparently,  worth  about  $90,000,- 
000,  at  present  prices.  These  figures  are  possibly 
misleading,  because  the  importations  of  iodine  and 
iodine  products,  according  to  the  figures  of  the  De- 
partment of  Commerce  and  Labor  for  the  last  year, 
would  seem  to  be  about  $1,000,000  worth  annually. 

To  put  the  whole  matter  in  a  nutshell,  if  these  beds 
are  properly  protected  and  no  longer  considered  a 
waste  product  but  a  raw  product  of  great  value, 
if  they  are  properly  harvested,  and  if  we  attempt 
seriously  to  utilize  the  iodine  and  other  products 
which  can  be  made  from  them,  we  ought  to  be  able 
easily  to  harvest  a  quantity  which  would  yield  annually 
at  least  1,000,000  tons  of  potassium  chloride,  besides 
vast  quantities  of  by-products,  and  thus  make  of  what 
has  hitherto  been  considered  a  waste  and  a  nuisance, 
a  source  of  enormous  commercial  value. 

discussion. 

Mr.  Parsons: 

Dr.  Cameron's  statements  with  regard  to  iodine  are  especially- 
interesting.  There  are  many  chemical  substances  the  price 
of  which  has  been  held  up  simply  because  some  producers  pre- 
fer to  obtain  for  certain  products  three  times  the  price  they 
could  obtain  if  the  amount  was  increased.  The  output  of 
many  of  these  substances  can  be  very  greatly  augmented,  and 
it  has  almost  invariably  been  the  case  where  this  has  been  done 
that,  although  the  price  was  diminished,  new  uses  were  found 
which  ultimately  were  of  great  benefit  to  the  manufacturers, 
and  increased  the  profit.  Many  instances  could  be  cited  in 
chemical  industry  where  prices  have  been  maintained  which 
have  precluded  new  applications  although  cheaper  material 
would  mean  much  greater  consumption.  I  understand  an 
immense  amount  of  iodine  is  going  to  waste  in  Chile  which  could 
be  readily  recovered  except  for  the  fear  of  reducing  the  price 
by  flooding  the  market.  It  is  probably  true  if  they  should 
increase  the  production  of  iodine,  the  use  would  be  rapidly 
increased. 

With  reference  to  potash,  there  is  one  point  which  has  recently 
come  to  my  attention,  on  which  I  have  some  data  which  may 
possibly  interest  you.  I  refer  to  the  possible  use  of  feldspar 
or  other  potash-bearing  silicates  such  as  the  green  sands  of 
New  Jersey,  in  the  manufacture  of  Portland  cement,  ob- 
taining potash  as  a  by-product.  Now  I  know  very  well  this 
is  no  new  proposition  and  I  understand  that  Dr.  Hillebrand  and 
Dr.  Richardson  applied  for  patents  covering  this  idea  some 
twenty-five  years  ago.     Indeed  some  more  recent  patents  have 
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been  issued  1  think,  but  it  is  not  generally  known  how  readil) 
potassium   is   volatilized   in  a   modern  cemenl    plant, 

in  the  cement  industry  there  is  probably  anywhere  from  five 
to  ten  p<-i  ii  ni  of  the  iaw  material  going  ofi  in  the  form  of  dust, 
and  ili.it  dust  is  becoming  a  menace  in  many  parts  of  the  country, 
so  thai  cement  manufacturers  are  beginning  to  realize  that 
ii  is  going  to  be  t"  their  advantage  to  find  means  for  recovering 
it  before  they  are  required  to  do  so.  A  number  of  experiments 
are  under  way.  In  one  of  these  1  happen  to  know  that  the  dust, 
which  amounts  to  many  tons  i>ei  day,  carries,  in  the  first  part 
ol  the  collecting  lines,  a  considerable  proportion  of  alkali,  but 
tin  t lu  i  along  where  it  is  collected  by  the  Cottrell  process,  i1 
is  very  much  richer  in  alkali,  and  some  of  that  dust  has  an- 
alyzed as  high  as  35  per  cent,  soluble  alkali,  of  which  one  half 
was  potash.  Now  it  certainly  would  seem  that  it  might  be 
possible  to  obtain  some  potash  as  a  bj  product  in  the  cement 
industry,  by  using  raw  material  rich  in  potash  and  making 
this  product  cover,  wholly  or  in  part,  the  cost  of  eliminating 
a  dust  nuisance.  The  insoluble  portion  of  the  collected  dust 
could  be  returned  to  the  kiln. 

Mr.  Smith: 

We  have  been  manufacturing  potash  from  garbage  in  Cleve 
land  for  a  long  time.  In  the  city  of  Cleveland,  the  garbage 
is  taken  care  of  by  the  city  and  at  a  profit.  The  material  is 
collected  every  other  day,  put  through  a  steam-heating  process 
and  the  liquid  expressed.  The  liquid  is  then  evaporated  and 
the  two  parts  put  together  again,  after  removing  the  grease, 
and  brings  quite  a  (air  price  for  fertilizer.  The  plant  is  operated 
at  a  profit  of  about  $30,000  a  year. 

II  you  will  come  next  winter  at  this  time  to  Cleveland,  I  hope 
we  shall  be  able  to  show  you  this  plant  in  operation. 

Mr.  Huston: 

I  am  very  much  interested  in  the  question,  but  do  not  know 
that  I  can  add  anything  to  this  discussion.  The  general  matter 
of  potash  supply  and  so  on,  I  do  not  feel  that  I  should  discuss 
now,  because  there  are  some  other  important  propositions 
that  have  not  yet  been  finished,  and  it  is  not  policy  perhaps 
to  make  invidious  remarks  while  those  things  are  going  on. 

I  was  interested,  however,  in  the  remarks  relative  to  the 
side  products,  iodine  particularly.  I  do  not  know  that  a  re- 
duction in  the  price  of  iodine  would  result  in  a  greater  consump- 
tion than  the  reduction  in  the  price  of  bromine  did.  This  per- 
haps may  give  us  some  indication  of  what  may  happen  in  the 
market.  As  you  perhaps  know,  the  price  of  bromine  went  all 
to  pieces  and  the  Americans  and  Germans  fought  each  other. 
As  I  heard  last,  the  Americans  were  making  400  and  the  Germans 
making  300.  The  Americans  perhaps  have  the  best  of  it  as 
their  brine  is  richer  in  bromine,  so  the  price  finally  came  down 
and  it  is  rather  cheaper  to  run  the  brine  into  the  ditch  than  it 
is  to  make  bromine  of  it,  and  the  price  of  bromine  is  probably 
as  low  as  the  world  will  ever  be  able  to  obtain  it,  but  it  has  not, 
so  far  as  I  can  learn,  increased  the  consumption  of  bromine. 
The  figures  are  quite  worth  watching,  but  my  understanding 
is  that  it  is  the  idea  of  the  nitrate  syndicate  to  make  all  the 
iodine  that  the  world  will  take,  but  I  doubt  if  a  reduction  in 
the  price  would  materially  increase  the  consumption  of  iodine. 

Mr.  White: 

We  know  it  is  very  easy  to  get  potash  from  feldspar  on  a 
laboratory  scale.  If  deposits  of  potash  feldspar  exist  where 
it  is  commercially  feasible  to  make  Portland  cement,  it  is  pos- 
sible as  Mr.  Cottrell  has  shown,  to  volatilize  the  potash  from 
the  cement  kiln  and  recover  it  in  the  flue  dust.  It  is  also  possible 
to  mix  feldspar  with  calcium  carbonate  and  calcium  chloride 
and  by  burning  at  a  temperature  of  8oo°  C.  bring  the  potash 
into  soluble  form.  The  material  left  after  leaching  might  then 
be  burned  again  to  Portland  cement.  It  is  perhaps  question- 
able, however,  whether  the  process  could  be  made  to  pay. 


Mr,  Brbbman: 

Tlu  presence  of  potash  in  the  dust  of  tubular  cement  furnaces, 

which  has  been  referied  to,  is  due,  I  think,  to  volatili/ation 
of  potash  salts.  They  would  occur  as  sublimed  salts  like  the 
white  fumes  of  gunpowder  (black  powder)  which  is  made  up 
mainly  of  very  line  solid  particles  of  potassium  carbonat 
As  the  most  volatile  ingredients  of  the  mineral  substances  pi< 
cut.  these  would  accumulate  in  the  dust  towards  the  bather 
end  of  the  fin  u;iec 

Mr,  Roberts: 

I  should  like  to  ask,  Mr.  Chairman,  if  any  experiments  have 
been  made  to  determine  the  possibility  of  growing  these  Pacific 
Coast  kelps  in  other  waters  without  reducing  their  powei  ol 
accumulating    potassium? 

Mr.   GOLDBAl  m. 

Russia  has  for  a  long  time  exported  and  does  now  export 
gnat  quantities  of  crude  potash  of  which  the  ashes  from  sun- 
flower stalks  furnish  a  considerable  part.  Would  it  be  possible 
or  feasible  to  raise  the  sunflower  plant  in  Western  U.  S.  and 
incidentally  use  tin-  stalks  as  an  auxiliary  source  of  potash' 

Mr.  Moore: 

There  is  one  point  in  connection  with  these  kelps  which  is 
of  great  interest,  and  that  is,  on  drying,  the  larger  part  of  the 
potassium  chloride  comes  out  on  the  surface  and  can  be  shaken 
off.  This  makes  it  exceedingly  easy  to  obtain  from  4a  to  50 
per  cent,   of  the   potash  salts  contained  in  these  kelp. 

Mi.-.  Cameron: 

In  answer  to  the  question  about  cultivating  sunflower  as  a 
source  of  potash,  there  is  lots  of  sun  out  there,  but  where  there 
is  a  lack  of  moisture  there  is  an  additional  cost  to  irrigate. 
You  see  the  kelps  do  not  cost  anybody  anything.  They  have 
the  power  of  absorbing  very  much  more  potassium  salts  than 
any  other  kelps  in  the  world.  The  Atlantic  kelps  have  not  as 
much  value  commercially  as  the  Pacific  kelps,  on  account  of 
their  absorbing  a  very  much  smaller  amount  of  potash. 


LOSSES  OF  COMBINED  NITROGEN. 
By  John  D.  Pennock. 

Before  taking  up  the  consideration  of  the  losses  of 
combined  nitrogen  in  organic  substances,  to  which 
this  discussion  will  be  chiefly  confined,  it  may  be 
well  to  devote  a  few  words  to  the  loss  of  nitrogen  (1) 
combined  in  inorganic  substances,  and  (2)  the  loss 
of  nitrogen  in  the  gaseous  form  freed  from  the  oxygen 
of  the  air. 

Of  course,  the  chief  source  of  inorganic  nitrogen 
combined  in  mineral  form  as  a  natural  deposit  is 
Chile  saltpeter,  or  nitrate  of  soda,  formed  chiefly*  on 
the  western  coast  of  South  America  in  the  province 
of  Tarapaca,  Chile. 

Because  of  the  naturally  restricted  confines  of  this 
mineral  and  the  comparatively  small  ejuantity  known 
to  exist  (variously  estimated,  at  the  existing  rate 
of  consumption,  to  supply  the  world's  demand  for 
50-75  years),  its  conservation  in  every  way  possible 
is  a  matter  of  exceedingly  great  importance. 

Now",  the  losses  of  this  mineral,  containing  16.4 
per  cent,  nitrogen,  which  is  so  important  to  agri- 
culture as  well  as  the  arts,  may  come  about  (1)  in 
the  mining  and  refining  of  the  impure  mineral,  called 
"Caliche,"  and  (2)  in  the  utilization  of  the  refined 
product. 


Ma,-.,  tgia  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


t73 


The  "Caliche"  (brown)  found  in  the  province  of 
Tarapaca  is  shown  by  analysis1  to  be  of  the  following 
composition : 

Per  cent. 

Sodium  nitrate 60.97 

Sodium  iodide 0.73 

Sodium  chloride 16.85 

Sodium  sulphate 4.56 

Calcium  sulphate 1  .33 

.Magnesium  sulphate 5  .88 

Insoluble 4  .06 

Water 5.64 

While  as  seen  above  the  product  as  mined  in  Tarapaca 
is  comparatively  rich  in  nitrate  of  soda,  that  mined 
in  the  provinces  of  Pampa  de  Tamorugal  and  Atacama 
contains  from    25    per   cent,    to    50   per  cent.    NaN03. 

It  is  likely  that  in  the  process  of  refining  this  Caliche, 
which  consists  in  lixiviating,  settling  or  filtering, 
evaporation  and  crystallization,  there  is  a  consider- 
able loss  of  the  valuable  NaNOs.  Just  what  this 
loss  amounts  to,  the  very  meagre  scientific  informa- 
tion available  does  not  enlighten  us. 

These  deposits  of  nitrate  are  of  vital  importance 
to  the  world  at  large  and,  though  they  are  held  by 
private  corporations,  principally  German,  the  Chilian 
government  having  been  forced  to  retire  from  the 
business  because  of  the  competition  of  the  private 
operators,  they  should  be  carefully  conserved.  Fur- 
ther, it  might  be  desirable  that  an  international  com- 
mittee, composed  of  chemists  appointed  by  the  gov- 
ernments of  those  countries  most  vitally  interested, 
should  visit  the  nitrate  fields,  determine  what  losses 
exist,  if  any,  study  into  the  present  methods  of  re- 
fining the  crude  product  and  make  recommendations 
for  the  improvement  of  these  methods,  if  found  un- 
satisfactory. 

It  is  difficult  to  determine  how  economically  the 
2,251,000  tons  of  nitrate  of  soda  shipped  from  Chile 
in  1910  was  used.  Of  this,  during  1910.  535,820 
tons  came  to  the  United  States  and  was  used  in  the 
arts  as  follows: 

Per  cent. 

In  manufacture  of  fertilizers 13 

In  manufacture  of  dyestuffs 12 

In  general  chemistry 10 

In  glass 4 

In  explosives 41 

In  nitric  acid 9 

In  sulphuric  acid 6 

Unaccounted  for 5 

Most  of  the  nitrate  u.sed  in  dyestuffs  and  explosives 
passes  through  the  form  of  nitric  acid.  In  the  manu- 
facture of  nitric  acid  by  the  ordinary  method,  90- 
93  per  cent,  of  the  nitrogen  of  the  nitrate  is  converted 
into  nitric  acid ;  the  yield  may  be  increased  and  the 
loss  of  combined  nitrogen  from  this  source  reduced 
by  the  use  of  the  Yalentina  vacuum  process  which 
will   bring   the   yield   to   97-98   per  cent. 

PURE    NITROGEN". 

In    the   early   days   of   the   manufacture   of   calcium 

cyanamide,  the  nitrogen  necessary  for  the  treatment 

of  the  carbide   was  obtained  by  separating  nitrogen 

from  liquid   air;  later  the   oxygen   of  the   air  was   re- 

1  Machalske,  Am.  Fertilize) ,  25,  8. 


moved  by  passing  the  air  over  heated  copper,  the 
oxide  being  subsequently  reduced  by  heating  with 
natural  gas   (at  Niagara    Falls). 

The  waste  gases  of  the  precipitating  towers  of  an 
ammonia  soda  process  furnishes  an  abundant  (2,940 
tons  per  day  in  this  country)  supply  of  nitrogen 
which  would  be  suitable  for  the  manufacture  of 
cyanamide.  The  oxygen  of  the  air  used  to  burn  the 
coke  in  the  lime  kilns  is  completely  converted  to  C02, 
so  that  the  gas  going  to  the  precipitating  towers 
contains  only  C02  and  X,  and  when  leaving  the  tower 
is  jjractically  pure  nitrogen,  there  being  one  to  two 
per  cent,  of  C()2  which  could  be  readily  absorbed  by 
passing  the  gas  through  milk  of  lime.  A  cyanamide 
plant,  however,  is  preferably  located  where  there  is 
cheaper  power  and  hence  cannot  utilize  the  cheap 
nitrogen  from  an  ammonia  soda  works. 

LOSSES      OF      THE      COMBINED       NITROGEN'       IN      ORGANIC 
SUBSTANCES. 

The  losses  of  the  nitrogen  contained  in  inorganic 
substances  is  unimportant  compared  with  the  losses 
which  dailv  occur  to  the  extent  of  hundreds  of  tons 
from  the  improper  use  of  the  organic  substances 
which  contain  it.  Further,  there  are  many  organic 
substances  containing  such  high  percentages  of  nitro- 
gen, which  at  present  go  to  waste  or  lie  in  the  earth 
unutilized,  which  would  produce  so  high  a  yield  of 
ammonia  that  the  dry  distillation  for  ammonia  alone 
would  be  very  profitable.  Among  these  substances 
mav  be  mentioned  shale,  peat,  garbage  after  the 
removal  of  the  oils  and  fats,  and  sewage  sludge. 
These  products  will  yield  on  distillation  75-85  lbs. 
of  ammonium  sulphate  per  ton,  or  3  times  as  much 
as  coal. 

Of  all  the  losses  of  combined  nitrogen,  that  which 
goes  to  waste  in  the  manufacture  of  coke  by  the 
beehive  process  is  the  greatest. 

In  the  conferences  on  the  conservation  of  mineral 
resources  inaugurated  by  ex-President  Roosevelt 
a  few  years  ago,  the  great  loss  of  fuel1  and  valuable 
nitrogen  in  the  beehive  method  of  coke-making  oc- 
cupied a  prominent   part   in   the   discussions. 

James  Douglas,2  in  a  paper  on  "Conservation  of 
Natural  Resources,"  deplored  the  loss  of  coal  and 
valuable  by-products  but  stated  that  the  develop- 
ment of  by-product  ovens  could  not  rapidly  proceed 
to  displace  the  beehive  ovens  because  chemical  in- 
dustry was  unable  to  assimilate  and  utilize  the  by- 
products with  suitable  returns. 

Since  1893,  when  the  first  by-product  coke  oven 
was  b\iilt  at  Syracuse,  and  it  was  demonstrated  that 
retort  coke  was  equal  in  quality  to  that  made  in  the 
beehive  oven  and  the  by-products,  tar,  ammonia, 
benzole  ami  cyanides,  could  be  recovered  in  sufficient 
quantity  to  make  the  operation  a  profitable  one, 
there  has  been  no  justification  for  the  construction 
of  additional  beehive  ovens. 

It    is    perhaps    true    that,    that    particular    cli< 
industry    which   converts   benzole  and  other  coal   tar 

1  The  easilj    accessible    coals  will  be  exhausted  about  the  year  Jo.'T 
M.   K    Campbell  and  E.  W.   1'arker,  Am.  /»-/,  Mini.  Eng.,  40,  258. 
-  Am.  Tnst   Mini.  Eng.,  40,  419. 
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products  into  colors  and  refined  chemicals  is  pretty 
effectually  fixed  in  the  hands  of  Germans  and  not 
easily  wrested  from  them,  and  they  may  continue 
to  ship  to  this  country  seven  million  dollars  worth 
of  colors,  but  the  consumption  of  sulphate  of  am- 
monia for  fertilizers  is  increasing  at  such  a  rate  that 
the  United  States  production  cannot  supply  the 
demand  and  nearly  as  much  is  imported  as  is  made 
in  this  country.  Further,  the  price  is  higher  than 
it  has  been  for  several  years.  The  same  may  be  said 
of  the  price  of  tar.  New  uses  for  tar  have  been  found 
so  that,  the  price  has  not  fallen  appreciably  in  the 
last  ten  years,  although  the  production  has  increased 
enormously. 

To  what  extent  losses  of  combined  nitrogen  have 
occurred  since  1893,  when  the  retort  coke  ovens  were 
introduced  and  the  loss  could  have  been  avoided, 
a  glance  at  the  coke  statistics  will  show.  From 
1893-19 10  inclusive  the  coal  coked  in  beehive  ovens, 
where  the  volatile  nitrogen  was  ruthlessly  wasted  in 
fire,  amounted  to  about  810,000,000  tons.  Had 
this  been  coked  in  by-product  ovens,  the  volatile 
nitrogen  of  the  coal  would  have  yielded  23  lbs.  of 
ammonium  sulphate  per  ton,  or  a  total  of  9,315,000 
tons,  which  at  $60  per  ton  would  have  had  a  value 
of  $558,900,000.  But  this  would  not  be  all.  Had 
this  ammonia  been  recovered,  it  would  have  been 
used  on  the  soil  as  a  fertilizer,  the  crops  would 
have  been  increased  fully  20  per  cent,  and  the  saving 
would  have  been  many  millions  more. 

PERCENTAGE     OF     PURE     NITROGEN     EVOLVED     AND 
RECOVERED. 

In  the  various  Semet-Solvay  plants  throughout 
this  country  the  nitrogen  content  of  the  coals  varies 
from  1.2-1.46  per  cent.  The  evolved  nitrogen  amounts 
to  about  33  per  cent,  of  the  total  contained  in  the  coal. 

Taking  the  results  of  the  distillation  at  one  of 
these  plants,  we  have  the  distribution  of  the  nitrogen 
as  follows:  [The  nitrogen  in  all  cases  is  figured  to 
(NHJ.SOJ. 

Lbs.  (NH.lzSO, 
per  ton  coal 

Coal,  1.3  per  cent,  nitrogen  figured  to  sulphate. ...  122  .6 

Ammonia  yield,  actual  sulphate 25  . 0 

Nitrogen  left  in  coke,  as  sulphate 78 . 2 

Nitrogen  left  in  10.000  cu.  ft.  gas  as  sulphate...  .  12.0 

Nitrogen  in  tar  (90  lbs.  per  ton)  as  sulphate 3.5 

Nitrogen  in  pyridine 0  3 

Nitrogen  in  cyanides 0.4          119.4 

Unaccounted  for 3.2 

Thus  the  nitrogen  in  the  coal  is  distributed  in  the 
various  forms,  as  follows: 

Per  cent. 

Recovered  as  ammonia 20.3 

Remaining  in  the  coke 63  . 7 

As  elementary  nitrogen  in  gas 8.1 

In  tar 2.9 

As  pyridine 0.25 

As  cyanide 0.3 

Attempts  have  been  made  to  increase  the  amount 
of  nitrogen  converted  to  ammonia.  In  cases  where 
the  ash  of  the  coal  is  low,  it  is  permissible  to  add  lime, 
which  must  be  very  intimately  mixed  in  a  state  of 


powder.  The  ammonia  yield  is  increased  from  10-15 
per  cent.  If  the  walls  of  the  ovens  are  laid  up  with 
silica  brick,  the  lime  in  the  coal  is  likely  to  flux  with 
the  brick  and  the  coke  will  stick  to  the  walls. 

The  result  of  a  trial  for  five  months'  of  adding 
2  per  cent,  lime  to  coal  carbonized  in  a  gas  works 
at  Cheltenham,  England,  was  an  increase  of  1.88 
lbs.  sulphate  of  ammonia  per  ton.  There  was  an 
additional  advantage  of  reducing  the  sulphur  in  the 
gas  from  40-21.5  grains  per  100  cu.  ft. 

METALLIC    OXIDES    REDUCE    AMMONIA    YIELD. 

At  one  of  the  plants  located  near  a  blast  furnace 
which  received  its  supply  of  coke  from  the  by-product 
ovens,  the  fine  iron  oxide  flue  dust  was  mixed  with 
the  coal  being  charged  to  the  ovens,  thinking  thus 
to  save  it  from  the  dump  heap,  but  the  effect  of  3  per 
cent,  of  oxide  introduced  caused  the  NH,  yield  to 
fall  off  8  per  cent. 

OTHER  WAYS  OF  SAVING  NITROGEN  OF  COAL. 

Hundreds  of  thousands  of  tons  of  coal  per  annum 
are  converted  into  producer  gas  in  the  Mond  pro- 
ducers in  England,  steam  being  used  to  blow,  the 
producers  and  to  maintain  a  low  temperature.  The 
gases  are  washed  with  acid  and  80  lbs.  of  ammonium 
sulphate  are  obtained  per  ton  of  coal,  four  times  as 
much  as  would  be  obtained  from  the  same  coal  in  a 
retort  coke  oven. 

The  ultimate  solution  of  the  problem  of  the  utili- 
zation of  peat  will  probably  be  the  conversion  to  gas 
in  a  producer  and  the  utilization  of  this  gas  in  gas 
engines,  for  the  handsome  return  from  the  no  lbs. 
(NH4)2S04  saved  per  ton  will  make  the  proposition 
very  profitable. 

On  account  of  the  high  percentage  of  oxygen  in 
peat,  dry  distillation  destroys  the  ammonia,  but  in 
the  Mond  producer,  peat  containing  50  per  cent, 
moisture  may  be  gasified,  showing  75-80  per  cent.2 
conversion  of  the  nitrogen  of  the  peat  to  ammonia: 
4000  cu.  m.  of  gas  of  1400  calories  are  obtained  from 
one  ton  of  peat  and  3-6  per  cent,  tar  containing  15 
per  cent,  of  soft  paraffin  and  50  per  cent,  neutral 
oils  suitable  for  Diesel  motors. 

That  there  is  some  progress  toward  substitution  of 
by-product  ovens  for  beehive  is  shown  by  the  following 
figures:  In  1900  there  was  total  coal  coked,  20,533,348 
tons.  In  that  year  1,075,727  tons  were  coked  in 
by-product  ovens,  or  5  per  cent,  of  the  total.  In 
1910,  of  the  total  coke  made,  41,708,810  tons,  7,138,734 
tons  were  made  in  by-product  ovens,  or  17  per  cent. 
This  advance  is  encouraging.  What  is  more  en- 
couraging is  the  fact  that  the  government  statistics 
show  that  a  smaller  number  of  beehive  ovens  were 
being  built  in  19 10  than  previous  years  and  that  of 
the  total  ovens,  2,567  building  at  the  end  of  1910, 
1200,  or  46.75  percent.,  were  by-product  ovens.  As 
the  average  coking  capacity  of  a  by-product  oven  is 
four  times  that  of  a  beehive,  it  is  evident  that  the 
additional  producing  capacity  of  19 10  was  more 
largely  by-product  than  beehive. 

1  J.  Soc.  Chem.  Ind..  30,  288,  1367. 

2  Chemiker  Zeitung,  May  11,  1911.  p.  505. 
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;OMPARATIVE    ADVANCEMENT    IN    SAVING    OF    COMBINED 
NITROGEN    IN    GERMANY,     ENGLAND    AND    THE 
UNITED    STATES. 

When  Germany  began  to  develop  the  coal  tar  color 
Industry  she  was  forced  to  import  her  tar  from  Eng- 
land; the  necessity  for  increasing  the  supply  of  tar 
;aused  Germany  at  once  to  begin  abandoning  the 
seehive  ovens,  substituting  retort  coke  ovens.  In 
1900,  30  per  cent,  of  the  coke  made  in  Germany  was 
;oked  in  retort  ovens.  In  19 10,  so  complete  had 
;he  transformation  to  retort  ovens  taken  place  that 
jver  80  per  cent,  was  made  with  recovery  of  ammonia 
md  other  by-products.  Soon  all  the  coal  used  for 
;oke-making  in  Germany  will  be  coked  with  the 
•ecovery  of  by-products.  When  this  time  arrives 
;he  retort  oven  will  be  operated  for  tar  and  ammonia 
is  primary  products  and  coke  secondary.  At  such 
;ime  ammonia  from  cyanamide  or  synthetic  ammonia 
will  be  produced  in  large  quantities  as  higher  prices 
will    make   these   processes   profitable. 

England  until  19 10  has  been  the  greatest  producer 
oi  sulphate  of  ammonia.  In  this  year  Germany 
learly  equaled  England's  production.  In  1900,  10 
per  cent,  of  England's  metallurgical  coke  was  made 
n  retort  ovens;  in  19 10,  over  18  per  cent,  was  so  made. 

The  retort  coke  output  in  the  United  States  in 
1900  was  5  per  cent,  of  the  total.  In  1910  this  had 
Increased  to  17  per  cent. 

Chart  I  shows  the  increase  in  retort  coke  output 
/•ear  by  year. 


A  steel  manufacturer  considering  the  expansion 
of  his  iron  and  steel  business  runs  against  these  facts 
in    considering    by-product    ovens:     A    beehive    oven 
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The  relative  standing  of  the  four  greatest  pro- 
iucers  of  ammonia  in  the  world  is  shown  in  Chart  II. 

Imports,  domestic  prpduction,  and  price  of  am- 
monium sulphate  are  given  in  Chart  III. 


costs  about  $400  and  cokes  2.2  tons  of  coke  a  day; 
a  by-product  oven  cokes  10  tons  a  day  and  costs, 
including  by-product  apparatus  and  all  equipment 
for  entire  operation,  $11,000— $12,000;  but  in  spite  of 
the  greater  capital  invested,  he  can  get  his  coke  at 
his  furnace  at  the  same  price  and  pay  interest  and 
depreciation  on  the  larger  investment,  because  of 
the  value  of  the  by-products  obtained. 

It  may  be  shown  that  a  corporation  owning  its 
Connellsville  coal  lands,  and  its  beehive  coke  ovens 
at  Connellsville,  and  blast  furnaces  and  steel  mills 
at  Pittsburgh,  can  well  afford  to  shut  down  its  bee- 
hive ovens  and  make  its  coke  in  by-product  ovens 
at  Pittsburgh  from  coal  shipped  from  Connellsville. 
The  corporation  would  get  its  coke  at  the  same  price, 
taking  into  consideration  the  increased  yield  of  coke 
in  by-product  ovens,  and  reducing  the  gross  cost  of 
the  coke  by  the  returns  from  tar,  benzole,  and  part 
of  the  ammonia.  In  addition  to  supplying  the  coke 
at  the  same  price,  there  will  be  a  large  part  of  the 
ammonia  yield  which  would  not  be  required  as  a 
credit  to  bring  the  price  of  the  by-product  coke  down 
to  the  price  of  the  beehive  at  Connellsville  plus  freight 
to  Pittsburgh.  The  extra  amount  of  ammonia  is 
then  a  by-product  which  has  cost  absolutely  nothing. 

An  important  factor  in  reducing  the  cost  of  by- 
product coke  is  the  much  higher  yield  obtained,  as 
stated  above.  The  yield  of  Connellsville  coke  in 
by-product  ovens  is  73  per  cent.,  while  in  beehive 
ovens  it  is  66  per  cent.,  or  10.6  per  cent,  greater. 
Assuming  this  rate  of  increase  in  yield  for  all  coal 
coked  in  beehive  ovens,  it  may  be  shown  that  the 
34,635,000  tons  of  coke  made  in  beehive  ovens  from 
52,400,000  tons  of  coal  could  have  been  made  in 
by-product  ovens  with  47,430,000  tons;  or  4,970,000 
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tons  would  have  been  saved,  would  not  have  been 
mined;  our  mines  would  have  been  conserved  to 
this  extent  and  the  life  of  the  mines  so  much 
lengthened. 

Further,  for  a  ton  of  coal  coked  in  by-product 
ovens  there  is  gas  available  as  fuel  in  the  steel  plant 
amounting  to  4000-5000  cu.  ft.  This  amount  of  gas 
is  the  equivalent  in  the  steel  mill  of  200  lbs.  of  coal, 
or,  with  coal  at  $1.75,  is  worth  17.5  cts.  There  is, 
bherefore,  not  only  a  saving  in  coal  used  for  coking, 
but  there  would  be  a  saving  in  the  coal  used  as  fuel. 
This  would  amount  to  200  lbs.  for  every  ton  of  coal 
coked  in  by-product  ovens.  We  have  shown  above 
that  47,430,000  tons  is  the  coal  required  in  by-product 
ovens  to  take  the  place  of  the  larger  amount  coked 
in   19  10  in  beehive  ovens.      Hence,  the  coal  equivalent 
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for  the  total  gas  saved  would  be  4,743,000  tons. 
This  added  to  the  amount  of  coal  saved  because  of 
higher  yield  of  coke,  we  have  a  total  saving  of  9,713,000 
tons  of  coal  which  could  have  been  left  in  the  mine 
in  1 9 10  and  this  reduced  supply  of  coke  and  coal 
would  have  been  adequate  for  the  demand. 

If  the  Federal  Government  is  serious  in  its  purpose 
to  conserve  our  coal  resources  it  may  do  so  by  ruling 
that  additional  coking  capacity  in  the  future  shall 
be  of  the  by-product  type..  The  average  increase 
per  annum  in  the  past  10  years  of  coke  production 
has  been  2,000,000  tons.  This  increase  would  be 
taken  care  of  by  the  building  of  600  modern  by- 
product ovens.  If  by-product  coke  is  to  take  the 
place  of  anthracite  coal  for  domestic  fuel,  as  in  certain 
places  it  is  rapidly  doing,  the  increase  per  annum 
will  be  more  than  2,000,000  tons. 

There  seems  to  be  among  iron  manufacturers,  who 
have    installed    large    numbers    of    by-product    ovens, 


a  tendency  to  have  them  in  sufficient  number  to  sup- 
ply their  minimum  demands  for  coke,  wink'  the  dif- 
ference between  the  minimum  and  maximum  is 
perhaps  more  economically  supplied  by  beehive 
ovens  which  are  a  much-  smaller  unit  and  may  be 
shut  down  and  remain  idle  and  again  started  up 
without  excessive  loss  or  deterioration.  There  are 
in  the  United  States  100,000  beehive  ovens,  47,000 
of  which  have  been  built  in  the  last  10  years.  As 
the  life  of  a  beehive  oven  is  supposed  to  be  10-12 
years,  it  would  appear  that  a  very  large  number  of 
beehive  ovens  would  soon  be  useless.  Another 
feature  of  the  by-product  coking  industry  which 
must  not  escape  consideration,  is  the  increasing 
tendency  of  the  illuminating  gas  manufacturers  to 
look  with  favor  upon  the  by-product  coke,  oven  as 
a  valuable  substitute  for  the  small  gas  retort,  par- 
ticularly when  the  source  of  heat  for  coking  this  coal 
is  cheap  coal  in  a  producer,  for  when  thus  operated 
10,000  cu.  ft.  of  gas  is  available  instead  of  4.50°- 
Further,  it  may  ultimately  drive  out  the  water  gas 
plant,  which  now  usually  exists  in  illuminating  gas 
plants  to  furnish  50  per  cent,  of  the  producing  ca- 
pacity, for  its  coke  is  of  superior  quality  to  the  ordi- 
nary gas  house  coke  and  may  be  used  for  foundry 
purposes,  and  if  it  is  sold  for  such  purposes  there 
will  be  none  for  the  making  of  water  gas. 

It  is  difficult  to  predict  the  future  of  any  industry 
and  determine  how  much  longer  this  devastating 
beehive  coke  manufacture  will  exist  and  the  un- 
necessary loss  of  valuable  nitrogen  continue,  but  in 
the  face  of  the  crying  needs  of  the  soil,  which  have 
brought  about  a  world's  shortage  of  available  nitrogen 
in  spite  of  the  placing  of  about  59,000  tons  of  cyan- 
amide  on  the  market,  several  thousand  tons  of  Nor- 
wegian saltpeter  (CaNf)3),  a  small  production  from 
the  Haber  process  (N  +H),  and  the  very  large  in- 
crease in  the  world's  production  of  ammonium  sul- 
phate, there  will  certainly  be  a  rapid  substitution 
of  the  by-product  for  the  beehive  oven.  It  is  not 
unreasonable  to  expect  that  the  government  returns 
at  the  completion  of  this  decade  will  show  that  50 
per  cent,  of  the  coke  used  in  this  country  will  come 
from  by-product  ovens;  certainly  the  great  increase 
in  importation  of  ammonium  sulphate  in  191 1,  from 
63,000-105,000  tons,  66  per  cent.,  while  the  domestic 
production  went  from  116,000-130,000,  or  an  in- 
crease of  12  percent.,  coupled  with  the  increase  of  price 
from  2.8  cents  per  11).  to  3.05  cents  would  warrant  an 
expansion    in    the   by-product   coke    industry. 

A  statement  of  the  condition  of  the  by-product 
coke  industry  upon  Jan.  1,  1  <j  1  1 ,  according  to  Mr. 
E.  W.  Parker,  is  found  on  the  preceding  page. 

DISCUSSION. 

Mr.  P arsons: 

In  regard  to  this  last  paper  on  "Wastes  of  Combined  Nitro- 
gen," few  realize  how  enormous  these  wastes  actually  are. 
While  immense  expenditures  are  being  made  in  Norway  in 
erecting  furnaces  to  bring  nitrogen  into  combination,  we  are 
needli  sly  throwing  awaj  many  time--  as  much  into  the  atmos- 
phere. Last  yeai  ,  "  •-,.<»  «\ooo  tons  oi  bituminous  eoal  were  con- 
verted into  coke  containing  $22,000,000  worth  of  nitrogen  easily 
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recoverable  as  ammonium  sulfate,  in  by-product  ovens.  As 
a  mattei  ol  tact,  we  actually  recovered  but  $3,800,000  worth  and 

allowed  more  than  Si      worth  of  this  valuable  material 

to  go  absolutely  to  waste.  Worse  even  than  this,  over  $20,000,- 
000  worth  of  valuable  K'as  and  coal  tar  was  wasted  at  the  same 
time  and  all  because  this  country  allows  the  beehive  coke  oven 
to  continue  its  ruthless  career. 


THE   ABUSE  OF  BRAND. 
By  A.  D.  Little. 

We  all  realize  that  a  concern,  which,  by  years  of 
aggressive  and  honest  advertising,  has  built  up  a 
reputation  for  quality  and  attached  that  reputation 
in  the  minds  of  consumers  to  a  particular  brand-name, 
is  doing  good  work  and  that  the  brand  itself  may 
properly  become,  as  it  so  often  does,  an  asset  of  great 
value  to  the  concern ;  and  the  consumer,  particularly 
the  small  consumer,  is  very  properly  influenced  in 
his  selections  by  the  reputation  behind  the  brand- 
name. 

On  the  other  hand,  particularly  for  the  large  con- 
sumer, and  even  for  the  small  consumer,  who  does 
not  stop  to  think  very  much,  there  is  no  doubt  that 
the  undue  influence  of  the  brand-name  is  a  factor 
which  occasions  oftentimes  heavy  losses  in  the  purchase 
of  supplies. 

The  thing  is  illustrated  very  well  by  an  experience 
that  came  within  my  knowledge  a  good  many  years 
ago,  when  a  manufacturer  of  one  of  the  best  known 
brands  of  oilskin  clothing  found  himself  called  upon 
to  meet  a  pretty  severe  competition.  His  goods 
were  known  as  "Fish  Brand"  slickers,  and  in  certain 
parts  of  the  country,  notably  among  the  fishermen, 
they  were  the  kind  that  were  given  the  preference 
always,  and  for  which  the  maker  and  the  retailer 
demanded  a  higher  price.  The  manufacturer's  method 
of  meeting  this  competition  was  this:  He  had  large 
tables  in  the  sample  rooms  of  his  factory,  and  when 
the  buyers  came  there,  as  they  did  at  certain  times  of 
the  year,  and  asked  the  price  of  "Fish  Brand"  slickers, 
they  were  told  it  was  what  it  had  always  been.  "But," 
they  said,  "we  can  buy  slickers  precisely  as  good  as 
these  of  yours,  for  much  less  money."  The  manu- 
facturer said,  "I  know  it.  Come  out  here,"  and  then 
showed  them,  on  a  table,  a  great  pile  of  his  "Fish 
Brand"  slickers,  with  the  usual  prices  attached. 
At  the  other  end  of  the  table  was  a  similar  pile  of 
slickers  which  he  informed  them  were  made  of  the 
same  material  as  the  "Fish  Brand"  in  the  same 
factory  with  the  same  care  in  making  throughout. 
"You  may  have  these  slickers  at  the  price  the  other 
manufacturers  offer."  "Very  well,"  they  said,  "we 
suppose  you  will  put  the  'Fish  Brand'  on  them." 
"Oh,  no,"  he  replied,  "if  you  want  'Fish  Brand' 
slickers  you  must  come  down  to  this  end  of  the  table 
and  buy  the  'Fish  Brand'  at  the  old  price."  And 
they  bought  the  "Fish  Brand"  slickers,  because  they 
knew  that  they  would  meet  with  more  ready  sale, 
even  at  the  higher  price,  by  reason  of  the  reputation 
which  that  brand  had  acquired  with  their  customers. 

Speaking  generally,  the  consumer  who  buys  by  brand, 


instead  ol  basing  his  selection  on  the  intrinsic  qualil 
"i   the  thing  that  he  is  buying,   is  pretty  apt  to  pay 
a  higher  price. 

The  oil  trade  is  one  that  is  peculiarly  given  to  placing 
a  high  artificial  value  upon  the  brand.  I  have  m 
mind  a  certain  oil  which  is  very  largely  sold  at  65 
cents  per  gallon  that  is,  if  you  are  very  anxious  to 
have  that  particular  brand.  If  you  are  not  so  anxious, 
the  price  goes  down  to  50  and  sometimes  to  45  cents. 
But  if  you  will  take  care  to  determine  the  price  of 
oil  of  the  same  quality  exactly,  you  will  find  that 
you  can  buy  it  in  the  open  market  at  30  cents,  and 
sometimes  as  low  as  27  cents  per  gallon.  Where 
a  man  buys  oil  with  little  knowledge  as  to  the  quality, 
the  brand-name  undoubtedly  helps  him  very  much, 
but  he  often  pays  an  inordinately  high  price  because 
of  his  adherence  to  the  brand. 

I  remember  a  grease  sold  under  a  certain  brand, 
to  which  one  concern  was  attached,  which  they  pur- 
chased at  37  cents  per  pound.  That  particular 
grease  on  specification  they  afterward  bought  at 
5-12  cents  per  pound. 

The  same  thing  is  illustrated  frequently  in  the 
paper  mill.  The  paper  mill  superintendent  is -pecu- 
liarly conservative,  and  he  also  generally  knows  just 
what  he  wants.  The  trouble  is  that  so  few  of  them 
want  the  same  thing. 

The  two  standard  brands  of  alum  for  many  years 
have  been  Harrison  Bros.'  "Extra  Concentrated" 
and  the  Natrona  "Porous."  Both  are  of  excellent 
quality  and  strength  and  both  have  sold  at  the  top 
of  the  market.  Either  is  good  enough  for  the  best 
work  of  any  mill.  There  are  many  old  papermakers, 
however,  who  are  convinced  that  it  is  easy  to  make 
good  paper  when  one  of  these  brands  is  used  and  im- 
possible to  do  so  with  the  other.  As  to  which  is  which, 
the  vote  would  probably  be  a  tie. 

Now  the  fact  is,  there  are  other  alums  that  are 
quite  as  good  as  the  ones  bearing  these  brand-names, 
and  often  in  the  making  of  paper  such  high-grade  alums 
are  not  required.  Lower-grade  and  far  cheaper  alums 
will  often  serve  the  purpose,  so  that  if,  instead  of 
adhering  strictly  to  the  brand-name,  the  superintendent 
had  been  willing  to  select  his  alum  on  the  basis  of  its 
intrinsic  properties  and  his  particular  requirements, 
and  then  buy  that  alum  at  the  market  price,  he  would 
have  saved  his  employers  a  great  deal  in  the  course 
of  the  year.  The  trouble  in  sticking  to  the  brand  is 
that  it  narrows  the  range  of  the  market,  and  that 
always  means  high  prices. 

There  are  a  number  of  trade  expressions  that  have 
almost  the  force  of  a  brand.  "Manila  paper"  has 
had  for  many  years  the  reputation  of  being  the  strong- 
est sort  of  wrapping  paper  available.  The  paper- 
makers  began  to  trade  upon  that  reputation  and  upon 
the  resistance  of  the  consumer  for  paper  of  that  name 
and  they  kept  lowering  the  quality  of  such  papers 
until  today  "manila  paper"  does  not  mean  paper 
containing  any  manila  film,  but  a  paper  made 
from  sulphite  fiber,  with  sometimes  60  per  cent, 
of  ground  wood.  At  the  present  time  there  are 
far    better    wrapping     papers     on    the    market    than 
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any  of  these  so-called  manilas.  What  the  buyer 
of  wrapping  paper  wants  is  area  and  strength.  By 
considering  these  two  factors  in  connection  with 
price  and  without  regard  to  what  the  paper  may 
be  called,  many  of  the  larger  consumers  of  wrapping 
papers  could  easily  save  thousands  of  dollars  a  year. 

"Half-and-half  solder"  is  not  half  lead  and  half 
tin,  but  45  per  cent,  lead  and  55  per  cent,  tin,  as  one 
of  our  clients  found  upon  analysis.  He  said  to  the 
salesman:  "This  is  not  half-and-half  solder."  The 
salesman  replied:  "It  certainly  is.  If  you  want  50 
and  50,  you  should  have  specified  strictly  guaranteed 
half-and-half." 

Another  example  is  of  a  cutting  compound  which 
sells  at  40  cents  under  a  brand-name  and  is  composed 
of  mineral  oil  and  soap.  The  man  who  takes  the 
trouble  to  find  out  what  he  is  buying,  who  buys  on 
intrinsic  properties  and  money  value  and  not  on  the 
strength  of  brand,  saves  the  major  portion  of  that 
amount. 

There  is  a  special  sort  of  clay,  very  much  favored 
by  paper-makers.  Its  popularity  has  become  so  great 
that  this  clay,  which  originally  came  from  a  particular 
pit,  is  now  in  demand  far  beyond  the  capacity  of 
that  pit  to  supply.  The  result  is  that  the  operators 
buy  up  clay  from  a  number  of  pits  in  the  district 
and  put  it  out  under  the  old  brand,  whereas  clays 
from  these  pits  without  the  brand  could  probably 
be  bought  for  substantially  less  money. 

Perhaps  there  is  no  more  flagrant  example  of  the 
misuse  of  brands  and  the  loss  that  comes  to  the  con- 
sumer through  buying  on  the  name  rather  than  the 
actual  money  value,  than  in  the  case  of  buying  boiler 
compounds.  We  have  found  people  buying  waste 
molasses  at  65  cents  per  gallon,  62  cents  of  which 
went  for  the  brand-name,  and  we  have  found  brands 
of  boiler  compounds  which  proved  to  contain  only 
5  per  cent,  of  total  solids,  the  balance  being  water. 
This  situation  as  to  certain  forms  of  merchandise 
and  supplies  which  obtains  very  widely  in  the  country 
is  very  analogous  to  that  which  prevailed  as  to  foods 
prior  to  the  passage  of  the  Pure  Food  Law.  That 
law  has  had  such  far-reaching  consequences  for  good 
that  I  am  convinced  that  the  country  also  needs  very 
badly  indeed  a  "Pure  Merchandise  Law."  If  such  a  law 
is  to  be  secured,  it  must  be  mainly  through  the  earnest 
and  continued  teaching  and  agitation  of  our  industrial 
chemists. 

discussion. 

Mr.  Williams: 

I  am  very  much  interested  in  this  subject — the  earnest  plea 
for  intelligent  buying  upon  specification  and  the  knowledge 
by  the  purchaser  that  he  is  selecting  a  commodity  for  the  particu- 
lar use  for  which  it  is  intended,  rather  than  buying  some  par- 
ticular brand.  We  might  go  on  and  cite  instances  indefinitely, 
but  one  very  popular  error  exists  in  the  matter  of  the  purchase 
of  coal  from  a  given  mine.  As  we  all  know,  Mother  Nature 
did  not  put  things  down  in  an  absolutely  uniform  way,  and  there 
is  no  good  reason  for  expecting  an  absolute  uniformity  in  the 
grade  of  coal  coming  from  a  given  mine.  It  is  very  much  better 
to  use  a  chemist  and  find  out  the  coal  best  suited  to  the  par- 
ticular purpose,  and  put  it  up  to  the  dealer  to  get  it  wherever 
he  can  under  the  circumstances. 


Mr.  Gallagher: 

We  received  a  sample  of  liquid  some  Line  ago  which  was  for 
use  with  poison  fly  paper  and  vinegar  and  sugar.  To  make 
the  fly  trap  thoroughly  effective  it  was  necessary  to  add  two 
or  three  drops  of  the  solution  to  the  dish  containing  the  fly 
paper.  Careful  analysis  showed  that  the  solution  contained 
only  one  per  cent,  of  sodium  acetate.  On  our  recommendation 
the  poisoned  paper,  vinegar  and  sugar  were  used  as  specified, 
but  without  the  mysterious  and  expensive  liquid.  The  results, 
we  learn,  were  quite  as  disastrous  to  the  flies. 

Mr.  Buell: 

One  thing  which  works  to  the  disadvantage  of  the  use  of 
specifications  for  these  various  materials  and  the  doing  away 
with  the  influence  of  the  "Brand"  is  that  there  seem  to  be  no 
definite  requirements  which  are  widely  known.  If  it  were 
possible  to  state  the  various  properties,  it  would  help  materially 
and  do  away  with  a  good  many  of  the  talking  points  which  are 
used  for  maintaining  the  usually  fictitious  valuable  property 
of  any  certain  "Brand." 

Mr.  Parsons: 

I  had  recently  an  interesting  conversation  with  the  Chief 
Chemist  of  one  of  our  large  oil  companies  on  the  subject  of  oil. 
He  told  me  of  the  most  extreme  case  I  have  ever  heard,  although 
we  all  know  of  cases  where  people  are  paying  between  three  and 
four  times  the  price  they  would  if  they  bought  oil  instead  of 
the  brand.  In  the  particular  case  cited,  the  salesman  made 
the  consumer  believe  that  he  should  use  a  certain  oil,  at  85 
cents  a  gallon.  The  buyer  was  a  man  who  could  be  readily 
influenced,  because  about  a  month  later  another  salesman  told 
him  that  this  man's  oil  was  good,  the  very  best,  no  doubt,  but 
he  had  the  same  oil  which  he  could  let  him  have  for  70  cents 
a  gallon.  And  this  inaugurated  a  rate  war  until  the  price  got 
down  to  27  cents  per  gallon.  The  oil  was  supplied  by  the 
refiner  at  18  cents  by  the  barrel,  and  was  open  to  the  public 
at  that  price  if  bought  on  specification.  The  fact  is  certainly 
true  that  automobilists  are  paying  twice  as  much  for  the  brand 
as  they  are  for  the  oil.  We  are  told  of  a  case  in  which  a  man 
bought  an  oil  that  was  said  not  to  have  any  "specific  gravity" 
in  it. 

Mr.  Little: 

Right  along  that  line,  I  might  say  that  the  Boston  School 
Committee  some  years  ago  bought  a  lot  of  coal  which  they 
specified  as  "New  River  coal  of  the  best  quality."  When  the 
coal  came,  it  proved  to  be  a  low-grade  Pennsylvania  coal,  con- 
taining something  like  6  per  cent,  of  sulphur.  We  presently 
found  that  it  was  heating  up  in  the  schoolhouses  where  it  was 
stored  (in  one  case  it  went  up  some  go  degrees  in  a  day),  making 
it  necessary  to  put  a  gang  of  men  to  work  to  clean  out  all  the 
coal  in  order  to  save  the  school-house.  When  the  contractor 
appeared  before  the  Board  to  explain  the  sudden  drop  in  quality 
of  New  River  coal,  it  soon  developed  that  he  did  not  know 
where  New  River  coal  originated  and  did  not  know  how  it 
came  to  Boston.  Finally  he  said:  "I  don't  know  what  you  are 
kicking  about  anyhow.  This  is  the  same  coal  that  you  have 
had  for  the  last  six  years." 

One  other  case  similar  to  that  is  where  a  concern  was  buying 
oil  and  had  been  doing  so  for  years  for  45  cents  per  gallon.  We 
got  out  specifications  for  them  under  which  the  oil  was  offered 
at  23  cents;  then  the  salesman,  who  sold  the  concern  originally, 
came  to  the  manager  and  said:  "We  do  not  want  to  bid  on 
specifications;  we  do  not  believe  in  specifications,  but  you  just 
let  me  know  the  lowest  price  offered  on  these  specifications, 
and  we  will  put  the  old  brand  of  oil  in  at  that  price,"  which 
he  did. 

We  had  a  similar  case  where  a  man  who  was  running  a  laundry 
brought  to  my  office  a  piece  of  material,  in  the  form  of  a  cube 
about  one  inch  square.     He  had  been  buying  it  for  years  at 
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a  price  oi  15  cents  a  cube  and  thoughl  it  «as  a  great  cleansing 
agent.  The  "manufacturer"  pot  the  price  up  from  i.s  to  25 
cents  a  cube  This  seemed  too  much,  and  he  decided  to  investigate 
and  see  it  he  could  not  obtain  the  materia]  more  cheaply.  The 
i-iiln  oi  materia]  turned  out  to  be  paraffine  wax  weighing  about 
rams,  and  worth  .)  cents  a  pound. 
We  had  the  other  day  a  sample  of  coal  that  analyzed  4  per 
cent  sulphur,  The  buyer  said  he  did  not  understand  the  an 
alysis  at  all.  That  the  man  who  sold  him  the  coal  guaranteed 
it  to  be  "free  from  sulphur  and  B.  T.  IT." 


THE     RELATION     OF    THE    SILICATE     INDUSTRIES    TO 
CONSERVATION. 

By   A.    V.    Bleininguk. 

The  growth  of  the  American  silicate  industries, 
comprising  the  manufactures  of  clay  products,  cement 
and  glass,  is  remarkable  for  its  steadiness.  The 
valuation  of  the  clay  products  manufactured  in  19 10 
is  estimated  by  the  U.  S.  Geological  Survey  to  have  been 
$170,115,000,  that  of  Portland  cement  $67,506,000, 
and  the  value  of  the  various  glass  products  for  which 
figures  are  not  yet  available  certainly  cannot  be  less 
than  $70,000,000.  These  industries  are  thus  of  a 
magnitude  which  renders  them  an  important  factor 
in  the  industrial  development  of  the  country. 

The  relation  of  the  clay,  cement  and  glass  industries 
to  conservation  presents  a  different  aspect  from  the 
one  commonly  considered  in  connection  with  the 
mineral  wealth  of  the  country.  There  need  be  no 
fear  of  exhausting  the  raw  materials  required  in  the 
manufacture  of  the  products  in  question.  On  the 
contrary,  their  part  in  the  policy  of  conservation  re- 
quires that  they  be  drawn  upon  on  an  ever  increasing 
scale.  Humanly  speaking,  our  deposits  of  clay. 
limestone,  sand,  gravel,  feldspar,  soda,  fluorspar,  etc., 
are  inexhaustible.  The  more  of  these  materials  enter 
into  our  civilization,  the  greater  will  be  the  gain  of 
the  nation  inasmuch  as  thus  more  valuable  materials, 
such  as  wood,  are  replaced  and  made  available  for 
more  urgent  needs. 

The  two  factors  entering  into  the  manufacture  of 
silicate  products  are  labor  and  fuel.  From  raw 
materials  of  no  intrinsic  value,  the  hand  of  man 
fashions  useful  products.  The  interests  of  conserva- 
tion are  hence  principally  affected  only  in  so  far  as 
these  industries  make  demands  upon  the  common 
fuel  supply.  This  need  not  be  a  serious  factor  with 
proper  regulation. 

The  silicate  industries  may  thus  be  said  to  be 
valuable  aids  in  the  cause  of  conservation  in  the  true 
sense  of  the  word.  Upon  closer  analysis,  the  functions 
of  the  clay,  cement  and  glass  products  have  an  im- 
portant bearing  upon  at  least  four  important  phases 
of  modern  civilization: 

1.  Fire  proof  construction. 

2.  Drainage,  sanitation,  and  the  control  of  the  water 
resources. 

3.  The  construction  of  permanent  roadways. 

4.  Improvement  of  domestic  and  public  housing 
conditions  through  the  agency  of  a  permanent  architec- 
ture and  the  influence  of  the  artistic  handicrafts. 


No  chapter  of  our  statistics  is  more  striking  than 
thai  relating  to  our  fire  losses,  expressed  both  in 

of   human   life  and   property.        It    portrays  real) 

the  policy  of  extravagance  and  recklessness  which 
dominates  our  nation  at  the  present  time.  Mr. 
Herbert  M.  Wilson,  formerly  of  the  U.  S.  Geological 
Survey,  in  an  address  before  the  Xational  Under- 
writers Association  in  1909,  estimated  the  total  cost 
of  the  tires,  for  the  year  1907,  excluding  forest  fires, 
but  including  excess  cost  of  fire  protection  due  to 
bad  construction  and  excess  premiums  paid  over 
insurance  paid,  at  $456,485,000,  "a  tax  upon  the 
people  exceeding  the  total  value  of  the  gold,  silver, 
copper  and  petroleum  produced  in  the  United  States 
in  that  year."  The  per  capita  loss  by  fire  in  Europe 
is  only  one-seventh  of  what  it  is  in  this  country. 
Now  it  is  evident,  even  to  the  most  casual  observer, 
that  the  replacement  of  wood  as  a  structural  ma- 
terial by  stone,  burnt  clay,  concrete  and  steel,  under 
equitable  and  properly  enforced  building  codes,  would 
lower  our  fire  losses  tremendously.  Certainly  at  least 
half  of  these  losses  are  easily  preventable. 

An  exaggerated  opinion  prevails  as  to  the  cost  of 
fire-proof  construction.  In  the  case  of  dwellings, 
the  cost  of  wood  is  not  considerably  below  that  of  the 
permanent,  structural  materials  and  it  has  been  shown 
in  many  localities  that  the  difference  does  not  amount 
to  more  than  10  per  cent.  Owing  to  the  rapid  de- 
velopment of  the  clay  and  cement  industries  on  the 
one  hand  and  the  increasing  cost  of  lumber  on  the 
other,  it  is  not  unlikely  that  the  balance  as  regards 
first  cost  will  soon  be  in  favor  of  the  fire-proof  prod- 
ucts. If  permanency,  low  rate  of  depreciation  and  of 
repairs  are  considered,  in  addition  to  the  fire-proof 
quality,  this  point  has  long  been  reached. 
•  The  part  played  by  clay  and  concrete  in  the  con- 
struction of  our  sewer  and  sewer  disposal  systems 
is  so  obvious  as  to  need  no  particular  mention.  With 
reference  to  the  sanitation  of  the  municipal  unit,  the 
single  building,  a  good  deal  remains  to  be  done.  This 
is  especially  true  where  aseptic  conditions  should 
prevail  to  as  large  an  extent  as  possible,  as  in  hospitals, 
school-houses,  railroad  stations,  theaters  and  halls, 
public  baths,  slaughter-  and  packing-houses,  manu- 
factories of  foods,  etc.  This  question  certainly  per- 
tains to  the  most  important  of  all  the  conservation 
problems,  the  one  dealing  with  public  health.  The 
clay,  glass  and  enameled  iron  industries  are  in  posi- 
tion to  furnish  us  with  hard,  impervious,  glazed 
surfaces,  capable  of  being  kept  clean  or  even  sterile 
where  it  is  necessary.  Much  needs  to  be  done  yet 
along  these  lines  since  the  sanitary  conditions  of 
thousands  of  our  public  and  semi-public  buildings 
are  primitive  to  say  the  least. 

As  to  the  function  of  the  silicate  products  in  the 
work  of  controlling  our  water  resources,  it  is  scarcely 
necessary  to  say  that  a  great  part  of  this  activity 
would  have  been  utterly  impossible  without  the 
enormous  use  of  Portland  cement. 

One  of  the  leading  problems  confronting  this  genera- 
tion is  the  ubiquitous  question  of  good  roads.  This 
need  is  so  thoroughly  realized  by  our  citizens  that  any 
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attempt  to  present  its  economic  importance,  espe- 
cially as  related  to  the  haulage  of  farm  products  and 
nterurban  transportation,  would  be  unnecessary. 
All  agree  that  the  prevailing  system  of  road  con- 
struction and  maintenance  is  futile  and  that,  sooner 
or  later,  recourse  must  be  had  to  permanent  roads. 
While,  in  the  nature  of  the  ease,  native  road  material 
is  to  be  used  to  as  large  an  extent  as  possible,  the 
adoption  oi  artificial  surfacing  will  become  necessary 
in  many  cases.  In  the  states  of  the  Middle  West, 
for  instance,  the  combination  of  vitrified  brick  and 
concrete  offers  a  most  promising  solution  of  the 
problem.  The  success  of  this  kind  of  pavement  is 
splendidly  illustrated  in  Northern  Ohio  where,  for 
instance,  Cuyahoga  County  has  several  hundred  miles 
of  these  magnificent  country  highways. 

The  fictile  arts  are  also  in  position  to  serve  the 
cause  of  a  more  permanent  civilization  by  enabling 
the  people  to  develop  more  fully  the  artistic  aspect 
of  our  communities.  This  side  of  the  question  must 
not  be  underrated.  The  day  has  passed  when  all  the 
energy  of  a  vigorous  people  is  of  necessity  con- 
centrated upon  the  fundamental  development  of  the 
countrv.  More  leisure  and  wealth  is  now  available 
for  the  work  of  beautifying  our  homes,  towns  and 
cities. 

There  is  no  doubt  but  that  the  ceramic  industries 
are  rising  splendidly  to  the  occasion  as  is  evidenced 
by  the  achievements  of  the  terra  cotta  makers  whose 
success  in  executing  the  bold  designs  of  architects 
eclipses  the  work  of  the  European  clayworkers  and  the 
accomplishments  of  the  wall  tile  and  mosaic  manu- 
facturers, the  makers  of  structural  pottery,  etc. 

In  pottery,  while  we  have  still  much  to  learn,  it  is 
extremely  gratifying  to  note  that  our  production  in 
1910  represented  a  value  of  $33,784,000,  while  the 
imports  during  the  same  year  were  valued  at  $11,- 
127,000.  With  the  development  of  greater  technical 
skill  and  especially  with  broader  conceptions  of  the 
harmonv  of  design  and  color  this  industry  can  reason- 
ably expect  to  cut  down  the  importation  of  European 
products  to  a  very  much  smaller  figure.  The  enormous 
increase  of  99.85  per  cent,  in  the  valuation  of  American 
pottery  during  the  last  ten  years  entitles  us  to  the 
expectation.  One  factor  operating  against 
the  American  manufacturer  is  the  prejudice  oi  tin 
public  (justified  in  the  past)  in  favor  of  the  imported 
products,  a  condition  which  is  slowly  being  overcome 
by  higher  standards  of  excellence. 

Upon  examining  the  ceramic  industries  from  the 
standpoint  of  economy,  we  shall  find  the  faults  of 
rapid  development.  However,  the  question  of  the 
conservation  of  the  raw  materials  does  not  enter  the. 
situation  seriously.  A  peculiar  condition  prevails 
in  the  pottery  industry  where  we  find  considerable 
quantities  of  raw  materials,  such  as  china  clay,  1m" 
clay,  and  Cornish  stone  imported  from  England. 
This  is  not  due  to  the  lack  of  suitable  materials  in  this 

country   but.    in    part,    to   custom,    since   many    1 u 

potters  are  of  English  descent  ami  are  familiar  with  the 
exec  ■Unit  English  clays,  and,  in  part,  to  the  fact  that  1  ur 
clav    resources    are    not     as    thoroughlv    known    and 


appreciated  as  they  should  be  There  is  no  question 
but  that  line  pottery  can  be  made  from  native  ma- 
terials and.  indeed,  a  certain  amount  of  the  clay  as 
well  as  all  oi   the  feldspar  and  flint  used  are  obtained 

from  Ana  in, hi  sources.      In  fa.  1     a  1  deal  of  white 

ware  is  even  now  I, em"  made  exclusively  front  our 
own  ra  w    mat'  rials. 

There  is  need,  however,  oi  acquainting  the  pottery 
industry  with  the  properties  of  all  the  available  native 
raw  materials,  and  their  correlation  would  be  ex- 
tremely desirable.  This  is  especially  true  since  the 
desire  has  been  expressed  hi  Europe  that  the  export 
of  china  clay,  etc.,  to  the  United  States  might  be 
prohibited.  Such  an  enactment  would  prove  a  bless- 
ing in  disguise  for  the  American  potter. 

The  most  important  criticism  which  might  be  made 
of  the  ceramic  industries,  from  the  standpoint  of 
conservation,  is  their  reckless  waste  of  fuel.  Periodic 
kilns  are  still  used  most  exclusively.  Of  six  kilns 
examined  by  the  writer  at  six  plants,  the  one  most 
economically  operated  showed  an  efficiency  of  less 
than  20  per  cent.,  i.  c,  of  100  pounds  of  coal  used, 
only  20  were  applied  in  heating  the  ware.  This  is 
especially  objectionable  where  high-grade  fuel,  like 
natural  gas  or  crude  oil,  is  being  employed.  By 
utilizing  the  heat  of  the  cooling  ware  and  walls  for 
drying  purposes,  the  great  fuel  loss  in  ceramic  kilns 
may  be  diminished  decidedly.  The  use  of  continuous 
kilns,  either  with  fixed  contents  and  traveling  fire 
as  in  the  Hoffmann  type,  or  of  the  tunnel  kiln,  with 
fixed  furnaces  and  moving  cars,  carrying  the  ware, 
embodying  the  principles  of  recuperation  and  pre- 
heating would  bring  about  a  tremendous  saving  of 
fuel.  Continuous  kilns  are  used  to  a  large  extent  in 
Europe.  Thus  Germany  alone  possesses  several  thou- 
sands of  these  kilns,  and  it  has  been  estimated  that 
their  use  effects  a  saving  of  from  50-70  per  cent. 

The  Portland  cement  industry  which  formerly  was 
conspicuous  for  similar  extravagance  has  reduced  the 
heat  losses  decidedly  by  the  construction  of  the  long 
rotary  kilns  now  generally  installed, 

Decided  improvements  are  still  to  be  made  as  far 
as  the  glass  tank  and  pot  furnaces  are  concerned 
where  regeneration  or, recuperation  mighl  be  carried 
ti  i  greater  de-\    h  <\  >ment. 

A  large  field  is  also  open  in  the  reduction  oi  co  I 
by  labor  saving  machinery  and  mechanical  devices, 
in  spite  oi   tlie  fad    I  ea1   deal  has  been  accom- 

plished.     Rapii  I  being    made,  hi  iwever,   i  if 

which  then    an    stril  such  as  the  modern 

glass-blowing  and  pressing  machines,  the  settling 
lies  0  the  clay  industry  and  many  other  less 
mi]  11  iri.inl    1I1  \  ii  1 

By  thus  reducing  the  cosl  of  the  silicate  products, 
the  cause  ol  ci  mservatii  m  is  pn  imoted  in  a  far  greater 
e  than  is  generally  realized. 

DISCUSSION. 
Mr.     I  IOREM1  s. 

Then  is  ,1  poinl  in  connection  with  this  paper  which  is  worth 
noting,  in  tin  construction  "i  small  buil  ings  within  city  limits, 
necessaril)  fire  prooi  ami  within  the  requirements  of  the  build- 
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iiiK  laws.  The  building  has  the  ordinary  studding,  aboul  1  feel 
apart,  covered  with  tarred  paper;  over  the  tarred  paper  chicken 
fencing  wire  with  open  mesh  is  placed.  On  this  is  squirted  a 
mixture  <>i  sand,  cement  and  water,  the  mixture  in  one  hose, 
and  water  in  the  other  hose.  It  is  fire-proof  and,  if  necessary, 
can  l>.  made  water-proof,  and  if  yon  want  to  pull  it  down  you 
can  do  so  with  a  pickaxe.  The  walls  of  cement  are  made  '/, 
inch  thick  011  cither  side.  The  cement  may  be  a  beautiful 
white  or  graj  color,  and  is  practically  impervious  to  moisture. 
Thi'  two  hoses  are  carried  around  easily;  the  sand  nozzle  is  lined 
with  rubber;  the  sand  does  not  affect  the  rubber  as  it  does  a 
nozzle  mad,  of  steel  without  the  rubber  protection.  The 
man  stands  and  squirts  this  mixture  on  as  you  squirt  with  a 
garden  hose.  A  square  yard  of  surface  is  covered  in  a  couple  of 
minutes. 


NEW  USES  TO  REDUCE  ABUSES  IN  CONSERVATION. 
By  W.   R.  Whitney. 

I  believe  the  unmodified  word  conservation  is  an 
unfortunate  choice.  To  conserve  is  "to  keep  from 
loss,  decay  or  injury:  to  preserve."  Conservation 
is  defined  as  the  act  of  conserving,  and  to  be  con- 
servative is  to  be  "adhering  to  the  existing  order  of 
things,  opposed  to  change  or  progress."  No  good 
research  chemist  can  afford  to  stop  at  such  conserva- 
tion. There  is  an  active  as  there  is  a  passive  con- 
servation; this  could  probably  be  defined  as  efficient 
utility.  Considering  the  mineral  resources  of  our 
country,  we  will  concern  ourselves  with  the  maximum 
in  efficient  utility  or  be  left  behind.  A  certain  well- 
known  Corsican  once  said:  "You  cannot  make  an 
omelet  without  breaking  an  egg."  There  are  plenty 
of  signs  that  birth  and  growth  in  everything  calls 
for  the  breaking  of  eggs  and  the  question  of  efficiency 
is  the  one  of  interest.  If  you  merely  save  your  eggs, 
they  will  rot.  I  have  collected  a  very  few  of  the  cases 
illustrating  the  trend  of  chemical  work  towards  such 
active  conservation. 

During  the  past  ten  to  twenty  years,  the  chemists 
have  been  developing  new  uses  for  new  materials 
very  rapidly.  A  few  years  ago  titaniferous  iron 
ores  were  useless.  Today  those  containing  the  highest 
proportion  of  titanium  oxide  are  being  mined  and  the 
ferro-titanium  sold  by  the  thousand  tons.  A  few 
years  ago  quartz  could  hardly  have  been  considered 
an  ore.  Today  thousands  of  tons  of  silicon  and  ferro- 
silicon  are  being  sold  annually. 

A  few  years  ago  tantalum  and  columbium  ores  were 
merely  of  interest  as  museum  specimens.  Now  they 
are  being  worked  for  the  tantalum,  and  doubtless 
the  niobium  will  soon  be  utilized. 

A  few  years  ago  rutile  was  used  only  in  collections  of 
minerals.  It  is  now  mined  in  large  quantities  and 
used  in  various  forms  in  arc  lamps  and  ought  to 
find   use    in    alloys. 

A  few  years  ago  chromium  had  little  use  and  metallic 
manganese  was  a  curiosity.  Now  the  two  metals 
are  used  by  the  ton  as  pure  metals  in  alloys  for  elec- 
trical resistance.  They  replace  much  greater  quan- 
tities  of   German   silver  and   other  expensive   alloys. 

Ten  years  ago  tungsten  was  conserved  in  tool 
steels   only,   while   today   it   is   saving  the   equivalent 


ol  millions  of  dollars  annually  in  power  used  for 
lighting. 

A  few  years  ago  emery  was  mined  and  was  our 
best  abrasive.  Today  we  have  artificial  fused  alumina 
and  artificial  carborundum,  and  emery  is  being  con- 
served lor  those  who  later  may  want  to  see  the  natural 
material.  I  lire,  too,  time  and  energy  are  being 
conserved  with  the  same  output  of  grinding. 

A  few  years  ago  extensive  mining  operations  had 
to  be  carried  on  to  supply  the  graphite  we  use.  To- 
day that  material  is  artificially  produced  from  coal, 
which  can  be  mined  very  much   more  economically. 

It  is  not  far  back  to  the  time  when  aluminum  was 
brought  into  use.  It  now  greatly  helps  the  conserva- 
tion of  copper. 

Poor  farming  land  in  our  southern  states  is  being 
worked  for  monazite  sand,  and  our  houses  are  being 
lighted  by  its  use  in  gas  mantles.  This  use  of  an  ore 
is  of  our  decade. 


MINERAL  LOSSES  IN  GASES  AND  FUMES. 
By  F.  G.  Cottrell. 

In  considering  the  mineral  wastes  passing  outpf  the 
stacks  of  our  smelters  and  metal  refineries,  we  must 
distinguish  clearly  between  the  gases  themselves 
and  the  clouds  of  suspended  solid  and  liquid  parti- 
cles which  they  mechanically  carry  along  with  them. 
In  which  class  a  material  belongs,  often  depends, 
to  be  sure,  on  temperature.  Many  metallic  compounds 
are  actually  vaporized  in  the  furnaces  and  gradually 
condense  from  gases  into  clouds  of  solid  particles 
with  the  progressive  cooling  of  the  gas  streaming 
through  the  flues.  Arsenic  in  the  form  of  the  tri- 
oxide  is  usually  the  last  of  these  materials  to  condense, 
since  even  down  to  150°  its  vapor  tension  is  sufficient 
to  permit  the  loss,  in  the  gaseous  state,  of  several 
tons  a  day  from  the  largest  plants.  But  below,  say 
125 °  C,  we  may  fairly  consider  for  ordinary  technical 
purposes  that  the  only  important  element  in  the  gas- 
eous state  is  sulfur,  in  the  form  of  dioxide.  De- 
tailed consideration  of  these  losses  of  solids  is  given 
elsewhere  in  this  issue  of  ThisJournal  as  well  as  in  a 
previous  article  by  the  author1  and  still  earlier  by 
W.  C.  Ebaugh.* 

For  many  centuries  the  material  nature  of  gases- 
and  the  fact  that  they  actually  possess  weight  es- 
caped the  chemist.  Even  to-day  a  distinct  effort 
of  mind  is  required  to  sense  the  vast  tonnage  of  the- 
clouds  we  see  floating  away  so  lightly  from  smelter 
and  power-house  stacks.  There  are  many  single 
stacks  in  this  country,  from  each  of  which  over  five- 
tons  of  gas  issue  per  minute,  while  in  isolated  in- 
stances this  is  exceeded  several-fold. 

Aside  from  carbon,  the  element  which  is  lost  in  the 
greatest  tonnage  is  unquestionably  sulfur.  Many 
of  our  western  ores  will  run  from  25  to  nearly  40  per 
cent,  sulfur  and  a  plant  smelting  1,000  tons  of  ore- 
per  day  is  at  present  considered  to  have  a  very  mod- 
erate capacity.     The  largest  plants  will  easily  touch- 

1  This  Journal.  3,  S43-550  (Aug.,  1911). 

2  Ibid.,  1,  686-689  (Oct..  1909)  and  2,  372-3  (Sept.,  1910). 
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the  1,000  mark  in  tons  of  sulfur  passing  up  their  stacks 
when  at  full  capacity.  When  we  stop  to  think  that 
this  represents  three  times  the  same  weight  of  con- 
centrated sulfuric  acid,  were  it  made  into  such,  and 
that  one  such  plant  could  have  supplied  all  the  acid 
used  in  the  whole  phosphate  industry  of  the  United 
States  a  year  ago,  we  can  better  realize  the  skepticism 
of  the  Smelter  Companies  regarding  acid  manufac- 
ture as  a  general  solution  of  the  sulfur  fume  problem. 

The  disposal  of  this  sulfur  presents  unquestionably 
the  gravest  problem  confronting  the  metallurgical 
industry  to-day. 

Suggestions  have  not  been  wanting  for  methods  of 
direct  absorption  of  this  gaseous  sulfur  dioxide  by 
water,  limestone,  lime  or  charcoal  either  as  a  means 
of  final  disposal  or  as  a  step  in  its  concentration  and 
final  liquefaction  under  cold  or  pressure.  One  of  the 
most  ingenious  and  attractive  is  that  it  be  used  for 
decomposing  finely  granulated  and  moistened  slag,1 
thus  fixing  the  sulfur  in  harmless  compounds  and,  at 
the  same  time,  leaching  out  any  metal  values  still 
held  in  the  slag. 

While  many  of  these  are  perfectly  practical  on  a 
laboratory  scale,  the  tonnage  to  be  handled  and  the 
cost,  either  in  first  installation  or  operation,  have  pre- 
vented them  from  producing  any  practical  results 
up  to  the  present. 

From  a  chemical  standpoint,  the  other  obvious 
alternatives  consist  either  in  oxidation  to  sulfuric 
acid  or  reduction  to  elementary  sulfur.  Of  these  two, 
the  first  has  the  advantage  of  requiring  no  additional 
substance  save  the  oxygen  of  the  air,  and  of  running 
itself,  when  properly  catalyzed,  without  need  of  ex- 
ternal energy,  but  unless  an  immediate  market  is  at 
hand  for  the  sulfuric  acid,  its  disposal  in  turn  be- 
comes difficult  and  often  impossible. 

The  greatest  consumption  of  sulfuric  acid  in  this 
country  to-day  is  in  the  manufacture  of  superphos- 
phate fertilizer,  but,  until  very  recently,  the  chief  de- 
mand for  fertilizer  has  been  in  the  Southern  and 
Atlantic  States;  here,  too,  were  the  chief  known  de- 
posits of  phosphate  rock,  while,  on  the  other  hand, 
the  great  smelting  industry  is  for  the  most  part  in 
the  far  West,  and  cut  off  by  high  transportation  costs. 
The  recent  discovery  and  description  by  the  U.  S. 
Geological  Survey,3  in  Idaho,  Wyoming  and  Mon- 
tana, of  what  promises  to  be  the  largest  phosphate 
deposits  in  the  world,  will,  it  is  hoped,  materially 
change  this  condition. 

Much  of  the  land  in  the  West  is  still  practically 
virgin  soil ;  where  crops  are  falling  off,  the  reasons  for 
this  and  their  relations  to  different  kinds  of  fertilizers, 
to  tillage  and  crop  rotation,  are  still  so  much  in  dis- 
pute that  if  we  are  to  build  a  rational  and  permanently 
helpful  phosphate  industry,  we  must  first  have  our 
facts  well  established  from  the  standpoint  of  agri- 
culture, manufacture  and  transportation.  At  pres- 
ent, these  are  not  available  to  any  extent  justifying 
an    immediate    general  development  of  the'  phosphate 

1  "The  Westby-Sorensen  Process,"  E    P  Jenning.  Bng.  and  Min.  Jour., 
86,  418-19.  Aug.,  1908. 

2  U.  S.  Geological  Survey,  Bull   430,  "Phosphates,"  by  H.  S.  Hale  and 
R.  W.  Richards. 


industry  in  the  West;  but  cooperative  work,  aimed 
at  a  broad  and  practical  study  of  these  conditions,  is 
already  well  under  way  between  the  U.  S.  Depart- 
ment of  Agricultute,  the  Agricultural  Experiment 
Stations  of  various  western  states,  the  U.  S.  Bureau 
of  Mines  and  the  large  metallurgical  interests  of  the 
West,  and  it  is  hoped  that  the  results  may  soon  jus- 
tify and  lead  to  a  healthy  development  of  the  indus- 
try. 

An  encouraging  example  is  before  us  in  the  work 
already  accomplished  by  the  Tennessee  Copper  Com- 
pany at  their  plant  at  Copper  Hill,  Tennessee.  They 
are  successfully  treating  the  weak  gases  from  copper 
blast  furnaces  on  a  scale  for  which  many  predicted 
failure,  and  which  certainly  did  require  time,  courage, 
ability  and  indefatigable  effort  to  perfect.  The  very 
difficulties  and  delays  which  the  work  had  to  encoun- 
ter have  in  one  sense  been  a  help  to  the  industry,  as 
their  present  annual  capacity  of  250,000  tons  of 
chamber  acid  has  been  gradually  reached  over  a  period 
of  some  years  and  while  it  has  materially  reduced 
the  price  of  acid  in  the  South,  the  market  has 
had  a  chance  to  adapt  itself  with  the  minimum  of 
hardship  to  those  already  in  the  field  and  with  great 
gain  to  both  the  metallurgical  and  agricultural  com- 
munities. 

Although  much  may  undoubtedly  be  done,  not 
only  to  increase  the  consumption  of  sulfuric  acid  in 
superphosphate  manufacture,  but  also  in  develop- 
ing other  and  newer  uses,  still  we  should  not  rest 
content  with  this. 

Up  to  the  present,  we  have  considered  only  the  re- 
sults of  oxidation  of  the  sulfur  dioxide.  On  the  other 
hand,  it  may  also  be  reduced  to  elementary  sulfur, 
for  which  purpose  a  number  of  methods  have  been 
proposed,  some  depending  on  the  action  of.  solid  car- 
bon or  of  carbonaceous  reducing  gases,  while  others 
use  hydrogen  sulfide  generated  by  the  action  of  steam 
or  acids  on  alkaline  or  metallic  sulfides.  An  inter- 
esting general  discussion  both  of  the  possibilities 
and  the  limitations  of  these  methods  together  with 
some  very  suggestive  new  facts1  has  recently  been 
attracting  considerable  attention  and  may  not  im- 
probably lead  to  practical  results,  at  least  in  certain 
special  cases. 

This  naturally  leads  to  the  inquiry:  "Why  should 
all  the  sulfur  of  the  ores  be  oxidized  in  the  first  place?" 
This  question  comes  home  still  more  forcibly  when 
one  looks  through  the  charge  doors  of  a  pyritic  copper 
blast  furnace  shortly  after  a  fresh  charge  of  ore  has 
been  dropped  on  the  column  and  sees  the  great  clouds 
of  unburnt  sulfur  subliming  out  from  the  charge 
itself  and  burning  above  it,  while  all  the  heat  thus 
produced  is  wasted. 

If  we  could  run  our  copper  blast  furnaces  with  gas- 
tight  tops,  as  is  the  case  with  iron  blast  furnaces, 
and  had  full  utilization  of  the  air  blown  in  on  the  lower 
part  of  the  charge  column,  it  certainly  seems  as  though 
a  far  better  thermal  efficiency  should  be  attainable, 
besides  the  possibility  of  delivering  a  very  consider- 

1  "The  Thiogen  Process  for  Reduction   of   S02   in  Smelter  Fume,"  S. 
W.  Young,  Min.  and  Sci    Press,  103,  386-387,  Sept.  23.  1911. 
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.,1,1c  pp  ipi  »r1  ii  •"   oi    the  sulfui    oi    1  he  ore   t<  1  the  Hue 
in  unburnl    1  irm,  eil  her  .is  a  gas  01   cli  iud  oi   fl(  ■ 

mlfur,  depending  ■  m  how  «.« ■< »1  the  top  of  the  ore 
column  could  be  maintain  d 

Thai   siu'h  .1   mode  oi   operation  is  not   entirely   im 
possible   is  curiouslj    evidenced  by  the   fact    thai    the 
first  pyritic  copper  blast  furnace  ever  run1  was  opi 
ted  under  these  very    conditions,  the  run  finally  ter- 
minating,  after  a   lew   hours,  by  so  much   free  sulfur 
M  tin-  flues  as  to  stop  the  furnace. 

In  this  classic  article  el'  John  llollaway's,  particu- 
lar stress  was  laid  upon  the  recovery  of  the  sulfur, 
but  the  developmenl  of  smelting  practice  soon  be- 
to  follow  other  aims.  It  was  naturally  in  the 
hands  "!  tin-  copper  men  and  sulfur  did  not  so  di- 
rectly interest  them.  Then,  too,  in  the  far  West, 
where  pyritic  smelting  was  first  carried  on  success- 
fully on  the  large  scale  and  where  even  today  proba- 
bly ninety  per  cent,  of  it  is  still  located,  the  limited 
market  for  sulfur  and  the  high  cost  of  transporta- 
tion and  low  value  per  ton,  as  compared  with  copper, 
have  naturally  influenced  metallurgical  development 
to  strain  for  the  least  degrees  of  economy  in  copper 
production,  with  absolute  disregard  for  sulfur  as  a 
by-product. 

In  working  the  vast  tonnage  of  low-grade  sulfide 
ores  of  the  West,  effort  is  concentrated  on  burning 
out  and  slagging  off  the  maximum  amount  of  iron  in 
the  blast  furnace  in  order  to  produce  as  high  a  per- 
centage of  copper  as  possible  in  the  resulting  matte, 
as  it  is  much  more  expensive  to  burn  out  a  pound  of 
iron  in  the  converter  than  it  is  in  the  blast  furnace. 
This  greater  cost  is  due  chiefly  to  two  items,  viz., 
the  cost  of  the  refractory  linings,  and  the  greater 
power  consumption  due  to  the  higher  pressure  of  air 
in  the  converter.  Hollaway  looked  on  his  blast  fur- 
nace simply  as  a  means  of  melting  the  ore  into  low- 
grade  matte,  the  remaining  iron  of  which  might  then 
be  burnt  off  in  some  of  the  then  well-known  processes 
or  in  a  converter  which  he  was  also  the  first  to  use 
in  copper  metallurgy. 

As  we  have  seen,  it  has  been  the  cost  of  converter 
practice  which  has  led  to  crowding  as  much  of  the 
work  of  oxidation  upon  the  blast  furnace  as  possible, 
and  this  insures  the  burning  up  of  all  the  sulfur  in- 
stead of  recovering  a  good  portion  of  it.  Within  the 
last  few  rears,  one  of  the  two  items  of  converter 
cost,  that  of  linings,  has  been  greatly  reduced  by  the 
practical  development  of  basic  linings,  so  that  to-day 
this  factor  is  rapidly  becoming  almost  negligible  and 
all  that  stands  in  the  way  of  shifting  most  of  the  work 
of  oxidation  from  the  blast  furnace  to  the  converter 
is  the  cost  of  the  high-pressure  air  (10  to  15  lbs.  per 
sq.  in.  as  against  say  3  lbs.  for  blast  furnace)  required 
to  force  its  way  in  against  the  hydrostatic  pressure  of 
the  deep  liquid  bath  in  the  converter.  If  we  could 
get  a  mechanically  more  efficient  way  of  mixing  this 
air  with  the  molten  matte  in  the  converter  it  would 
mean  the  opening  of  a  new  chapter  in  metallurgy. 

Even  with   the  greater  cost  for  air,  the  relation  be- 

1  John  Hollaway:  "A  New  Application  of  a  Process  of  Rapid  Oxidation 
by  which  Sulphides  Are  Used  for  Fuel."  Jour.  Soc.  Ails.  London,  27, 
248-270.    292-295.    488-495,   606-607,    728-730. 


tween    blast     furnace    and    converter    operations    is    al- 

n  .■  iteadilj  changing  in  thi  sense oJ  tal  ing  .1  Lower* 
gradi  matte  to  the  converters,  and  t  his  in  turn  ma  bu 
expected  to  read  in  a  study  oi  the  Mast  furnace 
from    a     iomewha1    differenl    poinl    ol    view    than    has 

hit  herti  1  I  . blamed. 

I  iii    ci ipper  blast   i urnace  is  to-daj   a mfe  sedl     one 
of  the  crudesl  agencies  of  engineering  practice,  and  we 
know    with    less  certainty    the   mechanics  and    1 
istry   of   its  inner  workings   than   of  almost    any   other 
apparatus  oi  equal  industrial  import.. 

The    slow     developmenl    oi    a    really    fundamental 
scientific  basis  for  this  field  of  metallurgical  enginei  I 
ing  has  undoubtedly  been  due  in  great  part  to  the  1  I 
ceptional   difficulty,   if  not  impossibility,   in   this  par- 
ticular  subject,     of     interpreting    small    scale    experi- 
ments  in    terms   of   full   scale   operation,    and    the 

expense  of  full  scale  experiments. 

Another  reason  for  metallurgy  having  lagged  be- 
hind other  engineering  branches  is  perhaps  to  be 
found  in  the  fact  that  commercially  it  has  usually 
been  pursued  as  an  adjunct  to  the  private  owner- 
ship of  some  natural  resource.  If  the  mine  were  a 
rich  one,  the  ultimate  economies  of  smelting  practice 
were  apt  to  be  overshadowed  by  the  more  immediately 
attractive  study  of  increasing  tonnage;  if,  on  the  con- 
trary, the  low  grade  of  the  ore  made  careful  smelting 
necessarv,  the  company  felt  it  could  seldom  afford 
to  go  into  expensive  experiments  for  radical  develop- 
ments of  the  art,  but  must  stay  close  to  standard 
practice  and  make  its  improvements  on  minor  de- 
tails. 

Even  if  elementary  sulfur  were  produced  its  pres- 
ent consumption  outside  of  sulfuric  acid  manufacture 
is  too  small  to  be  at  all  significant,  but  it  at  last  has  the 
advantage  over  acid  of  permitting  safe  accumulation 
and  storage  to  an  unlimited  extent,  as  illustrated  by 
the  practice  in  Louisiana,  where  it  is  cast  into  blocks 
some  two  hundred  feet  square  and  fifty  feet  high. 

What  is  really  most  needed  for  the  solution  of  the 
sulfur  fume  problem  is  the  discovery  of  new  uses 
and  a  wider  extension  of  existing  uses  for  both  ele- 
mentary sulfur  and  sulfuric  acid.  We  have  become 
accustomed  to  looking  at  sulfur  almost  exclusively 
from  its  chemical  aspect,  but  if  it  is  ever  to  be  util- 
ized in  anything  like  the  proportions  in  which  it  is 
now  being  thrown  away,  we-  would  do  well  to  con- 
sider possible  mechanical  uses,  as,  for  example,  a 
binder  for  sand  or  wood  fiber.  Experiments  on  the 
manufacture  and  use  of  drain  tile  made  of  such  ma- 
terial are  at  present  being  carried  out  in  the  West 
where  the  recent  rapid  development  of  irrigation  is 
constantly  bringing  new  and  special  demands  for  ma- 
terial of  construction. 

If  metallic  sulfides  are  dissolved  in  molten  sulfur, 
its  toughness  and  other  mechanical  properties  are 
greatly  improved  as  first  pointed  out  by  J.  B.  Spence.1 
A  detailed  study  of  this  form  from  the  standpoint  of 
structural  materials  has  long  awaited  the  investiga- 
tor and  seems  much  to  be  desired. 

1  "A  New  Metallic  Compound"  (Spence's  Metal),  Granville  Cole. 
Jour.  Soc.  Arts.  London,  28,  225-229  and  279,  Feb.  13,  1880.  See  also 
Thurston's  "Materials  of  Engineering,"  Vol.  Ill,  p.  205. 
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If  a  sufficiently  large  and  permanent  outlet  for  sul- 
furic acid,  on  the  one  hand,  and  elementary  sulfur 
on  the  other  can  be  assured  reasonably  near  the  sources 
of  supply,  the  metallurgical  industry  itself  can  be 
safely  relied  upon  to  meet  the  demands  and  find  the 
way  to  supply  them. 


MISCELLANEOUS  MINERAL  WASTES. 
By  Chas.  L.   Parsons. 

As  the  hour  is  so  late  and  I  have  brought  out  a 
good  many  applications  in  the  preceding  discussion, 
and  as  a  considerable  portion  of  the  subject  is  already 
in  tvpe  for  the  February  number  of  This  Journal, 
under  the  title,  "Mineral  Wastes:  The  Chemists' 
Opportunity,"  I  will  present  a  few  additional  facts 
in  the  form  of  brief  notes. 

There  are  several  kinds  of  waste — waste  of  material, 
waste  due  to  inefficient  methods  of  preparation, 
waste  by  use  of  unsuitable  material,  waste  from  lack 
of  use  of  abundant  material. 

( )ne  of  the  great  losses  taking  place  at  the  present 
time  in  this  country  is  through  the  destruction  of 
valuable  metals  due  to  electrolysis  induced  by  leak- 
age of  electric  currents.  The  loss  is  difficult  to  esti- 
mate, but  it  undoubtedly  means  millions  of  dollars 
a  year. 

A  good  example  of  waste  due  to  inefficient  methods, 
of  which  there  are  many,  is  the  failure  to  utilize 
modern  methods  in  the  hardening  and  tempering  of 
steel.  One  of  our  large  manufacturers  of  steel  blades, 
making  at  the  present  time  some  300,000  blades  a 
day,  has  reduced  their  cost  in  the  last  few  years, 
through  the  employment  of  an  expert,  by  more  than 
half.  They  use  now  some  three  tons  of  steel  per 
week  and  the  blades  were  formerly  hardened  by  using 
sixty-five  machines,  utilizing  gas  and  blast  for  the 
heating  process,  running  day  and  night  and  requiring 
fifteen  men  for  their  control.  This  company  is  now 
using  six  electrically  heated  furnaces,  giving  double 
the  capacity,  in  an  8-hour  day,  with  two  men  doing 
everything.  For  purposes  of  tempering,  the  blades 
arc  dipped,  seventy  pounds  at  a  time,  into  an  elec- 
trically heated  salt  bath  and  held  for  a  definite  time 
at  a  temperature  definitely  controlled  with  pyrometers. 
Per  contra,  another  of  our  largest  manufacturers 
of  small  steel  articles  is  still  to  my  knowledge  harden- 
ing each  article  separately  by  blacksmiths  by  hand, 
getting  a  much  more  variable  result  at  many  times 
the  cost.  They,  too,  are  working  up  hundreds  of 
thousands  of  dollars'  worth  of  material  each  year. 
Examples  illustrating  this  kind  of  waste  could  be 
almost  indefinitely  multiplied. 

ALUMINUM. 

Twenty  years  ago  aluminum  sold  for  five  dollars 
a  pound;  today  it  can  be  bought  for  less  than  twenty 
cents  and  still  is  obtained  only  from  one  ore,  bauxite, 
the  deposits  of  which  are  far  from  inexhaustible. 
Bauxite  has  many  other  uses  and  is  needed  for  the 
manufacture  of  alum  and  aluminum  salts  in  the  chem- 
ical industries.      Any  method  for  producing  aluminum 


cheaply  from  clay  would  be  of  inestimable  advantage. 
Several  new  patents  have  recently  been  issued, 
experiments  arc  under  way  in  this  country  and  a 
prominent  chemist  of  this  Society  tells  me  that  he 
expects  one  of  these  processes  to  become  a  success. 
The  methods  of  mining  bauxite  have  apparently 
been  but  little  studied.  There  are  reputed  to  be 
considerable  deposits  in  Wilkinson  County,  Georgia, 
that  may  pay  for  further  exploitation.  Aluminum 
has  grown  from  a  consumption  of  83  pounds  in  1883 
to  47,734,000  in  1910. 

ARSENIC. 

According  to  Harkins  and  Swain,  about  thirty  tons 
of  arsenic  trioxide  go  out  of  the  stack  of  the  Washoe 
Smelter  daily.  This  means  perhaps  80  to  90  per  cent, 
of  the  total  arsenic  coming  into  the  plant  and  amounts 
to  over  10,000  tons  a  year  that  is  being  thrown  out 
into  the  atmosphere  from  this  one  smelter  alone. 
Similar  losses  are  taking  place  in  almost  every  smelting 
plant  in  the  country  and  there  is  little  doubt  that 
25,000  tons  of  arsenic  go  to  waste  each  year.  The 
amount  recovered  in  191 1  increased  nearly  300 
per  cent,  over  19 10,  chiefly  due  to  requirements  put 
upon  smelters  for  its  collection.  Although  its  price 
has  been  greatly  reduced,  the  over-supply  is  not  being 
fully  taken  care  of.  It  is  used  in  large  quantities  in 
combination  with  lead  as  an  insecticide  and  it  would 
seem  worth  while  to  have  experiments  inaugurated 
to  determine  if  arsenic  sulfide  or  calcium  sulfarsenite, 
both  of  which  are  probably  quite  harmless  to  plants, 
may  not  be  substituted  as  an  insecticide,  giving  a 
much  cheaper  material,  using  more  arsenic  and  con- 
serving lead.  It  should  be  noted  particularly  that 
any  proposed  insecticide  must  be  effective  as  a  poison 
but  must  not  injure  the  foliage  of  the  plant  upon 
which   it  is  placed. 

ANTIMONY. 

Some  losses  of  antimony  are  taking  place  from  the 
flues  of  our  smelters,  but  the  loss  is  not  so  severe 
as  with  arsenic.  Antimony  lithophones  are  stated 
to  have  been  successful  in  Germany,  made  by  treat- 
ing barium  carbonate  and  antimony  sulfite.  The 
oxide  itself  may  be  used  as  a  white  paint  and  sodium 
metantimonate  is  a  valuable  constituent  of  enamels. 
Its  use,  however,  is  forbidden  abroad  in  enamels 
placed  on  cooking  utensils,  but  so  far  these  enamels 
have  not  been  extensively  prohibited  in  the  United 
States. 

ASBESTOS. 

'fhe  uses  of  asbestos  are  rapidly  increasing  and 
are  a  real  conservation  of  lumber  and  a  protection 
against  fire  loss.  Asbestos  shingles  and  asbestos 
lumber  are  of  the  utmost  importance  and  their  use 
should  be  encouraged.  This  country  however,  pro- 
duces at  the  present  time  but  a  very  small  proportion 
of  the  asbestos  it  uses,  although  very  extensive  de- 
posits are  known  to  exist  in  Wyoming.  Anything 
that  enables  man  to  supplant  wood  with  a  non-com- 
bustible and  cheap  material  is  of  the  utmost  impor- 
tance to  the  country,  for  it  is  not  only  much  less  de- 
structible from  atmospheric  agencies,  but  tends 
always  to  decrease  our  enormous  fire  losses. 
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BARITE. 

and  extensive  deposits  of  barite  occur  in 
Missouri,  Nevada  and  California,  but  transportation 
costs  still  make  i1  possible  to  import  more  cheaply  a 
large  supply  of  this  valuable  mineral  from  abroad. 
It  is  used  in  large  quantities  in  the  production  of  litho- 
phone  anil  in  paints  and  should  at  least  be  made  to 
supply  a  goodly  portion  of  the  Western  demand  for 
this  material. 

BISMUTH. 

The  uses  of  bismuth  are  growing  and  if  it  could 
be  obtained  more  cheaply,  these  uses  would  be  very 
greatly  increased.  Inquiries  have  been  recently  re- 
ceived by  the  author  for  alloys  of  bismuth  and  lead 
which  were  needed  by  the  ton  if  a  low  enough  price 
could  be  obtained.  Large  quantities  are  being  wasted 
in  this  country.  Probably  3000  pounds  per  day 
are  going  out  of  the  stacks  of  our  western  smelters 
and  it  is  tmderstood  that  one  or  two  of  our  smelting 
companies  are  already  installing  processes  for  obtain- 
ing this  material  and  placing  it  in  greater  amounts 
upon  the  American  market.  In  19 10  nearly  three- 
fourths  of  the  domestic  supply  was  imported.  Bis- 
muth is  not  a  desirable  constituent  in  lead  and  for 
many  purposes  for  which  lead  is  used  the  bismuth 
must  be  separated.  The  bismuth  now  produced  in 
this  country  is  obtained  as  a  by-product  in  refining 
lead.  The  lead  is  melted  and  allowed  to  crystallize, 
the  mother  liquors  becoming  richer  and  richer  in  bis- 
muth. Finally  these  mother  liquors  are  refined 
electrolytically  and  the  bismuth  recovered  from  the 
slimes. 

BROMINE,     CHLORINE    AND    IODINE. 

There  is  apparently  an  over-production  of  both 
bromine  and  chlorine  in  this  country  and  new  uses 
are  desired  as  an  outlet  for  these  elements.  Bromates 
are  incidentally  made  in  the  production  of  bromides 
and  so  far  have  had  but  little  market.  Potassium 
bromate,  however,  is  an  excellent  oxidizing  agent 
and  it  would  seem  as  if  its  use  for  this  purpose  might 
be  greatly  extended.  One  to  two  pounds  of  potassium 
bromate  added  to  each  ton  of  solution  of  potassium 
cyanide  in  the  cyanide  process  for  gold  is  certain  to 
keep  the  bath  "sweet"  provided  the  bath  is  kept 
alkaline  with  lime.  Any  sulfides,  sulfocyanides  or 
ferrocyanides  tending  to  reduce  the  value  of  the  dis- 
solved oxygen  are  apparently  prevented  from  forming 
by  the  presence  of  potassium  bromate. 

Chlorine  can  now  be  obtained  cheaply  in  liquid 
form  and  can  be  supplied  either  in  regular  cylinders, 
in  cheap  cylinders  which  do  not  need  to  be  returned, 
or  in  tank  cars  if  desired.  Processes  are  also  being 
exploited  which  produce  the  chlorine  on  the  ground 
electrolytically,  which,  while  cheapening  the  appli- 
cation, tends  also  to  reduce  the  market  of  the  works 
producing  chlorine  as  a  regular  product.  A  possible 
use  for  chlorine  is  for  chlorinating  certain  pyroligneous 
tars  from  wood  to  be  used  in  the  preservation  of 
wood.  It  may  be  possible  also  to  make  cheap,  non- 
combustible  solvents  by  chlorinating  certain  petro- 
leum residues  like  the  cheap  solar  oil  of  Texas,  which 
can  now  be  disposed  of  for  only  about  two  cents  a 


gallon.  Such  solvents,  especially  if  they  do  not 
attack  metals,  are  greatly  needed.  Immense  quanti- 
ties of  chlorine  in  the  form  of  calcium  chlorid 
being  run  off  as  a  waste  from  the  ammonia  soda  pro- 
cess works  of  the  country.  One  plant  alone  now 
produces  280  metric  tons  of  calcium  chloride  pet 
day,  90  per  cent,  of  which  is  a  total  waste.  Ten  par 
cent,  is,  however,  evaporated  and  used  in  gramilated 
form  chiefly  in  refrigerating  plants  and  to  be  spread 
on  roads  to  lay  dust.  This  material  is  also  found 
to  be  of  very  great  advantage  if  sprinkled  in  coal 
mines,  as  it  tends  to  keep  the  coal  dust  moist  and 
thereby  greatly  diminishes  the  danger  of  explosions. 
Any  non-hygroscopic  substance  added  to  water  used 
to  sprinkle  coal  dust  in  mines  has  little  more  effect 
than  a  diluent.  Water  itself  quickly  evaporates  from 
coal  dust  in  dry  mines  owing  to  the  ventilating  cur- 
rents that  must  pass  continually  through  these  mines. 
If  calcium  chloride  is  added,  the  moisture  is,  of  course, 
retained. 

The  price  of  iodine  is  reputed  to  be  one  that  is 
highly  artificial.  It  is  certain  that  the  output  could 
be  many  times  multiplied  with  little  effort  and  the 
price  greatly  lowered  if  new  uses  could  be  found.. 

CADMIUM. 

As  western  spelter  contains  an  average  of  at  least 
0.3  per  cent,  cadmium  and  the  production  was  230,169 
tons  in  19 10,  there  were,  accordingly,  690  tons  of 
cadmium  sold  as  an  impurity  in  zinc  in  that  year. 
Cadmium  is  easily  distilled  fractionally  from  zinc  and 
is  an  undesirable  impurity.  It  is  especially  bad  if 
the  zinc  is  to  be  used  for  the  manufacture  of  litho- 
phone.  Flue  dust  from  brass  works  carries  from 
about  1  1/4  per  cent,  to  1  1/2  per  cent,  cadmium, 
which  is  about  51/2  per  cent,  of  the  zinc  actually 
present.  On  this  basis  there  are  some  400  pounds 
of  cadmium  lost  each  day  in  the  flues  of  the  brass 
works  of  Waterbury,  Conn.  The  United  States 
imported  4000  pounds  in  19 10  and  produced  about 
5300  pounds,  the  price  varying  from  sixty  to  seventy 
cents  per  pound.  It  is  reported  that  furnaces  capable 
of  producing  1000  pounds  a  month  are  about  ready 
to  operate.  New  uses  for  cadmium  are  desired. 
At  present  its  chief  use  is  in  glass  manufacture  and 
as  a  constituent  of  easily  fusible  alloys.  If  cheaper, 
it  could  be  used  extensively  as  a  yellow  pigment. 
It  is  stated  that  cadmium  sulfide  was  formerly  used 
as  a  yellow  paint  for  horse  cars,  as  it  was  necessary 
since  they  were  kept  in  horse  barns  where  hydrogen 
sulfide  was  more  or  less  prevalent.  Now  that  trolley 
cars  have  been  substituted  for  horse  cars  the  cheaper 
lead  chromate  can  be  used  to  paint  cars  yellow.  Cad- 
mium has  also  found  some  use  as  a  constituent  of  a 
silver-cadmium  plating  alloy. 

ENAMELS. 

General  information  in  regard  to  the  preparation 
and  constituents  of  enamels  should  be  made  public. 
They  are  of  the  utmost  importance  for  special  uses. 
They  offer  an  outlet  for  such  materials  as  antimony 
oxide,  arsenic  oxide,  zirconium  oxide,  etc.,  and  serve 
as  a  protective  material  conserving  metals  as  well 
as   greatly    aiding   proper   sanitary   conditions.      They 


Mar.,  19 1 2 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


187 


can  be  sold  at  a  very  much  cheaper  price  than  at  the 
present  time.  Furthermore,  enamel  brick  and  tile 
can  be  greatly  improved  and  much  of  the  work  now 
done  by  hand  can  be  done  by  machine. 
fuller's  earth. 
The  imports  of  English  earth  are  regularly  increas- 
ing in  spite  of  the  duty.  Domestic  production  is 
still  used  chiefly  for  petroleum,  while  imported  earth 
is  used  for  edible  oils.  The  deposits  of  fuller's  earth 
in  the  South,  especially  in  Georgia,  South  Carolina 
and  Alabama,  are  almost  unlimited,  and  there  is  no 
good  reason  why  any  foreign  earth  should  be  imported. 
Deposits  in  Arkansas  and  Texas  are  also  being  ex- 
ploited. Domestic  earth  could  be  easily  produced 
at  a  profit  at  one-half  the  present  price  if  a  sufficient 
output  could  be  maintained.  Several  of  the  domestic 
earths  bleach  edible  oils  much  better  than  the  English. 
Lack  of  knowledge  of  methods  of  preparation  for  the 
market  is  one  of  the  chief  reasons  why  they  are  not 
now  used  and  also  some  manufacturers  do  not  yet 
know  how  to  remove  from  edible  products  the  slight 
taste  these  earths  are  apt  to  impart. 

INFUSORIAL    EARTH. 

Probably  the  largest  deposits  in  the  world  occur 
in  Lompoc,  California.  The  deposits  there  are  almost 
inexhaustible  and  are  remarkably  free  from  iron  and 
other  impurities.  It  is  used  in  making  light  terra 
cotta  brick,  in  the  beet  sugar  industry  to  assist  in 
filtration  and  as  an  insulating  material  for  covering 
boilers.  The  material  in  pure  form  has  been  rather 
hard  to  obtain  in  the  past,  but  this  immense  deposit, 
much  of  which  is  still  open  to  exploitation,  should 
encourage  new  uses  for  the  material. 

LEAD. 

Van  Hise  states  that  the  losses  of  lead  are  15  per 
cent,  to  20  per  cent,  left  in  the  mines,  15  per  cent. 
lost  in  concentration  and  15  per  cent,  to  20  per  cent, 
lost  in  smelting.  A  large  part  of  the  lead  mined  is 
applied  where  it  is  never  recovered;  namely  in  paints 
and  as  a  filler  for  rubber.  Perhaps  thirty  million 
pounds  of  lead  carbonate  were  used  as  a  filling  for 
rubber  goods  in  1910. 

TIN. 

There  is  but  little  tin  produced  in  the  United 
States,  although  there  is  distinct  promise  of  an  Alaskan 
supply  and  the  output  of  the  Texan  mines  is  increas- 
ing. This  is  greatly  needed,  for  in  spite  of  the 
real  conservation  of  the  detinning  recovery  process, 
a  large  part  of  the  tin  produced  is  again  lost  each 
year. 

NICKEL. 

Practically  all  of  the  nickel  used  in  the  United 
States  is  imported  from  Canada  in  the  form  of 
nickel-bearing  mattes  and  ores.  Nickel  is  also  ob- 
tained as  a  secondary  product  in  the  electrolyte  refin- 
ing of  copper  to  the  extent  of  a  few  tons  annually. 
Large  quantities  of  this  metal  are,  however,  known 
to  exist  in  Idaho  and  an  immense  deposit  of  a 
low-grade,  hydrous  nickel  magnesium  silicate  occurs 
at  Webster,  N.  C.  This  latter  deposit  contains 
millions  of  tons,  but  owing  to    its  low-grade  character 


no  method  of  economically  working  the  material  has 
yet  been  found.  Of  course,  the  same  statement  was 
true  of  similar  ores  of  copper  ten  years  ago,  but  these 
nickel  ores  have  the  disadvantage  that  they  apparently 
are  not  amenable  to  ordinary  methods  of  gravity 
concentration. 

PETROLEUM. 

Large  quantities  of  so-called  solar  oils  occur  in  the 
Texas  petroleums,  which  would  appear  to  be  too  good 
to  be  used  for  fuel  but  which  are  not  light  enough  to 
be  distilled  for  kerosene.  Uses  for  these  oils  are  being 
sought.  Many  million  gallons  of  the  lighter  petroleum 
products,  lying  between  true  gasoline  and  natural 
gas,  are  annually  lost  by  evaporation  from  the  open 
mouths  of  petroleum  wells  and  from  open  storage 
tanks. 

PLATINUM    AND    PALLADIUM. 

Owing  to  the  craze  of  the  rich  for  platinum  in 
jewelry  and  its  use  in  dentistry,  the  price  of  this  metal, 
which  is  now  absolutely  essential  to  scientific  re- 
search, has  been  trebled  in  recent  years.  One  of  our 
producing  companies  is  now  obtaining  about  150 
ounces  of  mixed  platinum  palladium  per  month  which 
contains  about  120  ounces  of  palladium.  Platinum 
is  being  sought  more  and  more  in  the  West  and  is 
being  conserved  in  the  refining  plants,  although, 
as  a  rule,  smelters  do  not  as  yet  allow  anything  for 
it  in  ores.  Every  effort  should  be  made  to  develop 
the  platinum  industry  and  to  induce  careful  search 
for  it  and  recompensation  when  found.  The  Rambler 
Mine,  which  was  supposed  to  have  run  out,  has  ap- 
parently struck  ore  again.  This  ore  formerly  carried 
about  $14  worth  of  platinum  per  ton.  Palladium 
is  used  in  making  the  dividing  scales  of  delicate, 
astronomical  instruments  and  also  in  jewelry.  Its 
price  per  ounce  is  about  the  same  as  platinum  but 
it  has  the  advantage  of  lighter  specific  gravity. 
Platinum  is  also  being  conserved  by  the  substitution 
of  a  nickel  chromium  alloy  wire  covered  with  platinum 
for  the  entrance  wire  of  electric  bulbs  and  other 
purposes  where  pure  platinum  was  formerly  used. 

RADIUM. 

This  material  is  greatly  desired  by  the  medical 
fraternity  and  is  important  for  the  treatment  of 
certain  diseases.  Foreign  governments  have  taken 
it  up,  but  nothing  has  been  done  in  the  United  States, 
although  two  companies  are  now  experimenting  on 
its  production.  Large  deposits  of  carnotite,  a  low- 
grade  uranium  ore,  are  found  in  Colorado,  also  recently 
in  Oregon,  and  there  is  every  reason  to  suppose  that 
exploitation  of  two  mines  known  to  contain  pitch- 
blend  would  produce  an  output  of  this  valuable,  but 
very  rare  material.  Our  government  might  well 
take  up  the  study  of  this  problem  both  from  the  mining 
standpoint  and  from  the  producing  standpoint  with 
the  hope  of  perfecting  the  methods  of  obtaining 
radium  from  the  ore  and  of  adding  to  our  stocks  of 
the  material,  as  it  is  important  from  the  standpoint 
of  the  public  health.  The  price  of  radium  is  now 
about  $80  per  milligram  of  two  million  power.  The 
production  was  1.92  grams  in  1910,  which  sold  for 
about  $1 50,000. 
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RARE    EARTHS. 

There  are  a  large  number  of  the  rarer  elements 
ol  which  comparative^  little  is  known.  Even 
the  minerals  which  contain  them  arc  little  known 
and  n  is  impossible  to  state  how  extensively  they 
occur  in  the  West,  tor  they  may  have  been  overlooked 
as  worthless.  This  is  especially  true  of  such  elements 
as  tungsten,  vanadium,  titanium,  tantalum,  thallium, 
thorium,  beryllium  and  the  twenty  or  more  elements 
ot  the  cerium  and  yttrium  earths.  No  one  can  say 
what  an  exploitation  of  this  field  might  lead  to,  but 
it  is  through  pure  scientific  investigation  of  such  prob- 
lems as  these  that  many  industries  have  been  de- 
veloped, perhaps  the  most  noteworthy  recent  industry 
being  that  of  the  Welsbach  incandescent  gas  light. 
In  the  production  of  thorium  from  monazite  by  far 
the  larger  part  of  the  associated  materials  goes  to 
waste.  Cerium  makes  up  perhaps  30  per  cent,  of  these 
losses.  An  application  has  recently  been  found  in 
the  pyrophoric  alloys,  which  give  off  innumerable 
sparks  when  scratched.  It  is  also  probable  that  cerium 
oxide,  lanthanum  oxide  and  others,  which  occur  in 
these  waste  materials,  will  become  of  special  value  as 
refractories,  for  they  are  among  the  most  infusible 
materials  known.  Cerium  is  also  finding  a  use  in  the 
form  of  cerium  fluoride  in  the  flaming  arc  and  there 
is  little  doubt  that  these  uses  may  be  greatly  ex- 
tended. The  properties  of  some  of  its  compounds  to 
act  as  perhaps  the  strongest  oxidizing  substances 
known  may  open  new  uses  for  this  element.  Further- 
more, there  appears  to  be  a  fruitful  field  for  research 
in  the  applications  of  these  rare  elements  in  the  pro- 
duction of  special  enamels. 

REFRACTORIES. 

The  refractory  industry  offers  an  especially  promis- 
ing field  of  research.  Many  metallurgical  furnaces 
have  to  be  relined  much  more  frequently  than  would 
seem  to  be  necessary  and  the  operation  put  out  of 
commission  for  weeks  while  this  relining  is  being  carried 
on.  A  specific  instance  recently  came  to  my  attention 
where  the  life  of  the  furnace  was  increased  from  six 
months  to  over  two  \rears  simply  by  a  careful  study 
of  the  texture  of  the  refractory  brick  used  and  the 
development  of  methods  for  decreasing  their  porosity. 
Great  improvements  have  taken  place  in  the  last 
few  years,  but  little  careful  scientific  study  has  been 
given  to  the  problem.  Bauxite  bricks  offer  an  es- 
pecially promising  field  if  their  breaking  up  under 
contraction  and  expansion  can  be  controlled,  which 
is  b\T  no  means  improbable.  Also  it  is  quite  possible 
that  the  best  fire  clays  can  be  greatly  improved  and 
brick  made  from  them  approaching  bauxite  brick  in 
composition  by  the  addition  of  alumina  to  the  clay 
from  which  the\r  are  made. 

SELENIUM. 

Up  to  a  yTear  or  two  ago  no  important  use  for  sele- 
nium was  known,  although  for  some  three  or  four 
years  it  had  been  secretly  used  in  the  glass  industry. 
It  is  now  well  known  that  it  is  used  for  coloring  glass 
red  and  for  decolorizing  glass  by  the  use  of  small 
amounts  to  neutralize   the   green   of   ferrous   iron.      It 


is  obtained  as  a  I.-.,  produd   in  the  refining  oi  coppei 

Apparently     about,     twenty     tons     per     year    are     now 

utilized,   which  amount   could   be  greatlj    increa 
a  larger  market  was  found.     As  the  price  has  recently 
been  greatlj  reduced  it  is  hoped  that  new  uses  will  be 
found  soon. 

SULFUR. 

The  tremendous  losses  of  sulfur  from  our  western 
smelters  has  been  too  often  dwelt  on  to  need  much 
additional  space  here.  On  the  basis  of  the  calcula- 
tions of  Harkins  and  Swain,  the  flue  gases  of  the 
largest  smelter  in  the  United  States  are  carrying  off 
daily  sulfur  dioxide  and  sulfur  trioxide,  equivalent 
to  1,977,570  long  tons  of  chamber  acid,  or  more  than 
enough  to  supply  the  total  acid  consumed  in  the  whole 
fertilizer  industry  in  this  country.  This  is  but  a 
fraction  of  the  actual  sulfur  wastes. 

ZINC. 

The  immense  losses  of  zinc  have  already  been  de- 
scribed in  the  discussion  of  the  paper  on  "Zinc  Losses 
in  Brass  Manufacture." 

ZIRCONIA. 

Zirconium  oxide  is  important  and  some  unworked 
American  deposits  are  known.  There  appears  to 
be  a  real  field  for  this  material  as  a  refractory  in  re- 
placing valuable  tin  oxide  in  enamels. 

NEW    USES. 

Xew  uses  for  unused  material  is  as  important  in 
conserving  mineral  waste  as  any  other  one  thing  and 
there  is  an  almost  unlimited  field.  Calcium  and 
silicon  occur  all  around  us  by  the  millions  of  tons 
and  can  now  be  produced  at  a  reasonable  price  if  uses 
therefor  can  be  found.  If  extensive  uses  were  found, 
the  prices  could  be  greatly  reduced  from  present  cost. 

Tellurium  is  going  to  waste  in  quantity  from  the 
copper  refineries  and  from  the  plants  working  up 
gold  telluride  ores.  Absolutely  no  use  is  now  known 
for  this  material,  though  man}-  tons  per  year  could 
be  easily  obtained. 

Molybdenum  occurs  in  this  country  in  some  quanti- 
ties, but  no  good  method  is  known  which  has  proved 
itself  capable  of  commercially  separating  it  from  the 
gangue.  Chemical  firms  have  been  willing  to  pay 
as  high  as  $700  per  ton  for  pure  imported  for- 
eign material,  but  known  uses  are  small.  Molyb- 
denum can  replace  tungsten  in  steel,  but  has  the 
disadvantage  of  volatilizing  out  of  the  steel  by  oxida- 
tion even  under  the  blacksmith's  hammer.  It  is 
especially^  important  in  making  permanent  magnets 
and  only  about  one-third  as  much  is  required  to  harden 
steel  as  when  tungsten  is  used.  It  can  be  obtained 
for  electrical  heating  purposes  in  the  form  of  ribbon 
or  wire  and  on  account  of  its  ductility  and  high  melting 
point  is  used  as  a  support  for  the  tungsten  wire  in 
incandescent-electrical  lamps. 

Tungsten  is  finding  more  and  more  applications 
and  with  a  cheapened  supply  will  undoubtedly  become 
one  of  our  most  important  minor  metals.  Its  use  in 
tool  steel  and  in  incandescent  lamps  is  rapidly  in- 
creasing to  the  great  conservation  of  efficiency  in 
mechanical  processes  and  energy  in  lighting. 
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A  NEW  METHOD  FOR  TESTING  PAINT  FILMS  AND  PRE- 
SERVATIVE COATINGS  FOR  IRON  AND  STEEL. 
By  \V.  C.   Slade. 
Receded  Dec.  20,   1911. 

In  view  of  the  difficulty  in  obtaining  trustworthy 
results  concerning  the  protective  values  of  paints  or 
paint  films  by  tests  conducted  in  the  laboratory, 
anv  new  laboratory  method  is  thereby  apt  to  be 
received  with  more  or  less  skepticism.  It  is  believed, 
however,  that  the  method  herein  proposed  is  entirely 
sound  in  principle;  and  it  has  produced  results  that 
demand  at  least  thoughtful  consideration.  It  is 
further  believed  that  a  little  more  experimentation 
will  make  the  method  suitable  for  use  generally.  A 
report  of  the  work  is  given  at  this  time  inasmuch 
as  experiments  related  to  the  test  have  been  carried 
on  at  different  times  for  the  past  two  or  three  years 
in  the  Research  Laboratory  of  Applied  Chemistry 
of  the  Massachusetts  Institute  of  Technology,  and 
only  the  very  preliminary  experiments  have  been 
published. 

It  is  not  intended  to  do  the  impossible  in  proposing 
a  test  that  will  at  once  determine  the  value  of  a  paint 
from  all  points  of  view  or  under  all  conditions.  In 
fact,  those  tests  that  have  been- used  previously,  or 
arc  now  in  general  use,  are  all  more  or  less  limited 
in  that  they  consider  only  certain  ones  of  the  many 
properties  desirable  in  any  paint  film.  A  paint  for 
any  particular  purpose  should  always  be  selected 
because  of  particular  properties  it  possesses  that 
other  paints  do  not  possess  to  the  same  degree.  That 
method  of  testing  should  be  used  which  considers 
most  prominently  those  particular  properties. 

Unfortunately,  many  tests  are  conducted  under 
abnormal  conditions,  and  results  thus  obtained  are 
not  necessarily  identical  with  those  that  would  be 
obtained  under  normal  or  actual  conditions.  Thus, 
the  Loesner  steam  test,1'2  the  electrical  insulation 
or  voltage  test1'2  the  heat  test  (2  hours  at40o°  F.),2 
and  tests  where  films  are  subjected  to  the  action  of 
weak  acids  or  other  attacking  agents  are  either  un- 
natural in  themselves  or  are  performed  under  un- 
natural conditions.  Of  course  some  of  these  tests 
are  directly  applicable  and  desirable  provided  the 
paints  are  to  be  used  where  steam  or  acid  fumes 
prevail,  or  on  surfaces  subjected  to  heat,  etc.  Some 
tests  eliminate  the  vehicle,  and  too  often  the  ten- 
dency is  to  predict  the  behavior  of  paint  films  from 
the  results  of  experiments  carried  on  with  the  pig- 
ments contained  in  the  films.  The  vehicle  is  too 
important  a  part  ol  a  paint  to  neglect.  The  Cushman 
knife  blade  test,1  or  Perry  damp  film  test,1  and  the 
Thompson  test'  are  all  tests  performed  on  the  pig- 
ment alone.  Nevertheless,  both  of  these  tests  have 
produced  most  interesting  results  with  commercial 
pigments,  and  it  is  to  be  noted  later  how  closely  the 
results,  particularly  of  the  Thompson  test,  agree 
with   the  results  obtained   by   this  new   method.      The 


differences  noted  are  undoubtedly  due  largely  to  the 
fact  that  this  method  shows  more  than  the  Thompson 
method,  in  that  it  is  a  test  for  pigment  and  vehicle 
combined.  It  will  be  shown  later  how  in  certain 
cases  the  properties  of  a  paint  film  may  obscure  the 
property  of  the  pigment  fas  determined  by  the  Thomp- 
son test)  contained  therein.  One  of  the  early  tests 
was  the  evaporation  test.1''  An  iron  dish  painted 
on  the  inside  is  filled  with  water  which  is  allowed  to 
evaporate.  The  dish  is  repeatedly  refilled  after 
each  evaporation  until  the  paint  film  has  deteriorated, 
or  until  the  time  of  the  test  has  extended  sufficiently. 
From  one  point  of  view,  the  alternate  wetting  and 
drying  periods  represent  the  wet  and  dry  conditions 
in  a  painted  surface  exposed  in  actual  service.  An 
acceleration  test  by  Norton1  involves  the  principle  of 
alternate  wetting  and  drying,  but  is  entirely  quali- 
tative in  character.  The  Gardner  acceleration  test1 
is  also  a  qualitative  one  and  provides  for  subjecting 
small  painted  test  plates  to  artificial  atmospheres. 
Recently,  a  test  has  been  proposed  by  Benson  and 
Pollock,4  which  is  a  sort  of  electrical  insulation  test 
carried  out  in  a  normal  salt  solution,  wherein  the 
film  surfaces  are  subjected  to  a  potential  difference 
of  8  volts.  There  are  a  few  other  tests  that  have 
been  proposed  from  time  to  time  to  determine  specific 
properties  of  paint  films  such  as  hardness,  elasticity, 
porosity,  etc.,  the  majority  of  which  may  be  found 
described  in  the  bulletins  of  the  Paint  Manufacturers' 
Association  of  the  United  States. 

The  ideal  paint  film  would  be  not  only  uniform  and 
tough  and  adhere  well  to  the  surface  beneath,  but 
would  be  at  the  same  time  sufficiently  elastic  to  pre- 
vent cracking,  and  quite  impervious  to  destructive 
gases  and  liquids.  If  it  be  a  case  of  protecting  iron 
and  steel  against  corrosion  by  means  of  a  paint  film, 
imperviousness  to  moisture  and  to  air  or  to  oxygen 
is  the  property  most  essential.  This  new  method 
determines  the  degree  of  imperviousness  or  the  ex- 
cluding power,  and  allows  all  results  to  be  recorded 
permanently  and  to  a  certain  extent  quantitatively. 
It  utilizes  the  principle  of  alternate  wetting  and 
drying,  and  works  under  conditions  made  to  imitate 
actual  conditions  as  far  as  possible. 

DEVELOPMENT    OF    THE    METHOD. 

The  method  has  its  origin  in  the  results  of  experi- 
ments with  fruit-can  lacquers  performed  by  Walker 
and  Lewis3  in  1909,  when  it  was  shown  why  lacquered 
cans  when  tilled  with  fruit  juices  rusted  more  rapidly 
on  the  inside  than  unlacquered  cans  when  (died. 
The  apparatus  used  was  later  utilized  to  experiment 
with  several  paint  films.  It  consisted  of  a  Q-tube, 
1"  in  diameter,  which  contained  200  cc.  normal  KC1. 
Each  arm  contained  a  spiral  of  soft  iron  wire,  one 
containing  15  cm  ol  wire,  the  other  100  cm.,  and 
both  spirals  were  immersed  in  the  electrolyte.  The 
longer  spiral  bore  the  dried  coat  of   paint  to  be  tested. 
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The  solution  around  the  spiral  was  kept  saturated 
with  air  by  constantly  bubbling  .1  itreamoi  air  through 
it.  The  two  Spirals  were  connected  through  an 
external  circuit  in  which  was  placed  a  bromide  coulom- 
eter.  An  electric  current  developed  sooner  or  later 
at  the  painted  spiral,  resulting  from  the  depolari- 
11  ..t  hydrogen  ions  by  the  oxygen,  and  the  quan- 
tity of  electricity  developed  was  determined  in  the 
coulometer.  The  weight  of  bromine  added  per  unit 
time  may  be  considered  as  a  measure  of  the  rate  of 
depolarization.  The  theory  of  the  process  will  be 
considered  more  in  detail  later.  For  later  reference, 
a  few  measurements  obtained  are  given  here.  The 
films  that  depolarized  the  least  head  the  column. 
The  thickness  of  the  films  was  not  measured. 

Coating.  Br.  per  hour, 

mg. 

Paraffine 0.00 

Zinc  oxide 0 .  078 

Graphite  (baked) 0.078 

White  lead 0.10 

Zinc  chromate 0.11 

Barytcs 1.2 

Graphite 1  .  87 

Lampblack 2.3 

Carbon  black 2.4 

The  work  was  now  taken  up  by  M.  T.  Jones  who 
experimented  with  a  number  of  paint  mixtures  and 
used  the  bromide  coulometer  to  record  the  various 
rates  of  depolarization.  The  use  of  the  coulometer 
was  later  discontinued,  however,  as  its  resistance 
in  the  circuit  during  the  course  of  a  long  run  increased 
greatly,  so  that  the  quantity  of  electricity  allowed 
to  pass  continuously  fell  away  from  that  quantity 
which  would  have  passed,  had  the  resistance  of  the 
coulometer  remained  constant.  For  this  reason, 
the  results  obtained  with  the  coulometer  are  not 
given  at  this  time.  Jones  next  measured  electro- 
motive forces  by  means  of  the  Poggendorf  compen- 
sation method,  but  it  proved  too  tedious  and  not 
sufficiently  productive  to  warrant  its  continuance. 
Direct  measurement  of  current  was  then  attempted 
with  the  use  of  a  specially  constructed  milliammeter 
and  a  few  trials  produced  excellent  results.  Jones 
did  much  towards  standardizing  the  method,  and 
had  constructed  an  apparatus  which  was  at  first  used 
to  allow  for  wetting  and  drying  periods  when  his 
untimely  death  occurred.  The  following  year  the 
apparatus  was  improved  and  greatly  extended,  and 
the  investigation  continued  by  the  writer. 

THEORY    OF    THE    METHOD. 

A  brief  statement  of  the  theory  of  the  method 
which  involves  the  electrolytic  theory  of  corrosion 
follows:  Consider  two  identical  pieces  of  iron  im- 
mersed in  water,  containing  a  dissolved  neutral 
electrolyte  to  give  conductance,  and  connected  through 
an  external  circuit.  No  current  can  pass  through 
the  external  circuit  in  either  direction,  for  identical 
conditions  of  equilibrium  obtain  at  each  metallic 
surface,  and  will  obtain  until  this  equilibrium  is 
disturbed  at  one  of  the  electrodes.  By  removing 
hydrogen  ions  at  the  surface  of  the  electrode,  as  can 
be  done  by  depolarizing  with  a  steady  stream  of 
oxygen,  the  equilibrium  can  be  constantly  disturbed. 


At  the  same  time  an  electric  current  passes  contin- 
uously through  the  circuit.  To  maintain  the  equi- 
librium of  ionic  charges  within  the  solution,  metallic 
iron  must  pass  into  solution  at  some  point  in  the 
form  of  ferrous  ions.  This  takes  place  almost  wholly 
at  the  undepolarized  electrode.  Of  course  water  is 
the  product  of  the  depolarization,  and  the  ferrous 
ions  unite  with  the  hydroxyl  ions  (which  are  chemi- 
cally equivalent  to  those  hydrogen  ions  removed) 
to  form  ferrous  hydroxide,  which  in  turn  is  oxidized 
to  the  ferric  form  and  to  insoluble  rust.  A  rust 
coating  forms  at  the  depolarized  electrode  or  cathode 
and  so  some  iron  must  be  going  into  solution  here; 
but  it  is  only  a  few  per  cent,  of  that  moved  into  solu- 
tion from  the  other  electrode  or  anode.  The  cause 
for  this  probably  lies  almost  wholly  in  local  action 
on  the  cathode,  for  practically  no  depolarization 
takes  place  at  the  anode. 

Let  the  electrodes  be  in  the  form  of  spirals  of  iron 
wire  and  the  electrolyte  consist  of  normal  KC1;  and 
consider  the  cathode  spiral  to  be  covered  with  a  well 
dried  coat  of  paint  and  the  solution  around  it  to  be 
continuously  saturated  with  air.  The  combination 
of  painted  spiral  +  electrolyte  saturated  with  air- 
bare  iron  spiral  +  electrolyte  containing  no  air  will 
be  called  for  convenience  a  "paint  cell."  The  paint 
film  may  or  may  not  electrically  insulate  the  cathode 
wire.  Probably  every  paint  is  porous  at  least  to 
some  extent,  so  that  it  is  only  a  question  of  time  as 
to  how  long  it  will  require  for  the  solution  to  penetrate 
the  film  sufficiently  to  establish  contact  with  iron  at 
one  or  more  points.  When  this  occurs,  the  hydrogen 
ions  that  tend  to  polarize  are  depolarized  by  the 
oxygen  of  the  air  which  is  in  solution,  and  the  opera- 
tion of  the  paint  cell  commences.  Though  the  driv- 
ing force  of  the  reaction  is  not  affected  by  the  pres- 
ence of  the  film,  the  rate  of  reaction  or  depolarization 
is  greatly  affected.  The  initial  current  detected  is 
very  small — a  few  thousandths  of  a  milliampere — 
because  of  the  great  resistance  offered  by  the  film, 
not  only  to  the  passage  of  a  current  but  to  the  dif- 
fusion through  the  pores  of  the  film  of  the  air.  With 
increased  porosity  comes  an  increased  rate  of  dif- 
fusion and  an  increased  rate  of  depolarization  and 
a  decrease  in  film  resistance.  The  current  conse- 
quently increases.  At  this  time  any  depolarizing 
power  possessed  by  linoxyps  that  may  still  be  un- 
saturated to  a  certain  degree  should  show  its  influence. 
The  relation  between  the  rate  of  diffusion  through 
the  film  and  the  rate  of  depolarization  was  well  illus- 
trated by  an  experiment  where  several  coated  spirals, 
with  films  slightly  disintegrated,  were  supplied,  first 
with  excess  air  and  then  with  excess  oxygen  gas. 
In  the  second  instance  the  current  values  more  than 
doubled,  returning  again  to  the  "original  values  when 
air  was  resubstituted. 

The  relative  behavior  of  films  made  from  different 
kinds  of  paints  indicates  the  relative  excluding  powers 
to  moisture  and  oxygen.  The  increase  in  current 
observed  in  any  paint  cell  may  be  recorded  in  a  cur- 
rent-time curve  giving  a  permanent  record  of  the 
behavior   of    the    film. 
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It  is  interesting  to  note  the  analogy  between  the 
arrangement  of  the  paint  cell  and  the  conditions 
existing  on  a  painted  surface,  injured  with  scratches 
or  bare  spots,  of  any  portion  of  an  exposed  steel 
structure.  Assuming  the  injured  surface  to  be  covered 
with  dew  or  rain  water,  then  the  bare  spot  or  scratch, 
the  protected  or  painted  surface  around  the  injury 
and  the  water  covering  both  correspond  respectively 
to  the  anode,  cathode  and  electrolyte  of  the  experi- 
mental paint  cell.  Of  course,  in  this  case  the  rate 
of  depolarization  would  be  less  and  the  resistance 
to  passage  of  current  through  the  liquid  circuit  much 
greater  than  in  case  of  the  paint  cell,  but  the  process 


of  a  width  of  i3/t"  along  the  bottom  divides  the  tank 
longitudinally  into  two  sections.  The  tanks  and 
partitions  are  made  of  galvanized  iron  well  coated 
on  the  inside  with  an  asphaltum  paint.  At  the  back 
of  each  tank  is  a  series  of  14  tubes,  closed  tightly  at 
the  top  with  corks  and  wax,  and  extending  below 
about  4"  into  the  KC1  solution.  Each  tube  contains 
one  bare  iron  anode.  There  are  also  14  cathode 
spirals  which  are  held  in  a  frame  that  is  free  to  slide 
up  and  down  in  guides,  thus  permitting  the  spirals 
to  be  removed  for  periods  of  drying  when  desired. 
The  tank  is  so  placed  that  the  cross-sectional  dimen- 
sions  of   any    individual    paint    cell    is    as    represented 


View  of  the  Five   Units  of  the   Paint-Testing  Apparatus. 


would     proceed     definitely     and     steadily,     notwith- 
standing. 

To  allow  alternate  wetting  and  drying,  that  actual 
weather  conditions  might  be  approximated,  the 
apparatus   described   below  was   finally   adopted. 

THE    APPARATUS. 

The  apparatus  consists  of  five  identical  units, 
each  unit  having  a  testing  capacity  of  14  painted 
spirals.  A  view  of  the  five  units  is  given  in  one  of 
the  accompanying  photographs.  Each  unit  includes 
an  electrolyte  tank  measuring  approximately  28I/2"X 
63/7'  X  8'//',  filled  to  a  depth  of  7"  with  normal  KC1 
solution.     A  metal  partition  with  a  cloth  diaphragm 


in  Fig.  1.  A  photograph  of  an  assembled  unit  with 
the  tank  removed  is  also  given. 

The  air  is  supplied  by  tubes  held  in  position  by 
a  frame  which  can  be  so  adjusted  that  each  tube  can 
deliver  a  stream  of  air  bubbles  directly  up  through 
a  cathode  spiral.  This  insures  the  continuous  satu- 
ration of  the  solution  in  the  immediate  vicinity  of 
the  electrode.  On  the  other  hand,  the  anodes  are 
so  placed  and  so  shielded  from  access  of  air  (except 
that  small  amount  which  may  diffuse  down  through 
the  solution  and  up  inside  the  tubes)  that  the  oxygen 
content  within  the  anode  tubes  is  practically  de- 
pleted all  the  time. 

Each    cathode    is    connected    to    its    corresponding 
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.in,  ,.ir   i  in,  h  ,  i  n. il  circuit.     The  ci  mnecl  ions 

are    ill    made    in   a    switch  box,   shown    in   the   photo 

graphs,   in  such  .1   manner  thai   when  the  painl   cells 

ii  cell  semis  its    currenl   through  an 

individual    too-ohm    resistance  coil;  and   when    meas 

urements  are   to  be   made,  and  a   milliammeter  with 

,m  interna]  n  ii  tance  of  100  ohms  lias  been  connected 

to  the  binding  posts  of  the  Imx,   then,  by  moving  .1 

contad   arm,   the  em-rent   from  any  individual 

ie  sent  at  once  through  the    100-uhm 

1  In      milliammeter    instead    of   through    its    100- 

ohm  coil  in  the  switch-box.  Each  paint  cell' is  entirely 
distinct  from  us  neighbors.  The  fourteen  paint 
cells  have  only  the  electrolyte  in  common.  The 
use  oi    the   resistance  coils  makes  it  possible  to  read 


contacts  a1  desired  intervals  such  thai  electric  cir- 
cuits are  made.  A  relay  is  thereby  broughl  into 
plaj  and  a  largei  currenl  passes  through  a  motoi 
t  1!  i  which  controls  the  raisin;;  and  low<  ring  mechanism 


of  the  cathode  frames.  According  to  the  particular 
contact  that  the  hour  hand  makes,  the  frames  are 
raised  or  lowered.  For  tests  recorded  in  this  paper, 
the  wiring  was  arranged  to  give  lifting  contacts  at 
3,  6,  9  and  12  o'clock  and  lowering  contacts  at  1.  4,  7 
and  10  o'clock.  There  were  thus  8  one-hour  drying 
periods  and  8  two-hour  wetting  periods  per  24  hours. 
The  spirals  are  made  of  a  soft  iron  wire,  No.  19, 
U.  S.  standard,  and  wound  in  a  lathe  on  a  3  ,"  lag 
screw  having  42/3  threads  per  inch.  The  electrodes 
are  so  wound  that  when  in  proper  position  exactly 
100  cm.  of  the  cathode  wire  and  25  cm.  of  the  anode 
wire  is  under  the  solution.  All  spirals  are  cleaned 
by  pickling  in  dilute  sulphuric  acid.  They  are  then 
carefully  washed  with  water  and  dried  with  alcohol 
or  ether. 

CONCERNING     THE     PAINTS     AND      PAIXT     FILMS     TESTED. 

To    determine   as   far   as   possible   the   value   of   the 
apparatus,    paint    mixtures   were   made  from  ten    rep- 


FIG    I 
Cross-section  "Point-cell"  No. I. 

directly  the  current  that  is  actually  passing  when 
the  milliammeter  is  thrown   into  circuit. 

The  resistance  coils  are  made  of  No.  36  German 
silver  wire  and  are  wound  on  glass  tubes  which  in 
turn  are  inserted  into  small  3"  weighing  tubes  closed 
at  the  end  with  sealing-wax.  They  were  checked 
against  a  standard  when  made  and  are  correct  to 
within  '    .  per  cent. 

The  air,  supplied  by  a  small  motor-driven  rotary 
blower  (E),  passes  first  into  an  equalizing  chamber 
and  then  into  the  main  distributing  pipe.  The  supply 
is  steady  and  regulated  to  about  '/,.-'  ,  cu.  ft.  per 
minute  per  tank. 

The  wetting  and  drying  periods  are  controlled  by 
clock  work.      The  hour  hand  of  the  clock   (C)   makes 
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resentative  commercial  pigments,  some  of  which 
are  recognized  as  good,  and  some  as  poor  paints, 
according  to  the  point  of  view.  The  pigments  were 
kindly  furnished  by  the  Paint  Manufacturers'  As- 
sociation and  came  in  paste  form,  ground  in  pure, 
refined  linseed  oil.  In  each  case  they  were  thinned 
to  the  desired  viscosity  with  a  mixture  by  volume 
of  2/3  pure  raw  oil  and  */s  oil  of  tuqzientine.  The 
amount  of  oil  used  in  grinding  each  pigment,  and  the 
amount  of  vehicle  used  for  thinning  each,  is  on  record. 
The  object  was  to  obtain  a  fairly  rapidly  drying  paint 
mixture  that  would  be  of  a  viscosity  not  far  from  that 
desired  for  practical  application,  and  at  the  same 
time  be  of  such  a  nature  that  fairly  thick  and  very 
uniform  coats  could  be  obtained  on  the  iron  spirals. 
Herein  lay  a  difficulty.  The  paints  investigated 
were  zinc  oxide,  zinc-lead  chromate,  American  ver- 
milion,   red    lead,     white    lead,     iron    oxide,    barytes, 


silica,  carbon  black  and  natural  graphite.  Now  the 
fineness  of  a  pigment  determines  the  thickness  of  the 
paint  film.  Whether  or  not  the  various  mixtures 
were 'of  comparable  viscosities,  several  of  the  paints 
when  applied  in  coats  at  all  thick  tended  to  slide 
off  from  the  wire.  This  was  the  case  with  the  paint 
made  from  some  of  the  more  coarsely  ground  pigments. 
The  difficulty  was  obviated  to  a  great  extent,  how- 
ever,  by   the   method   of   drying   the   films. 

The  carefully  cleaned  cathode  spirals  were  coated 
by  dipping  into  the  well  shaken  paint  mixture.  The 
excess  paint  was  allowed  to  drain  until  dropping 
began  and  the  spirals  then  transferred  to  a  drying 
wheel.  This  consisted  of  a  wooden  wheel  about 
two  feet  in  diameter,  slowly  rotating  in  a  vertical 
plane.  Its  face  was  divided  by  partitions  into  eight 
compartments,  each  compartment  enclosing  a  number 


of  holes  drilled  into  the  face  of  the  wheel.  The  ends 
of  the  coated  spirals  were  inserted  into  the  holes  in 
such  fashion  that  the  spirals  turned  with  the  wheel 
thus  permitting  the  fresh  paint  to  flow  around  the 
wire  rather  than  drain  away  in  drops.  Eight  dif- 
ferent paints  could  be  dried  at  one  time.  When 
sufficiently  tacky,  the  spirals  were  transferred  to  a 
window  with  western  exposure  for  thorough  drying. 
The  magnitude  of  the  variations  in  thickness  of 
the  films  can  be  best  represented  by  giving  a  few- 
measurements  made  by  calipering  two  coat  films. 
The  coats  as  a  rule  were  fairly  uniform,  but  variations 
up  to  20  per  cent,  occurred  at  some  places. 

Average  thickness. 
(Several  readings.) 

Test  I.     Test  II. 
Paint.  mm.         mm. 

3  American  vermilion    .  .  . ' 0  09  0.09 

7  Barytes 0  09  0.09 

4  Red  lead 0.10  0.09 

5  White  lead 0.10  0.08 

6  Iron  oxide 0.10  0.07 

8  Silica 0.10  0.09 

9  Carbon  black 0.13  0.12 

1  Zinc  oxide 0.14 

2  Zinc-lead  chromate 0. 14 

10  Graphite 0.14 

When  spirals  were  given  a  single  coat,  the  time  for 
drying  varied  from  2-3  weeks.  In  case  of  two  coats 
of  paint,  the  first  coat  dried  3  or  4  days  and  the  second 
coat  2-3  weeks,  except  that  films  in  the  first  series 
dried  about  a  month. 

METHOD   OF  TESTING  AND  TREATMENT  OF   DATA. 

For  each  separate  paint  test  three  spirals  are  coated 
simultaneously  and  dried  for  the  same  period  of  time. 
They  are  then  properly  adjusted  in  the  cathode  frame 
and  connections  from  the  switch-box  made  by  solder- 
ing. Air  is  then  bubbled  through  the  solution,  and 
at  the  proper  time  the  first  immersion  begun.  Cur- 
rent readings  are  taken  at  the  start  and  after  this 
at  the  end  of  each  two-hour  wetting  period.  Unless 
one  value  chances  to  be  considerably  in  error,  the 
three  readings  are  averaged.  It  is  this  average  that 
determines  a  point  for  a  current-time  curve,  one  of 
which  is  drawn  for  each  test,  and  which  is  so  drawn 
as  to  be  the  most  representative  curve.  Most  of  the 
tests  were  extended  over  a  period  of  300  hours  of 
wetting,  but  it  appears  that  200  hours,  and  perhaps 
even  150  hours,  is  quite  sufficient.  The  thickness 
of  a  coat  or  the  number  of  coats  really  determines 
the  time  required.  <  >n  Plots  I  and  II  are  given  several 
curves  together  with  the  experimentally  determined 
points. 

With  each  one  of  the  ten  paint  mixtures  two  one- 
coat  tests  and  three  two-coat  tests  were  carried  out. 
excepting  zinc-lead  chromate,  zinc  oxide  and  graphite, 
where  only  two  two-coat  tests  were  finished.  From 
the  curves  determined  as  described  above,  in  only 
one  case,  the  one-coat  tests  with  white  lead,  was 
there  wide  divergence  between  the  two  curves;  with 
the  exception  of  a  few  cases  of  only  fair  agreement, 
the  several  runs  checked  up  very  well.  Referring 
to  Plots  I  and  II,   the  curves  for  all  the  paints  but 
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American  vermilion  are  examples  of  the  generally 
good  agreemenl  obtained.  The  character  of  "the 
checks  among  the  American  vermilion  curves  is 
typical  of  the  less  accurate  checks  obtained  in  the 
cases  of  only  fair  agreement,  such  as  the  two-coat 
tests  of  red  lead,  white  lead  and  iron  oxide.  It  was 
almost  impossible  to  get  a  good,  uniform  coating  of 
white  lead  of  the  desired  thickness — such  that  it 
would  be  comparable  with  the  thickness  of  the  other 
films.  To  this  fact  may  be  traced  the  cause  of  the 
great  disagreement  between  the  white  lead  tests, 
and  the  smaller  disagreements  in  a  few  of  the  other 
tests.  On  the  whole,  all  the  paints  considered,  the 
several  runs  check  among  themselves  very  well. 
The  spirals  for  the  several  series  of  tests  were  coated 


"ii  Plot  IV  by  the  positions  of  the  three  corresponding 
two-coat  test  curves.  Moth  sets  of  curves  are  dis- 
cussed later.  It  may  be  noted  here,  however,  that 
the  increased  protection  of  the  two  coats  over  the 
one  coat  of  each  paint  shows  up  well;  also  that  the 
relative  position  of  the  curves  on  both  plots  is  in 
general  the  same.  It  will  be  remembered  that  the 
films  of  zinc  oxide,  zinc-lead  chromate,  carbon  black 
and  graphite  were  slightly  thicker  than  the  other 
films.  But  the  difference  is  only  great  enough  to 
account  for  but  a  small  part  of  the  wide  divergence 
from  one  another  of  the  finally  determined  mean 
curves.  Aside  from  influence  of  thickness,  which  is 
directly  related  to  excluding  power,  is  to  be  considered 
the  influence  of  the  depolarizing  property  of  the  film 
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and  dried  at  different  times,  with  the  periods  of 
drying  varying  somewhat,  necessitated  by  the  lack 
of  time.  Besides,  the  several  series  of  tests  were 
carried  out  in  different  tanks  and  at  different  times, 
thus  giving  all  opportunity  for  disturbing  factors 
to  appear.  It  is  impossible  to  include  all  the  pre- 
liminary curves  because  of  the  space  required. 

In  order  to  bring  the  results  together  in  compara- 
tive relationship,  Plots  III  and  IV  have  been  pre- 
pared. Each  curve  on  both  of  these  plots  is  drawn 
from  data  obtained  from  the  various  best  represen- 
tative curves  of  the  individual  tests  by  averaging 
these  curves.  Each  curve  on  Plot  III  is  determined  by 
the  position  of  two  of  the  one-coat  test  curves;  those 
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It  appears  that  this  is  more  a  property  of  the  film 
as  a  whole,  than  a  property  of  any  constituent  part 
of  the  film.  Both  factors  are  to  be  considered  more 
fully. 

INTERPRETATION     OP    THE     CURRENT-TIME     CURVES. 

On  Plots  I,  III  and  IV  appears  a  curve  called  the 
bare  iron  curve.  This  was  determined  by  making 
a  run  with  fourteen  carefully  cleaned  bare  iron  cath- 
odes exactly  similar  to  those  used  in  the  paint 
tests.  The  points  locating  the  curve  are  shown  on 
Plot  I.  At  the  start  of  the  test  with  no  rust  on  the 
spirals  the  current  was  about  0.20  milliampere.  As 
a  thin   rust   film   formed,    either  the   resistance  must 
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have  increased  or  the  electromotive  force  decreased, 
for  at  10  hours  of  wetting  a  minimum  value  of  about 
0.16  milliampere  was  reached.  Beyond  this  point 
the  current  rapidly  increased  until  a  constant  value 
of  0.466  milliampere  was  reached.  This  period 
of  increase  marks  also  the  period  of  rapid  accumu- 
lation of  a  rust  coating.  At  the  end  of  197  hours 
of  wetting,  the  accumulated  rust,  which  acted  as  a 
spongy  envelope  about  the  wire,  was  carefully  re- 
moved, and  the  run  again  continued.  The  current 
immediately  fell  to  about  0.25  milliampere  and, 
as  previously,  strangely  enough  passed  through  a 
minimum  before  rust  formation  caused  another  rise. 
The    increase    in    current   was   concomitant   with    the 


Evidently  there  are  two  distinct  effects  that  tend 
to  overshadow  each  other:  that  of  depolarization, 
which  is  most  pronounced  in  thin  coats  that  disin- 
tegrate easily  (and  so  acquire  high  powers  of  ab- 
sorption), and  the  effect  of  exclusion  or  impervious- 
ness,  which  increases  as  the  thickness  of  any  coat 
or  the  number  of  coats  is  increased. 

It  is  interesting  to  note  that  zinc  oxide,  zinc-lead 
chromate,  carbon  black  and  graphite  appear  as  the 
best  excluders.  But  given  a  film  sufficiently  thin, 
such  that  the  depolarizing  effect  may  become  promi- 
nent, then  it  is  again  to  be  noted  that  while  zinc 
oxide  and  zinc-lead  chromate  do  not  increase  the 
rate    of    depolarization,    carbon    black    and    graphite 
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increase  in  depolarizing  power  of  the  coating.  Within 
the  spongy  envelope  the  rate  of  the  union  of  hydrogen 
and  oxygen  was  increased.  For  the  first  few  hours 
of  wetting,  the  quantity  of  rust  formed  is  not  suffi- 
cient to  exert  its  influence  in  this  direction. 

The  form  of  the  curves  of  the  one-coat  paint  tests 
shows  that  in  several  instances,  marked  depolarizing 
power  is  acquired  soon  after  the  films  begin  to  disin- 
tegrate sufficiently  to  allow  a  more  rapid  absorption 
of  solution  and  air.  Maxima  of  current  values  are 
reached  far  above  that  value  given  by  a  bare  iron 
cathode  when  heavily  covered  with  rust.  With  the 
two-coat  curves  the  maxima  are  less  pronounced 
or  even  do  not  occur  at  all. 


do  increase  the  rate  of  depolarization.  On  Plot  I 
another  graphite  curve  is  given  which  bears  out  the 
argument.  In  this  case  spirals  covered  with  two 
very  thin  coats  were  used.  Up  to  50  hours  of  wetting 
the  excluding  power  was  excellent,  but  then  this 
decreased  very  rapidly  indeed,  and  so  the  rate  of 
depolarization  in  the  film  increased  accordingly. 
The  maximum  is  the  same  as  that  reached  in  the 
one-coat  test  for  graphite  on  Plot  III.  Graphite 
and  carbon  black  are  recognized  most  generally  as 
good  excluders,  graphite  because  of  the  unctuous 
nature  of  the  pigment.  The  danger  in  their  practical 
use  lies  in  getting  coats  too  thin. 

Barytes   and  silica  paints   are  not  good  excluders, 
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and  these  pigments  are  always  used  as  fillers  in  other 

paint     mixtures.     These    painl     films    possessed     the 

excluding    powers   .-mil    the    highesl    depolai 

lowers   hi    the  one-coat    tests,  and   next    to  the 

1    and    highest    in    the    two-coat    tests. 

[ron    oxide    from   one-   and    two-coal    tests   appears 

not  <  mix  a  poor  excluder  but  a  strong  depolarizer. 

The    three-coat    curve    inserted    on    Plot     1 V    confirms 

this,     representing     less    protective    value    than     that 

!    1>\     two    en. its    oi    American    vermilion.     It 

is  also   noticeable   that    the   three-coat  curve   for   red 

lead,     though    lying    decidedly    below    the    two-coat 

Curve,  still  lies  above  the  two-coat  curves  lor  zinc  oxide, 

zinc-lead  chromate,  and  graphite.     Unfortunately  the 

white   lead   curves    (and   to   some   extent    the   red   lead 


and  graphite  showed  up  the  poorest  It  is  also 
interesting  to  note  the  relation  between  the  classi- 
fication oi  the  painl  films  according  to  this  test,  and 
t  he  idassiiie.it  ii  m  oi  the  pigments  1  mtained  in  1  he 
film  according  to  the  Thompson  test.  As  a  result 
oi  the  latter  test,  Cushman  lias  determined  upon 
calling  pigments  either  stimulators  oi  corrosion, 
inhibitors  or  inert  (indeterminate)  substances.  I're- 
serving  the  order  of  his  listing,  a  few  pigments  have 
been  selected  from  his  table,  as  follows:  Inhibitors: 
Zinc-lead  chromate.  zinc  oxide,  white  lead,  hide 
terminates:  red  lead,  Princess  metallic  brown,  Ameri- 
can vermilion;  Stimulators:  bright  red  oxide,  carbon 
black,  barytes,  graphite.  Again  excepting  carbon 
and    graphite,    there    is    general    agreement    between 
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curves)  are  not  determined  as  accurately  as  the  others. 
It  appears,  however,  that  red  lead  has  better  exclud- 
ing power  than  white  lead,  but  both  films  exert  equally 
high  depolarizing  power.  Both  red  lead  and  Ameri- 
can vermilion  give  fair  excluding  power.  The  lowest 
curve  of  Plot  IV  for  zinc  oxide  represents  two-coat 
tests  wherein  the  films  were  thick  enough  to  equal 
very  closely  the  thickness  of  those  films  of  the  three- 
coat  tests  of  iron  oxide  and  of  red  lead.  The  differ- 
ences in  excluding  and  in  depolarizing  power  is  marked. 
The  first  experimental  results  obtained  by  Walker 
and  Lewis  agree  with  those  obtained  now,  generally 
considered,  for  they  used  films  much  thinner  than 
those  tested  here.      That  is  why  in  their  tests  carbon 


the  order  of  the  preceding  pigments,  and  the  order 
of  the  positions  of  the  current-time  curves  of  the 
paints  made  from  some  of  these  pigments,  and  tested 
by  the  new  method. 

At  the  conclusion  of  tests  the  disintegrated  paint 
films  were  often  removed  to  permit  the  examination 
of  the  iron  wire  beneath.  The  wire  beneath  the 
zinc-lead  chromate  film  was  found  to  be  always  bright, 
and  without  any  etching  which  would  result  from 
local  action  on  the  electrode.  On  the  other  hand, 
the  wire  beneath  such  films  as  those  of  barytes,  silica 
or  iron  oxide  was  noticeably  etched  in  numerous 
places.  This  is  in  accordance  with  the  view  held. 
regarding    the    inhibitivc    power    of    chromates. 
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The  question  naturally  arises:  What  causes  the 
current  to  fall  away  so  rapidly  from  the  highest  max- 
ima? This  is  hard  to  answer.  All  curves  reach 
values  lying  between  0.15  and  0.25  milliampere  at 
300  hours  of  wetting,  which  is  far  below  0.466 — the 
value  for  the  well  rusted  bare  iron  cathode.  Prom 
the  appearance  of  the  spirals  at  this  time  it  seems 
very  probable  that  the  pores  of  the  films  have  become 
choked  up  with  rust.  In  fact,  some  of  the  coats 
would  not  be  recognized  as  paint  films.  Maxima 
often  occur — especially  in  one-coat  tests  before  the 
films  show  decided  failure.  That  disintegration  is 
in  progress  is  evident,  however,  from  the  accumu- 
lation of  very  small  blisters  all  over  the  film  surface. 
At  the  maxima,  the  resistance  of  the  film  to  passage 
of   electricitv   or   oxvgen    is    at    a   minimum.      It    mav 


accumulated  than  ever  appears  on  completely  dis- 
integrated paint  films;  nor  can  a  value  as  low  as  0.20 
tng.  be  chosen,  as  this  would  greatly  undervalue 
the  protection  given  by  all  films.  Inasmuch  as  such 
a  method  would  demand,  not  only  the  selection  of 
a  perfectly  arbitrary  point,  but  a  selection  that  might 
prove  misleading,  another  method  has  been  adopted. 
The  curves  are  current-time  curves,  and  hence 
the  area  included  between  any  curve  and  the  co-ordi- 
nates corresponding  to  any  point  on  the  curve  rep- 
resents a  quantity  of  electricity.  The  magnitude 
of  the  included  area  or  of  the  quantity  of  electricity 
in  coulombs,  for  example — is  directly  proportional 
to  the  amount  of  depolarization  that  has  proceeded 
up  to  the  same  time.  The  point  of  time  to  which 
to    integrate    along    anv    curve    has    been    determined 
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be  that,  though  the  resistance  to  the  passage  of  the 
current  does  not  decrease  very  rapidly,  the  resistance 
to  the  diffusion  of  air  does  decrease  sufficiently  rapidly 
to  cause  the  rate  of  depolarization  to  decrease  very 
fast,  especially  after  the  most  pronounced  maxima. 
The  choking  of  the  pores  of  the  film  by  even  a  small 
amount  of  rust  would  account  for  this. 

THE  EVALUATION  OF  PROTECTIVE  VALUES. 

It  would  seem  most  natural  to  refer  all  curves  to 
the  bare  iron  curve,  calling  some  value  along  the 
curve  the  value  for  zero  protection.  But  the  curve 
<;overs  such  a  range  of  current  values  that  it  is  difficult 
to  select  any  but  perfectly  arbitrary  points.  It  does 
not  seem  justifiable  to  select  0.466  mg.  for  the  value, 
as,  when  this  is  reached,  considerably  more  rust  has 


in  several  ways,  and  thus  far  no  one  way  has  been 
adopted  in  preference  to  the  others.  The  different 
methods  lead  to  essentially  the  same  results.  Thus 
all  areas  up  to  (A)  70  hours  or  (B)  100  hours  of 
wetting  might  be  integrated;  or  (C)  integrate  to 
the  points  where  the  curves  pass  through  some  ordi- 
nate, as  at  0.20  milliampere.  Again,  the  maxima 
of  the  curves  might  be  used  as  points  to  which  to 
integrate.  In  this  case,  the  time  at  which  the  maxi- 
mum occurs  must  be  considered.  Let  it  be  assumed 
that  the  sooner  the  maximum  occurs  the  more  rapid 
the  deterioration  of  the  films;  and  the  greater  the 
magnitude  of  the  maximum,  the  greater  the  depolar- 
izing power  of  the  film  which,  in  turn,  depends  directly 
upon  decrease  in  excluding  power  or  increase  in 
deterioration.     In     other    words      deterioration     may 
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be   represented   as  directlj    proportional   to   th< 

mil-  Ij    proportional    to    the   time 

or  to  some  power  oi  the  time.  Protective  power 
may   be   represented   as  the  inverse  of  this.     Hence, 

1'  ('  f  A  1\  1"/Q,  where  K  is  a  proportionality 
constant.  /  the  time  up  to  the  maximum  current,  Q 
coulombs  passed  through  the  circuit  up  to  the  time  t, 
and  »  an  arbitrarily  chosen  constant.  Relative 
values  have  been  obtained  by  calling  K  unity  and 
by  assigning  to  the  exponent  i!  the  values  (D)  1  and 
(E)  2.  This  method  may  be  used  only  in  case  of  the 
one-coat  tests.  The  quantitative  results  of  the  above 
methods  are,  for  the  sake  of  brevity,  summarized 
below  in  a  qualitative  manner.  The  capital  letters 
refer  to  the  preceding  methods,  and  the  figures  to  the 
paint  mixtures  as  follows:  (1)  zinc  oxide,  (2)  zinc- 
lead  chromate,  (3)  American  vermilion,  (4)  red  lead, 
(5)  white  lead,  (6)  iron  oxide,  (7)  barytes,  (8)  silica, 
(9)  carbon  black,  (10)  graphite.  The  higher  the 
position  of  a  number  in  any  column,  the  greater 
the  excluding  power,  and  as  a  rule,  the  less  the  de- 
polarizing power  of  the  paint  film. 


Two-coat  tests. 


One-coat  tests. 


WORK    NOT    REPORTED. 

Although  the  method  uses  current  values,  a  large 
number  of  electromotive  forces  were  measured,  taken 
after  the  current  readings  and  after  breaking  the 
circuit.  Data  relative  to  the  change  in  resistance 
of  the  film  were  thus  obtained.  Direct  measurement 
of  resistance  is  greatly  disturbed  by  the  condenser-like 
action  of  the  paint  films.  All  this  will  probably  be 
considered  more  fully  later. 

An  attempt  was  also  made  to  determine  the  cause 
for  certain  inexplicable  deviations  among  the  average 
values  of  the  current  readings  that  sometimes  oc- 
curred during  the  course  of  a  test.  An  examination 
of  Plots  I  and  II  shows  a  few  widely  displaced  points, 
especially  on  the  third  curve  for  red  lead.  All  con- 
ditions were  guarded  as  carefully  as  possible:  the 
electrolyte  was  kept  at  constant  level,  thus  preventing 
change  in  conductance  due  to  change  in  concentra- 
tion. Temperature  changes  were  watched.  The  re- 
sistance of  the  electrolyte  between  bare  iron  cathodes 
and  anodes  was  only  18.6  ohms,  which  formed  a  part 
of  the  resistance  of  the  total  circuit  of  about  119 
ohms.  This  being  the  case  and,  further,  the  temper- 
ature changes  in  the  tanks  being  small,  no  corrections 
were  made  in  the  current  readings.  These  corrections 
would  have  accounted  for  but  a  few  per  cent,  of  the 
wide  deviations  referred  to  above.  Except  for  a 
few  days  when  the  temperature  varied  18  ±4°,  it 
varied    only    19   ±2°.      The    change    in    solubility    of 


'ii    was    thus    very    small,    ami    could    iml     a. count 

i'i    tin'  deviations  anyway,   as   they   were  frequently 

in  the  wrong  direction. 

CONCLUSION. 

The  work  done  thus  far  indicates  thai  tin-  method 
is  sound  in  principle,  reasonably  practicable,  and 
reliable,  in  that  under  the  same  conditions  of  testing, 
results  can  be  duplicated.  It  determines  definitely, 
and  under  artificial  conditions  made  as  nearly  natural 
as  possible,  the  excluding  power  of  any  paint  film 
against  water  and  air.  As  regards  the  testing  of 
paints  for  use  on  iron  and  steel,  the  method  should 
develop  into  one  of  especial  value,  as  the  nature  of 
the  corrosion  through  the  painted  surfaces  (according 
to  the  electrolytic  theory  of  corrosion)  is  entirely 
analogous  to  the;  mechanism  of  the  reactions  in  the 
paint  cell. 

It  has  further  been  shown  that,  at  least  under  the 
conditions  maintained  in  the  test — and  it  is  probably 
true  to  varying  degrees  under  conditions  of  actual 
service — films  prepared  from  certain  of  the  pigments 
experimented  with  possess  a  marked  depolarizing 
action.  This  may  be  in  part  the  saturation  of  un- 
saturated bonds  in  the  linoxyn  by  addition  of  nascent 
hydrogen,  as  it  has  been  shown  that  linoxyn  will 
depolarize  hydrogen  under  the  conditions  main- 
tained; and  it  may  be  due  in  part  to  depolarizing 
properties  possessed  by  the  pigments  themselves; 
but  it  appears  that  the  rate  of  depolarization  is  de- 
termined largely  by  the  character  of  the  whole  film — 
that  is,  pigment  and  vehicle  combined.  Increasing 
the  porosity  or  the  thinness  of  a  film  makes  it  possible 
for  the  depolarizing  action  to  appear,  but  it  appar- 
ently does  not  necessarily  cause  it  to  appear.  The 
exact  nature  of  the  depolarizing  action,  and  its  true 
relation  to  the  thickness  of  the  film  will  be  investi- 
gated more  fully  in  the  future. 
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A  SHORT  METHOD  FOR  THE   DETERMINATION    OF    SOL- 
UBLE ARSENIC  IN  COMMERCIAL  LEAD    ARSENATES. 

By  B.  E.  Curry  and  T.  O.  Smith. 
Received  October  23.  1911. 

As  the  result  of  a  request  for  an  immediate  report 
on  the  amount  of  soluble  free  arsenic  oxid  in  a  sample 
of  commercial  lead  arsenate,  the  writers  began  a 
series  of  experiments  to  develop  a  method  of  analysis 
which  would  give  satisfactory  results  without  incurring 
the  tedious  shaking  of  two  liter  bottles,  eight  times 
daily  for  ten  days  as  in  the  procedure  outlined  in  the 
standard  A.  O.  A.  C.  method  for  this  determination. 

Since    it   was    desired    mainly   to   reduce    the  time, 
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the  method  which  naturally  suggested  itself  was 
one  of  determining  the  amount  of  continuous  stirring 
at  room  temperature,  that  would  be  equivalent  to 
the  eighty  shakings  at  intervals  during  ten  days. 
Accordingly  the  samples  were  placed  in  a  thermostat 
at  20°  C.  and  stirred  continuously  by  means  of  a  hot 
air  engine. 

In  order  that  the  results  might  be  directly  compar- 
able with  the  results  obtained  by  the  A.  O.  A.  C. 
method  it  was  necessary  to  use  two  liter  bottles  or 
less  than  two  gram  samples  of  lead  arsenate.  The 
thermostat  available  would  not  conveniently  carry 
bottles  with  a  capacity  of  more  than  500  cc.  and  it 
did  not  seem  advisable  to  use  less  than  two  gram  sam- 
ples. 

A  few  preliminary  determinations  demonstrated 
that  more  than  eighteen  hours  of  continuous  stirring 
did  not  appreciably  increase  the  amount  of  arsenic 
oxid  in  solution.  Also  these  results  showed  that 
no  obvious  direct  relation  existed  between  the  A.  O. 
A.  C.  results,  and  those  obtained  by  continually  stirring 
two  gram  samples  in  the  thermostat  with  500  cc.  of 
water.  The  solubility  of  the  lead  arsenate  itself 
entered  in  and  caused  the  difference  between  results 
obtained  by  the  two  methods.  The  difference  in  the 
volumes  of  water  used  in  the  two  methods  amounted 
to  1500  cc.  This  quantity  of  water  dissolves  a  con- 
siderable amount  of  lead  arsenate. 

This  consideration  involved  a  side  problem.  It 
has  been  pointed  out  by  others,  that  arsenate  of 
lead  may  mean  the  triplumbic  arsenate  Pb3(As04)2 
or  plumbic  hydrogen  arsenate  PbHAs04.  Most  com- 
mercial samples  may  consist  of  a  mixture  of  these 
two,  the  amount  of  each  depending  upon  the  method 
and  the  conditions  under  which  the  precipitation  was 
made.  It  is  evident,  also,  that  in  some  cases  the  by- 
products formed  in  the  process  of  manufacture  have 
not  been  washed  out.  In  some  samples  the  odor  of 
acetic  acid,  which  is  formed  when  lead  arsenate  is 
made  from  lead  acetate  and  di-sodium  arsenate, 
would  indicate  that  this  step  in  the  manufacture 
had  probably  gone  no  farther  than  the  filter  press. 

Based  on  the  theoretical  percentage  of  As205  in  lead 
arsenates  consisting  of  mixtures  of  Pb3(As04)3  and 
PbHAsO,  and  also  upon  the  analysis  of  a  number 
of  samples  from  some  of  the  leading  manufacturers, 
it  is  evident  that  most  commercial  grades  carry 
from  25  per  cent,  to  33  per  cent,  of  As206  in  the  mois- 
ture-free product.  As  the  solubility  of  these  lead 
arsenates  is  low  the  variation  within  these  limits 
is  slight  and  a  solubility  factor  may  be  determined 
which  introduces  no  appreciable  error  within  this 
range. 

Lead  arsenate  is  generally  put  on  the  market  in 
air-tight  containers  in  order  to  keep  it  in  a  moist 
condition  until  ready  for  use.  After  it  has  once  been 
dried  it  is  much  more  difficult  to  keep  in  suspension. 
Phis  fact  suggested  the  relative  rate  of  solubilities 
of  the  dry  arsenate  and  the  commercial  form  which 
usually  contains  about  40  per  cent,  to  60  per  cent. 
moisture.  Investigation  showed  that  the  moist  sam- 
ple reached  its  maximum  solubility  in  about  18  hours, 


while  the  dry  sample  required  several  days.  Be- 
cause of  this  difference  in  the  rate  of  solubility  it  is 
better  to  determine  the  water  and  then  weigh  out 
an  amount  of  the  moist  sample  equivalent  to  two 
grams  of  dry  lead  arsenate.  All  the  following  de- 
terminations were  made  on  moist  samples.  To 
overcome  the  inconvenience  of  washing  the  moist 
sample  from  a  weighing  tube  or  watch  glass,  a  small 
piece  of  oiled-paper  may  be  balanced  on  the  pan. 
The  sample  is  weighed  on  this  paper  and  the  paper 
then  transferred  to  the  jar.  It  is  necessary  to  stir 
the  sample  well  into  suspension  with  a  glass  rod  be- 
fore placing  the  jar  in  the  thermostat. 

Several  experiments  were  made  to  determine  the 
time  required  to  bring  the  lead  arsenate  and  water 
into  equilibrium.  It  was  found  that  with  the  tempera- 
ture at  20  °  C.  the  maximum  time  was  for  all  practical 
purposes  not  more  than  18  hours.  Satisfactory  re- 
sults were  had  where  stirring  had  been  continued 
only  twelve  hours.  This  makes  it  easily  possible 
to  complete  the  determination  the  second  day.  By 
the  A.  O.  A.  C.  method  the  report  is  delayed  until 
the  eleventh  day. 

When  500  cc.  jars  are  used  as  in  these  experiments, 
a  200  cc.  portion  of  the  solution  is  a  satisfactory 
amount  for  analysis.  Most  lead  arsenate  solutions 
do  not  subside  rapidly.  In  order  to  obtain  a  solution 
free  from  solid  lead  arsenate  it  is  usually  necessary 
to  pour  the  contents  of  the  jar  on  a  filter  and  take 
the  sample  for  analysis  from  the  filtrate.  In  a  few 
samples  of  commercial  lead  arsenate,  small  amounts 
of  arsenious  oxid  were  found.  The  exact  amount 
may  readily  be  determined  by  simply  adding  to  this 
200  cc.  portion,  the  starch  and  bi-carbonate  and  ti- 
trating with  a  standard  iodine  solution. 

As203  +  4I   +  2H20  =  As205  +  4III. 

The  addition  of  bi-carbonate,  starch  and  iodine 
solution  does  not  interfere  with  the  subsequent  de- 
termination of  arsenic  oxide.  In  the  reduction 
the  bicarbonate  is  neutralized,  the  starch  is  con- 
verted into  sugar  and  in  the  acid  solution  the  iodine 
becomes  a  reducing  agent.  Since  arsenious  oxid 
is  not  always  present,  it  is  desirable  to  test  for  it  quali- 
tatively in  a  part  of  the  solution  remaining  after  the 
two  samples  of  200  cc.  each  have  been  taken. 

The  reduction  of  the  arsenic  oxide  to  arsenious 
oxide  in  the  200  cc.  sample  is  readily  accomplished 
by  the  modified  method  of  Mohr.  In  this  laboratory, 
5  cc.  of  sulphuric  acid  and  one  gram  of  potassium 
iodide  are  added  to  the  sample  in  a  400  cc.  beaker 
and  the  solution  boiled  until  the  volume  is  reduced 
to  40  or  50  cc.  The  solution  is  then  cooled  and  diluted 
to  about  150  cc.  In  most  cases  the  iodine  will  not 
all  have  been  removed  and  the  solution  will  retain 
a  yellow  color.  This  excess  of  iodine  is  removed  by 
the  addition  of  twentieth  normal  sodium  thiosulphate 
solution  added  carefully  from  a  burette. 

2I   +  2Na2S203  =   Xa2S,()e  +  2NaI. 

If  the  flask  or  beaker  is  of  colorless  glass  and  set 
on   a   white   plate   carefully   screened    from    reflected 
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colors,  n  is  not  necessarj  to  add  starch  to  determine 
the  end  point.  The  addition  oJ  the  starch  here  is 
undesirable  as  will  be  noted  later,  and  under  these 
conditions  the  disappearance  ol  the  yellow  due  to 
the  presence  oi  iodine  gives  a  satisfactory  end  point. 

Alter  the  excess  of  iodine  is  removed  the  clear 
solution  is  made  slightly  alkaline.  A  sodium  hy- 
droxid  solution  is  more  convenient  and  rapid  for  this 
purpose  than  sodium  carbonate  and  gives  satisfactory 
results.  'The  solution  is  again  made  acid  with  a  few 
drops  of  dilute  sulphuric  acid  and  stirred  well  to  make 
certain  that  all  alkali  is  neutralized;  the  solution 
is  made  alkaline  again  with  sodium  bicarbonate 
and  is  ready  for  titration.  A  considerable  excess 
of  bicarbonate,  as  is  sometimes  recommended,  has 
not  been  found  necessary  in  these  experiments.  The 
solution  is  titrated  with  a  standard  iodine  solution 
according  to  the  equation  given  for  the  oxidation  of 
free  arsenious  oxid  in  the  original  solution.  Various 
comments  have  been  made  on  the  use  of  starch  as  an 
indicator  in  this  reaction  and  many  methods  proposed 
for  eliminating  its  objectionable  features.  A  number 
of  these  methods  were  tried  in  these  experiments. 
The  digestion  of  the  starch  in  dilute  hydrochloric 
acid  for  twenty-four  hours  and  subsequent  drying 
at  ioo°  C.  for  three  hours  is  not  entirely  without 
merit,  but  was  not  found  necessary  when  a  good  starch 
was  procured  and  well  boiled.  The  addition  of  three 
drops  of  a  ten  per  cent,  solution  of  potassium  iodide 
increases  the  delicacy  of  the  end  point  when  only 
a  part  of  a  cubic  centimeter  of  iodine  solution  is  used. 
When  a  larger  amount  is  used  the  potassium  iodide 
in  the  iodine  solution  itself  serves  the  purpose  and 
makes  further  addition  unnecessary. 

In  a  few  samples  the  lead  was  removed  as  sulphate 
before  beginning  the  analysis  for  arsenic;  but,  with  the 
amount  of  lead  present  in  these  samples,  its  presence 
was  not  found  objectionable.  The  number  of  cases  in 
which  this  was  investigated,  however,  and  the  small 
amounts  of  lead  present  in  all  the  samples  preclude 
any  generalization  as  to  how  far  this  statement  will 
hold  true. 

The  results  thus  obtained  include  all  arsenic  oxid 
in  solution  and  are  lower  than  those  obtained  byT  the 
A.  O.  A.  C.  method.  This  is  because  the  solubility 
of  lead  arsenate  is  left  out  of  consideration  and  the 
volumes  of  water  are  unequal.  In  order  to  fix  the 
relation  between  the  results  obtained  by  the  two 
methods  it  was  necessary  first  to  determine  the  solu- 
bility of  lead  arsenate.  Accordingly,  a  number  of 
samples  were  prepared  in  the  laboratory  and  a  number 
of  commercial  samples  were  selected  and  washed 
as  free  as  possible  from  by-products  with  distilled 
water.  The  solubility  of  the  lead  arsenate  in  these 
samples  was  determined  by  stirring  at  20 °  in  the 
thermostat  and  also  by  the  A.  O.  A.  C.  method.  It 
was  found  that  the  amount  of  soluble  arsenic  deter- 
mined by  the  A.  0.  A.  C.  method  was  exactly  four 
times  as  much  as  that  found  by  the  short  method, 
the  amounts  being  directly  proportional  to  the 
volumes  of  water  used  in  the  different  methods.  The 
average  of  the  results  obtained  by  the  A.   0.   A.   C. 


method  calculated  to  percentage  was  0.605  pei 

while  the  average  oi    the   results  obtained  by  the     tlQtl 

method     was    O.15]     per    cent.       These     results     ini 

the    blank    for    tin     end    point    in    the    titration.       The 

results  obtained  by  both  methods  agrei    very  closely. 

In   order  to  obtain  the  amount,  of  soluble  arsenic  not 

in    the    form    of    lead    arsenate    the     above 

should  be  subtracted   from   tin    total  amount   ol    soluble 

arsenic. 

Manufacturers  supplied  us  with  17  samples  ol  lead 
arsenate  which  carried  various  amounts  of  soluble 
arsenic     oxid.      These       samples       were     analyzi 

soluble    arsenic    by    the    short    method    outlined    

and  also  by  the  A.  0.  A.  ('.  method.  The  results 
of  these  determinations  are  given  in  Table  I.  In 
this  table,  column  2  gives  the  results  obtained  by  the 
short  method;  column  3  shows  the  results  obtained 
by  the  A.  ().  A.  C.  method.  No  corrections  are  made 
in  these  columns  for  the  solubility  of  lead  arsenate. 
These  results  give  the  total  percentage  of  soluble 
As,06.      These  samples  contained  no  soluble  arsenious 


Table  I. 

Per  cent, 
soluble  arsenic. 
Short  method 

Per  cent. 

soluble  arsenic. 

A.  O.  'A.  C. 

method 

Per  cent,  of 

Per  cent. 

corrected  for 

corrected  for 

soluble  arsenic 

soluble  arsenic 

solubility 

solubility 

Lab.  no. 

by  short 

by  A.  O.  A.  C. 

of  lead 

of  lead 

of  sample 

method. 

method. 

arsenate. 

arsenate. 

1 

0.26 

0.70 

0.11 

0.10 

2 

0.37 

0.81 

0.22 

0.21 

3 

0.37 

0.85 

0.22 

0.25 

4 

0.44 

0.83 

0.29 

0.23 

5 

0.40 

0.85 

0.25 

0.25 

6 

0.40 

0.91 

0.25 

0.31 

7 

0.41 

0.92 

0.26 

0.32 

8 

0.44 

0.92 

0.29 

0.32 

9 

0.46 

0.96 

0.31 

0.36 

10 

0.66 

1  .12 

0.35 

0.52 

11 

0.77 

1  .26 

0.62 

0.66 

12 

0.96 

1  .50 

0.81 

0.90 

13 

1  .22 

1  .79 

1  .07 

1  .19 

14 

1  .42 

1  .98 

1  .27 

1  .38 

IS 

1.99 

2.50 

1  .84 

1.90 

16 

2.61 

3.03 

2.46 

2.43 

17 

3.24 

3.78 

3.09 

3.18 

oxid.  Column  4  shows  the  results  obtained  by  the 
short  method  after  subtracting  the  factor  0.151  per 
cent,  for  the  solubility  of  the  arsenate  of  lead.  Column 
5  shows  the  results  by  the  A.  0.  A.  C.  method  after 
making  the  correction  of  0.605  per  cent.  The  results 
given  in  columns  4  and  5  are  practically  identical. 

Referring  still  to  the  table  it  is  at  once  obvious 
that  by  correcting  for  the  solubility  of  lead  arsenate 
that  the  results  determined  by  either  method  may 
be  quickly  changed  to  terms  of  the  other.  The 
corrected  results  obtained  by  the  short  method  give 
only  the  soluble  arsenic  oxid  uncombined  with  lead 
oxid.  On  this  account  it  more  truly  tells  the  nature 
and  qualitv  of  any  commercial  lead  arsenate. 

The  A.  O.  A.  C.  method  gives  results  uniformly 
0.605  Per  cent,  higher  than  the  corrected  results  given 
by  the  shorter  method.  Stated  otherwise,  when 
0.605  Per  cent,  is  added  to  the  results  obtained  by 
this  method  the  results  become  the  same  as  those 
obtained  by  the  A.  O.  A.  C.  method  and  with  the 
expense  of  much  less  time.      The  result  of  this  method 
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as  given  in  column    4    gives  the  soluble  arsenic  oxid 
not  combined  with  lead  oxid. 

The  method  outlined  in  this  paper  gives  a  rapid 
and  accurate  procedure  for  determining  soluble  arsenic 
oxid  in  commercial  lead  arsenate.  It  is  pointed  out 
that  the  solubility  of  lead  arsenate  affects  the  total 
amount  of  soluble  arsenic  oxid  and  a  correction  is 
worked  out  which  gives  the  amount  of  soluble  arsenic 
oxid  not  combined  with  lead  oxid. 

New   Hampshire 
Agricultural  Experiment  Station. 
Durham,   New   Hampshire. 


VALUATION  OF  FLUORSPAR. 

By    E.    BlDTEL. 

Received  January  2,  1912. 

In  the  commercial  analysis  of  fluorspar  the  deter- 
minations usually  required  are  calcium  fluoride, 
silica  and  calcium  carbonate;  in  some  particular  cases 
lead,  iron,  zinc  and  sulfur.  We  have  received  several 
calls  for  percentage  of  barium  sulfate  but  the  most 
careful  qualitative  tests  have  failed  to  show  the 
presence  of  this  mineral,  as  will  be  shown  later,  in 
either  what  is  known  as  Rosiclare  or  Fairview  fluor- 
spar. 

There  is  no  practical  method  for  the  separation 
of  fluorine  from  silica  and  of  determining  fluorine 
direct  in  its  ore.  which  answers  the  commercial  re- 
quirements of  a  mine  laboratory.  The  usual  prac- 
tice followed  by  most  chemists  is  to  determine  the 
total  calcium  oxide  and  to  calculate  from  this  the 
amount  of  calcium  fluoride,  after  deducting  the 
amount  equal  to  the  calcium  carbonate  present,  this 
latter  being  determined  from  a  separate  sample  in 
the  usual  way  by  absorbing  the  liberated  carbonic 
acid  in  soda-lime  tubes.  This  method  would  be  correct 
if  all  the  calcium  present  were  combined  with  either 
carbonic  acid  or  fluorine  and  all  the  carbonic  acid 
present  combined  with  calcium.  The  first  assumption 
is  probably  correct  as  all  our  experiments  go  to  prove 
this,  but  the  latter  we  know  is  wrong,  for  lead  carbon- 
ate, zinc  carbonate  and  iron  carbonate  are  frequently 
present,  especially  in  the  gravel  fluorspar.  Con- 
sequently, the  calculated  amount  for  calcium  carbonate 
will  be  too  high  and  the  calcium  fluoride  in  consequence 
will  be  too  low. 

In  view  of  the  above  error,  I  have  found  it  better 
to  dissolve  all  carbonates  from  the  sample  by  acetic 
acid,  leaving  the  calcium  fluoride  and  silica  as  a  resi- 
due on  the  liltcr  ready  for  the  determination  of  both 
silica  and  calcium  fluoride.  It  must  be  remembered 
that  calcium  fluoride  is  slightly  soluble  in  acetic  acid. 
I  have  reduced  this  solubility  to  a  factor  which  I 
use  in  my  calculations.  Generally  the  amount  of 
calcium  carbonate  present  is  greatly  in  excess  of  the 
other  carbonates,  so  that  frequently  it  will  be  suffi- 
ciently accurate  for  commercial  purposes  to  report 
the  amount  soluble  in  acetic  acid  after  deducting  the 
amount  of  calcium  fluoride  soluble  in  this  acid  as 
calcium  carbonate.  It  is  to  be  remembered  that  at 
int  there  is  opportunity  for  another  small  error 


which,  however,  is  limited,  varying  with  the  amount 
of  base  metals  present;  should  they  be  present  in 
considerable  quantities  the  residue  must  be-  weighed, 
after  drying  at  no0  C,  to  avoid  an  error  caused  by 
their  oxidation.  Ordinarily,  however,  this  oxidation 
is  so  small  that  it  need  not  be  taken  into  account. 
In  the  separation  of  carbonates  and  ignition  of  resi- 
due, the  loss  will  also  include  small  amounts  of  water, 
volatile  and  organic  matter.  The  residue  left  insolu- 
ble in  acetic  acid  contains  all  the  silica  originally  pres- 
ent in  the  ore.  The  silica  is  now  determined  by 
volatilizing  the  same  as  silicon  fluoride.  The  pres- 
ence of  sulfides  of  iron,  zinc  and  lead  must  be  con- 
sidered, and  for  this  reason  I  have  found  it  best  to 
oxidize  the  sulfides  in  the  residue  by  heating  with  mer- 
curic oxide  before  evaporating  with  hydrofluoric 
acid.  In  this  operation  lead  sulfide  is  entirely  oxid- 
ized to  lead  sulfate,  but  the  ferruginous  zinc  sulfide 
is  but  slightly  acted  upon  and  remains  unaffected  by 
hydrofluoric  acid,  in  so  far  as  final  results  are  con- 
cerned, as  shown  by  analysis  of  synthetical  samples 
of  known  percentages. 

In  regard  to  the  determination  of  calcium  fluoride, 
I  avoid  decomposing  the  sample  and  eliminate  the 
calcium  fluoride  by  treating  the  residue  obtained  from 
the  silica  determination  with  hydrofluoric  acid  to 
transform  the  iron  oxide  into  iron  fluoride  and  ex- 
tracting the  same  together  with  the  lead  and  zinc 
by  solution  of  ammonium  acetate  containing  ammo- 
nium citrate.      The  method  as  used  at  present  follows: 

Weigh  into  a  small  Erlenmeyer  flask  one  gram  of 
the  finely  powdered  sample,  add  10  cc.  of  ten  per 
cent,  acetic  acid,  cover  with  a  short-stemmed  glass 
funnel  and  heat  on  a  water  bath  for  one  hour,  agita- 
ting from  time  to  time.  Filter  through  a  7  cm.  ash- 
less filter,  wash  with  warm  water  four  times  and  burn 
off  the  filter  paper  in  a  weighed  platinum  crucible 
at  a  temperature  as  low  as  possible.  The  loss  in  weight 
minus  0.0015  gram  (the  amount  of  calcium  fluoride 
soluble  in  acetic  acid  under  the  conditions  named) 
is  calcium  carbonate. 

Add  to  the  residue  in  the  platinum  crucible  about 
one  gram  of  yellow  mercuric  oxide  in  the  form  of  an 
emulsion  in  water;  break  up  any  hard  lumps  that 
may  have  formed;  evaporate  to  dryness  and  heat 
to  a  dull  red  heat;  cool  and  weigh.  Add  about  2  cc. 
of  hydrofluoric  acid  and  evaporate  to  dryness,  repeat- 
ing this  operation  twice,  using  1  cc.  of  hydrofluoric 
acid  in  each  of  the  last  two  operations.  Add  a  lew- 
drops  of  hydrofluoric  acid  and  some  macerated  lil- 
tcr paper,  as  recommended  by  Dittrich,  then  a  lew- 
drops  of  ammonium  hydroxide  to  precipitate  the  iron 
and  evaporate  to  dryness.  Meat  to  a  dull  red  heat. 
cool  and  weigh;  the  loss  in  weight  is  reported  as  silica. 
Now  add  i  cc  oi  hydrofluoric  acid  ami  a  few  drops  of 
nitric  acid,  cover  the  crucible  with  its  lid  and  place 
on  a  moderately  warm  water  bath  thirl  \  minutes; 
remove  the  lid  and  evaporate  to  dryness.  It  the  con- 
tents of  the  crucible  arc  not  now  perfectly  white, 
evaporate  again  with  hydrofluoric  acid,  add  a  few 
drops   oJ    hydrolluon  d    [0   CC.    of   the  solution 

of     ammonium    acetate     (this    ammonium     acetate     is 
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prepared  .is  follows:  neutralize  very  carefully  400  cc. 

!  t  y    per   cent,    acetic    acid    in    a    liter    flask    with 

ammonium  hydrate;  add  twenty  grams  of  citric 


Average  samples  of  different  car  loads  showed  the 

following    i" bage,    one    gram    ol     material    being 

taken  for  analysis: 


Ca!  1  ■, 

Soluble 

obtained  by 

CaP> 

Averagi    | 

in  acetir  add 

Weighed 

decom]  osil  Ion 

equal 

0.29  per 

less  0.15 

b  1  i  aFj 

Willi     II;.MI, 

to  CaSO 

1 « in 

SH  lj. 

Average. 

per  cent. 

Average. 

f  99.07 

172.75 

99.06 
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( 

0.44      ' 

1 

<      0.20      ) 

Keystone 

ground. 

}  99.01 
(  99.06 
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99.01 
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s 
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I 

0.26 
1      0.27       ) 
f      0  88      1 

0  24 
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96.76 

s 
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1 
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1 
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4.23 

(  89.38 
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CuCO:,  equal 
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acid  and  fill  up  to  the  mark  with  strong  ammonium 
hydrate).  Digest  on  a  boiling  water  bath  for  thirty 
minutes;  filter  and  wash  by  decantation  with  hot 
water  containing  a  small  amount  of  the  ammonium 
acetate  solution  just  described,  then  with  pure,  hot 
water;  ignite  in  the  same  crucible  and  weigh.  The 
residue  should  be  perfectly  white  and  should  be  pure 
calcium  fluoride.  To  test  this,  add  2  cc.  of  sulfuric 
acid,  heat  to  decompose  the  calcium  fluoride,  and 
evaporate  the  excess  of.  sulfuric  acid;  repeat  this 
operation,  using  1  cc.  of  sulfuric  acid.  Now  weigh 
the  calcium  sulfate,  add  five  or  six  grams  sodium 
carbonate,  fuse  and  dissolve  in  hydrochloric  acid  in 
slight  excess;  should  a  white  precipitate  occur  at  this 
point  it  will  indicate  the  presence  of  barium. 

To  prove  this  method  I  selected  clear  crystals  of 
fluorspar,  pulverized  the  same  and  purified  it  by 
treating  with  acetic  acid,  hydrofluoric  acid  and  am- 
monium acetate;  the  washed,  dried  and  ignited  pow- 
der was  decomposed  by  sulfuric  acid  and  the  calcium 
sulfate  weighed.  By  taking  an  average  of  six  deter- 
minations 0.3875  gram  of  this  fluorspar  formed 
°- 67555  gram  of  calcium  sulfate  equal  to  99.97  per 
cent,  calcium  fluoride.  One  gram  of  this  fluorspar 
treated  as  described  showed  the  following  results  as 
an  average  of  twelve  determinations: 

Gram. 

Loss  in  weight  by  treating  with  acetic  acid 0.0015 

Loss  in  weight  by  treating  with  HgO  and  HF 0.0002 

Loss  in  weight  by  treating  with  ammonium  acetate 0.0012 


The  amount  of  calcium  fluoride  lost  in  these  differ- 
ent manipulations  was  0.0029  &ram.  or  o.  29  per  cent., 
if  we  take  one  gram  for  analysis.  I  now  analyzed 
mixtures  of  material  of  known  percentage  similar  in 
composition  to  fluorspar  and  obtained  the  following 
results,  using  one  gram  for  analysis: 


CaF2. 

Si02- 

CaC03. 

PbS. 

ZnFeS. 

Taken 

...      85 . 1 1 

6.66 

5.59 

1.50 

1.14 

Found 

...      85.07 

6.61 

5.57 

Taken 

...      80.05 

7.71 

7.92 

2.50 

1.82 

Found 

80.03 

7.70 

7.87 

Taken 

...      78.45 

8.32 

10.40 

1.40 

1.43 

Found 

...      78.41 

8.29 

10.34 

The  calcium  sulfate  obtained  by  decomposition  of 
fluorspar  was  fused  with  sodium  carbonate  and  the 
cake  dissolved  in  hydrochloric  acid.  The  solution 
was  perfectly  clear,  showing  a  total  decomposition 
of  the  fluorspar  and  the  absence  of  barium. 

As  our  fluorspar  does  not  contain  any  gypsum 
and  heavy  spar,  I  did  not  investigate  its  influence  on 
the  calcium  fluoride  determination,  but  it  is  evident 
that  small  amounts  of  calcium  sulfate  will  be  leached 
out,  if  present,  together  with  the  carbonates.  Barium 
sulfate  is  easy  to  detect  and  can  be  determined  as 
usual. 

The  only  constituent  of  injurious  influence  would 
be  any  silicate  containing  calcium.  F.  Julius  Fohs, 
in  Bulletin  9  of  the  Kentucky  Geological  Survey, 
states  the  following  silicates  occurring  associated  with 
Kentucky  fluorspar:  Apophyllite,  Datolite,  Des- 
mine,  Epidote,  Laumontite  and  Natrolite.  Apophyl- 
lite and  Natrolite  cannot  be  present  in  the  fluorspar 
because  there  are  no  alkalies  to  detect.  The  same 
with  Datolite.  I  could  not  find  any  trace  of  boron; 
Desmine  and  Laumontite  cannot  be  present  in  any 
considerable  amount,  there  being  only  very  small 
amounts  of  aluminum  in  the  spar. 

I  have  made  a  support  of  aluminum  which  enables 
me  to  handle  six  crucibles'  at  a  time  and  I  can  finish 
six  analyses  in  ten  hours. 

Laboratory  Fairview  Fluor- 
spar and  Lead  Co., 
Golconda.  III. 


DETERMINATION  OF    MANGANESE  IN  STEEL. 

By  James  J.  Boyle. 

Received  December  15,  1911. 

After  successively  trying  for  some  time  the  color 
method,  Johnson's  lead  peroxide-sodium  arsenite  titra- 
tion method  and  the  ammonium  persulphate-sodium 
arsenite  titration  method  for  manganese  in  steel  with 
varying  success,  the  writer   has    adopted    a    suggested 


Mar.,  1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


203 


modification  of  the  latter  method  which  gives  better 
and  more  concordant  results,  closely  approaching  the 
bismuthate  method  in  accuracy. 

Experience  has  shown  that  the  color  method  can- 
not be  used  with  all  kinds  of  steel,  as  various  shades 
of  color  are  obtained,   which   do  not  compare  well. 

Johnson's  method  gives  fairly  good  results.  The 
chief  objection  is  that  some  solution  upon  decanting 
is  always  left  in  the  test  tube,  the  error  increasing  as 
the  manganese  in  the  steel  varies  from  the  manganese 
content  of  the  steel  used  in  standardizing  the  sodium 
arsenite  solution. 

Furthermore,  various  shipments  of  lead  peroxide 
did  not  have  the  same  oxidizing  power. 

Using  Walter's  persulphate  method,  and  titrating 
the  permanganic  acid  obtained  with  sodium  arsenite, 
gives  gratifying  results,  providing  the  permanganic 
acid  is  kept  ice-cold. 

In  first  trying  this  method  in  warm  weather, 
difficulty  was  experienced  by  the  solution  rapidly 
re-oxidizing,  so  that  unless  the  arsenite  was  run  in 
rapidly,  the  results  obtained  were  poor. 

It  was  found  that  if  the  solution  was  warmed  a  few 
minutes  after  the  titration  was  made,  re-oxidation 
would  be  so  complete  that  if  again  titrated  as  before, 
a  practical  check  could  be  obtained. 

By  keeping  the  solution  ice-cold,  there  is  no  oxida- 
tion and  good  results  are  obtained,  providing  the 
operator  is  familiar  with  the  end  point,  which  is  a 
suggestion  of  yellow,  free  from  pink  tints. 

A  modification  of  this  method  was  worked  out, 
which  produced  better  results.  Briefly,  the  method 
is:  1 

Weigh  out  one  gram  of  steel,  dissolve  with  100  cc. 
of  nitric  acid  (sp.  gr.  1 .  20)  in  a  200  cc.  beaker  by 
placing  on  a  hot  plate  and  heating  till  no  more  brown 
fumes  appear.  Remove  from  the  hot  plate,  cool  and 
dilute  to  500  cc,  mixing  thoroughly. 

Take  100  cc.  of  the  well-mixed  solution,  corre- 
sponding to  0.2  gram  of  steel,  place  in  a  300  cc. 
Erlenmeyer  flask,  and  heat  on  the  water  bath  till 
warm. 

Add  15  cc.  of  silver  nitrate  (1.33  grams  per  liter) 
and  about  a  gram  and  a  half  of  ammonium  persul- 
phate, warming  about  a  minute  or  two  after  the  color 
commences  to  develop;  cool,  add  a  slight  excess  of 
sodium  chloride  (6  cc.  of  solution  containing  1 . 4 
grams  per  liter)  so  as  to  precipitate  all  the  silver; 
titrate  with  a  standard  solution  of  sodium  arsenite 
till  all  pink  shades  are  gone,  and  the  white  of  the  pre- 
cipitated silver  chloride  alone  remains. 

This  end  point  is  very  sharp  and  more  easily  deter- 
mined than  that  of  the  other  methods.  The  silver 
nitrate  being  all  precipitated,  no  re-oxidation  of  the 
reduced  permanganic  acid  can  occur. 

The  sodium  arsenite  was  standardized  against  a 
Basic  Open-Hearth  steel  of  the  Bureau  of  Standards, 
sample  No.  13-a,  the  results  obtained  by  the  various 
analysts  on  this  steel  being  more  concordant  than 
on  the  other  standard  samples. 


The  accuracy  of  this  method  was  noted   by  deter- 
mining the  manganese   in   four  Bureau   <>i    Standards 
samples   of   steel,    the   results   obtained   being    within 
one  per  cent,  of  the  general  averages  for  these  steels. 
Testing  Laboratory, 
American  Bridge  Company, 
Ambridge,  Pa. 


CARBON    DIOXIDE:    ITS  VOLUMETRIC    DETERMINATION. 
By  Leon  T.  Bowser. 

Some  time  ago  there  appeared  the  description  of 
a  procedure  devised  by  J.  C.  Mims1  for  the  volumetric 
determination  of  carbon  dioxide,  and  from  it  the 
writer  has  succeeded  in  evolving  an  accurate  and 
reliable  method.  There  are  no  new  reactions  involved, 
merely  an  adaptation  of  well-known  principles  to 
a  suitable  form  of  apparatus.  Stripped  of  details, 
the  procedure  is  essentially  that  of  releasing  carbon 
dioxide  by  means  of  hydrochloric  acid,  absorbing  it 
in  a  strong  alkaline  solution  and  measuring  the  ab- 
sorbed gas  by  titration  with  a  standard  acid. 

Absorption  is  accomplished  in  a  tower  especially 
designed  to  meet  the  conditions.  No  preliminary 
guard  tubes  are  necessary,  and  instead  of  rigidly 
excluding  water  from  contact  with  the  potash  solu- 
tion it  is  the  practice  to  distil  over  a  small  amount, 
thus  insuring  the  mechanical  carrying  over  of  residual 
carbon  dioxide  along  with  the  water  vapors. 

The  solution  previous  to  titration  contains  a  mixture 
of  potassium  hydroxide  and  carbonate,  since  bicar- 
bonates  do  not  exist  in  the  presence  of  alkaline  hy- 
droxides. In  titrating  with  an  acid,  using  phenol- 
phthalein  as  indicator,  disappearance  of  the  pink 
color  marks  the  point  at  which  all  hydroxide  has 
been  neutralized  and  the  normal  carbonate  has  been 
converted  to  bicarbonate  or,  in  other  words,  the  normal 
carbonate  has  been  half  neutralized. 

The  titration  being  continued,  after  adding  a  drop 
of  methyl  orange,  appearance  of  the  usual  acid  re- 
action denotes  complete  neutralization  of  the  bi- 
carbonate. 

The  volume  of  acid  used  in  the  latter  titration, 
then,  is  just  one-half  of  that  required  to  release  all 
the  carbon  dioxide  from  the  condition  of  a  normal 
carbonate.  It  follows  that  1  cc.  of  normal  acid 
used  in  the  titration  between  the  two  end  points 
is  equivalent  to  0.044  gram  C02. 

The  form  of  apparatus  used  is  shown  in  Fig.  1. 
F  is  a  flask  in  which  the  carbonate  is  decomposed  by 
an  acid,  which  is  introduced  through  a  small  sepa- 
ratory  funnel,  S.  That  used  by  the  writer  was  origi- 
nally part  of  a  Geissler  alkalimeter,  but  doubtless 
could    be    supplied    alone    by    dealers    in    apparatus. 

In  Fig.  2  is  shown  an  easily  made  substitute;  the 
entire  arrangement  should  be  as  small  as  possible, 
the  capacity  of  the  funnel  body  being  about  10  cc. 
The  necessity  for  the  constriction  at  the  top  will  be 
explained  presently.  The  condenser  C,  of  Fig.  1, 
is  specially  constructed  so  that  the  inner  tube  may  be 
quite  short  and  of  as  small  a  bore  as  possible.  All 
tubing  used  in  the  apparatus,  except  the  body  of  the 
tower,  is  of  2    mm.    internal  diameter,    which    allows 

1  Bull.  65,  156.  U.  S.  Bureau  of  Chemistry. 
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ven     littU-    :  1  dioxide  to  collect  and  pos 

m1.1v  escape  abs>  >]  p1  ii  m 

In  the  abst  i  1 1  wer  T,  there   are  two  pri 

requirements  to  be  fulfilled:  securing  complete  ab- 
sorption oi  i  !  making  the  construc- 
tion such  that  the  carbonated  solution  may  be  readily 
and   compleU-h    washed    out,    which   bars   the   use   of 


any  form  of  potash  bulb  such  as  employed  for  gravi- 
metric work.  It  is  believed  that  the  form  of  tower 
shown  meets  both  requirements  fully.  Merely  passing 
carbon  dioxide  through  an  unbroken  column  of  an 
alkaline  hydroxide  fails  to  give  complete  absorption; 
it  is  necessary  that  the  bubbles  be  completely  broken 
up  by  means  of  glass  beads  or  the  like. 

A  suitable  amount  of  sample,  usually  1  gram, 
is  now  introduced  into  a  100  cc.  Erlenmeyer  flask, 
then  about  50  cc.  of  water  are  added.  The  apparatus 
is  connected  up,  10  cc.  of  absorbing  solution  (50 
grams  KOH  in  100  cc.  solution)  pipetted  into  the 
tower,  and  sufficient  hydrochloric  acid  introduced 
through  S  to  decompose  all  the  carbonates  in  the 
flask.  A -word  of  caution  as  to  the  pro- 
cedure in  introducing  this  acid  may  not 
be  amiss.  First  closing  the  stopcock,  the 
acid  is  poured  into  the  body  of  the 
funnel,  then  a  piece  of  rubber  tubing  fitted 
over  the  upper  end,  constricted  for  this 
purpose.  The  admission  of  acid  to  the 
interior  of  the  flask  at  once  releases 
carbon  dioxide  and  produces  sufficient 
pressure  to  force  out  the  air,  which  finds 
it  easier  to  escape  through  the  funnel 
than  through  the  absorbing  tower,  and 
this  pressure  must  be  overcome  by  blowing 
through  the  rubber  tube.  With  very 
effervescent  carbonates  the  acid  is  intro- 
duced a  few  drops  at  a  time;  with  others  the  entire 
amount  is  added  at  once.  After  active  effervescence 
has  ceased  the  flask  is  gently  heated,  taking  care 
not  to   force  bubbles  through  the  tower  too  fast,  and 


Fig.  2. 


water  is  allowed  to  distil  over  until  the  tower  is 
nearly  filled, 

The  carbonated  solution  is  now  transferred  to  a 
100  cc.  volumetric  flask  as  follows:  The  bent  end  of 
the  inlet  tube  a  is  placed  in  the  neck  of  the  flask  and 
the  solution  forced  out  by  blowing  through  the  small 
outlet  tube  b  set  in  the  rubber  stopper.  This  stopper 
is  then  removed,  the  tower  filled  with  water  and  the 
latter  blown  into  the  flask.  Two  more  washings 
suffice  to  rinse  out  the  last  traces  of  alkaline  solution, 
when  the  contents  of  the  flask  are  made  up  to  volume. 
While  practical  experience  has  not  revealed  any 
trouble  from  contamination  by  the  carbon  dioxide 
of  the  breath,  yet  all  possibility  of  danger  may  be 
obviated,  if  desired,  by  interposing  a  soda-lime 
guard  tube  properly  connected. 

To  an  aliquot  of  25  cc.  in  a  250  cc.  beaker  or  other 
open  vessel  is  added  a  few  drops  of  phenolphthalein, 
followed  by  10-15  cc.  of  95  per  cent,  alcohol;  then 
acid  of  approximately  normal  strength  is  run  in  until 
the  color  begins  to  dim,  after  which  decinormal  acid 
is  used  to  complete  the  discharge  of  the  pink  color. 
The  burette  reading  is  recorded,  a  drop  of  methyl 
orange  added,  the  titration  continued  to  the  usual 
end  point,  and  a  second  reading  made.  After  sub- 
tracting the  equivalent  of  carbon  dioxide  in  the  re- 
agents ascertained  by  a  separate  blank  determina- 
tion, the  difference  between  the  two  readings,  multi- 
plied by  the  factor  0.0044  f°r  strictly  decinormal  acid, 
gives  the  grams  of  carbon  dioxide  in  the  aliquot, 
from  which  the  percentage  in  the  original  sample 
may  be  easily   found. 

It  is  probable  that  the  titration  will  be  found  the 
principal  difficulty  in  the  use  of  the  method.  Ordi- 
narily the  phenolphthalein  end  point  is  supposed  to 
give  no  trouble  of  any  kind,  but  it  is  very  apt  to  do 
so  nevertheless.  The  writer  has  discovered  that  the 
addition  of  a  small  amount  of  ethyl  alcohol  after 
introducing  phenolphthalein  entirely  eliminates  the 
difficulties  from  this  source,  but  without  such  a  pre- 
caution it  is  improbable  that  a  satisfactory  end  point 
can  be  secured.  A  fuller  explanation  of  this  difficulty 
and  the  simple  remedy  for  it  will  be  given  in  a  later 
paper.  During  this  part  of  the  titration  the  solution 
should  be  kept  rotating  vigorously,  since  any  local 
excess  of  acid  would  carry  the  reaction  on  to  the  point 
of  releasing  carbon  dioxide  from  the  bicarbonates 
in  the  immediate  vicinity. 

In  the  addition  of  methyl  orange  not  more  than 
one  drop  should  be  added  to  25  cc.  of  the  carbonated 
solution.  When  this  amount  is  used  the  change 
of  color  is  quite  easily  noted,  but  the  presence  of 
larger  quantities  renders  observation  of  the  color  change 
a  matter  of  difficulty.  The  end  point  to  observe  is 
when  the  clear  lemon-yellow  of  the  alkaline  solution 
becomes  a  shade  darker  from  the  admixture  of  pink 
of  the  beginning  acid  reaction.  Dark  days  or  poor 
light  render  the  observation  difficult.  When  the  acid 
used  for  the  titration  is  as  strong  as  decinormal  the 
color  change  is  noticeable  to  the  unaided  eye,  but 
for  acids  more  dilute  it  is  advisable  to  have  at  hand 
a  comparison  solution  of  the  same  tint  as  the  titrated 
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olution  when  alkaline,  and  the  slightest  difference 
if  color  is  then  easily  noted.  Even  with  the  aid  of 
his  device  a  considerable  amount  of  care  must  be 
xercised  should  an  acid  as  dilute  as  centinormal 
>e  in  use,  but  with  care  and  proper  light  even  then 
he  end  point   is   distinguishable   with   accuracy. 

After  the  development  of  the  method  a  large  number 
if  determinations  was  made,  nearly  every  one  of  which 
vas  very  satisfactory.  In  the  table  is  presented  a 
ummary  showing  the  general  run  of  results.  In 
ixplanation  it  may  be  noted  that  in  some  cases  two, 
n  others  three  titrations  were  made  on  aliquots  from 
he  same  flask,  given  in  the  column  headed  "Successive 
iliquots,"  while  the  average  of  these  titration  results 
s  to  be  found  under  "On  det."  The  last  column 
fives  the  average  of  all  determinations  on  each  salt. 


Per  cent.  C02  found. 


Salt 
Mo.  used. 

1 Na2C03 


K2ca3 


Per  cent. 

CO2 

taken. 


CaC03 


22.32 
29.75 


Successive 
aliquots. 
41.10 
41.27 
41.10 
41.27 
31.15 
31.15 
31.15 
31.24 
43.91 
44.00 
44.00 
44.09 
43.91 
43.83 
43.91 
44.00 
22.09 
22.35 
22.53 
22.53 
22.35 
22.53 
22.35 
22.35 
22.35 
29.57 
29.92 
29.75 
29.83 


Of  the  salts  used  the  latter  three  had  been  freshly 
opened,  and  presumably  were  of  nearly  the  theoretical 
composition.  In  the  case  of  sodium  and  potassium 
carbonates  the  bottles  had  been  opened  several  times 
previously  and  it  was  thought  some  moisture  might 
have  entered.  On  this  account  the  carbon  dioxide 
content  was  carefully  determined  by  direct  titration 
with  a  standard  acid,  giving  the  percentages  shown 
under  "Per  cent.  C02  taken,"  both  of  which  are  slightly 
below  theoretical.  All  five  salts  were  J.  T.  Baker's 
analyzed  products,  purchased  especially  for  the  pur- 
pose. As  may  be  noted  the  average  results  are, 
in  all  but  one  case,  slightly  lower  than  theoretical, 
which  is  as  it  should  be,  since  slight  traces  of  im- 
purities and  moisture  are  nearly  certain  to  be  present. 
As  a  whole  this  series  is  very  satisfactory  and  shows 
that  the  method  is  not  lacking  in  accuracy.  Equally 
favorable  results  have  been   obtained   in  the  case  of 


samples  in  which  the  carbon  dioxide  had  been  de- 
termined both  in  this  way  and  with  the  Knorr  method. 
Sulphuric  acid  should  not  be  used  to  release  the 
carbon  dioxide  from  a  material.  A  long  study  of 
this  point,  involving  numerous  determinations,  has 
shown  that  it  will  not  uniformly  decompose  car- 
bonates in  this  form  of  apparatus.  Hydrochloric 
acid,  on  the  other  hand,  gives  a  very  perfect  decom- 
position. Numerous  trials  have  shown  that,  contrary 
to  what  might  be  expected,  the  acid  is  not  appreciably 
carried  over  during  the  determination,  although  even  if 
small  amounts  did  accompany  the  steam  no  harm 
could  be  done. 

Another  point  studied  was  as  to  the  relative  effi- 
ciencies of  Ba(OH)3,  NaOH  and  KOH  for  use  in  the 
absorbing  tower.  It  was  speedily  found  that  Ba(OH)2 
cannot  be  used  since  it  is  not  possible  to  prepare  a 
solution  greatly  exceeding  N/4  in  strength,  which 
is  entirely  too  weak  for  the  purpose. 

Using  NaOH  or  KOH  there  is  no  difficulty  in 
preparing  a  solution  of  any  desired  strength,  although 
the  best  results  are  attained  by  the  use  of  rather  con- 
centrated solutions.  The  10  cc.  taken  is  more  than 
sufficient  to  absorb  one  gram  of  carbon  dioxide,  which 
would  be  equivalent  to  a  two-gram  sample  of  nearly 
any  of  the  purest  carbonates.  On  the  whole  sodium 
hydroxide  is  the  less  satisfactory  in  use,  there  being 
too  great  a  variation  between  the  titration  results 
of  successive  aliquots.  Potassium  hydroxide  has 
given  uniform  satisfaction  both  in  manipulation  and 
from  the  standpoint  of  accuracy. 

Either  hydrochloric  or  sulphuric  acid  may  be  used 
for  the  titration,  either  giving  good  results.  For  ordi- 
nary work  the  most  satisfactory  strength  is  decinormal, 
which  gives  a  clear,  easily  noted  color  change  with 
both  indicators.  When  unusually  small  amounts 
of  carbon  dioxide  are  to  be  determined,  acids  of  N/50 
or  N/100  strength  are  employed,  the  former  being 
used  in  most  cases.  Their  use  is  justified  only  in  the 
most  exact  work,  however,  since  the  increased  time 
and  difficulty  involved  cuts  down  heavily  on  the 
speed  of  the  work. 

While  this  method  is  on  the  whole  as  accurate  as 
any  of  those  now  employed,  the  speed  attainable  by 
its  use  is  much  greater.  With  but  a  single  apparatus 
it  is  possible  to  make  24  determinations  in  an  eight- 
hour  day,  with  abundant  time  between  successive 
distillations.  There  are  no  fragile  nor  unusual  parts 
necessary  in  the  apparatus,  nothing  to  get  out  of  order, 
and  the  entire  construction  is  flexible  enough  to  stand 
a  great  deal  of  rough  usage.  It  is  easy  to  construct 
in  almost  any  laboratory,  and  in  case  of  breakage 
replacement  is  the  work  of  but  a  moment. 

In  conclusion,  the  writer  desires  to  acknowledge 
his  indebtedness  to  the  following  for  many  helpful 
suggestions:  Profs.  F.  E.  Edwards  and  C.  E.  Bradley, 
both  formerly  of  the  Oregon  Agricultural  College, 
and  J.  C.  Mims,  whose  published  results  afforded  a 
starting  point  for  the  evolution  of  the  method. 

Dayton,  Ohio. 
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THK    VALUE  OF  THE  HIGHER  PHENOLS  IN  WOOD- PRE- 
SERVING OILS. 

By  SAMUSL  Cabot. 
Received  September  28,  1911. 

Recent  investigators  claim  that  the  tar  acids  in 
creosote  oils  have  little  or  no  value  for  the  preser- 
vation of  timber.  The  reasons  given  are  that  the 
ingredients  are  volatile  anil  somewhat  soluble.  This 
supposition  is  partially  confirmed  by  analysis  of 
preservative  oils  extracted  from  timber  which  have 
been  in  the  ground  for  a  long  time.  The  extracts 
appeared  to  consist  of  heavy  oils  boiling  above  250° 
C.  and  containing  but  a  trace  of  phenols.  The  un- 
satisfactory part  of  these  tests  has  been  that  in  only 
a  very  few  cases  was  the  phenol  content  of  the  origi- 
nal oil  known.  In  cases  where  the  percentage  of 
phenols  was  known,  they  were  the  lower  carbolic 
and  cresilic  acids  which  are  soluble  and  volatile. 
It  does  not  appear  that  any  investigator  has  claimed 
that  the  phenols  are  not  the  best  wood  preservative 
ingredients  of  creosote  oil  so  long  as  they  are  con- 
tained in  the  wood.  The  only  claim  is  that  they  have 
but  temporary  value.  While  this  appears  to  be 
true  of  the  lower  phenols,  the  higher-boiling  tar  acids 
have  a  different  character.  Their  fungicidal  quali- 
ties are  greater  than  the  lower  ones,  their  boiling 
points  are  very  high  and  they  are  practically  insolu- 
ble. The  following  experiments  show  that  the  phe- 
nols in  high-boiling  oils  evaporate  more  slowly  than 
the  oil  fraction  m  which  they  are  contained. 

Two  grams  each  of  heavy  creosote  oil  and  of  phe- 
nols extracted  from  the  same  were  exposed  on  a 
watch  glass  at  a  temperature  of  from  50-55 °  C.  for 
two  hundred  hours  and  the  loss  of  weight  noted  at 
stated  intervals.  The  residue  of  oil  left  on  the  watch 
glass  was  a  viscous  fluid.  That  of  the  tar  acids  had 
a  pitch-like  consistency  at  15°  C.  The  following 
tables   are   taken    from   many   giving   similar   results. 


No.  2  Tar  Acids. 

Time. 

Loss. 

Temp. 

Hours. 

Per  cent. 

50-55 

1 

1.35 

50-55 

4 

3.5 

50-55 

7 

7.6 

50-55 

12 

8.8 

50-55 

15 

10.2 

50-55 

18 

10.5 

50-55 

43 

15.6 

50-55 

67 

18.8 

50-55 

94 

20.8 

50-55 

140 

23.0 

50-55 

164 

24.3 

50-55 

188 

25.3 

50-55 

200 

25.75 

No.   1   Heavy  Creosote  Oil. 

50-55 

1 

2.1 

50-55 

4 

6.35 

50-55 

7 

9.5 

50-55 

12 

10.0 

50-55 

15 

11.25 

50-55 

18 

12.1 

50-55 

43 

16.5 

50-55 

67 

22.2 

50-55 

94 

25.5 

50-55 

140 

32.1 

50-55 

164 

34.3 

50-55 

188 

36  ?6 

50-55 

200 

36.3 

The  tar  acid  residue  in  these  experiments  when 
boiled  with  a  35  per  cent,  solution  of  caustii 
was  apparently  insoluble.  It  was  also  insoluble 
in  a  25  per  cent,  solution.  Another  portion  oi  the 
tar  acid  residue  was  then  dissolved  in  yo  pei 
of  its  weight  of  benzole,  extracted  with  a  warm  10 
per  cent,  solution  of  caustic  soda  three  times  The 
benzole  became  a  dark  translucent  color,  the  caustic 
soda  a  clear  brown  and  a  black  tarry  layer  remained 
between,  after  settling  over  night.  The  caustic  soda 
extract  was  washed  free  from  tarry  matter  with  ben- 
zole, neutralized  with  sulphuric  acid  and  extracted 
with  ether  in  the  usual  way.  This  extract  was  found 
to  contain  less  than  10  per  cent,  of  the  original  tar 
acids  dissolved  in  the  benzole.  It  was  found  that 
the  tarry  layer  was  partially  soluble  in  water,  while 
the  remainder  after  washing  with  water  redissolved 
in  benzole,  showing  that  it  had  been  dragged  down 
only  mechanically. 

From  these  experiments  it  appears  that  the  meth- 
ods now  in  use  for  the  analysis  of  creosote  oil  do  not 
show  the  actual  amount  of  higher  phenols  present, 
especially  in  oils  extracted  from  wood  for  ascertain- 
ing the  most  permanent  wood  preservatives.  A 
common  practice  is  to  redistil  the  oil  and  then  ana- 
lyze the  distillate,  disregarding  the  pitchy  residue. 
The  distillation  would  decompose  the  higher  phenols 
to  a  considerable  extent  and  as  a  greater  part  of 
them  are  non-volatile,  they  will  supposedly  be  found 
in  the  pitchy  residue.  Again  in  the  second  step  of 
the  analyses  a  greater  proportion  of  the  tar  acids 
could  be  dissolved  in  the  caustic  soda  if  a  dilute  solu- 
tion were  used  and  very  much  less  in  a  more  concen- 
trated one.  Under  the  most  favorable  conditions, 
however,  it  would  be  only  a  small  part  of  the  total. 

The  above  experiments  go  to  show  that  previous 
investigations  referred  to  have  found  nothing  to 
prove  that  the  high-boiling  phenols  are  not  the  most 
valuable  ingredients  in  wood  preservative  creosote. 
On  the  contrary  their  gummy  consistency  gives  them 
great  physical  advantage  over  straight  oil,  they  are 
less  volatile  than  the  oil,  are  practically  insoluble, 
and  have  fungicidal  qualities  far  greater  than  any 
other  of  the  products  of  creosote. 


COMPOSITION  OF   DRY    GLUTEN    AND  ITS  RELATION  TO 
THE  PROTEIN  CONTENT  OF  FLOUR. 

By  Geo    A.  Olson. 
Received  October  30,  1911. 

In  comparing  the  dry  gluten  and  protein  content 
of  flour,  Thatcher1  found  that  the  gluten  content  was 
in  close  agreement  with  the  protein  content  of  medium 
and  high-protein  flours  (N  X  6.25),  and  frequently 
several  per  cent,  lower  in  low-protein  flours.  Oc- 
casionally flours  were  found  low  in  protein  with 
relatively  high  gluten  content  and  vice  versa.  I 
occurred  to  the  writer  that  perhaps  the  reason  fo: 
high-protein      flours      containing       relatively      higher 

>  Wash.  Exp.  Sta.,  Bull.  84,  33. 
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glutens  than  did  flours  low  in  protein  was  due    to  a 
larger  amount  of  impurities  in  the  former. 

It  is  needless  at  this  time  to  enter  into  a  complete 
historical  account  of  the  work  done  by  different  in- 
vestigators along  the  line  of  gluten  research.  It 
might  be  well,  however,  to  mention  the  fact  that 
gluten  as  it  is  ordinarily  prepared,  according  to  Os- 
borne,1 contains  besides  "the  greater  part  of  the  pro- 
tein matter  of  seed,  starch,  fat,  lecithin  and  phyto- 
cholesterin,  and  possibly  some  carbohydrate  sub- 
stance or  substances  of  as  yet  unknown  character. 
The  chief  constituents  of  the  gluten  are  the  two  pro- 
teids,  gliadin  and  glutenin.  Norton2  states  that  gli- 
adin  and  glutenin  make  up  about  75  per  cent,  of  the 
true  gluten  of  flour,  the  other  constituents  being 
non-gluten,  mineral  matter,  fat,  starch,  fiber  and 
other  non-protein  matter.  Ritthausen3  found  four 
proteids  in  gluten.  Fleurent-*  found  three  proteids, 
and  Osborne  and  Voorhees5  found  two  proteids.  Re- 
cent work  by  J.  Kdnig  and  P.  Rintelen6  support  Ritt- 
hausen's  views. 

In  our  wheat  and  flour  investigations  at  this  Sta- 
tion it  has  been  found  that  straight  flour  from  Palouse 
wheats  show  variable  gluten  content,  when  com- 
pared with  the  protein  content  (N  X  6.25)  of  the 
respective  flours.  With  these  glutens  at  command 
and  after  a  few  preliminary  experiments  had  been 
conducted,  it  was  decided  to  investigate  the  reasons 
for  the  variations  with  a  view  of  throwing  some  light 
Dn  the  baking  qualities  of  the  various  flours  under 
study.  The  glutens  used  for  this  series  of  investi- 
gations had  been  prepared  by  mixing  20  grams  of 
flour  and  12  cc.  of  water,  allowing  the  mixture  to  stand 
for  one  hour,  and  then  washing  out  the  starch  with 
1  stream  of  water.  A  bolting-cloth  was  held  beneath 
the  kneaded  dough  in  order  to  prevent  the  loss  of 
the  fine  particles  of  gluten  generally  carried  down 
with  the  water.  After  having  removed  as  much  of 
the  starch  as  can  possibly  be  done  mechanically,  the 
resulting  wad  of  gluten  was  run  over  the  bolting-cloth 
;o  pick  up  the  fine  particles.  It  is  this  gluten,  after 
drying  for  twenty  hours,  which  shows  .  a  variable 
quantity  when  compared  with  the  protein  of  the 
lour. 

The  glutens  studied  were  from  flours  representing 
wheats  of  the  type  of  Bluestem,  Red  Russian,  Turkey 
Red,  Fife,  Dale,  Little  Club,  Galgalos  and  some  of 
;he  Station  hybrids.  Particular  attention  was  given 
;o  selecting  flours  containing  average,  high,  and  low 
jlutens.  No  marked  differences  were  observed  in 
;he  comparisons  between  high-protein  flours  and 
heir  glutens,  while  on  the  other  hand  several  flours 
vith  at  least  10  per  cent,  protein  (N  X  6.25)  yielded 
jlutens  amounting  to  a  little  over  7  per  cent,  dry 
gluten. 

Determinations  of  moisture,  ash,  starch  and  nitro- 
;en  were  made  of  the  different  glutens  selected.     The 

1  Carnegie  Inst..  Washington.  Pub.  84. 

2  J.  Am.  Chem.  Soc.  28,  8-25  (1906). 
8  /.  prakt.  Ch*m.    85,  213  (1862). 

4  Compt.  rend  ,  1896,  p.  327. 

5  Am.  Chem.  J.,  15,  392  (1893). 

0  Z.  Untersuch.  Nahr.-Genuss.,  8,  401-t07  (1904). 


nitrogen  and  ash  determinations  were  made  accord- 
ing to  the  A.  O.  A.  C.  methods.  Thoroughly  dried 
samples  of  gluten  were  ground  at  a  temperature  of 
about  350  C.  and  finally  capped  tight  in  vials  of  the 
same  temperature.  The  procedure  eliminated  mois- 
ture absoqjtion  to  a  minimum,  while,  on  the  other 
hand,  it  may  have  reduced  the  actual  amount  of 
moisture  contained  within  the  gluten.  As  compara- 
tive results  were  all  that  were  desired,  the  writer  can 
see  no  objection  to  the  method,  and  the  water  thus 
found  must  have  been  either  sealed  up  when  drying 
the  gluten  the  first  time  or  water  of  combination. 

The  starch  determinations  were  made  by  hydro- 
lyzing  the  starch  according  to  the  writer's  method1  and 
the  results  thus  obtained  were  in  some  cases  cheeked 
by  the  Sachsse  method.2  Unlike  starchy  substances, 
such  as  feeding-stuffs,  cereals,  etc.,  it  is  difficult  to 
determine  the  exact  point  of  complete  hydrolysis  of 
gluten,  due  to  the  fact  that  comparatively  little  of 
the  product  enters  into  solution,  thus  making  it  diffi- 
cult to  observe  the  exact  end  point.  With  some 
judgment,  however,  little,  if  any,  difficulty  was  en- 
countered in  the  method.  Repeated  hydrolysis  at 
different  times  gave  results  fairly  concordant  with 
those  previously  found.  When  compared  with  the 
Sachsse  method  no  appreciable  differences  were  ob- 
served. The  peculiar  reduction  of  the  copper  with 
the  hydrolyzed  gluten  solutions  will  be  discussed  in 
the  following  paragraph. 

Only  a  few  of  the  copper  reductions  behaved  like 
ordinary  reducing  substances  when  brought  in  con- 
tact with  the  Fehling  solution,  while,  on  the  other 
hand,  most  of  them  produced  flocculent  precipitates 
on  boiling,  which  were  in  some  cases  difficult  to  filter. 
The  color  of  the  reduced  copper  varied  from  a  cop- 
per-red, light  yellow  to  a  dark  brown.  Those  having 
the  familiar  copper  color,  and  in  every  respect  similar 
to  sugar  reduction  of  copper,  are  undoubtedly  the 
hydrolyzed  starch.  Those  having  produced  floccu- 
lent precipitates  are  no  doubt  admixed  with  some 
protein  complex,  probably  mucoid-like  substances 
or  other  protein  loosely  bound.  The  differences 
observed  in  different  hydrolyzed  glutens  were  quite 
marked,  and  repetitions  gave  similar  characteristics 
in  the  same  gluten  as  previously  observed. 

Repeated  digestions  of  gluten  with  either  calcium 
or  barium  hydroxide,  filtering  and  precipitating  the 
resulting  filtrate  with  acetic  acid,  separating  the 
acetic  acid  precipitate  from  liquid,  followed  by  the 
hydrolysis  of  both  precipitate  and  liquid  with  sul- 
furic acid  and  then  neutralizing  with  sodium  hy- 
droxide, showed  no  reduction  when  brought  in  con- 
tact with  Fehling's  solution.  According  to  this  pro- 
cedure neither  a  mucin  nor  mucoid-like  substance 
could  be  confirmed. 

The  results  of  the  analyses  of  the  crude  glutens 
representing  flours  made  from  different  types  of  wheat 
have  been  summarized  in  Table  I. 

The  data  given  in  Table  I  clearly  show  that 
crude  gluten  has  a  variable  nitrogen,  ash,  starch  and 

1  This  Journal.  1,  No.  7  (1909). 

2  Chem.  Cenlr..  1877,  732;  /.  Anal.  Chem..  2,  153. 
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moisture   content.     The    high    starch   content  due  to 
flocculenl  precipitation  oi  copper  should  be  attributed 
ither    substance    or   substances   than    starch,    the 
nature  ol  which  are  as  yet  unknown 

VaIII  1      1  \NALYSBS    OF    CRUDE    GLUTEN    MADE    FROM    STRAIGHT    I'loi    i 

Per  cent. 

Percent.       Percent,     calculated  Percent, 

N.  :ish  as  starch.  water. 

Average  24  samples 12.77  1.84  5.20  2.13 

Maximum 14.09  3.08  12.70  3.82 

Minimum 11.28  1.34  0.11  0.90 

Although  the  results  given  in  the  above  table  do 
n.  it  show  the  variations  in  the  amount  of  dry  gluten 
compared  to  the  protein  content  of  the  flour,  com- 
parable and  extreme  variations  of  gluten  to  protein 
of  flour  were  nevertheless  taken  for  this  study.  It 
might  be  of  some  value,  however,  before  going  further 
to  state  that  abnormally  low  per  cents,  of  dry  gluten 
compared  to  protein  of  flour  are  not  necessarily  any 
richer  in  nitrogen,  more  free  from  ash,  etc.,  than  one 
equal  to  or  higher  in  per  cent,  of  gluten  to  protein 
of  flour.  The  data  for  the  nitrogen  and  protein  of 
wheat  and  flour,  the  nitrogen  in  the  gluten  expressed 
in  per  cent,  of  the  flour,  and  the  per  cent,  of  wet  and 
dry  gluten  are  summarized  in  the  following  table: 

Table  II. — Distribution  of  Nitrogen   in   Wheat,  Flour   and   Gluten 
and  Per  Cent,  of  Gluten  in  Flour. 

Per  cent.  Per  cent. 

Per  cent,  nitrogen  in  protein  in  gluten. 

.2  *■    • 

§    3 

♦j  U      g"  "  <§       S  j; 

ja  o     _3  o.  o      j  o  4»  £• 

£        S  .  3  p         S         &  n 

Av.  24  samples 1.89      1.73.1.29      11.81      10.81      30.82        9.88 

Maximum 2.52     2.27^1.87      15.75      14.19     46.83      14.75 

Minimum 1.33      1.29^0.86        8.31        8.06      19.39       7.20 

It  will  be  seen  from  the  data  given  jn  the  above 
table  that  percentagely  the  amount  of  nitrogen  en- 
tering into  the  gluten  make  up  is  considerably  less 
(74.6  per  cent,  of  total  nitrogen  on  an  average)  than 
that  found  in  straight  flours.  The  data  further  tend 
to  show  that  flours  high  in  protein  are  also  high  in 
gluten  and  flours  of  average  protein  composition  or 
less  yield  percentagely  lesser  amounts  of  dry  gluten 
than  do  flours  of  higher  protein  composition.  Whether 
or  not  the  gluten  nitrogen  is  wholly  made  up  of 
gliadin  and  glutenin  nitrogen  will  be  discussed  at 
some  other  time. 

It  has  been  known  for  some  time  that  in  the  pro- 
cess of  washing  out  the  starch  from  flour  to  get  gluten, 
that  some  glutens  have  the  tendency  to  scatter  more 
than  others,  and  as  a  result  are  difficult  to  gather 
into  wads.  Other  flours,  however,  yield  glutens  with 
strong  adhesive  qualities  and  as  a  result  tend  to  hold 
the  gluten  particles  together  in  the  process  of  wash- 
ing. These  characteristics  have  been  attributed  to 
the  proportion  of  gliadin  to  glutenin  contained  in 
the  flour. 

Gluten  determinations  in  flottrs  of  unusually  low 
gluten  content  were  repeated  and  it  was  found  that 
these  flours  had  a  tendency  to  scatter  and  losses 
would    vary,    depending   upon    the   care    exercised    in 


washing  out  the  starch  from  the  flour.      Undoubtedly 
some  .'I   the  particles  of  gluten  pass  through  the     boll 
ing-cloth  as  was  .indicated   b;    an  examination  ol   th( 
washing!     and    the    variable    yields    obtained    in    dry 
gluten.      By    indirect    means   it   was   possible   to  over- 
come the  tendencies  oi   the  glutens  to  scatter.      I 
was  accomplished  by  mixing  equal  quantities  of  flour 
containing  scattering  gluten  with  one  devoid  ol   these 
characteristics.     The  weight  of  the  wet  and  dry  gh 
in   the   non-spreading  gluten   flour  being   known,    the 
weight  of  the  wet  and  dry  gluten   in   the  other   Hour 
can  be  calculated  from  the  results  obtained   with   the 
mixture.      The  results  obtained  are  as  follows: 

Table  III. — Comparisons  of  the  Amount  of  Gluten  Obtained  by  thb 
Direct  and  Indirect  Methods. 

Direct.  Indirect. 

Percent.  Percent.  Percent.  Percent.  Percent 

wet  dry  wet  dry  protein 

N'o  gluten.  gluten.  gluten.  gluten,  in  flour. 

3 20.78  7.66  26.95  7.66  8.19 

5 12.78  4.63  23.17  8.94  8.19 

11 22.54  8.88  23.11  8.54  8.19 

23 .21.51  7.23  21.12  9.49  8.06 

24 20.00  6.94  24.64  8.81  8.13 

25 12.70  4.44  27.35  9.40  8.19 

27 20.69  7.16  20.85  7.76  '8.06 

28 19.29  6.70  18.79  7.30  8.19 

34 25.51  8.82  28.98  9.59  9.88 

37 13.30  4.57  18.81  6.40  6.38 

38 18.04  6.41  31.28  10.00  8.56 

39 12.44  4.40  21.20  7.36  6.56 

43 17.89  6.25  21.09  6.85  8.06 

47 26.54  9.61  39.78  13.86  12.13 

62 24.37  9.40  35.04  11.58  10.31 

64 27.69  9.59  33.22  11.68  11.38 

68 24.94  9.52  39.36  12.86  10.44 

69 30.53  10.97  39.84  12.63  11.88 

70 18.93  7.09  26.58  9.60  8.75 

72 19.99  7.30  32.20  10.78  8.06 

76 21.40  7.95  33.28  11.19  9.88 

78 20.72  8.01  35.08  11.38  9.94 

In  every  case  where  the  indirect  method  was  put 
into  use,  results  comparable  with  the  protein  content 
of  the  flour  were  obtained.  The  reason  why  the 
glutens  of  low-protein  flours  are  several  per  cent,  lower 
than  in  flours  containing  a  medium  or  high-protein 
content  is  "undoubtedly  due  to  the  scattering  of 
the  gluten  and  as  a  result  a  part  of  the  gluten  is  lost, 
hence  lower  yields  of  gluten  are  recorded  than  are 
actually  present. 

The  above  method  of  blending  flours,  having  glu- 
tens that  tend  to  scatter,  with  flours  having  glutens 
with  strong  adhesive  characteristics  will  give  much 
higher  yields  of  gluten,  sometimes  as  much  as  100 
per  cent,  more  than  can  be  obtained  by  the  direct 
process. 

Those  who  make  it  a  practice  to  determine  the 
gluten  content  of  flours  and  base  their  opinions  on 
the  results  for  the  yield  of  gluten  as  obtained  by  the 
direct  process  are  apt  to  obtain  erroneous  data,  since 
at  least  25  per  cent,  of  the  flours  examined  by  the 
writer  had  glutens  which  tend  to  scatter  in  the  process 
of  preparation.  It  is,  therefore,  necessary  to  con- 
sider whether  or  not  the  glutens  scatter  and  in  such 
cases  a  blend  with  a  strong  flour  will  overcome  the 
scattering   tendencies,    as    well   as   give    more   correct 
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results  than  can  be  obtained  by  the  direct  method  as 
it  is  commonly  practiced. 

CONCLUSIONS. 

1.  Gluten  as  it  is  ordinarily  prepared  has  a  variable 
nitrogen,  ash,  starch  and  moisture  content. 

2.  The  peculiar  copper  reduction  resulting  from 
adding  the  filtered  extract  from  hydrolyzed  gluten 
by  acid  is  undoubtedly  due  to  some  other  substance 
than  starch  or  sugar. 

3.  An  average  of  about  75  per  cent,  of  the  total 
nitrogen  of  flour  enters  into  the  crude  gluten. 

4.  Glutens  obtained  from  low-protein  flours  are 
not  necessarily  any  richer  in  nitrogen,  more  free  from 
ash,  etc.,  than  glutens  derived  from  medium-  or  high- 
protein  flours. 

5.  The  reason  why  low-protein  flours  yield  much 
lower  per  cents,  of  gluten  than  medium-  or  high-protein 
flours  may  be  attributed  to  the  scattering  of  such 
glutens,  resulting  in  mechanical  loss.  By  blending 
such  flours  with  strong  gluten  flours,  results  in  yields 
comparable  to  those  obtained  for  medium-  and  high- 
protein  flours. 

Agricultural  Experiment  Station, 
Pullman.  Wash. 


A   COMPARATIVE   STUDY   OF    METHODS   FOR   THE 

DETERMINATION  OF  HARD  AND  TOTAL  SOFT 

RESINS  IN  THE  HOP. 

By  H.  V.  Tartar  and  C.  E.  Bradley. 
Received  October  17,  1911. 

Previous  to  taking  up  some  chemical  investigations 
at  this  laboratory  it  became  necessary  to  devote 
some  time  to  a  study  of  methods  for  the  determi- 
nation of  hard  and  total  soft  resins  in  the  hop.  Some 
very  interesting  results  have  been  obtained  which 
the  authors  think  may  be  of  value,  especially  to  those 
connected  with  the  brewing  industry  where  the  cor- 
rect valuation  of  hops  is  of  considerable  moment. 
The  results  given  may  also  be  of  some  use  to  the  work 
recently  undertaken  by  a  Committee  of  the  Inter- 
national Barley  and  Hop  Prize  Exhibit  at  Chicago 
for  the  establishment  of  definite  hop  standards. 

Previous  investigations  have  shown  that  there  are 
at  least  three  so-called  resins  which  are  constituents  of 
the  hop  cone,  ione  "hard,"  tasteless  resin  and  two 
"soft"  bitter  resins,  Although  a  considerable  amount 
of  research  has  been  done  on  the  nature  of  these  sub- 
stances and  their  function  in  brewing,  much  is  still 
obscure  and  in  doubt.  It  is  generally  agreed,  how- 
ever, that  the  hard  resin  is  of  little  or  no  commercial 
value,  while  investigations  indicate  that  the  major 
part  of  the  real  brewing  value  of  hops  lies  in  the  soft 
resins,  thus  making  their  estimation  of  considerable 
importance. 

In  this  study  two  different  methods  for  the  deter- 
mination of  both  hard  and  total  soft  resins  have  been 
given  a  test:  Briant  and  Meacham's1  method  and 
Siller's2    method.     The    original    volumetric    method 

1  J.  Fed.  Inst.  Brewing.  3,  233  (1897). 

3  Ztg.  Untersuch.  Nahrung-Genuss.,  18,  241. 


of  Lintner1  and  the  modified  Lintner1  method  for 
total  soft  resins  have  also  been  studied.  Although 
the  original  Lintner  method  has  been  shown  to  be 
inaccurate  we  have  included  it  in  this  study  because 
we  have  found  from  our  correspondence  that  this 
method  is  still  employed  in  a  few  instances.  A 
method  devised  by  us  is  given  and  the  comparative 
results  are  reported.  We  have  had  good  success  in 
the  use  of  this  method,  and  while  not  claiming  origin- 
ality for  the  basic  principles  involved,  we  believe 
it  overcomes  some  of  the  objections  to  present 
methods.  For  convenience  it  is  here  designated  as 
"authors'  method."  Not  all  of  the  methods  for  the 
estimation  of  hop  resins  are  given,  but  we  believe  all 
have  been  included  that  are  receiving  any  extensive 
use. 

METHODS. 

In  all  the  methods  whjch  have  been  devised  for  the 
determination  of  hop  resins,  the  separation  of  the 
soft  resins  from  the  hard  resin  is  dependent  upon  the 
ready  solubility  of  the  former  in  petrolic  ether,  the 
latter  being  practically  insoluble  in  this  solvent. 
The  extraction  of  total  resins  from  the  hop  is  effected 
with  ordinary  ether. 

Briefly  stated,  the  methods  compared  are  as  fol- 
lows: 

Briant  and  Meacham's3  Method. — About  four 
grams  of  hops  are  placed  in  a  Soxhlet  extractor 
and  extracted  for  twenty-four  hours  with  petrolic  ether 
(boiling  point  50  °  C. ) .  After  the  extraction  is  completed 
the  extraction  flask  is  disconnected  from  the  ap- 
paratus and  its  contents  filtered  while  hot  through 
a  small  filter  paper  into  a  tared  wide-mouthed  flask; 
the  filtrate  is  then  gently  evaporated.  The  final 
drying  operation  is  completed  by  placing  the  flask 
on  its  side  in  a  hot  water  oven,  where  it  is  maintained 
at  a  temperature  slightly  above  the  boiling  point 
of  the  ether  until  its  weight  is  constant.  The  ex- 
tract thus  obtained  is  the  total  soft  resins  in  the 
sample. 

The  hops  left  in  the  extractor  from  the  petrolic 
ether  extraction  are  next  extracted  with  ordinary 
ether  for  12  hours.  The  ethereal  extract  is  then 
filtered  into  a  tared  flask,  dried  ana  weighed  as  in 
the  previous  extraction,  the  residue  obtained  being 
estimated  as  hard  resin. 

Siller3  Method.  Soft  Resins. — A  ten-gram  sample 
of  hops  which  have  been  ground  through  a  small 
meat  grinder  is  placed  in  a  Soxhlet  extractor  and 
extracted  with  petrolic  ether  (boiling  point  30-40  ° 
C.)  for  8-10  hours.  The  petrolic  ether  extract  is 
then  evaporated  in  vacuo  on  a  water  bath  at  40  °  C. 
until  all  of  the  solvent  is  removed.  The  residue 
is  then  taken  up  with  methyl  alcohol  to  separate 
the  wax  present,  filtered  and  made  to  100  cc.  vol- 
ume. A  10  cc.  aliquot  (equivalent  to  1  gram  of 
hops)  is  placed  in  a  weighed  flask  and  the  alcohol  is 
then  completely  evaporated  in  a  drying  oven  at  80  ° 

1  Ztg.  Ges.  Brawesen.  21,  407. 

2  Chem.  Ztg  .  32,   1068;  O.  Neuman.  Wockenschrift  fur  Brauiri.  1910. 
s  Loc.  cit. 
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C,  the  evaporation  requiring  i  .s  hours.  The  resi- 
due obtained  is  estimated  as  total  suit  resins. 

Total  Rtsins.     A  ten-gram  sample  of  ground  hops 

is  placed  in  .1  Soxhlet  extractor  and  extracted  8-io 
hours  with  ordinary  ether.  The  ethereal  extract 
is  then  evaporated  in  vacuo  at  400  C.  until  all  of  the 
ether  is  removed.  The  residue  obtained  is  taken 
up  with  methyl  alcohol  to  separate  the  wax,  filtered 
and  the  filtrate  made  to  100  cc.  volume.  A  10  cc. 
aliquot  (equivalent  to  1  gram  of  hops)  is  placed  in  a 
weighed  flask,  evaporated  and.  weighed  in  the  manner 
used  in  the  determination  of  total  soft  resins,  the  resi- 
due obtained  representing  the  total  resins  in  1  gram 
of  hops. 

The  hard  resin  is  estimated  by  difference  between 
the  amounts  of  total  resins  and  soft  resins. 

Lintner's1  Volumetric  Method  for  Soft  Resins. — This 
method  is  based  upon  the  fact  that  the  two  bitter 
substances  commonly  called  soft  resins  react  in  solu- 
tion as  monobasic  acids  with  alkalies. 

A  ten-gram  sample  of  hops  is  introduced  into  a 
500  cc.  flask  having  also  a  mark  at  505  cc. ;  350  cc. 
of  light  petrolic  ether  (boiling  point  30-50  °  C.)  are 
added  and  the  flask  attached  to  a  reflux  condenser. 
The  flask  is  then  heated  on  a  water  bath  and  the 
extraction  continued  for  eight  hours.  When  cooled 
to  1 7.  50  C.  the  liquid  is  made  up  to  the  505  cc.  mark, 
well  shaken  and  then  filtered.  One  hundred  cc.  of 
the  filtrate  are  mixed  with  80  cc.  of  alcohol,  10  drops 
of  phenolphthalein  solution  (1:100)  added,  and  then 
titrated  with  a  tenth-normal  solution  of  potassium 
hydroxide  until  the  red  tint  just  appears.  A  blank 
experiment  is  made  to  ascertain  the  amount  of  po- 
tassium hydroxide  neutralized  by  the  mixture  of 
alcohol  and  petrolic  ether.  The  number  of  cc.  re- 
quired for  the  titration  multiplied  by  the  factor  o .  04 
(the  molecular  weight  of  the  bitter  substance  taken 
as  400)  represents  the  amount  of  soft  resins  in  the 
aliquot. 

Modified  Lintner  Method2  for  Soft  Resins: — The  de- 
termination is  carried  out  in  the  same  manner  as  in 
the  original  Lintner  method  except  that  the  hops 
are  ground  previous  to  the  extraction. 

Authors'  Method. — Ten  grams  of  hops  are  placed 
in  a  Soxhlet  extractor  and  extracted  with  ether 
for  8-10  hours.  The  ethereal  extract  thus  obtained 
is  filtered  and  the  filtrate  made  to  200  cc.  volume. 

Total  Resins. — One  hundred  cc.  of  the  ether  solu- 
tion (equivalent  to  5  grams  of  hops)  are  placed  in  a 
250  cc.  Erlenmeyer  flask  and  nearly  all  of  the  ether 
removed  by  distillation  on  a  water  bath '  at  about 
40  °  C.  The  last  portion  of  the  ether  is  completely 
removed  by  drying  in  a  vacuum  desiccator  at  room 
temperature.  The  residue  remaining  is  then  taken 
up  with  alcohol  to  free  the  wax,  filtered  and  the  fil- 
trate made  to  100  cc.  volume.  A  20  cc.  aliquot 
(equivalent  to  1  gram  of  hops)  is  transferred  to  a 
tared  beaker  and  the  alcohol  removed  by  evaporation 
in  a  vacuum  oven  at  50 °  C.  to  constant  weight.     The 

1  hoc.  cit. 

3  Chem.  Ztg..  32,  1068;  O.  Neuman.  Wochenschrijt   fur  Braueri.  1910. 


residue   thus  obtained    is  the  total  resins  in   oik-  gram 
of  hops. 

Total  Soft  Resins.  The  remaining  too  cc.  of  the 
original  ether  extract  are  transferred  to  a  200  cc.  Erlen- 
nievcr  flask  and  the  ether  nearly  removed  by  distil- 
lation at  low  temperature,  the  last  portion  bi 
removed  by  evaporation  in  a  vacuum  desiccatoi 
at  room  temperature.  The  residue  is  taken  up 
with  about  ioo  cc.  of  petrolic  ether  (boiling  point 
40-45  °  C).  The  residue  is  worked  up  in  the 
solvent  with  a  glass  rod  and  then  let  stand 
a  short  time  to  effect  the  complete  solution  of  the 
soft  resins  in  the  solvent.  The  hard  resin  is  then 
removed  by  filtration.  The  petrolic  ether  is  removed 
from  the  filtrate  in  the  same  manner  as  the  ether 
in  the  first  part  of  the  determination.  The  residue 
is  taken  up  with  alcohol  to  remove  wax,  filtered  and 
the  filtrate  made  to  ioo  cc.  volume.  An  aliquot  of 
20  cc.  (equivalent  to  r  gram  of  hops)  is  transferred 
to  a  tared  beaker  and  evaporated  and  weighed  as 
under  the  determination  of  total  resins. 

The  hard  resin  is  estimated  by  difference  between 
the  total  resins  and  soft  resins. 

EXPERIMENTAL    PART. 

Five  samples  of  Oregon  hops  of  the  1910  crop  were 
analyzed,  using  each  of  the  different  methods  given 
above.  Sample  No.  1  was  an  air-dried  sample  and 
Nos.  2-5  were  commercial  samples  which  had  been 
kiln-dried.  In  each  instance  the  extraneous  matter, 
such  as  leaves  and  stems,  was  separated,  only  the 
whole  unbroken  cones  being  used  for  the  determina- 
tions. The  results  of  the  analyses  are  given  in 
Table    I. 

The  table  shows  a  wide  variation  in  the  results 
obtained  by  the  different  methods.  Siller's  gives 
extremely  high  results  for  soft  resins  while  Briant 
and  Meacham's  and  the  original  Lintner  method 
show  very  low  results.  The  amount  of  soft  resins  ob- 
tained by  Lintner's  modified  method  and  the  authors' 
method  agree  fairly  well.  Briant  and  Meacham's 
method  shows  very  high  results  for  hard  resins 
while  Siller's  and  the  authors'  give  much  lower 
amounts. 

The  low  results  for  soft  resins  obtained  by  the 
Briant  method  and  the  original  Lintner  method  are 
due  to  the  fact  that  the  extraction  of  the  soft  resins 
is  not  complete.  The  lupulin  granules  of  the  hop 
cone  must  be  well  broken  up  before  the  soft  bitter 
resins  can  be  completely  extracted  with  petrolic 
ether.  Siller1  has  already  pointed  out  this  fact  and 
has  suggested  the  grinding  of  the  hop  previous  to 
the  extraction  as  a  means  of  overcoming  this  defect. 
Grinding  by  means  of  a  meat  grinder  or  with  sand 
in  an  ordinary  mortar  has  been  found  satisfactory 
for  the  preparation  of  the  samples  for  extraction. 
When  the  meat  grinder  is  used,  the  sample  is  taken 
after  the  material  has  been  ground. 

The  high  percentage  of  hard  resin  secured  by 
Briant  and  Meacham's  method  is  due  to  the  presence 
of   soft   resins   left   from    incomplete    extraction   with 

1  hoc.  cit. 
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Table  I. — The  Resin  Content  of  Oregon  Hops  by  Different  Methods. 

Sample  1.                          Sample  2.  Sample  3.                            Sample  4.                                Samples. 

Hard      Soft     Total         Hard     Soft      Total  Hard        Soft      Total           Hard      Soft      Total         Hard      Soft      Total 

resin,    resin,    resin.          resin,    resin,    resin.  resin,      resin,     resin.           resin,     resin,     resin.          resin,     resin,     resin. 

Per         Per       Per             Per        Per       Per  Per         Per         Per             Per         Per         Per             Per        Per         Per 

Method.                           cent.       cent.     cent.           cent.      cent.     cent.  cent.       cent.       cent.           cent.       cent.     cent.            cent.     cent.       cent. 

Briant  and  Meacham's 8.00        9.09      17.09          7.95        9.14      17.09  11.54        8.84     20.38          11.37        8.59      19.96          7.54        8.68      16.22 

Siller's 2.89     20.07     22.96          2.76      16.50      19.26  2.52      21.49     24.01             1.93     20.96     22.89          1.33      17.01      18.34 

Authors' 1.97      16.78      18.75          1.29      15.79      17.08  1.52      18.50     20.02             1.79      17.29      19.08          1.89      13.73      15.62 

Lintner's  original 8.88                                          8.00  5.20                                            6.80                                         6.40 

Limner's  modified 16.60                                     16.00  19.32                                       18.00                                     13.20 

petrolic^ether.     Another  slight  error  in   this   method  the  amount  of  total  resin  in  each  cone  estimated  by 

is  caused  by  the  failure  to  separate  the  wax  but  this  extracting  with  ether  and  drying  to  constant  weight 

is  not  great,  the  amount  of  wax  present  amounting  in    vacuo    at    50  °  C.     The    results    are    tabulated    in 

to  only  0.25-0.35  per  cent.  Table  III. 

The   extremely   high    results    for   soft    resins    given  The    differences  between  the  maximum    and    mini- 

by  Siller's  method  has  been  found  to  be  due  to  the  mum   percentages   of   total    resin    in    the   cones    from 

extraction    of    material    from    the    ground    hop    seed.  each  of  the  samples  are  3.87,  3.82  and  6.88  per  cent. 

The  method  was  worked  out,  no  doubt,  with  seedless  respectively.     The    most    notable     difference     is     in 

continental    hops    and    consequently    this    point    did  cones  II   and   III   of  sample  No.   3  where  two  cones 

not  receive  consideration.     It  has  been  found  in  this  of  practically  the  same  weight  differ  6 .  88  per  cent, 

laboratory    that    although    the    unground    seed    gives  It   is  evident  from  these  results   that  samples  of  at 

no   appreciable   extract   with   petrolic   ether   or   ordi-  least    10   grams   weight   must  be  used  for  the  deter- 

nary    ether,    the    ground    seed    yields    a    considerable  mination    of    resins,   and  where    accurate    results    are 

amount.    Seeds    taken    from    four    different    samples  desired   it  has  been   found  advisable  to  make  tripli- 

of  Oregon  hops  were  ground  and  extracted  in  Soxh-  cate     determinations.     The     determination     of     hard 

let  extractors  with   ether    and    petrolic    ether.     The  resins,    furthermore,  should    be    made    on    the    same 

results  obtained  are  given"in  Table  II.  sample  as  used  for  soft  resins. 

Lintner's    modified    volumetric    method    has    been 

Table  II.— Extractive  Matter  in   Ground  Hop  Seeds.  found    to   give    fairly   good    results.      We    believe    it    to 

Sample.    Sample.     Sample     Sample  be  the  best  avaiiable  rapid  method  for  the  estimation 

No.  1.          No.  2.          No.  3.          No.  4.  -,                          .                  .      ,,        ,                                   .    ,                      .-, 

Percent.    Percent.    Percent.  Percent.  °r     sort     resins     Suitable     for     commercial     USC       Oravi- 

Petroiic  ether  extract 24.05       24.72       27.30       20.36  metric   and   volumetric    determinations   made   on   ali- 

Ether extract 26.52       26.04       21.70       29.64  quots  from  the  same  solution  of  soft  resins  show  that 

_,  .  .  the  volumetric  method  does  not  always  agree  with 
There,  is  approximately  25  per  cent,  of  the  ground  the  gravimetric>  often  giving  results  which  are  some- 
seed  which  is  soluble  >n  each  of  these  solvents.  This  what  hJgher_  The  comparative  results  of  a  number 
would  permit  a  large  error  in  the  determination  of  q£  determinations  made  jn  this  manner  from  different 
soft  resins  in  seeded  hops,  especially  in  Pacific  Coast  les  of  h  arc  as  follows. 
hops  where  the  amount  of  seeds  is  high,  ranging  from 

15— 20  per  Cent.  Soft  resins.                                  Soft  resins. 

The    estimation     of     hard     resin     by     taking    the     dif-  Authors' gravimetric  method.        Lintner's  volumetric  method. 

J                  °  Per  cent.                                       Per  cent. 

ference  between  the  amounts  of  total  and  soft  resins  17  29                                17  30 

obtained   from   separate   samples    is   often    inaccurate  17.75                                18.20 

because   of   the   wide   variation    in   the   resin   content  14-44                                'f°° 

16.45  17.70 

of  the  samples.       Duplicate    10-gram  samples  of  the  16  64                                17.00 

same   hops   sometimes   show   a   variation   of    iI/2   per  is. 52                                16.70 

cent,  in  the  amount  of  total  resins  where  total  con-  J*'"                                |6'20 

tent  is  only  17  per  cent.     A  difference  of  I/2-3/,  per 

cent,    is  common.     This   is   shown    to   be   due   to   the  The  slightly  higher  results  given  by  the  volumetric 

wide  variation  in  the  resin  content  of  the  cones  them-  determinations    are    perhaps    due    to    the    use    of    the 

selves    by    the    following    experiment:     Six    cones    of  higher  of  the  molecular  weights  of  the  different  soft 

different  sizes  were  selected  from  each  of  three  dif-  resins  for  making  the  calculations. 

ferent  commercial   samples,    their  weight   taken,    and  Drying  the  resins  at  as  high  a  temperature  as  80 ° 

Table  III. — Total  Resins  in  Individual  Hop  Cones. 

Cone  I.                  Cone  II.                 Cone  III.  Cone  IV.                 Cone  V.                Cone  VI.             S            £              a 


.5?  0  "8 

Sample.                                        jg  £ 

1 0.2912  20.74 

2 0.2513  18.74 

3 0.4943  20.00 


4J       « 

J3    a 

i* 

0.2753 
0.3105 
0.3075 


21.57 
20.03 
23.22 


0.2708 
0.3410 
0,3035 


18.35 
18.59 
16.34 


J3    a 

'3    a 

£'~ 

0.1800 

0.2088 

0.3630 


18.88 
22.41 
18.07 


0.1622 
0.1493 
0.3335 


19.05 
21.43 
19.88 


•a  c 

0.1322 
0.1870 
0.2064 


8-1 


17.70 
20.59 
18.12 


H  "3 

1  3 
S 
21.57 

22.41 
23.22 


a  .0 
S  § 

I 
'S  ° 

s 

17.70 

18.59 
16.34 


—  W  •-; 


19.38 
20.29 
19.27 
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C.  is  open  to  objection  for  two  reasons:  first,  the  resins 
turn  brown  at  this  temperature  and  undoubtedly 
there  is  some  change  in  composition;  second,  a  con- 
stant weight  cannot  be  obtained.  When  the  resins 
are  dried  in  vacuo  there  is  no  evidence  of  much  change 
in  composition  and  when  completely  dried  there  is 
practically  no  change  in  weight. 

Great  care  should  be 'taken  in  securing  petrolic 
ether  of  suitable  quality  for  the  extraction  of  the 
soft  resins.  The  practice  in  this  laboratory  is  to 
make  two  distillations,  starting  with  the  commercial 
product  sold  by  dealers  (boiling  point  40-60  °)  and 
each  time  taking  the  fraction  distilling  over  under  45  °  C. 

Acknowledgment  is  due  Mr.  B.  Pilkington  for 
valuable  assistance  given  in  making  some  of  the 
analytical  determinations  given  in  this  paper. 

CONCLUSIONS. 

1.  A  comparative  study  has  been  made  of  some  of 
the  present  methods  used  for  the  determination  of 
hard  and  soft  resins  in  the  hop  and  their  defects 
pointed  out. 

2.  A  method  has  been  proposed  by  the  authors 
which  they  believe  overcomes  some  of  the  objections 
to  present  methods. 

Laboratory 
Agricultural  Experiment  Station, 
Corvallis,  Oregon. 


THE  CHEMISTRY  OF  ANAESTHETICS,  IV:   CHLOROFORM.1 

By  Charles  Baskerville  and  W.  A.  Hamor. 

The  career  of  chloroform  has  been  chequered  ever 
since  its  discovery,  but  especially  since  it  has  been  used 
as  an  anaesthetic.  The  reasons  for  this  are  made 
apparent  in  this  paper. 

The  report  of  this  investigation  has  been  sub- 
divided as  follows: 

I.  History. 

II.  Uses. 

III.  Manufacture:  i.  From  Ethyl  Alcohol.  2.  From 
"Methylated  Spirit."  3.  From  Acetone.  4.  From  Methane 
{Natural  Gas).  5.  From  Carbon  Tetrachloride.  6.wSpecial 
Chloroforms  of  Foreign  Manufacture. 

IV.  Purification. 

V.  The  Physical  Constants  of  Chloroform:  i.  Specific 
Gravity.      2.  Boiling  Point. 

VI.  The  Decomposition  of  Chloroform:  i.  The  Changes 
which  Chloroform  Undergoes  upon  Exposure  to  Air.  2.' The 
Changes  which  Anaesthetic  Chloroform  Undergoes  when  a  Current 
of  Oxygen  is  Conducted  through  it.  3.  The  Decomposition  of 
Chloroform  Vapor  upon  Exposure  to  Gas  Light,  etc.,  during 
Administration.  4.  The  Effect  of  Agitation  upon  Anaesthetic 
Chloroform.  5.  The  Preservation  of  Chloroform.  6.  The 
Storage  of  Anaesthetic  Chloroform. 

VII.  The  Impurities  of  Anaesthetic  Chloroform: 
1.  Chemical  Considerations.       2.   Physiological  Considerations. 

VIII.  The  Examination  of  Anaesthetic  Chloroform: 
1.  The  Tests  for  Odor.  2.  Residue.  3(a).  The  Test  with  Sul- 
phuric Acid.  2,{b).  The  Test  with  Formalin — Sulphuric  Acid. 
3(c).  Discussion  of  3(a)  and  3(6).  4.  The  Detection  of  Water 
in    Chloroform.     5.   The    Detection    and    Estimation    of    Alcohol 

1  Read  at  the  regular  June  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society.  1911. 


in  Chloroform.  6.  The  Detection  of  Acetone  in  Chloroform. 
-.  Tlte  Detection  of  Methyl  Alcohol  and  other  Methyl  Compounds 
in  Chloroform,  8.  'The  Detection  of  Ethyl  Ether  in  Chloroform. 
<).  The  Detection  of  Acetaldehyde  in  Chloroform.  10.  The  l>r 
termination  of  the  Acidity  of  Chloroform.  II.  The  Decompo- 
sition Products  of  Pure  Chloroform.  n(a).  The  Detection  of 
Carbonyl  Chloride.  11(b).  The  Detection  of  Hydrochloric  Acid. 
11(c).  The  Detection  of  Chlorine.  12.  The  Detection  of 
Chlorine  Substitution  Products.  12(a).  "Chlorinated  Decom- 
position Products."  12(b).  The  Occurrence  of  Ethyl  Chloride  in 
Chloroform.  12(c).  The  Occurrence  of  Ethylene  Chloride  in 
Chloroform.  12(d).  The  Detection  of  Carbon  Tetrachloride.  13. 
Scheme  for  the  Examination  of  Chloroform  for  Anaesthetic  and 
Analytical  Purposes,  with  Particular  Reference  to  the  Detection 
of  Avoidable  Impurities.  14.  The  Degrees  of  Purity  of  Ameri- 
can Chloroforms. 


In  this  paper  the  grades  of  chloroform  have  been 
discriminated  in  accordance  with  the  following  classi- 
fication, which  the  authors  propose  "as  a  basis: 

A.  Pure  Chloroform. — Absolute  chloroform — chloro- 
form free  from  alcohol  and  all  impurities. 

B.  Anaesthetic  Chloroform. — Chloroform  complying 
with  the  pharmacopoeial  requirements.  Such  chloro- 
form contains  ethyl  alcohol  (up  to  1  per  cent.)  and 
small  amounts  of  water. 

C.  Commercial  Chloroform. — Chloroform  which  con- 
tains at  least  99  per  cent.,  by  weight,  of  absolute 
CHC13,  but  which  may  contain  small  amounts  o  f 
"organic  impurities."' 

D.  All  other  grades  of  chloroform  should  be  classes 
as  impure  commercial  chloroform. 

E.  The  purity  demanded  of  laboratory  chloroform, 
or  chloroform  intended  for  analytical  purposes,  is 
entirely  dependent  upon  the  purpose  for  which  it  is 
intended.  For  ordinary  reagent  purposes,  the  grade 
specified  under  anaesthetic  chloroform  is  suitable,  and 
in  general  may  be  said  to  answer  all  such  purposes; 
but  in  special  cases  pure  chloroform  may  be  required, 
and,  when  this  is  the  case,  it  should  always  be  pre- 
pared immediately  before  use,  according  to  a  method 
to  be  described  in  Section  V,  1,  A  of  this  paper. 

1.    HISTORY. 

Chloroform  was  discovered  in  1831,  yet  it  has  been 
asserted  that  there  are  indications  of  an  earlier  ac- 
quaintance with  the  compound.  For  example,  we 
are  told  by  Hutman,2  on  the  authority  of  Johannes 
Porta3  and  Sir  Walter  Scott,4  that  chloroform  was 
known  in  former  times  and  was  then  employed  as  a 
means  of  producing  insensibility.  Investigation  shows 
that  this  statement  is  based  upon  misinterpretation.5 

1  See  Section  VII,  1,  of  this  paper. 

2  J.  chim.  med.,  [3]  4,  476. 

3  "Magia  Naturalis."  1619.  It  should  be  mentioned  here  that  in  1589 
Giaubattista  Porta  used  an  essence  made  from  hyoscyamus.  solanum. 
poppy,  and  belladonna,  enclosed  in  a  lead  vessel,  for  producing  sleep  by 
inhalation  of  the  vapor. 

4  "Letters  on  Demonology  and  Witchcraft,"  1830. 

5  Most  ancient  authors  who  pretend  to  treat  of  the  wonders  of  "Natural 
Magic."  give  recipes  for  calling  up  phantoms  by  the  inhalation  of  certain 
gases  from  burning  medicated  mixtures,  generally  of  oils,  and  by  the  use 
of  suffumigations  of  strong  herbs  (Hibbert's  "Apparitions,"  p.  120).  The 
ancient  Egyptians,  Assyrians,  and  Chinese  were  familiar  with  many  vege- 
table substances  (e.  g.,  cannabis  indica)  capable  of  producing  ecstatic, 
sedative  and  anodyne  effects  (Snow's  "Chloroform  and  Other  Anaesthetics." 
1858;  Bernard's  "Legons  sur  les  Anestheskjues  ct  sur  l'Asphyxie,"   1875; 
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Silliman1  confused  chloroform  with  ethylene  di- 
chloride,  stating  that  it  had  been  "long  known  to 
chemists  under  the  name  of  'oil  of  the  Dutch  chemists' 
and  'Dutch  oil,'  from  its  discovery  in  1796  by  an 
association  of  Dutch  chemists." 

In  1 83 1,  Liebig2  obtained  chloroform  by  the  action 
of  a  water  solution  of  potassium  hydroxide  on  chloral 
and  by  treating  acetone  with  bleaching-powder.  Al- 
most at  the  same  time,  however,  Soubeiran3  obtained 
chloroform  by  the  action  of  bleaching-powder  on 
dilute  alcohol,  terming  the  product  "ether  bi- 
chlorique,"  and  he  was  regarded  as  the  discoverer 
of  the  compound  until  Liebig4  advanced  his  claim  as 
having  been  the  first  to  prepare  it,  although  he 
originally  believed  the  substance  to  be  a  new  chloride 
of  carbon.  According  to  some  authorities,5  Samuel 
Guthrie,  an  American,  discovered  chloroform  simulta- 
neously with  Liebig  and  Soubeiran,  and  it  has  also 
been  stated6  that  his  discovery  antedates  that  of 
Liebig  several  months.  Silliman7  stated  in  1848 
that  "the  production  of  'chloric  ether'  so  called,  by 
the  action  of  alcohol  with  bleaching-powders,  was 
discovered  almost  simultaneously  and  without  con- 
ference by  our  ingenious  countryman,  Samuel  Guthrie, 
of  Sackett's  Harbor,  New  York,  and  by  M.  E. 
Soubeiran  in  France." 

Liebig  considered  that  he  had  prepared  carbon 
trichloride  whereas  he  actually  obtained  chloroform, 
and  Guthrie  confused  his  product  with  ethylene 
chloride ;  in  both  cases,  the  investigations  were  made 
in  1831  and  published  in  the  early  part  of  1832. 
Guthrie  prepared  chloroform  without  knowledge  of  the 
work  of  Liebig  or  Soubeiran,  and  is  fully  entitled  to  be 
credited  with  its  independent  discovery.8 

Lyman's  "Artificial  Anaesthesia  and  Anaesthetics,"  1883;  and  Dastre's 
"Les  Anesthesiques,"  1890).  From  the  Odyssey  (4,  220)  we  learn- that 
Helen  "cast  a  drug  into  the  wine  whereof  they  drank,  a  drug  to  lull  all 
pain  and  anger  and  bring  forgetfulness  of  every  sorrow."  Herodotus 
refers  to  the  custom  of  the  Scythians  of  inhaling  the  fumes  of  a  kind  of 
hemp;  Dioscorides  (De  Med.  Mat.,  4,  76)  makes  mention  of  the  practice 
of  boiling  in  wine  the  root  of  the  "Atropa  Mandragora"  and  of  administer- 
ing some  of  the  decoction  prior  to  surgical  operations;  and  Pliny  (36,  94) 
refers  similarly  to  the  powers  of  the  mandrake.  Mandragora  appears  to 
have  been  used  to  some  considerable  extent  (Galen,  lib.  7,  207;  Lucian, 
"Demosthenes'  Encomium,"  p.  36);  it  was  employed  in  compounding  the 
"spongia  somnifera"  of  Theodoric.  The  Bible  and  the  Talmud  also  con- 
tain references  to  ancient  practices  of  inducing  sleep  by  artificial  means. 
However,  excepting  the  use  of  Memphis  marble  and  vinegar  as  a  local 
anaesthetic  by  the  Romans,  carotid  compression  and  (later)  mesmerism, 
vegetable  narcotics  only  were  used  to  assuage  suffering  and  for  the  induction 
of  unconsciousness  until  the  foreshadowing  of  the  modern  system  of 
anaesthesia  by  the  discovery  of  nitrous  oxide. 

1  Am.  J.  Sci..  [2]  8,  240. 

*Pogg.  Ann.,  23.  444;  Ann.',  1,  31,  198. 

3  Ann.  chim.  phys.,  [2]  48,  131;  Ann.,  1,272;  Soubeiran  and  Mailhe, 
Ann.,  71,'225. 

*  Ann..  162.  161. 

8  E.  a.,  Wurtz  Flagg,  "Ether  and  Chloroform,"  1851,  p.  18;  and  Turn- 
bull,  "Anaesthetic  Manual,"  1879,  p.  87. 

6  Pop.  Sci.  Mon.,  12,  738. 

7  Loc.  cit.  See  Silliman,  Am.  Chemist,  5,  86,  for  a  full  account  of 
Guthrie's  discovery. 

•  The  attention  of  Guthrie  appears  to  have  been  directed  to  the  prep- 
aration of  "chloric  ether"  by  reading  a  passage  in  a  work  by  Silliman 
("Elements  of  Chemistry,"  2,  20),  wherein  it  was  stated  that  the  alcoholic 
solution  of  "chloric  ether"  is  of  medicinal  value.  By  the  term  "chloric 
ether"  Silliman  referred  unmistakably  to  ethylene  chloride,  which  Guthrie 
considered  he  had  prepared  in  "spirituous  solution,"  by  the  action  of 
chloride  of  lime  on  alcohol  of  density  0.844,  whereas  he  actually  obtained 
an  alcoholic  solution  of  chloroform  (Am.  J.  Sci.,  [1  ]  21,  64).  Silliman, 
commenting  on  Guthrie's  original  contribution  (Ibid.,  408),  stated  that 
"we  cannot  say  precisely  what  takes  place  during  the  distillation  of  alcohol 


Dumas,1  in  1834,  showed  that  chloroform  contains 
hydrogen,  and  later  he  determined  its  true  formula.' 
Dumas  obtained  chloroform  by  boiling  tri-chloro- 
acetic  acid  with  aqueous  alkalies,  and  it  was  he  who 
gave  the  compound  its  present  name.3  Regnault* 
proved  that  chloroform  is  the  second  substitution- 
product  of  mothyl  chloride;  he  termed  it  "ether 
hydrochlorique  de  methylene  bichlorure."  Berzelius 
referred  to  chloroform  as  "formylsuperchlorid,"  and 
Mitscherlich  as  "chloratherid." 

II.    USES. 

Chloroform  (methenyl  trichloride;  trichloro-methane; 
"formylf trichloride")  is  a  colorless,  limpid  liquid 
possessing  a  sweet  but  somewhat  burning  taste  and  an 
agreeable  characteristic  odor.  When  pure,  it  is  not  com- 
bustible, i  but  when  mixed  with  alcohol  it  burns  with 
a  smoky  flame  edged  with  green.  Chloroform  is  slightly 
soluble  in  water  (0.822  gram  in  100  grams  at  200)  and  it 
imparts  to  it  a  sweet  taste.  It  is  miscible  in  all 
proportions  with  absolute  alcohol,  ether,  benzene,  and 
petroleum  spirit.  It  is  soluble  to  a  limited  extent  in 
aqueous  alcohol.  It  may  be  made  into  an  emulsion  with 
water  by  means  of  saponin.6 

Chloroform  is  used  in  medicine7  as  an  anaesthetic,8 
stimulant,9    antispasmodic,10     antiseptic,11     analgesic, 

from  chloride  of  lime.  It  is,  however,  worthy  of  notice  that,  as  alcohol 
is  believed  to  be  composed  of  olefiant  gas  and  water ....  and  as  chloric 
ether  has  been  heretofore  produced  by  the  combination  of  chlorine  and 
olefiant  gas,  it  seems  hardly  to  admit  of  a  doubt,  that  in  distilling  alcohol 
from  chloride  of  lime,  the  latter  gives  its  chlorine  to  the  olefiant  gas  of  a 
part  of  the  former,  and  thus  produces  chloric  ether,  which  passes  over,  in 
solution,  in  another  portion  of  the  alcohol,  while  the  water  of  that  portion 
of  the  alcohol  which  afforded  the  olefiant  gas,  or  the  water  which  may  be 
supposed  to  be  produced  by  a  combination  of  the  elements,  is  detained 
by  the  lime."  The  question  was  raised,  "Can  any  method  be  devised  by 
which  the  alcohol  can  be  detached  from  the  chloric  ether,  and  the  latter 
obtained  concentrated  and  in  quantity?"  Guthrie  later  (Ibid.,  22,  105; 
see  also,  Hayes,  Ibid.,  163)  found  that  this  could  be  accomplished  by  dis- 
tillation over  sulphuric  acid,  and  obtained  an  "ether"  possessing  a  density 
of  1.486  and  boiling  at  166°  F.  In  a  communication  to  Silliman,  he  stated 
that  "as  chloric  ether  is  said  to  have  a  specific  gravity  of  only  1.22  at  45°, 
a  boiling  point  at  152°  F.,  and  to  be  decomposed  by  sulphuric  acid,  evolving 
chlorine,  you  may  have  good  reason  to  doubt  the  purity  of  my  product 
or  the  accuracy  of  my  estimate,  but  you  can  very  readily  verify  the  first, 
and  I  shall  be  found  to  be  very  near  the  truth  with  the  latter." 

1  Ann.  chim.  phys.,  [2]  56,  115;  Ann.,  32,  113. 

2  Ann.  chim.  phys.,  [2]  71,  353. 

3  Ibid.,  [2]  66,  120.  To  quote  Dumas:  "La  formule corre- 
spond a  un  chlorure  d'hydrogene  carbone,  qui  est  l'equivalent  de  l'acide 

formique  anhydre C'est  ce  qui  m'engage  a  la  designer  sous  le   nom 

de  chloroforme." 

*  Ann.  chim.  phys.,  [2]  71,  377;  Ann.,  33,  328;  J.  prakt.  Chem..  19,  210. 
8  See  Ommeganck,  Am.  Chemist,  5,  292. 
8  /.  Soc.  Chem.  Ind.,  1887,  382. 

7  Seyfferth  (Z.  f.  Arbeiter-Wohljahrtseinrichtungen,  10,  319;  see  also 
Chem.  Ind.,  27,  379)  has  recommended  the  proposal  of  Weiskopf  to  use 
chloroform  in  cases  of  inhalation  of  nitrous  fumes.  Chloroform  is  used 
internally  in  colic,  gastralgia,  asthma,  spasmodic  coughing,  atonic  quinsy, 
hysteria,  scarlet  fever,  neuralgia,  cancer,  hiccough,  tic  douloureux,  etc. ; 
and  as  an  anaesthetic  by  inhalation  in  surgical  operations.  Externally, 
chloroform  is  used  in  a  20-50  per  cent,  liniment  for  rheumatism,  neuralgia. 
colic,  etc.  It  is  used  hypodermically  in  hydrocele.  The  maximum  dose 
is  2  cc,  and  the  usual  dose  is  0.6-1.3  cc.  in  solution. 

8  Sir  James  Simpson,  "New  Anaesthetic."  1847,  p.  7;  Illustrated 
London  News,  December  4,  1847,  370/2.  E.  B.  Simpson,  Century.  25,  412; 
Liv.  Age.  66,  720;  Mon.  J.  Med.  Sci.,  September,  1847;  Ednb.  Medico- 
Chir.  Soc.,  November  11,  1848.  J.  Y.  Simpson's  "Anaesthesia,"  1849,  pp. 
93,  145,  182.  193,  203.  Chloroform  of  the  density  1.48  was  used  by  Simp- 
son in  1847. 

9  Formby  (1845)  mentioned  this  use  of  chloroform.  See  also,  Simp- 
son, Mon.  J.  Med.  Sci.,  December,  1847.  Guthrie  published  an  account 
of  the  therapeutic  effects  of  chloroform  as  a  diffusible  stimulant  in  1832. 

10  Guillot  proposed  chloroform  as  an  antispasmodic  (Ann.  TlUrap., 
1844,  p.  35). 

11  As  an  antiseptic,  chloroform  prevents  the  growth  of  microorganisms, 
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counter-irritant,  rubefacient,  ami  as  an  antidote  in 
cases  oi  strychnine  poisoning. 

Anaesthetic  chloroform,  but  more  general] 
"technical"  or  "commercial"  chloroform,  is  used 
technically  (in  clcctrotechnics,  rubber  industry,  and 
photography)  and  in  dentistry  as  a  solvent.  Chloro- 
1 1  inn  is  an  important  technical  solvent;  it  dissolves 
fats,  resins,  one  constituent  part  of  caoutchouc, 
sulphur,  phosphorus,  iodine,  many  alkaloids  and 
alkaloidal  salts,  as  well  as  many  other  carbon  com- 
pounds.1 

Reagent  chloroform  is  generally  of  the  density 
1.48-1.489,  and  is  employed  as  a  solvent,  for  testing 
primary  amines,  for  the  detection  of  aniline,  etc. 
Its  most  extensive  use  as  a  solvent  in  the  laboratory 
is  for  dissolving  alkaloids. 

396,540  pounds  of  chloroform,  valued  at  $98,070, 
were  produced  in  the  United  States  in  1900;  of  this 
amount,  334,000  pounds  were  produced  in  New 
Jersey,  and  62,540  pounds  in  New  York.  In  1905, 
616,670  pounds,  valued  at  $165,604,  were  manu- 
factured in  this  country. 

III.    MANUFACTURE.' 

i.  From  Ethyl  Alcohol. 

A.  Soubeiran^  showed  that  chloroform  is  formed 
by  the  action  of  bleaching-powder  on  dilute  alcohol.4 

When  alcohol  of  various  strengths  is  poured  upon 
bleaching-powder,  the  distillate  affords  an  oil  which 
may  be  separated  by  fractionation.  The  amount  of 
chloro-acetal  (b.  p.,  150-1600)  is  therefore  greatly 
diminished  by  diluting  the  alcohol.5 

The  theory  of  the  process  sometimes  given  is  as  follows: 
The  bleaching-powder  is  supposed  first  to  convert  the  alcohol 
into]  chloral,  vand  then  ;ihe  lime  which  is  present,  or  which  is 
formed,  splits  this  into  calcium  formate  and  chloroform.6 
8CaO.Cl2  +  2C2H6OH  =  2C2ClaHO  +  sCaCl2  +  3CaO  +  sH20  = 
2CCI3H  +  Ca(CH02)2  +  5CaCl2  +  2CaO  +  4H20. 

but  it  does  not  affect  the  action  of  soluble  ferments  (J.  Soc.  Chem.  Ind., 
1886,  331).  On  the  antiseptic  applications  of  chloroform,  see  Robin, 
Compt.  rend.,  30,  52;  Augendre,  Ibid.,  31,679;  Barnes,  Pharm.  J.,  [3]  5, 
441;  Salkowski,  Chem.  Repert.,  1888,  166;  and  Pharm.  J.,  [3]  18,  315,  356. 
855.  Chloroform  may  be  used  as  a  preservative  of  mucilage  and  infusions. 
Munz  (Pharm.  J.,  1876,  967)  proposed  the  use  of  chloroform  as  a  test  be- 
tween chemical  and  living  ferments. 

1  See,  in  this  connection,  Pettenkofer,  Jahresber.,  1858,  363;  Schlim- 
pert,  Ibid.,  1859,  405;  Nowak,  Archiv.  Pharm.,  [3]  3,  281;  Hesse,  Pharm. 
J.,  [3]  4,  649.  For  a  list  of  substances  soluble,  insoluble,  and  partly  soluble 
in  chloroform,  see  Am.  J.  Pharm.,  1852,  147. 

2  Only  methods  of  commercial  importance  are  considered. 

3  Loc.  cit. 

4  See  also,  Bechamp,  Ann.  chim.  phys.,  [5]  22,  347.  This  process  is 
usually  conducted  as  follows:  Bleaching-powder  (40  parts),  water  (100- 
150  parts),  alcohol  (4-10  parts),  and  slaked  lime  (4-10  parts)  are  distilled 
together;  the  distillate  separates  in  two  layers,  the  lower  one  being  chloro- 
form, which  is  then  purified.  For  papers  on  the  manufacture  of  chloro- 
form from  alcohol  and  "chlorinated  lime,"  see  Am.  J.  Pharm.,  1862,  25, 
42;  1868,  289.  In  Chem.  Ztg.,  10,  338,  is  described  the  process  used  in 
Germany  in  1886;  in  Gray's  "Supplement  to  the  Pharmacopoeia,"  1846, 
p.  633,  is  described  the  process  in  general  use  in  1845;  and  in  Sci.  Am.,  95, 
421,  the  French  process  is  given  by  Boyer.  On  the  manufacture  of  chloro- 
form from  bleaching-powder  and  ethyl  alcohol,  see  especially  Frerichs, 
Am.  Inst,  of  Chem.  Eng..  1911. 

^  Goldberg,  J.  prakt.  Chem.,  132,  111.  On  the  preparation  of  chloro- 
form from  alcohol,  see,  in  addition,  Soubeiran,  Compt.  rend.,  25,  799; 
Meurer,  Chem.  Cenlr.,  1848,  154;  Carl,  Ibid.,  1848,  236;  Larocque  and 
Hurault,  AT.  J.  Pharm.,  13,  97;  Siemerling,  N.  Br.  Arch.,  53,  23;  Kessler, 
N.  J.  Pharm.,  13,  162;  Ramdohr,  N.  Br.  Arch.,  83,  280;  Hirsch,  Ibid., 
107,  137.  The  alcohol  used  should  not  contain  fusel  oil  (Regnault  and 
Hardy,  J.  Pharm.  Chim..  [4]  30,  405)  or  higher  alcohols. 

8  Watte'  "Dictionary  of  Chemistry."  2,  68  (1890). 


I). .ii,1  however,  itated  thai  tin  formation  "l  chloroform  fan 
ethyl  alcohol  is  best  indicated  by 

.((.'..linn    i   BCa{Oa)1  ■    aCHCl,   i    (CaCO,   i   CO,  1   kii,<>   I 
5CaCl2. 

Dott  confirmed  the  observation  of  Finnemore'  and  Wade 
that  a  small  proportion  of  ethyl  chloride  is  formed  in  preparing 
chloroform  from  ethyl  alcohol.' 

B.  According  to  the  process  of  Schering,'*  halogen 
salts  of  the  alkalies  or  alkaline  earths  are  electrolyzed 
in  the  presence  of  alcohol,  acetone  or  aldehyde  in  a 
warm  aqueous  solution,  carbon  dioxide  being  passed 
continuously  into  the  electrolyte  during  the  process. 

Kempfs  invented  a  process  for  the  manufacture  of 
chloroform  by  electrolyzing  suitable  halogen  com- 
pounds of  the  alkalies  and  alkaline  earths  in  alcoholic 
solution  with  constant  heating;  and  Trechcinski6 
prepared  chloroform  by  the  electrolysis  of  an  aqueous- 
alcoholic  solution  of  calcium  chloride.  The  latter  used 
platinum  electrodes  and  the  calcium  chloride  solution 
was  contained  in  a  glass  vessel;  the  gases  and  chloro- 
form vapor  were  conducted  off  through  a  tube  to  an 
absorption  apparatus.  The  yield  was  found  to  be 
increased  when  alcohol  was  added  to  the  spent  elec- 
trolyte solution. 

Although  ethyl  alcohol  was  formerly  used  for  the 
production  of  chloroform,  it  is  now  largely,  and  al- 
most entirely,  replaced  by  acetone,  and  more  re- 
cently carbon  tetrachloride  has  become  an  important 
source. 

2.  From  "Methylated  Spirit." 

Pure  methyl  alcohol  does  not  yield  chloroform  when 
treated  with  bleaching-powder,  although  it  is  formed 
from  commercial  methyl  alcohol.7  "Methylated 
chloroform,"  at  one  time  extensively  used  in  England, 
is  chloroform  prepared  from  wood  spirit  ("methylated 
spirit.")8  It  is  incorrect  to  suppose  that  "methylated 
chloroform"  has  received  an  actual  addition  of  wood 
spirit,  but  such  chloroform  is  liable  to  be  much  less 
pure  than  that  obtained  solely  from  ethyl  alcohol. 
According  to  Allen,9  chloroform  prepared  from 
"methylated  spirit"  is  more  difficult  to  purify  than 
that  made  from  ethyl  alcohol,  but  a  product  has  been 
.manufactured  in  England  from  the  former  source 
which  appears  to  be  equal  in  all  respects  to  the  more 
expensive  article.10 

1  J.  Soc.  Chem.  Ind.,  27,  6,  271. 

2  J.  Chem.  Soc,  85,  938. 

8  See  ethyl  chloride,  Section  VIII,  12(6). 

4  German  Patent  29,771,  1884;  Ber.,  17,  ref.  624.  Also.  Dony-Henault, 
Z.  Eleklrochem.,  7,  57,  Waser,  Chem.  Ztg.,  34,  141. 

6  English  Patent  8,148,  1884;  German  Patent  29,771,  1884;  French 
Patent  162,306,  1884;  Belgium  Patent  65,227,  1884. 

6  /.  Russ.  Phys.-Chem.  Soc,  38,  734;  Pharm.  Ztg.,  51,  523. 

7  Belohoubek,  Ann.,  165,  349. 

8  "Methylated  spirit"  is  a  mixture  of  rectified  spirit  with  10  per  cent, 
of  wood  naphtha;  it  has  been  used  in  the  manufacture  of  chloroform,  owing 
to  its  being  obtained  duty-free  (Thorpe). 

*  "Commercial  Organic  Analysis,"  1,  235  (1908).  Although  "methyl- 
ated chloroform"  is  not  on  the  American  market,  contamination  with 
methyl  alcohol  is  considered  under  that  caption. 

10  Allen  is  also  authority  for  the  statement  that  imperfectly  purified 
"methylated  chloroform"  is  specifically  lighter  than  the  pure  substance, 
has  an  empyreumatic  odor,  and  produces  disagreeable  sensations  when 
inhaled.  In  some  cases,  we  are  told,  such  chloroform  appears  to  be  actually 
poisonous  and  produces  general  and  rapid  prostration.  Such  chloroform 
contains  several  units  per  cent,  of  a  chlorinated  oil,  lighter  than  water  and 
boiling  at  a  much  higher  temperature  than  chloroform.  A  similar  but 
different  oil  (heavier  than  water)  has  been  detected  in  much  smaller  quantity 
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Gregory1  found  that  the  chloroform  prepared  from 
ethyl  alcohol  and  wood  spirit,  when  fully  purified, 
is  quite  identical  in  all  its  properties,  but  that  from  the 
former  is  more  easily  purified.  In  fact,  it  may  be 
asserted  on  the  authority  of  Brown,  Squibb,  Schacht 
and  Biltz*  that  properly  purified  chloroform  is  the  same 
from  whatever  source  it  is  obtained ;  however,  Cross 
and  also  SpilsburyJ  have  expressed  the  opinion  that 
chloroform  made  from  ethyl  alcohol  is  physiologically 
safer  than  that  from  methylated  spirit  and  acetone. 
The  latter  opinion  is  a  recent  one  (1909)  and  is  sub- 
stantiated, at  least  in  part,  by  other  evidence,  but  is 
totally  incorrect  when  the  chloroform  is  properly 
purified.4 

j.  From  Acetone. 

A.  The  preparation  of  chloroform  from  acetone 
was  referred  to  by  Liebig  in  1832.  Bottger,  in  1848, 
showed  how  to  prepare  chloroform  from  acetates 
and  from  acetone,  and  stated  that  chloroform  made 
from|acetone  directly  was  then  to  be  had  on  the 
market,  one  ounce  of  acetone  yielding  i1/i  ounces  of 
chloroform.  The  reason  why  this  method  of  prep- 
aration was  not  generally  followed  up  was  doubtless 
attributable,  as  indicated  by  Squibb,5  to  the  erroneous 
statements  of  Siemerling  (1848)  and  Wackenroder, 
adopted  by  such  authorities  as  Gmelin  and  Watts, 
who  for  some  reason  failed  to  obtain  anything  like  the 
proportion  mentioned  by  Bottger.  Thus,  Watts6 
stated,  in  1874,  that  the  manufacture  of  chloroform 
from  acetone  cannot  be  advantageously  carried  out, 
since  the  price  of  acetone  is  high  and  it  yields  only 
about  one-third  of  its  weight  of  chloroform  when 
treated  with  chloride  of  lime.  However,  it  may  be 
shown  that  Siemerling  used  only  about  half  of  the 
theoretical  proportion  of  chloride  of  lime,  and  that  he 
apparently  made  no  attempt  to  recover  and  treat 
again  the  acetone  left  unconverted. 

Orndorff  and  Jessel7  found  that  the  products  formed  by  the 
action  of  bleaching-powder  on  acetone  are  chloroform,  calcium 
hydroxide,  calcium  chloride,  and  calcium  acetate.  They  con- 
sidered it  probable  that  the  first  action  of  the  bleaching-powder 
is  a  substituting  one,  yielding  trichloracetone  or  metjiyl  chloral, 
and  that  this  is  then  acted  on  by  calcium  hydroxide  formed 
at  the  same  time,  giving  chloroform  and  calcium  acetate: 

2CH,COCH3   +   6CaOCl2  =   2CHCI3  +   2Ca(OH)2  +   3CaCl2   + 
Ca(C2H302)2. 

Dott,  however,  states  that  the  equation 

2CO(CH3)2  +  3CaOCl2  =  2CHCI3  +  (CH3.C02)2Ca  +  2Ca(OH)2 

in  chloroform  prepared  from  alcohol  containing  no  methyl  compounds; 
these  oils  may  be  totally  eliminated  by  purification  of  the  crude  chloro- 
form. 

1  Mon.  J.  Med.  Sci.,  May,  1850;  Pharm.  J.,  9,  580. 

2  Pharm.  J.,  [3]  24,  811. 
"Ibid.,  [4]  29,  660. 

4  It  has  also  been  stated  that  headache  frequently  occurs  among 
workmen  while  bottling  chloroform  made  from  methylated  spirit,  whereas 
the  symptoms  were  not  observed  while  manipulating  chloroform  derived 
from  ethyl  alcohol  (Ibid.,  [4]  18,  515). 

6  J.  Am.  Chem.  Soc,  1896,  231. 

'  "A  Dictionary  of  Chemistry,"  1,  918.  This  statement  was  based  on 
the  results  of  Siemerling  (Arch.  Pharm.,  [2]  53,  23). 

7  Am.  Chem.  J.,  10,  366.  Dott  (Pharm.,  J.  81,  54)  found  that  there  are 
also  considerable  amounts  of  calcium  carbonate  and  chlorate  in  the  residual 
liquor  obtained  in  preparing  chloroform  from  acetone. 


agrees  well   with  his  experimental  results.     This  presentment 
of  the  reaction  may  be  taken  as  representative. 

B.  Michaelis,1  and  Michaelis  and  Mayer2  invented  a  process 
wherein  rude  acetates  are  subjected  to  dry  distillation  at  high 
temperatures  to  remove  the  fluid  products  therefrom,  which 
are  then  subjected  to  the  action  of  a  hypochlorite  and  the 
chloroform  produced  is  condensed;  the  residual  products  of  the 
dry  distillation  are  converted  into  acetic  acid  or  purified  acetates. 
This  process  is  used  by  an  American  firm. 

C.  Rumpf3  devised  this  process  for  the  manufacture  of  chloro- 
form from  acetone: — acetone  in  a  dilute  state  is  periodically 
introduced  into  the  bottom  of  a  still  containing  chloride  of  lime 
solution,  with  agitation  of  the  solution.  The  -  hloride  of  lime 
employed  is 'more  than  five  times  the  weig  t  of  the  acetone, 
resulting  in  the  chloroform  produced  equaling  the  acetone  in 
volume.  Rumpf  based  his  patent  upon  the  incorrect  quotation 
from  Watts.  Squibb,  to  avoid  litigation,  and  partly  because 
he  found  that  by  taking  an  excess  of  acetone  the  hypochlorite 
is  more  economically  and  promptly  utilized,  and  the  resulting 
chloroform  purer,  while  the  unconverted  acetone  is  easily  re- 
covered and  again  treated,  proposed  to  use  Sicmcrling's  pro- 
portions, and  to  conduct  the  whole  operation  in  an  apparatus 
described  by  himself  in  1857,  and  used  for  many  years  in  the 
production  of  chloroform  from  alcohol. 

In  the  process  of  Porsch,'1  vapors  from  the  dry  distillation 
of  an  acetate,  and  chlorine  gas,  are  continuously  discharged, 
in  opposite  directions,  under  pressure,  in  an  aqueous  bath  of  an 
alkaline  earth,  as  milk  of  lime,  subjected  to  heat;  the  hydro- 
chloric acid  is  separated  from  the  resultant  vapors  and  the 
chloroform  vapors  are  condensed. 

According  to  the  patented  process  of  Chute,8  wood  spirit, 
containing  ketonic  impurities  such  as  acetone,  is  treated  with  a 
hypochlorite,  and  the  chloroform,  which  is  thus  produced,  is 
isolated  by  diluting  the  reaction  mixture  with  water,  or  with  a 
saline  solution,  and  then  distilling  off  the  chloroform. 

D.  Chloroform  is  now  made  from  sodium  chloride  and  acetone 
by  electrolysis.6  However,  there  appears  to  be  a  strong  preju- 
dice in  the   pharmaceutical  trade  against  chloroform  from  this 

1  U.  S.  Patent  322,194,  1885. 

2  English  Patent  8,523,  1885;  German  Patent  36,514,  1886. 

3  U.  S.  Patent  383,992,  1888.  On  the  patents  of  Rumpf  for  the  pro- 
duction of  chloroform  by  the  "acetone  process,"  see  Sadtler,  Pharm.  Era, 
1889,  376.  Sadtler  stated  that  the  chloroform  thus  obtained  is  quite  free 
from  chlorinated  side-products,  but  is  nevertheless  purified  by  treatment 
with  sulphuric  acid  and  careful  washing,  and  then  brought  exactly  to  the 
pharmacopoeial  standard. 

*  U.  S.  Patent  573,483,  1896. 

6  U.  S.  Patent  893,784,  1908. 

6  In  1900,  the  following  process  was  described  (Rev.  Prod.  Chim.,  3, 
309):  A  20  per  cent,  solution  of  sodium  chloride  is  heated  at  100°  C.  in  a 
leaden  still,  and  is  kept  agitated  by  means  of  carbon  spatulas,  which,  at  the 
same  time,  serve  as  anodes  for  the  (5-6  ampere)  current.  Acetone  is  intro- 
duced into  the  bottom  of  the  still  and  combines  with  the  liberated  chlorine  to 
form  acetone  trichloride,  which,  in  the  presence  of  the  sodium  hydroxide, 
is  decomposed  with  the  formation  of  sodium  acetate  and  chloroform.  The 
latter  is  conveyed  through  a  condenser  and  is  collected  in  a  suitable  re- 
ceiver. The  yield  was  found  to  be  180  parts  out  of  210  theoretically  possi- 
ble. Klar  (Cliem.  Ind.,  19,  159)  has  also  described  the  process  for  the  prep- 
aration of  chloroform  in  which  acetone  is  chlorinated  by  chlorine  evolved 
during  the  electrolysis  of  a  20  per  cent,  sodium  chloride  solution.  Teeple 
(J.  Am.  Chem.  Soc,  26,  536)  has  discussed  very  fully  the  electrolytic  prep- 
aration of  chloroform  from  acetone.  He  found  that  the  conditions  neces- 
sary for  the  successful  preparation  of  chloroform  by  the  electrolysis  of  a 
chloride  in  the  presence  of  acetone  are:  A  temperature  below  25°  C, 
absence  of  alkali,  a  high  current  density  at  the  cathode  and  a  low  one  at 
the  anode.  A  good  yield  of  chloroform  may  also  be  obtains  1  by  the  action 
of  chlorine  upon  calcium  hydroxide  solution  contain  1."  .  tetone.  This 
suggests  that  the  electrolysis  of  a  calcium  chloride  solution  in  the  presence 
of  acetone  would  be  the  best  method  of  making  chloroform,  provided 
the  high  resistance  of  the  deposits  on  the  anode  could  be  overcome.  The 
process  of  Scheriug  (1884),  already  referred  to,  specifically  initiated  the 
efforts  which  have  been  made  to  devise  a  satisfactory  process  for  the  pro- 
duction of  chloroform  from  acetone  electrolytically.  See  also.  Rev.  Scien., 
Feb.,  1893. 
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source,  which  causes  the  manufacturers  to  l>c  reluctant  about 
divulging  any  information  concerning  1 1 1  ■  ■  proa 

When  acetone  is  used  for  the  preparation  oi  chloro- 
form, it  should  be  previously  purified1  and  this  purifica- 
tion should  be  carefully  conducted  in  order  to  prevent 
the  formation  ol  condensation  compounds.* 

It  lias  been  stated  that  chloroform  made  from 
,mt one  is  not  nearly  so  good  an  anaesthetic  as  chloro- 
form made  from  ethyl  alcohol  ;■'  but  this  opinion  is 
based  upon  the  findings  of  Wade  and  Finnemore,4 
that  chloroform  prepared  from  ethyl  alcohol  contains 
.1  very  small  proportion  of  ethyl  chloride.  When 
chloroform  is  properly  made  from  purified  acetone, 
careful  purification  will  result  in  the  production  of 
I mre  chloroform. s 

Chloroform  is  now  being  manufactured  from  acetone 
by  at  least  three  firms  in  this  country,6  while  anaes- 
thetic chloroform  prepared  from  crude  chloroform 
from  this  source  is  being  marketed  with  success  by 
at  least  five  manufacturing  chemists. 

4.  From  Methane  (Natural   Gas). 

A.  About  490,000,000,000  cubic  feet  of  natural 
gas,  valued  at  approximately  $71,000,000,  are  pro- 
duced annually  in  the  United  States.  In  Pennsyl- 
vania, for  example,  many  wells  of  5,000,000  cubic 
feet  daily  capacity  have  been  drilled.  This  gas  con- 
tains 50-95  per  cent,  of  methane,7  and,  bearing  in 
mind  the  demonstration  of  Regnault8  that  chloro- 
form is  formed  by  the  action  of  chlorine  on  methane 
in  daylight  and  ultimately  in  sunlight,  several  in- 
vestigators have  sought  to  effect  a  chlorination  in 
order  to  obtain  substitution  products.  The  ultimate 
object  has  been  to  produce  a  constant  yield  of  an 
intermediate  product. 

B.  In   1879,   Mallet9  proposed  passing  chlorine  and 

1  In  Am.  J.  Pharm.,  1889,  321,  is  an  account  of  a  method  for  purifying 
acetone  used  in  the  preparation  of  chloroform. 

-  Dott  [J.  Soc.  Chem.  Intl.,  27,  272)  has  called  attention  to  the  im- 
portance of  the  impurities  which  may  be  present  in  commercial  acetone. 
He  found  that  samples  which  indicated  99  per  cent,  by  the  iodoform  and 
other  methods  gave  about  7  per  cent,  distilling  above  58°.  This  was  first 
thought  to  be  due  to  the  presence  of  higher  ketones  or  other  bodies  yielding 
iodoform,  but  Gibson  suggested  that  it  might  possibly  be  caused  by  the 
presence  of  even  1  per  cent,  of  a  mixture  of  the  condensation  products  of 
acetone  (c.  g..  mesityl  oxide,  phorone.  and  mesitylene).  which  all  have 
relatively  high  boiling  points.  It  was  found  that  on  mixing  pure  acetone 
with  1  per  cent,  of  the  mixed  condensation  products  it  behaved  on  dis- 
tillation and  in  its  iodoform  yield,  and  otherwise,  like  the  samples  referred 
to.  When  purifying  acetone,  therefore,  manufacturers  should  avoid  treat- 
ment with  mineral  acids  or  other  method  which  is  likely  to  cause  formation 
of  the  condensation  compounds.  On  the  purity  of  acetone,  see  also  Gutt- 
man,  Dinglefs  Polyt.  J.,  1894,  96;  Klar,  J.  Soc.  Chem.  Ind.,  1897,  722. 

3  Price,  Pharm.  J.,  23,  89. 

4  Loc.  cit. 

5  J.  F.  MacFarlan  &  Co.  (The  Lancet,  1905,  i,  747)  have  expressed 
the  opinion  that  chloroform  prepared  from  acetone  is  by  no  means  generally 
accepted  as  inferior  to  chloroform  prepared  from  alcohol,  and  consider 
that  up  to  the  present,  insufficient  evidence  has  been  adduced  to  establish 
the  view  that  it  is  actually  inferior. 

We  may  state  here  that,  from  our  experience,  anaesthetic  chloroform 
manufactured  from  acetone  has  been  found  by  American  anaesthetizers 
to  be  fully  as  satisfactory  as  that  from  other  sources. 

0  The  manufacture  of  chloroform  from  acetone  has  been  carried  on 
since  1885  in  this  country  and  since  1882  in  Germany. 

7  Pennsylvania  natural  gas  contains  from  50-99  per  cent,  total  paraffins; 
Ohio  gas,  90-93  per  cent. ;  and  West  Virginia  gas,  80-87  per  cent. 

8  Ann.  chim.  phys.,  [2]  71,  380.  See  also,  Dumas,  Ann.,  33,  187; 
Ann.  chim.  phys.,  [2]  73,  95. 

•U.  S.  Patent  220,397,  October  7.  1879.  Cf.  U.  S.  Patents  880,900, 
March  3.  1908,  and  1,009,428.  November  21,  1911,  of  J.  MacKaye. 


methane  through  a  body  of  porous  material  not  acted 

upon    by    the  chlorine,   as  prepared   carbon,    meanwhile 

maintaining  the  temperature  between  300  and  900  C. 

C.  Later,  Colin'  made  serious  endeavors  to  manu- 
facture and  separate  the  chlorides  of  methane  by  the 
mutual  combustion  of  chlorine  and  natural  gas, 
mixed  in  suitable  proportions  within  a  retort.  The 
gases  were  ignited  and  the  reaction  was  maintained 
by  an  electric  spark  of  proper  tension,  the  chamber 
being  kept  at  a  proper  temperature.  After  absorbing 
the  hydrogen  chloride  from  the  product,  the  methyl 
chlorides  were  liquefied  and  attempts  were  made  to 
thereby  separate  them.  An  experimental  plant  was 
installed  for  manufacturing  chloroform  from  natural 
gas  by  this  process  at  Allegheny,  Penn. 

Without  discussing  the  suitability  of  the  provisions 
made  for  the  reactions  in  these  two  processes,  it  may 
be  remarked  that  both  were  unsuccessful,  mainly 
owing  to  the  tendency  of  the  methane,  when 
chlorinated,  to  constantly  produce  either  methyl 
chloride  or  carbon  tetrachloride,  as  shown  by  Phillips." 
The  latter  found  that  dichlormethane  and  chloroform 
are  formed  in  relatively  small  quantities,  and  con- 
cluded that  the  manufacture  of  chloroform,  from 
natural  gas,  as  indicated  by  his  experiments,  is  likely 
to  prove  a  difficult  matter.3 

D.  The  process  of  Elworthy  for  the  manufacture 
of  chloroform  from  methane  is  a  decided  improvement 
over  the  older  ones,  although  future  application  only 
can  decide  its  fate.  In  conjunction  with  Lance, 
Elworthy4  prepared  methane  by  the  synthetic  method 
of  Sabatier  and  Senderens,s  by  passing  a  mixture  of 
water-gas  and  hydrogen  over  heated  nickel  at  190- 
2500  C. — one  of  the  convenient  methods  of  preparing 
methane,  although  any  excess  of  carbon  monoxide 
greatly  retards  the  reaction.  Elworthy  and  Lance 
passed  methane  properly  mixed  with  chlorine  through 
a  series  of  thick-walled  glass  tubes  exposed  to  direct 
or  diffused  sunlight,  the  light  from  an  electric  arc, 
etc.,  and  their  patent  specifies  dilution  of  the  gases 
to  avoid  explosion.6 

E.  Pfeifer  and  Szaroasy7  have  recently  claimed  a 
process  for  the  production  of  halogen  derivatives  of 
hydrocarbons,  consisting  in  treating  methane  with  a 
halogen,  or  with  a  compound  which  liberates  free 
halogen  in  the  reaction  chamber,  under  the  action  of 
the  silent  discharge. 

We  were  informed  that  chloroform  is  now  being 
made  from  natural  gas  by  an  American  firm,  and  that 
such  chloroform  is  known  to  the  trade  as  "gas  chloro- 
form," but  this  appears  to  be  incorrect,  the  source 
being  carbon  tetrachloride  prepared  from  carbon 
disulphide  and  not  methane. 

1  U.  S.  Patent  427,744,  May  13.  1890. 

-  Am.  Phil.  Soc,  March  17,  1893. 

a  Am.  Chem.  J.,  16,  362. 

4  French  Patent  353.291,  May  15,  1905.  See,  in  this  connection, 
German  Patent  222,919,  November  5,  1909,  of  J.  Walter;  and  Allg.  Osterr. 
Chem.  Ztg.,  29,  23. 

0  Compt.  rend.,  134,  9,  514. 

0  Elworthy's  death  four  years  ago  occurred  before  his  process  had 
been  commercially  demonstrated,  and  we  have  been  informed  that  it  is 
now  very  doubtful  if  the  process  can  or  will  be  carried  out. 

7  12,058.     D.  Amu.  P.  24,872,  September  25.  1911. 
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5.   From  Carbon  Tetrachloride. 

Geuther  found  that  chloroform  results  from  the 
action  of  nascent  hydrogen  (from  zinc  and  sulphuric 
acid)  upon  carbon  tetrachloride;1  and  Damoiseau 
thought  that  chloroform  might  be  profitably  prepared 
by  passing  a  mixture  of  methyl  chloride  and  chlorine 
in  the  proper  proportions  through  a  long  tube  con- 
taining animal  charcoal  and  heated  between  2500 
and  3500  C.»  It  was  not  until  successful  commercial 
processes  for  the  production  of  carbon  tetrachloride 
had  been  developed,  however,3  that  it  was  ascertained 
that  chloroform  may  be  advantageously  prepared  from 
carbon  tetrachloride.'' 

The  carbon  tetrachloride  used  is  prepared  from 
carbon  disulphide  (the  electric  furnace  product),  and 
manufacturers  in  the  United  States  state  that  it  is  so 
free  from  sulphur  compounds  that  "no  part  of  the 
distillate  separated  from  a  batch  of  5000  pounds 
through   a  long   fractionating  column   will  show   any 

•  Ann.,  107,  212. 

*Compt.  rend.,  91,  1071.  See  also,  Com.pt.  rend.,  92,  42,  145;  Vinceijt, 
Jahresber.  Chem.  Technol.,  1881,  971. 

3  As  early  as  1834  it  was  learned  that  carbon  disulphide  may  be  con- 
verted into  carbon  tetrachloride  by  chlorination  (Kolbe,  Ann.,  45,  41; 
64,  146.  See  also,  Hofmann,  Ibid..  115,  264;  Klasow,  Ber.,  20,  2376; 
Moneyrat,  Bull.  soc.  chim.,  [3]  19,  262;  Serra,  Gaz.  chim.  Hal.,  29,  353). 
Miiller  and  Dubois  (Eng.  Patent  19,628,  1893)  devised  a  process  for  the  pro- 
duction of  carbon  tetrachloride  by  the  addition  of  finely  divided  iron  to  a 
mixture  of  carbon  disulphide  and  sulphur  chloride;  cf.  Eng.  Patent  13,733 
of  1901,  of  Urbain.  wherein  practically  the  same  process  is  claimed,  and 
U.  S.  Patent  753.325.  dated  March  1,  1904,  of  A.W.Smith.  On  the  prep- 
aration of  carbon  tetrachloride,  see  Margosches.  "Der  Tetrachlorkohlen- 
stoff,"  1905,  pp.  4  and  15. 

4  In  1896,  the  following  method  for  the  preparation  of  chloroform  was 
described  (Chem.  Rev.,  1896,  88):  To  75  kg.  of  carbon  tetrachloride  are 
added,  in  the  cold.  60  kg.  of  hydrochloric  acid  (22°  B.)  and  50  kg.  of  zinc, 
the  whole  being  then  heated  in  an  autoclave.  Hydrogen  is  liberated  and 
reduces  one  atom  of  chlorine  with  the  formation  of  hydrochloric  acid  which 
then  attacks  the  zinc  anew,  and  the  cycle  continues  until  the  process  is 
complete,  a  condition  indicated  by  the  formation  of  the  hydrochloric  acid. 
The  upper  layer  of  the  substance  is  removed  and  the  product  refined. 
(See  also,  Pharm.  Centralh.,  37,  715;  Pharm.  J..  57,  377).  "On  the  Prep- 
aration of  Chloroform  from  Carbon  Tetrachloride,' '  see  Gustavson,  Ber., 
7,  128;  Eder  and  Valenta.  Chem.  Ind.,  20,  249;  Pharm.  Ztg..  41,  22; 
Klar.  Chem.  Ind.,  19,  159. 

In  1902,  A.  W.  Smith,  of  Cleveland,  Ohio,  devised  a  successful  process 
of  making  chloroform  from  carbon  tetrachloride.  This  process  (loc.  cit.) 
consists  in  the  production  of  chloroform  by  the  following  steps;  the  action 
of  heated  sulphur  upon  heated  carbon,  so  as  to  produce  carbon  disulphide ; 
the  action  of  chlorine  upon  sulphur,  so  as  to  produce  sulphur  chloride  or 
dichloride;  the  action  of  sulphur  chloride  or  dichloride  upon  carbon  di- 
sulphide, so  as  to  produce  carbon  tetrachloride ;  and,  finally,  the  reduction 
of  carbon  tetrachloride,  so  as  to  produce  chloroform.  According  to  the 
specification  of  Smith,  the  reduction  of  the  purified  carbon  tetrachloride 
to  chloroform  may  be  accomplished  in  a  number  of  ways,  "as  by  treating 
the  tetrachloride  with  some  substance  or  substances  that  will  generate 
nascent  hydrogen,  such  as  an  acid  and  a  metal  or  an  alkali  and  zinc  or  by 
electrolytic  methods.  This 'reaction  may  be  much  shortened  in  time  by 
bringing  the  tetrachloride  and  acid  used  in  the  production  of  nascent 
hydrogen  into  more  intimate  contact  with  each  other  by  the  use  of  a  mutual 
solvent  for  both  tetrachloride  and  acid  (ethyl  or  methyl  alcohol)."  Smith 
"found,  however,  that  mechanical  agitation  of  the  tetrachloride  with 
reducing  substances  answers  the  same  purpose  to  a  certain  extent  and  is 

preferable" and    "that    simple    agitation    of    the    tetrachloride    with 

water  and  finely-divided  iron  without  any  acid  or  simply  a  trace  of  acid  to 
start  the  reaction  is  one  of  the  most  efficient  methods  of  reduction  of  the 
tetrachloride  to  chloroform,"  which  "method  is  far  cheaper  than  that 
involving  the  use  of  acids  or  most  other  reduction  methods  and  possesses 
the  added  advantage  that  it  can  be  readily  controlled,  so  that  little  or  no 
reduction  to  dichlormethane  takes  place."  The  process  of  Smith  is  in  use 
by  an  American  concern,  and  modifications  have  been  put  into  effect  and 
are  now  the  subject  of  other  patents  under  action.  This  company  began 
the  commercial  manufacture  of  chloroform  from  carbon  tetrachloride  in 
1902,  and  the  present  capacity  is  about  300,000  pounds  per  annum.  At 
the  present  time,  part  of  the  product  is  being  exported  and  is  reported  to 
be  of  satisfactory  quality,  complying  with  certain  foreign  pharmacopoeial 
requirements.  » 


sulphur  compounds  by  the  must  delicate  tests  known." 
The  presence  of  carbon  disulphide  in  the  chloroform 
produced  is  guarded  against  by  means  of  a  process  for 
removing  carbon  disulphide  from  the  carbon  tetra- 
chloride used;  when  traces  are  present,  the  tetra- 
chloride is  fractionated  in  a  high  column  still  until  the 
distillate  will  give  no  response  with  tests  for  the 
presence  of  carbon  disulphide,"  then  the  material 
remaining  in  the  still  is  used  for  the  manufacture  of 
chloroform  and  the  distillate  is  considered  as  com- 
mercial carbon  tetrachloride,  which  is  usually 
guaranteed  to  contain  99.7  per  cent,  of  absolute  CC1,. 
We  have  been  informed  that  "technically  pure" 
chloroform  produced  from  disulphide  tetrachloride 
may  be  recognized  by  its  small  content  of  carbon 
disulphide  and  carbon  tetrachloride,  and  that  such  a 
grade  also  possesses  a  higher  refractive  index  than 
other  varieties.  We  have  not  examined  any  of  this 
"technically  pure"  chloroform,  but  from  our  ex- 
perience the  anaesthetic  grade  conforms  in  full  with 
the  required  pharmacopoeial  standards. 

6.  Special  Chloroforms  of  Foreign  Manufacture. 

Considerable  quantities  of  chloroform  are  produced 
in  Germany  for  domestic  and  foreign  consumption.1 

In  addition  to  anaesthetic  chloroform  prepared 
by  the  action  of  bleaching-powder  on  alcohol  and 
acetone  (Chloroform  Gehe,  Riedel,  Merck,  Kahlbaum, 
de  Haen,  Konig,  and  Cotta),  "Chloroform  e  Chloral," 
"Chloroform  Pictet,"  and  "Chloroform  Anschutz" 
are  found  on  the  German  market. 

A.  Chloral  Chloroform. — Liebig  found  that  chloro- 
form might  be  prepared  by  distilling  chloral  with 
excess  of  aqueous  potassium  hydroxide,  sodium 
hydroxide  or  baryta,  or  with  milk  of  lime,  repeatedly 
agitating  the  oily  distillate  with  water,  separating 
from  the  water  as  completely  as  possible  by  decanta- 
tion,  and  then  distilling  with  6  or  8  times  its  volume 
of  strong  sulphuric  acid  in  a  perfectly  dry  apparatus. 
In  1870,  chloral  chloroform  was  sold  under  the  name 
"English  Chloroform"  in  Germany,  and  Hagcr,  after 
an  examination,  expressed  the  opinion  that  chloro- 
form from  chloral  was  the  purest  then  obtainable.1 

The  invention  of  Liebreich '  for  preparations  for  the 
production  of  chloroform  relates  broadly  to  a  product 
consisting  of  a  dry  mixture  of  chloral  hydrate  and 
alkali,  which  may  be  compressed  into  any  convenient 
shape;  on  treatment  with  water,   chloroform   is  pro- 

1  The  detection  and  estimation  of  carbon  disulphide  in  chloroform  will 
be  referred  to  later. 

2  In  1910.  for  example,  161.900  kg.  of  chloroform  and  chloral  were 
exported,  19,000  kg.  of  which  went  to  the  United  States;  the  average  price 
is  from  170-180  marks  per  100  kg. 

3  Year -Book  or  Pharm..  1870,  119.  Hagcr  found  that  "English 
chloroform"  was  really  chloral  chloroform  containing  0.75-0.80  per  cent, 
of  alcohol.  The  addition  of  pure  sulphuric  acid  to  tins  chloral  chloroform 
caused  no  coloration,  while  it  was  found  to  color  slightly  the  ordinary 
grade  of  chloroform  then  in  use.  Evaporation  of  some  of  the  substance 
on  a  watch-glass  in  the  air  was  found  to  afford  another  means  of  testing 
the  substance.  When  all  but  a  few  drops  had  disappeared,  the  ordinary 
chloroform  residue  was  found  to  possess  a  disagreeable  odor,  while  the 
other  retained  its  pleasant  odor.  Versmann  (.Pharm.  J  .  |3]  2,  63)  also 
found  that  the  residue  of  chloral  chloroform  possesses  ""  foreign  "d,ir 

According  to  a  later  writer,  however  (Ahrends,  Pharm.  Ztg.,  1891, 
263),  German  chloroform  is  generally  superior  to  that  manufactured  in 
England.  This  is  as  one  would  now  suspect,  since  the  British  Pharma 
copoeia  is  considerably  less  stringent  than  tluit  of  Germany. 

1  Eng.  Patent  15.930,  1904. 
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duced,  The  producl  ol  this  process  has  been  known 
as  "Chloroform  Licbreich,"  and  "  Chloroform-Scher- 
ing,"  now  on  tin'  American  market,  is  prepared  from 
Liebreieh's  crystallized  chloral  hydrate. 

Langgaard"  examined  the  eight  principal  brands  of 
chloroform  obtainable  in  Germany,  and  found  that 
chloral  chloroform  was  the  purest.  As  a  general 
rule,  however,  all  of  the  German  chloroforms  of 
anaesthetic  grade  are  of  good  quality,3  and  the  grade 
at  present  prescribed  by  the  Arzneibuch  is,  at- least 
in  most  cases,  equal  to  chloroform  prepared  from 
chloral.  It  has  been  also  claimed  that  chloral  chloro- 
form does  not  undergo  decomposition,  but  this  has 
been  shown  to  be  incorrect;3  in  fact,  like  all  the  other 
pure  preparations,  "Chloroform  e  Chloral"  decom- 
poses if  not  preserved  by  the  addition  of,  for  example, 
a  little  alcohol.4 

B.  Chloroform  Pictet. — This  preparation  is  obtained 
by  crystallization  at  — 80  °  and  then  at  — 82°.* 

Schacht6  has  shown  that  although  the  Pictet  chloro- 
form is  a  good  preparation,  that  obtained  from  the 
purest  crystallized  chloral  hydrate  is  quite  equal  to  it, 
and  like  the  latter  it  requires  the  addition  of  a  preserva- 
tive. 

C.  Chloroform  Anschuetz. — More  recently  a  special 
preparation  under  the  name  "Anschutz  Salicylid 
Chloroform"  or  "Salicylchloroform"  has  been  placed 
on  the  German  market ;  it  is  obtained  from  a  crystalline 
compound  of  salicylid,  first  prepared  by  Anschutz.  ? 
According  to  the  patented  process  of  the  latter, 
chemically  pure  chloroform  is  produced  by  decom- 
posing by  heat  double  compounds  of  chloroform  and 
lactid-like  condensation  products  derived  from  "ortho- 
phenol  carbonic  acids,"  as  salicylid,  and  then  con- 
densing the  pure  chloroform;  salicylid-chloroform  is 
prepared  by  boiling  salicylid  in  chloroform,8  and  in 
this  compound  chloroform  plays  the  same  role  as  the 
water  of  crystallization  in  many  crystalline  salts, 
being  obtained  in  a  pure  state  by  simple  distillation 
therefrom.9  Salicylid-chloroform  is  said  to  be  ex- 
tensively used  by  anaesthetists  in  Russia,  since  it  con- 
forms to  the  pharmacopoeia  of  that  country,  and  it 
is  especially  recommended  by  others  for  anaesthesia. 

The  comparative  prices  of  anaesthetic  chloroform 
prepared  from  acetone  by  means  of  bleaching-powder, 
chloroform  from  chloral  by  potassium  hydroxide, 
"Chloroform  Pictet,"  and  "Chloroform  Anschutz," 
are  respectively,  taking  the  first  as  a  basis.  1,  3,  6, 
and  10. , 

1  Tlierap.  Monatsh.,  May,  1902. 

2  The  results  obtained  by  the  authors  in  the  course  of  an  examination 
of  the  principal  German  products  will  be  given  later. 

3  See  Am.  J.  Pharm.,  4.2,  409. 

*  See  Schacht,  J.  Soc.  Chem.  Ind.,  1893,  543;  also  Preservation.  It 
is  said  that  the  vapor  from  chloral  hydrate  separates  with  difficulty  from 
the  vapor  of  chloroform,  and  that  it  is  impossible  to  prevent  contamina- 
tion. 

6  See  Purification,  where  the  process  of  Pictet  is  detailed. 

6  Loc.  cit. 

7  J.  Soc.  Chem.  Ind.,  1893,  782.  Cf.  the  analogous  conduct  of  leprarin 
(Kassner,  Archiv.  Pharm..  237,  441.  On  CHC13.18H20,  see  Z.  anal.  Chem... 
26,  118. 

8  U.  S.  Patent  535,270,  1895  ;  German  Patent  70,614,  1894. 

9  Anschutz,  Ann..  273,  94;  Arends,  Chem.  Ind.,  16,  78.  The  purity 
of  this  chloroform  will  be  referred  to  in  succeeding  pages. 


IV.     PURIFICATION. 

The  crude  chloroform  prepared  by  the  action  of 
bjeaching-powder  on  alcohol,  by  the  action  of  bleach- 
ing-powder  on  acetone,1  or  by  the  electrolysis  of 
solutions  of  chlorides  of  the  alkalies  or  alkaline  earths 
in  alcohol  or  acetone'  is  not  of  so  high  a  degree  of 
purity  as  that  obtained  by  the  action  of  alkalies  on 
previously  purified  chloral,  and  requires  more  careful 
purification  before  it  is  suitable  for  anaesthetic  pur- 
poses. The  extent  of  the  purification  necessary  is, 
of  course,  dependent  upon  the  purity  of  the  materials 
used  as  well  as  upon  the  process  employed,  but  espe- 
cially upon  the  purpose  for  which  the  chloroform  is 
intended. 

A.  The  earliest  methods  for  the  purification  of 
crude  chloroform  consisted  in  washing  the  distillate 
with  water  to  remove  alcohol,3  and  then  drying  over 
calcium  chloride,  or  sometimes  rectifying  without 
having  previously  dried  the  product.  In  1848,  the 
method  was  introduced  whereby  crude  chloroform  was 
purified  by  shaking  with  potassium  hydroxide,  drying 
over  calcium  chloride,  and  then  rectifying;  this 
method  serves  to  remove  chlorine4  and  acids,  but  only 
partially  eliminates  alcohol  and  other  probable  con- 
taminants. 

Gregorys  purified  chloroform  by  agitating  it  and 
leaving  it  in  contact  with  sulphuric  acid  until  the 
latter  was  no  longer  colored  by  it,  then  he  removed 
the  chloroform  and  placed  it  in  contact  with  a  small 
quantity  of  manganese  dioxide  to  free  it  from  "sul- 
phurous acid."  About  i860,  the  German  custom 
was  to  rectify  over  concentrated  sulphuric  acid.6 
At  the  present  time  treatment  with  sulphuric  acid  is 
generally  resorted  to  and  forms  the  most  important 
stage  of  the  purification  of  crude  chloroform  prepared 
from  alcohol  or  acetone.  Pure  concentrated  sul- 
phuric acid  has  no  action  on  chloroform  itself  unless 

•  See  Pharm.  J.,  [3]  20,  84. 

2  See  J.  Soc.  Chem.  Ind.,  1885,  243. 

3  When  made  from  alcohol,  crude  chloroform  contains  considerable 
quantities  of  alcohol  in  solution,  from  which  it  may  be  separated  by  re- 
peatedly washing  with  water.  In  order  to  wash  a  yield  of  160-175  kg.  of 
crude  chloroform,  about  800  liters  of  water  are  necessary  to  obtain 
anaesthetic  chloroform,  although  this  washing  forms  only  one  stage  of  the 
purifying  process. 

4  Kessler  (J.  Pharm.  Chim.,  [3]  13,  162)  found  that  chloroform  may 
be  freed  from  chlorine  by  agitation  with  potassium  hydroxide,  and  sug- 
gested that  it  be  further  purified  by  drying  over  calcium  chloride  and  then 
rectification.  It  has  been  stated  by  Pictet  (U.  S.  Patent  489,592,  1893) 
that  when  chloroform  containing  hydrochloric  acid  and  chlorine  is 
neutralized  with  an  alkali,  there  remains  in  the  chloroform  thus  treated 
a  series  of  heterogeneous  bodies  "consisting  essentially  of  the  series  of  the 
tetrachlorides  of  carbon  which  remain  dissolved  in  the  liquor"  and  no 
reagent  known  at  present  can  serve  for  their  detection  or  elimination. 

6  Proc.  Roy.  Soc.  Ednb..  1850,  391.  According  to  Abraham  (Pharm. 
J.,  10,  24),  chloroform,  when  thus  purified,  quickly  decomposes,  and  is 
afterwards  found  to  contain  hydrochloric  acid  and  free  chlorine. 

Guthrie,  in  1832,  found  that  "chloric  ether  may  be  entirely,  or  very 
nearly  so,  separated  from  alcohol  by  repeated  rectification,  from  muriate 
of  lime;  it  may  thus  be  brought  to  the  specific  gravity  of  1.44."  However, 
"chloric  ether,  distilled  off  sulphuric  acid,  has  a  specific  gravity  of  1.486, 
or  a  little  greater,  and  may  be  regarded  as  free  from  alcohol."  He  rec- 
ommended that  the  "chloric  ether"  be  finally  washed  with  a  concentrated 
solution  of  potassium  carbonate. 

8  The  United  States  Pharmacopoeia  of  1850  gave  a  process  for  pre- 
paring chloroform;  this  was  transferred  in  1860  to  the  Materia  Medica 
Catalogue.  "Chloroformum  venale,"  or  commercial  chloroform,  was  intro- 
duced and  also  a  formula  for  purifying  chloroform;  this  was  dropped  in 
the  Pharmacopoeia  of  1890. 
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the  operation  is  unduly  prolonged,1  but  it  decom- 
poses some  of  the  impurities  which  are  commonly 
present  and  removes  others.  In  the  next  place,  the 
product  is  brought  in  contact  with  sodium  carbonate,2 
or  it  is  washed  with  lime  water  and  then  dried  over 
calcium  chloride.3  In  any  case,  it  should  be  finally 
distilled  at  a  temperature  not  above  64  °.4 

( >ne  method  of  preparing  anaesthetic  chloroform 
from  commercial  chloroform  manufactured  from 
acetone,  now  in  use  by  a  prominent  manufacturing 
chemist,  consists  in  conducting  the  vapor  of  the 
commercial  chloroform  through  concentrated  sul- 
phuric acid  and  then  passing  it  through  a  tower  con- 
taining crystallized  sodium  carbonate,  after  which 
treatment  the  purified  chloroform  is  brought  to 
pharmacopoeial  strength.  The  commercial  chloro- 
form thus  treated  usually  possesses  a  density  of  1.485 
at  2  5°/2  5°,  and  a  sample  examined  by  the  authors 
conformed  with  all  of  the  pharmacopoeial  tests  ex- 
cepting the  sulphuric  acid  test,  thus  indicating  that 
it  had  been  purified  by  washing  with  water  alone. 

B.  Various  other  methods  have  been  proposed 
for  the  purification  of  chloroform,  especially  when  it 
has  become  contaminated  with  decomposition  prod- 
ucts.     We   have,    for  example,    the   method   of   Gibbs, 

1  Christison  (Pharm.  J.,  10,  253)  found  that  chloroform  keeps  well 
after  being  once  treated  with  sulphuric  acid .  but  that  the  continued  action 
of  that  liquid,  especially  if  it  is  contaminated  with  nitrous  acid,  exerts  a 
decomposing  action  on  it.  Tilden  (Ibid.,  [3]  1,  623)  stated  that  the  sul- 
phuric acid  used  to  purify  chloroform  must  be  free  from  all  traces  of  nitrogen 
oxides,  and  it  was  his  opinion  that  the  decomposition  of  chloroform  may  be 
attributed  to  contamination  of  this  kind.  Redwood  (Ibid..  [3]  12,  734) 
was  inclined  to  ascribe  the  improved  quality  of  the  British  chloroform  of 
1882  to  the  care  used  in  its  manufacture,  particularly  to  the  attention  paid 
to  the  purity  of  the  sulphuric  acid  used  in  the  purification.  Clark,  how- 
ever, maintained  that  the  presence  of  nitrous  or  nitric  acids  in  the  sul- 
phuric acid  was  not  the  cause  of  the  instability  of  chloroform.  Both 
Clark  and  Dott  considered  "that  the  decomposition  of  chloroform  is  not 
probably  due  to  the  presence  of  nitric  acid  in  the  sulphuric  acid"  (vide 
Preston,  Ibid.,  12,  981).  For  a  discussion  of  the  action  of  sulphuric  acid 
on  chloroform,  see  Decomposition. 

2  Shuttleworth  (Am.  Chemist,  4,  339)  observed  that  in  samples  of 
chloroform  imperfectly  rectified,  as  that  of  the  ordinary  German  manu- 
facture of  1873,  the  impurities  produced  by  the  agencies  of  time,  light, 
moisture,  and  atmospheric  exposure  are,  after  a  lapse  of  some  months, 
easily  recognizable.  Traces  of  sulphuric  acid  were  found  to  quickly  induce 
this  change ;  and  when  that  chemical  has  been  employed  as  the  purifying 
agent,  and  has  not  been  completely  removed  by  repeated  washings  and 
rectifications,  the  product  will  very  soon  give  sharp  indications  of  decom- 
position. The  method  of  purification  adopted  by  the  British  Pharma- 
copoeia of  that  time  consisted  in  mixing  the  chloroform,  after  treatment 
with  acid,  with  lime  and  calcium  chloride,  and  then  rectifying  at  once. 
Shuttleworth  considered  that  the  keeping  qualities  of  the  product  would 
be  much  improved  by  agitating  the  chloroform,  before  rectification,  with 
a  solution  of  sodium  carbonate,  followed  by  water.  Thorpe  (J.  Chem. 
Soc,  37,  196}  purified  chloroform  by  frequently  agitating  some  purest 
commercial  chloroform  during  several  days  with  successive  quantities  of 
water,  digesting  the  decanted  fiquid  about  a  week  with  concentrated  sul- 
phuric acid,  shaking  the  separated  chloroform  with  recently  heated  potas- 
sium carbonate,  and  finally  distilling.  Chloroform  thus  purified  possessed 
a  density  of  1.52637  at  0°  4°  and  a  boiling  point  of  61.2°.  Werner  (Arch. 
Pharm  .  [i]  25,  1113i  stated  that  his  method  of  purification  afforded  a 
product  found  to  be  perfectly  satisfactory  for  medicinal  use  during  10 
years' experience.  This  method  (Ibid.,  [3]  12,481)  consisted  in  shaking 
the  chloroform  up  with  one  fourth  its  volume  of  distilled  water,  removing 
the  latter  the  next  day,  then  agitating  the  chloroform  with  fused  sodium 
carbonate  and  allowing  the  mixture  to  stand  24  hours.  After  removing 
the  sodium  carbonate,  the  residual  product  was  distilled  over  a  water-bath, 
the  distillate  coming  over  below  64°  being  used. 

3  Thayer  (J.  Phys.  Chem.,  3,  36)  found  that  traces  of  alcohol  remained 
in  chloroform  even  after  the  latter  had  been  allowed  to  stand  over  calcium 
chloride  for  a  long  time.  He  purified  chloroform  by  washing  it  repeatedly 
with  water,  then  keeping  it  in  contact  with  calcium  chloride  for  two  days, 
and  anally  decanting  and  distilling  over  fresh  calcium  chloride. 

Werner,   loc.  tit.;  Thorpe,  loc.  cil;   Remys,  Archiv.  Pharm.,    [3] 
5,  31 ;  Michaelis  and  Mayer,  Polyt.  J.,  261,  496. 


wherein  lead  dioxide  is  employed;'  that  of  Mentin, 
according  to  which  the  chloroform  is  distilled  over 
2  per  cent,  of  paraffin  at  6i°;2  and  the  recommenda- 
tion of  Shuttleworth'  that  agitation  with  a  dilute 
solution   of  sodium   thiosulphate  be  employed.4 

Yvon>  stated  that  he  was  enabled  to  obtain  an 
absolutely  pure  chloroform  by  treatment  with  an 
alkaline  potassium  permanganate  solution;  this  pro- 
cedure is  not  a  necessary  one,  however,  and,  as  a  re- 
sult, has  not  come  into  use.  Useless  also,  providing 
the  chloroform  has  been  brought  to  the  proper  state 
of  purity  prior  to  fractionation,  is  the  French  practice 
of  distilling  over  poppy  oil.6 

C.  Among  the  special,  technical  methods  of  purifica- 
tion, the  process  of  Pictet,  previously  referred  to  in 
brief,  depends  upon  cooling  commercial  chloroform 
to  — 8o°;  the  solid  bodies  are  removed  by 
filtration.  It  is  then  cooled  to  below  — 80 °  and  the 
non-crystallizable  portions,  which  contain  impurities, 
are  removed;  the  chloroform  is  then  distilled  at  a  very 
low  temperature  and  the  middle  80  per  cent,  of  the 
product  is  taken  as  "chemically  pure"  chloroform.7 

1  Trans.  N.  V.  Acad.  Med.,  1,  146.  Gibbs  suggested,  in  1850,  that 
chloroform  possessing  an  acid  reaction  and  probably  containing  chlorinated 
oils  be  treated  with  lead  dioxide.  Metcalfe  (Ibid.)  found  that  such  treat- 
ment served  to  remove  any  disagreeable  odor  characteristic  of  such  chloro- 
form. 

2  Ann.  chim.  farm.,  [4]  10,  32. 

3  Am.  Chemist,  4,  339.  Shuttleworth  recommended  that  chloroform 
which  has  been  injured  by  time  exposure  be  restored  by  agitating  well 
with  a  dilute  solution  of  sodium  thiosulphate,  separating  from  the  super- 
natant liquid  and  washing  with  water,  then  separating  and  passing  the 
chloroform  through  filter  paper  to  free  it  from  traces  of  moisture. 

4  Although  this  method  yielded  an  improved  chloroform,  Shuttle- 
worth  considered  that  when  a  "pure"  preparation  is  desired,  the  impurities 
not  removable  by  thiosulphate,  those  of  a  more  stable  character  and  possess- 
ing a  higher  boiling  point  than  chloroform,  be  removed  by  distillation  or  by 
treatment  with  sulphuric  acid. 

5  Man.  Sci.,  March,  1884,  262.  Yvon  found  that  chloroform  prepared 
according  to  the  French  Pharmacopoeia  of  1866,  by  agitation  with  water, 
leaving  in  contact  with  potassium  carbonate,  drying  over  calcium  chloride, 
and  finally  rectifying,  is  sufficiently  pure  for  anaesthetic  purposes.  He 
pointed  out,  however,  that  a  still  purer  product  could  be  obtained  by 
modifications  of  this  method. 

6  The  method  official  in  the  French  Pharmacopoeia  of  1899  for  the 
purification  of  commercial  chloroform  was  modified  by  Masson  (J.  Pharm. 
Chim.,  9,  568),  according  to  whose  process  crude  commercial  chloroform 
is  first  washed  with  water,  the  aqueous  layer  separated,  and  the  chloroform 
shaken  with  2.5  per  cent,  of  its  weight  of  sulphuric  acid,  and  the  operation 
being  repeated  with  a  fresh  portion  of  acid,  if  necessary,  the  acid  being 
left  in  contact  with  the  chloroform  for  two  or  three  days.  The  chloroform 
is  then  treated  with  3  per  cent,  of  its  weight  of  sodium  hydroxide  solution 
(sp.  gr.  1.33),  which  is  left  in  contact  also  for  two  or  three  days.  It  is 
then  washed  with  water,  dried  over  calcium  chloride,  and  2.5  per  cent,  of 
poppy  oil  added.  Distillation  is  then  conducted  into  graduated  receivers 
containing  0.2  per  cent,  by  weight  of  alcohol  for  the  amount  of  chloroform 
they  are  to  contain.  The  important  modifications  in  this  process  are  the 
prolonged  contact  of  the  chloroform  with  the  sodium,  hydroxide  solution ; 
the  final  distillation  over  poppy  oil  (it  was  then  employed  in  the  official 
process  for  a  preliminary  distillation) ;  and  the  presence  of  a  trace  of  alcohol 
in  the  receiver. 

The  "Chloroforme  Officinal"  of  the  present  Codex  (1908,  p.  148)  is 
prepared  from  rectified  commercial  chloroform  by  agitating  with  distilled 
water,  decanting  and  filtering ;  shaking  with  sulphuric  acid,  then  allowing 
to  stand  over  sodium  hydroxide;  drying  over  calcium  chloride,  and  finally 
distilling  over  poppy  oil  and  adding  alcohol  (5/ 1000th  part  by  weight  of 
absolute  ethyl  alcohol  I, 

See  also,  Maillard  and  Ranc.  Compt.  unit.  soc.  biol.,  61,  4.S3. 

7  French  Patent  215,911,  1891;  U.S.  Patent  489.592.  1893  See  also, 
J.  Soc.  Chem.  Ind.,  18,  231.  "I  m  Some  Peculiar  Phenomena  m  the  Solidifica- 
tion of  Chloroform, "  sec  Pictet,  Compt,  rend.,  114,  1245. 

According  to  English  Patent  15,514,  1891,  the  purification  of  chloro- 
form is  effected  in  a  copper  cylinder,  surrounded  by  a  jacket  hermetically 
sealed  at  the  top  and  bottom,  and  provided  with  an  inlet  and  outlet  pipe. 
A  grating  is  fixed  at  the  bottom  of  the  cylinder  on  which  any  suitable 
altering  material  can  be  placed,  while  a  cock  is  attached  below  the  grating 
for  running  oft'  the  contents  of  the  cylinder.     The  object  of  the  purification 
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On  its  introduction,  il  was  announced  thai  "Chloro- 
form  Pictet"  had  been  experimentally  proved  to 
possess  a  capabilit)  of  resisting  the  influence  of  sun- 
lighl  for  four  days,  Schachl  and  Biltz'  therefore 
inferred  thai  il  contained  alcohol,  and  their  prediction 
thai  such  was  the  case,  without  even  having  seen 
sample,  ultimately  proved  to  be  the  case.  Moreover, 
Schacht'  found  that  "Chloroform  Pictet"  suffers 
the  usual  decomposition  on  washing  to  remove  alcohol; 
and  Biltz9  regarded  the  decomposition  of  chloroform 
under  the  influence  of  light  and  air  as  a  natural  char- 
aeteristic  of  chloroform  and  not  as  a  result  of  im- 
purities.-1 However,  DuBois-Reymonds  stated  that 
"Chloroform  Pictet"  is  affected  less  by  sunlight 
than  any  other  chloroform  with  even  the  addition  of 
alcohol." 

J.  F.  MacFarlane  &  Co.,'  separated  the  following 
relative  quantities  of  "impurity"  from  "Chloroform 
Pictet"  and  a  British  product: 

Per  cent. 

From  domestic  product 0.0000512 

From  domestic  product 0.0002050 

From  "Chloroform  Pictet" 0.0008200 

From  "Chloroform  Pictet" 0.0004100 

Helbing  and  Passmore8  examined  a  large  number  of 
samples  of  chloroform  which  had  been  purified  by 
Pictet's  process,  none  of  which,  however,  was 
anaesthetic  chloroform — that  is,  all  the  samples  were 

is  to  remove  the  various  substances  with  which  chloroform  is  invariably 
contaminated,  from  whatever  source  it  is  prepared,  and  is  conducted  in 
three  stages:  First,  the  chloroform  in  the  cylinder  is  cooled  down  to  — 80° 
by  allowing  ethyl  chloride,  ethylene,  "Pictet's  liquid,"  etc.,  to  evaporate 
in  the  jacketed  space  outside  of  the  cylinder,  and  filtering  the  cold  liquid 
mass;  foreign  bodies  crystallizing  above  this  temperature  are  thus  re- 
moved, from  which  the  liquid  chloroform  is  filtered  off  through  the  above- 
mentioned  grating.  The  second  stage  is  to  solidify  the  chloroform  thus 
obtained  by  reducing  the  temperature  of  the  cylinder  to  — 82°,  when  about 
two- thirds  of  it  freezes  against  the  sides  of  the  container;  the  remaining 
liquid  is  drained  off  and  the  solid  chloroform  is  melted  (according  to  Berthe- 
lot,  chloroform  melts  at  — 70°;  Haase  found  the  melting  point  to  be  — 62°; 
while  Archibald  and  Mcintosh  reported  — 63.2°)  and  run  out  of  the  cylinder 
for  the  second  time.  The  product  thus  obtained  is  finally  subjected  to 
distillation  at  a  very  low  temperature  under  reduced  pressure,  the  cylinder 
used  in  the  previous  stages  of  the  purification  now  serving  as  the  receiver; 
the  first  and  last  portions  of  the  distillate  are  rejected,  while  the  inter- 
mediate product,  amounting  to  about  80  per  cent,  of  the  total,  is  obtained 
as  "chemically  pure  chloroform." 

1  J.  Soc.  Chem.  Ind.,  12,  543.      See  also,  Western  Drug.,  1891,  379. 

2  Pharm.  J.,  [3]  22,  691. 

3  Ibid. 

4  See  also,  Biltz,  Ber.  Pharm.  Ges.,  2,  76,  247;  Schacht,  Ibid.,  2,  69; 
Thilo,  Pharm.  Ztg.,  39,  543. 

6  Pharm.  Centralh.,  32,  658 

6  It  will  be  shown  under  decomposition  that  the  changes  which  occur 
in  chloroform  on  exposure  to  air  and  light  are  accelerated  by  the  presence 
of  certain  impurities.  Had  DuBois-Reymond  made  his  comparisons  of 
"Chloroform  Pictet"  with  properly  purified  samples  of  anaesthetic  chloro- 
form, no  such  differences  as  he  reported  could  have  been  observed. 

7  Brit.  Med.  J.,  1892,  i.  525. 

8  Helbing' 's  Pharm.  Record,  March,  1892. 


apparently     alcohol-free.     They     found     i ag 

specific  gravity  oi    [.5002  at   >s"/a"  in  six  spei 
a   boiling   point   oi    61.0  61. i°  at  756   mm  ;  and   tin- 
usual  tests  with  p< itassium  dichromati    and  sul 
acid,  silver  nitrate,  ami  zinc  iodid<    and  starch 
ative  results,     The  fractions  obtained  by  distilla- 
tion   were   examined   and    the   specific  gravity   oi    ead 
determined;    in    no    case    was    any    variation?  found 
beyond  the  limits  of  experimental  error  and  the  tem- 
perature rose  in  no  case  above  61. 1  °.     In  only  one  case 
did   the   residue   amount   to   0.00005    Per   cent.,    or    1 
part   in    2,000,000,    and  even   then   no  bad   odor  was 
apparent. 

The  "Chloroform  Pictet"  examined  by  the  authors 
possessed  a  density  of  1.491  at  i5°/i5°,  and  all  the 
tests  for  the  presence  of  allowable  impurities  and  de- 
composition products  gave  negative  results.  Four 
other  German  products  and  one  American  anaesthetic 
chloroform,  all  of  which  were  purified  by  chemical 
treatment,  were  found  to  be  fully  as  pure,  however, 
which  supports  the  contention  of  the  authors  that 
purification  by  cryogenic  means  is  not  necessary  to 
secure  chloroform  of  anaesthetic  grade. 

DuBois-Reymond1  has  studied  the  physiological 
action  of  "Chloroform  Pictet"  and  of  the  residue  of 
foreign  substances  obtained  in  the  process  of  Pictet. 
He  found  that  the  shape  of  the  pulse  waves  and  the 
frequency  of  respiration  are  about  equally  affected 
by  both  substances,  the  rate  of  respiration  varying 
freely;  that  the  pulse  rate,  compared  in  nineteen  cases, 
is  higher  at  the  close  of  the  experiments  with  the 
residue  than  with  those  with  the  purified  chloroform; 
that  the  blood  pressure  in  by  far  the  greater  number 
of  experiments  at  the  moment  respiration  ceases  is 
higher  after  inhalation  of  the  purified  chloroform 
than  after  the  inhalation  of  the  impure  residue;  and, 
finally,  that  the  residue  causes  stoppage  of  respira- 
tion much  more  quickly  than  does  purified  chloro- 
form. DuBois-Reymond  hardly  conducted  a  suffi- 
cient number  of  physiological  experiments  to  enable 
one  to  form  a  definite  opinion  of  the  physiological 
action  of  the  commonly  occurring  impurities  of  com- 
mercial chloroform  which  are  separated  by  means 
of  the  process  of  Pictet.  In  addition,  the  variable 
nature  of  these  impurities,  owing  to  the  various  pro- 
cesses of  manufacture  and  the  variability  of  the  crude 
materials  used  therein,  renders  such  an  investigation 
of  little  value  unless  these  facts  were  considered. 
This  does  not  appear  to  have  been  the  case. 
(To  be  continued.) 

1  Brit.  Med.  J.,  1892,  i,  209. 


LABORATORY  AND  PLANT 


A  MODIFIED  WILEY  EXTRACTION  APPARATUS. 

By  W.  D.  Richardson  and  E.  F.  Scherubel. 
Received  November  13,  1911. 

Of  the  making  of  extraction  apparatus  there  is 
no  end.  In  almost  every  laboratory  special  devices 
are    in   use,    which    have    their    advantages    and    dis- 


advantages and  their  special  applications,  and  each, 
year  witnesses  the  production  of  new  forms  or  com- 
binations. Of  all  forms  of  extraction  apparatus, 
the   Wiley   apparatus1    is   probably   the   simplest  and 

1  /.  Anal.  Appl.  Chem.,  7,  65;  J.  Am.  Chem.  Soc,  1893;  Wiley.  "Princi- 
ples and  Practice  of  Agricultural  Analysis,"  Vol.  Ill,  pp.  48-52. 
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-Percolating  type. 


Fig.   2. — Siphon  test. 


Fig.  3. — Siphon  type, 


most  compact.  The  disadvantages  of  the  original 
apparatus  are  the  small  size  of  the  crucible  employed 
and  the  difficulty  of  percolation  through  an  asbestos 
pad.  For  many  years  an  apparatus  has  been  in  use 
in  this  laboratory  modeled  after  the  original  Wiley 
apparatus,  but  modified  so  as  to  adapt  it  to  more 
general  vise.  In  Fig.  1  is  shown  the  percolating  form 
of  the   apparatus.     The   glass   tube   is   of   Jena   glass 

2  in.  inside  diameter  and  11  in.  high;  the  upper  surface 
of  the  flange  is  ground  to  a  plane  surface;  the  cup 
is  of  aluminum,  31/2  in.  high  and  1  1/2  in.  in  diameter; 
the  bottom  is  perforated  with  3/16-in.  holes.  This 
cup  takes  the  S.  &  S.  extraction  shell  33  X  80  mm. 
No  inner  cup  is  used  for  weighing  purposes,  as  this 
would  complicate  the  apparatus.  The  condenser 
is  4  in.  long.  The  percolating  form  of  extractor 
can  be  used  for  all  extractions  to  which  percolation 
is  ordinarily  applied. 

Fig.  2  shows  the  siphon  type  of  extractor,  and  Fig. 

3  shows  the  inner  parts  of  the  siphon  type.  The 
siphon  cup  is  1  1/2  in.  in  diameter  and  31/2  in. 
deep.  It  is  made  of  nickel-plated  brass  and  has 
the  ordinary  siphon  tube  attached.  The  inner  di- 
ameter of  the  siphon  tube  is  1/8  in.,  as  larger  tubes 
do  not  siphon  satisfactorily.  In  using  the  siphon 
apparatus  it  is  best  to  trim  off  a  little  of  the  upper 
edge  of  the  extraction  shell  in  order  to  cause  it  to  set 
deeper  into  the  cup. 

This  apparatus  is,  in  the  writers'  opinion,  by  far 
the  simplest  and  most  adaptable  of  all  forms  of  ex- 
traction apparatus.  There  are  no  joints  and  no 
opportunities  for  breakage.  The  extracted  residue 
is,  of  course,  weighed  outside  the  extraction  apparatus 
in  a  tared  beaker  or  flask. 

One  or  the  other  form  of  this  apparatus  has  been 


used  for  the  extraction  of  tankage,  cotton  seed  meats 

and  meals,  meat  and  sausages,  soap,  etc.,  etc.,  and  has 

been  found  very  satisfactory  in  all  cases. 

The  apparatus  is  made  by  E.   H.  Sargent  and  Co., 

Chicago. 

Laboratory  of  Swift  &  Company, 
Chicago. 


A  SUBSTITUTE  FOR  THE  BLAST  LAMP. 
By  W.  A.  Ernst. 
•  Received  November  8,   1911. 

The  chemist  is  often  required  to  have  a  flame  which 
is  hotter  than  the  flame  from  an  ordinary  Bunsen 
burner.  He  can,  of  course,  resort  to  the  blast  lamp, 
but  blast  lamps,  where  compressed  air  is  available, 
are  not  met  with,  in  most  laboratories,  and  the  chemist 
is  obliged  to  make  use  of  the  foot  bellows,  which,  it 
is  well-known,  is  inconvenient  and  cumbersome. 

The  writer,  on  looking  around  for  some  method  by 
which  a  hotter  flame  could  be  produced  by  the  ordinary 
Bunsen  burner,  discovered  that  by  making  a  simple 
little  change  in  the  chimney  for  a  Bunsen  burner,  an 
intensely  hot  flame,  almost  equal  to  the  blast  lamp, 
could  be  produced.  This  flame  will  be  found  suffi- 
cient for  all  ordinary  purposes,  such  as  making  fusions, 
ignitions,  etc. 

The  accompanying  diagram  is  self-explanatory.  A 
small  wire  nail  is  inserted  about  one  inch  above  the 
bottom  of  the  burner  chimney,  and  a  small  wire,  or 
staple  hung  over  the  nail;  this  is  allowed  to  go  part 
way  into  the  burner.  The  height  which  the  nail  and 
staple  must  be  from  the  burner,  must  be  found  for 
each  individual  lamp,  but  can  be  regulated  by  moving 
the  chimney  up  or  down  by  the  aid  of  the  burner  star. 
When  once  the  proper  height  is  obtained,  all  that  is 
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aecessar}    to  converl   the  Bunsen  into  a  blasl   lamp  is 
to   turn   on    the   Eul]    force  oi    the  gas.     An   ordinary 
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flame   can  be   maintained   with   the   chimney   in   posi- 
tion, by  simply  reducing  the  flow  of  gas. 

The   best  results  will  be  obtained   if  the  nail  and 
staple  are  kept  well  within  the  inner  cone  of  the  flame. 

Laboratory  Atlantic  &  Gulp  Portland  Cement  Co., 
Ragland.  Alabama. 


A  CONVENIENT  FILTERING   APPARATUS. 

By  C  S.  Williams,  Jr. 
Received  Oct.  28,   1911. 

The    accompanying    diagram    shows    an    apparatus 


for    filtering    l<      suction,    by    which    portions    ol    the 
filtrate  or  washings  may  be  kepi   separate     Tl 
paratus  is  especially  serviceable  when  .1  large  numbei 
■  •I   nitrations  are  to  be  made,  as  in  the  detern 
oi   potash  in  which  it  is  desirable  to  keep  the  ■ 
oi    platinum    chloride    solution    and    alcohol    for    re- 
covery separate  from   the  ammonium  chloride  wash- 
ings. 

It  consists  of  a  three-way  stopcock,  a  carbon  filter 
and  suction  flasks  connected  as  shown.  The  arm  A, 
at  a  distance  of  6  cm.  from  the  cock,  is  bent  to  form 
the  "U,"  F  so  that  it  would  extend  upward  and  rest 
in  the  joint  of  the  cock.  The  free  end  of  this  arm,  A, 
is  cut  off  about  2  cm.  above  the  "  U,"  giving  sufficient 
length  to  make  the  connection  to  the  filter  If  with  the 
rubber  connection  G.  The  filter  H  may  be  made 
secure  by  binding  to  the  cock  with  a  small  copper 
wire.  The  arms  B  and  C  are  bent  parallel  to  the  arm 
A  3  or  4  cm.  from  their  ends,  these  ends  then  being 
passed  through  rubber  stoppers  which  fit  the  suction 
flasks  D  and  E.  The  suction  flasks  are  connected 
to  the  same  pump  by  means  of  a  "Y."  By  adjusting 
the  three-holed  stopper  of 'the  stopcock  the  filtrate 
or  washings  may  be  directed  into  either  or  both  flasks 
as  desired. 

Chemical  Laboratory, 

Alabama  Polytechnic  Institute, 

Auburn.  Ala. 


AN    IMPROVEMENT  ON  THE  KJELDAHL  DISTILLING 
APPARATUS. 

By  W.   L.  Hadlock. 
Received  Nov.  6,   1911. 

The  improvement  is  essentially  a  movable  support 
for  the  flasks. 

As  shown  in  the  cut,  the  flask  rests  upon  a  sheet  of 
galvanized   iron,   in  one  end  of  which  is  a  hole  to  re- 


ceive the  flask.  This  sheet  is  attached,  by  means  of 
two  stove  bolts,  to  a  framework  of  heavy  galvanized 
iron  wire  (No.  4,  B.  &  S.  gauge).  The  framework 
makes  one  turn  around  a  three-quarter  inch  pipe  and 
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then  turns  upward  to  form  a  lever  arm.  Fastened 
to  the  condenser  tube  about  midway  is  a  small  wire 
hook  which  engages  the  lever  arm  when  the  supporl 
is  up. 

The  safety  bulb  and  thistle  tube  are  held  rigid  by 
means  of  an  iron  band  which  is  fastened  around  the 
condenser  tube. 

The  advantages  of  the  apparatus  described  are  as 
follows : 

(1)  The  block-tin  tube  cannot  be  bent  in  removing 
the  flasks,  for  the  flasks  are  removed  by  lowering  the 
supports. 

(2)  The  flasks  cannot  be  bumped  off  the  supports, 
for  the  tension  of  the  wire  framework  holds  the  flasks 
tight  against  the  stoppers. 


(3)  The  flasks  are  easily  removed. 

(4)  There  is  little  danger  of  losing  a  determination 
through  leakage  at  the  stopper,  for  any  tendency 
on  the  part  of  the  stopper  to  come  loose  is  overcome 
by  the  constant  pressure  of  the  flask  against  the  stop- 
per. 

(5)  All  operations  are  carried  on  in  front  of  the 
apparatus. 

(6)  The  apparatus  can  be  fastened  to  the  wall 
and  is  thus  out  of  the  way. 

(7)  The  different  parts  are  held  rigidly  in  place, 
and  this  adds  to  the  appearance  of  the  apparatus. 

Chemical  Laboratories. 
Washington  State  Experiment  Station, 
Pullman,  Wash 


COMMITTEE.  REPORTS 


COMMITTEE  ON  FERTILIZER  LEGISLATION.     FERTILIZER 
DIVISION.1 

To  the  Executive  Committee  and  Members  of  the  Divi- 
sion of  Fertilizer  Chemists: 

Your  committee  has  not  been  very  active  during 
the  past  year  and  can  make  only  a  brief  report.  Ever 
since  fertilizers  were  first  manufactured,  fertilizer 
legislation  has  received  a  great  deal  of  attention  from 
our  state  representatives  and,  contrary  to  what  might 
reasonably  be  expected,  is  now  .receiving  more  atten- 
tion than  ever  before.  There  is  hardly  a  session  of 
our  state  legislatures  where  fertilizers  are  largely 
used  at  which  there  are  not  one  or  more  fertilizer 
bills  introduced.  Some  of  these  measures  are  impar- 
tial and  protect  both  the  manufacturer  and  consumer, 
but  usually  they  embody  principles  which  are  imprac- 
ticable and  if  enacted  would  impose  unnecessary 
burdens  upon  the  manufacturer.  There  is  no  doubt 
that  in  many  cases  the  authors  of  these  bills  have  good 
intentions,  but  being  entirely  ignorant  of  the  fertil- 
izer business,  the  proposed  regulations  are  unreason- 
able and  impossible  of  fulfilment.  It  is  also  not  im- 
probable that  in  some  instances  the  authors  wish  to 
have  it  appear  that  they  are  doing  a  service  to  their 
constituency. 

As  an  example  of  the  class  of  legislation  to  which  I 
specially  refer  I  will  quote  briefly  from  a  bill  which 
was  introduced  into  the  Georgia  legislature  at  the 
last  session: 

"Section  i.  Be  it  enacted  by  the  General  As- 
sembly of  the  State  of  Georgia,  and  it  is  hereby  en- 
acted by  the  authority  of  the  same,  that  all  commercial 
fertilizers  containing  or  which  are  designed  to  de- 
velop, as  plant  food,  phosphoric  acid,  potash  and 
nitrogen  which  are  sold  or  offered  for  sale  in  this  State, 
shall,  in  addition  to  the  present  provisions  and  re- 
quirements of  the  laws  of  Georgia,  have  plainly  marked 
or  branded  upon  each  sack  or  package  thereof  the 
sources  and  ingredients  from  which  the  available 
phosphoric  acid,  potash  and  nitrogen,  respectively, 
is   generated    and    obtained,    and    no    contract    either 
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written  or  by  parole  for  the  purchase  and  sale  of  such 
fertilizers  shall  be  enforceable  in  any  of  the  courts 
of  the  State  against  the  purchaser  of  such  fertilizers 
in  favor  of  the  vendor  or  his  endorsees,  transferees, 
or  assigns,  unless  such  fertilizers  are  marked  or  branded 
as  herein  required. 

"Section  2.  Be  it  further  enacted  by  the  authority 
aforesaid,  that  if  any  commercial  fertilizer  or  fertilizer 
material  sold  in  this  State,  shall  prove  deficient  in  any 
of  its  ingredients  as  guaranteed  or  branded  on  the 
sack  or  package  containing  the  same,  and  if,  by  rea- 
son of  such  deficiency,  the  commercial  value  of  such 
fertilizers  shall  fall  more  than  one  per  cent,  below 
the  guaranteed  total  commercial  value  of  such  fer- 
tilizers or  fertilizer  materials,  then  any  note  or  obli- 
gation given  in  payment  therefor  shall  be  collectable 
by  law  only  for  one-half  of  the  amount  of  such  note 
or  obligation;  provided,  further,  that  any  person, 
firm  or  corporation  who  sold  any  fertilizer  or  fertilizer 
materials  that  shall  prove  deficient  in  any  of  its  ingre- 
dients as  guaranteed  and  branded  on  the  sacks  or 
packages  containing  the  same  so  that  by  reason  of 
such  deficiency  the  commercial  value  of  such  fer- 
tilizers shall  fall  more  than  three  per  cent,  below  the 
guaranteed  commercial  value  of  such  fertilizer  or 
fertilizer  material,  shall  be  guilty  of  a  misdemeanor. 

"Section  3.  Be  it  further  enacted  by  the  authority 
aforesaid,  that  any  manufacturer,  manipulator,  dealer 
or  vendor  of  commercial  fertilizers  in  this  State,  who 
published  by  branding  or  who  permits  to  be  published 
by  branding,  upon  the  sacks  or  packages  of  fertilizers 
a  false  or  incorrect  analysis  of  the  components  and 
ingredients  thereof,  shall  be  liable  in  law  to 
any  and  every  purchaser  of  such  falsely  and  incor- 
rectly branded  fertilizer  for  all-  expense,  loss  and  dam- 
age sustained  by  such  purchaser  by  reason  of  the  pur- 
chase and  use  of  such  fertilizer,  the  amount  of  damage, 
loss  and  expense  recoverable,  however,  in  no  case  to 
be  greater  then  25  per  cent,  of  the  original  purchase 
price  of  such  fertilizer. 

A  deficiency  of  more  than  three  per  cent,  below  the 
guaranteed  analysis  of  the  fertilizer  as  published  and 
branded   on   the   sacks   or  packages    thereof   shall  be 
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held  and  declared  bj    th<    courts  of  the  State  to  con- 
stitute  a  false  rrecl   publishing  and  branding 

vithin  the  intent,  purpose  and  meaning  of  this  Act." 

li  is  qoI  necessary  to  discuss  the  features  of  this 
proposed  measure  to  vmi  who  are  familiar  with  the 
fertilizer  business.  If  we  should  compile  the  different 
laws  which  have  been  enacted  and  the  bills  which  have 
been  proposed  in  the  different  states  we  would  not 
only  have  an  enormous  volume,  but  it  would  appear 
that  fertilizer  manufacturers  are  about  the  most  un- 
scrupulous class  engaged  in  business.  It  is  of  course 
necessary  to  have  adequate  laws  to  protect  consumers 
and  the  legitimate  manufacturers  are  heartily  in 
favor  of  such  legislation. 

With  the  years  of  legislation  which  have  preceded, 
it  would  appear  necessary  only  to  make  some  slight 
modifications  from  time  to  time  to  meet  existing  con- 
ditions, but  our  representatives  seem  to  have  different 
views. 

The  main  question  for  this  committee  to  consider 
is  how  to  meet  the  conditions  as  they  exist  and  see 
that  only  such  laws  are  enacted  as  will  be  impartial 
and  protect  both  manufacturer  and  consumer.  The 
question  of  National  legislation  has  been  proposed 
for  the  control  of  interstate  business;  it  is  argued  that 
this  would  serve  as  a  model  for  the  different  states. 
The  manufacturers,  however,  feel  that  it  would 
have  but  little  influence  on  the  State  legislatures 
and  are,  as  a  rule, "  opposed  to  National  legislation. 
A  committee  appointed  by  the  A.  O.  A.  C,  who  served 
for  several  years,  compiled  the  provisions  of  an  ad- 
mirable law  with  a  view  of  having  a  model  for  the 
different  states,  but  so  far  as  I  know  it  has  not  been 
adopted  by  a  single  state. 

There  is  no  possible  way  that  I  can  see  of  getting 
a  uniform  law  in  all  the  different  states;  whatever  is 
accomplished  will  have  to  be  brought  about  through 
the  influence  of  the  State  Agricultural  Departments. 
These  departments  are  supported  by  the  manufac- 
turing interests,  and  it  should  be  as  much  their 
duty  to  assist  and  protect  the  manufacturer  as  it  is 
the  consumer.  The  state  chemists  probably  under- 
stand the  situation  better  than  the  other  state  officials 
and  the  manufacturers  should  have  their  support 
and  I  believe  do  in  most  instances,  but  nevertheless 
nearly  every  time  the  legislature  meets  it  becomes 
necessary  for  the  manufacturing  interests  to  appear 
before  the  legislative  committees  to  enter  their  protests 
against  unreasonable  legislation. 

The  members  of  this  division  should  co-operate  with 
the  Official  Agricultural  Chemists  for  the  purpose  of 
obtaining  as  far  as  possible  some  legislative  enact- 
ments which  relate  to  the  analysis  and  sale  of  commer- 
cial fertilizers. 

Another  subject  which  is  attracting  the  attention 
of  fertilizer  chemists  at  the  present  time  and  which 
this  division  has  already  had  under  consideration 
is  the  probability  of  future  legislation  requiring  a 
statement  of  Available  Ammonia.  This  would  need 
give  us  no  concern  if  some  chemical  method  could  be 
devised  which  would  give  reliable  and  concordant 
results  in  the  hands  of  different  analysts  on  all  classes 


of    ammoniates    or   even    as    desirable    as    the    pi 
method  for  the  determination  of  Available  Phosphorii 
Acid,   but  the  methods  now  in  use,  it  is  generall)  ad 

milted,  do  not  fully  meet  the  requirements. 

Inasmuch  as  there  is  still  considerable  uncertainty 
about  the  actual  crop  value  of  certain  organic  ma- 
terials and  the  question  of  analysis  presents  difficul- 
ties which  have  not  yet  been  overcome,  it  is  to  be 
hoped  that  our  law-makers  will  not  attempt  legisla- 
tion in  this  direction.  With  the  consumption  of 
fertilizers  increasing  each  year,  unless  the  manufac- 
turers are  allowed  some  latitude  in  the  use  of  organic 
materials  the  farmer  will  have  to  pay  more  dearly 
per  unit  for  such  ammonia  as  he  uses.  Chemists 
have  worked  out  processes  whereby  many  waste 
nitrogenous  materials  have  been  rendered  available 
and  we,  as  fertilizer  chemists,  should  continue  this 
work  until  there  are  no  waste  nitrogenous  products 
not  utilized.  There  are  still  laws  in  some  of  the 
states  prohibiting  the  use  of  leather  and  other  similar 
materials,  while  it  is  generally  recognized  that  if 
properly  treated  these  substances  form  valuable 
sources  of  nitrogen.  Instead  of  prohibiting  the  use 
of  certain  materials,  those  in  authority  ought- to  en- 
courage the  working  out  of  methods  whereby  these 
materials  could  be  used  under  certain  limitations, 
if  it  is  necessary  to  put  limitations  on  ammoniated 
materials. 

I  wish  to  say  in  conclusion  that  the  writer  has, 
during  the  past  year,  had  considerable  correspond- 
ence with  reference  to  fertilizer  legislation  in  some  of 
the  Southern  States  and  has  personally  appeared  be- 
fore legislative  committees  upon  several  occasions; 
the  observations  and  information  gained  from  these 
sources  have  formed  to  a  large  extent  the  basis  for 
the  comments  in  this  report. 

F.   B.   Carpenter,  Chairman. 


COMMITTEE  ON  POTASH.     FERTILIZER  DIVISION.1 

The  Potash  Committee  takes  pleasure  in  reporting 
that  the  work  which  has  been  carried  on  by  them  has 
been  recognized  by  the  A.  O.  A.  C.  and  the  modifica- 
tion of  the  Official  Method  for  Potash  determination 
in  mixed  fertilizers  has  been  adopted  as  official,  which, 
according  to  their  constitution,  must  lay  over  one 
year. 

The  modification  is  as  follows:  Weigh  2.5  grams 
onto  1 1  cm.  filter  and  wash  with  small  portions  of 
water  into  250  cc.  flask  to  about  200  cc.  of  filtrate; 
add  2  cc.  concentrated  hydrochloric,  ammonia  and 
ammonium  oxalate,  cool,  make  to  mark,  filter  and 
proceed  as  usual. 

The  committee  this  past  six  months  has  analyzed 
three  samples  of  potash  salts  by  the  Official  Method 
for  Potash  salts  and  by  the  Official  Method  for  mixed 
fertilizer.  Some  work  was  done  a  few  years  ago 
by  the  A.  O.  A.  C.  and  the  referee  recommended 
more  work. 

In  order  to  establish  clearly  to  our  own  minds  be- 

1  Presented  at  the  forty-fifth  meeting  A.  C.  S-,  Washington,  December, 
1911. 
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ore  undertaking  co-operative  work,  we  worked  on 
samples  of  Muriate,  Sulfate  and  Kainit. 

Our  results  clearly  show  that  when  impurities  exist 
n  sulfate  there  is  a  decided  loss  by  using  the  official 
nethod  for  mixed  fertilizer,  this  loss  being  o .  94  per 
:ent.  This  sample  of  sulfate  tests  48.12-48.15- 
18.20  potash  by  Official  Method  for  Potash  salts. 
3n  the  muriate  which  tested  52  per  cent,  there  was 
revy  little  loss.     On  the  kainit  scarcely  any  loss 

Mr.  Baker,  in  commenting,  says  the  following: 

"The  ignitions  were  made  very  carefully,  and  I 
im  certain  that  the  lower  results  were  not  due  to 
oss  in  burning.  I  note  that  the  sulfate  gave  a  pre- 
;ipitate  with  ammonia  but  none  with  ammonium 
oxalate.  The  muriate  gave  no  precipitate  with  am- 
nonia,  but  quite  heavy  precipitate  with  ammonium 
oxalate.  Kainit — precipitate  with  ammonia,  none 
with  ammonium  oxalate. 

"The  sulfate  did  not  behave  properly  with  the  Official 
Method.  There  were  apparently  impurities  in  the 
precipitate,  and  for  this  reason  I  believe  the  lower 
result  to  be  more  accurate. 

"I  did  not  note  any  particular  differences  in  the  pre- 
;ipitates  of  the  muriate  and  kainit.  The  variation 
for  the  muriate  is  not  much,  and  for  the  kainit  prac- 
tically none.  I  may  say,  however,  that  in  the  past 
I  have,  upon  other  samples,  obtained  much  greater 
differences.  I  think  the  indication  is  that  the  use 
of  ammonia  and  ammonium  oxalate  will  produce 
more  accurate  results,  but  in  order  to  draw  definite 
conclusions,  it  would  seem  to  me  that  more  work 
should  be  done  along  this  line." 

Mr.  Porter  remarks: 

"I  regret  that  we  have  not  been  able  to  do  more 
work  on  this  subject  to  report  at  this  time.  It  has 
been  our  experience  that  some  muriates  check  by  the 
two  methods  while  others  show  more  than  two  per 
cent,  difference." 

The  same  has  been  my  experience. 

In  view  of  these  facts  it  seems  to  the  committee 
best  to  recommend  further  work  and  an  effort  be 
made  to  have  these  facts  recognized  as  it  is  a  serious 
problem  for  the  manufacturer  to  buy  potash  on  one 
test  and  suffer  such  a  loss  when  tested  for  in  mixed 
goods.  J.   E.   Breckenridge,  Chairman. 


COMMITTEE    ON   PHOSPHATE   ROCK.     FERTILIZER 
DIVISION.1 

Work  is  being  done  on  the  molybdate  method  and 
the  acetate  method  in  the  sub-committee  on  iron  and 
alumina.  It  is  proposed,  also,  to  continue  work  on 
the  determination  of  moisture  and  of  total  phosphoric 
acid  and  to  describe  the  procedure  for  these  deter- 
minations very  carefully.  A  recent  letter  from  the 
Bureau  of  Standards  states  that  on  account  of  press 
of  other  work,  they  have  been  obliged  to  postpone 
further  work  on  the  sample  of  phosphate  rock  they 
were  analyzing  for  the  committee,  but  will  return  to 
it  as  soon  as  possible. 

1  Presented  at  the  forty-fifth  meeting  A.  C.  S..  Washington,  December. 


Your  committee  desires,  at  this  time,  merely  to 
report  progress  and  ask  to  be  continued.  It  has 
seemed  best  not  to  call  for  co-operative  work  until 
improvements  in  methods  now  under  consideration 
have  been  brought  into  such  shape  that  the  commit- 
tee can  confidently  recommend  them. 

Alfred  M.   Peter,  Chairman. 


COMMITTEE  ON  NITROGEN.     FERTILIZER  DIVISION.1 

Preliminary  results  of  co-operative  work  on  the 
analysis  of  a  small  sample  of  commercial  nitrate  of 
soda  were  reported  at  the  summer  meeting  at  Indian- 
apolis, and  this  report  was  published  in  This  Journal 
for  October,  191 1.  In  the  meantime  the  committee 
has  undertaken  the  preparation  and  standardization 
of  a  larger  sample  of  commercial  nitrate  of  soda. 
This  sample  is  now  ready  to  be  sent  out,  and  it  is 
expected  that  the  results  of  co-operative  work  on  this 
sample  will  be  presented  at  the  coming  summer  meet- 
ing. Paul  Rudnick,   Chairman. 


COMMITTEE    ON    STANDARD    SPECIFICATIONS    AND 

METHODS  OF  ANALYSIS.     INDUSTRIAL 

DIVISION.' 

The  Committee  on  Standard  Specifications  sub- 
mits the  following  report  of  its  work  since  the  last 
meeting  of  the   Society  in   Indianapolis,   June,    191 1. 

At  that  time  a  report  was  submitted  covering  the 
progress  of  the  nine  sub-committees  in  charge  of 
the  preparation  of  specifications  of  the  various  ma- 
terials under  consideration.  The  sub-committees  on 
Bleach  and  Solder  had  completed  their  work  tem- 
porarily and  submitted  specifications  which  were 
embodied  in  the  form  recommended  by  your  commit- 
tee and  presented  in  our  report  as  Provisional  Speci 
fications. 

The  specifications  for  bleach  have  not  been  criti- 
cized by  the  members  of  the  Society  during  the  period 
since  the  last  meeting  and  we  now  believe  that  they 
should  be  submitted  to  a  number  of  the  larger  manu- 
facturers for  their  criticism,  after  which  we  would 
recommend  that  some  action  be  taken  by  the  Di- 
vision in  regard  to  them. 

The  specifications  for  solder  have  been  criticized 
and  we  have  referred  these  criticisms  back  to  the 
sub-committee. 

The  sub-committee  on  Soda  Ash  have  submitted 
data  which  will  enable  us  to  prepare  specifications 
for  the  two  grades  most  commonly  used. 

The  sub-committee  on  Turpentine  have  considered 
the  subject  assigned  to  them  in  a  most  creditable 
manner  and  "have  accumulated  considerable  data. 
More  or  less  opposition  to  specifications  was  encoun- 
tered in  the  case  of  gum  turpentine  from  the  largest 
producers  and  sellers,  but  such  a  condition  is  in  no- 
wise different  from  that  met  with  in  the  case  of  many 
other   products   where   the   producer   does   not   desire 

1  Presented  at  the  forty-fifth  meeting  A.  C.  S..  Washington.  December, 
1911. 
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to  be  hampered  bj  restrictions.  In  the  case  of  wood 
spirit  of  turpentine  less  objection  was  encountered 
but  in  both  cases  it  was  felt  that  in  order  to  draw 
stringenl  specifications  it  would  be  necessary  to 
carr)  on  considerable  experimental  work  in  order 
tn  determine  the  effect  in  practice  of  the  variation 
in  gravity,  boiling  points,  etc.  It  will  undoubtedly 
be  possible,  however,  to  prepare  a  general  specifica- 
tion which  will  enable  the  consumer  to  obtain  a 
fair  quality  of  material  free  from  adulteration  and 
escape  the  gross  adulteration  which  has  been  prac- 
ticed in  the  case  of  turpentine. 

The  Committee  on  Nitric  and  Mixed  Acids  has 
found  some  inertia  on  the  part  of  its  members,  but 
is  of  the  opinion  that  specifications  for  these  materials 
are  superfluous  and  unnecessary.  So  far  as  mixed 
acids  are  concerned  your  committee  is  inclined  to 
agree  with  its  sub-committee,  since  the  strength  and 
quality  vary  in  almost  every  case  where  they  are 
employed.  In  the  case  of  nitric  acid,  however,  we 
are  of  the  opinion  that  a  general  specification  should 
be  prepared  covering  the  usual  grades  for  the  guid- 
ance of  those  who  have  only  general  knowledge  re- 
garding the  material. 

The  Committees  on  Muriatic  Acid  and  Sulphuric 
Acid  have  submitted  progress  reports  and  it  is  to  be 
hoped  that  communications  from  the  other  com- 
mittees will  be  received  in  time  to  present  at  the 
Washington  meeting. 

Your  committee  feels  that  it  is  unwise  to  submit 
further  specifications  at  this  time,  owing  to  the  fact 
that  considerable  discussion  has  arisen  as  to  the 
proper  procedure  to  be  followed  in  the  case  of  specifi- 
cations involving  methods  of  analysis.  This  matter 
has  been  made  the  subject  of  a  communication  to 
the  Executive  Committee  of  the  Industrial  Division, 
who  will  undoubtedly  outline  a  definite  order  of 
procedure  for  its  committees. 

H.  J.   Skinner,  •  Chairman, 

F.   G.   Stantial, 

Robert  Job. 


COMMITTEE  ON  DEFINITION  OF  INDUSTRIAL  TERMS. 
INDUSTRIAL  DIVISION.1 

REPORT    OF    COMMITTEE. 

Your  Committee  on  the  Definition  of  Industrial 
Terms  has  the  honor  to  report  that  it  has,  by  cor- 
respondence and  otherwise,  made  continued  efforts 
since  our  last  report  of  a  year  ago,  to  determine 
whether  it  will  be  possible  to  accomplish  the  ob- 
jects for  which  the  Committee  was  formed.  In 
that  report  it  was  shown  thatTthe  efforts  of  the  Com- 
mittee had  met  with  little  ?  support  and  approval, 
and  in  many  cases  with  direct  opposition.  Since 
that  time  there  has  been  no  improvement  in  the 
situation.  The  general  inertia  and  decided  opposi- 
tion to  the  definition  of  industrial  products,  es- 
pecially   by    manufacturers,    has    continued.      In    ad- 

1  Presented   at  forty-fifth   meeting  A.   C    S..  Washington,  December, 
1911. 


dition,    the    requests   of    the    Committee    for    tl 
pression    of    individual    opinion    on    this   subjeel    ami 
approval    of    the   project     have    met    with    no 
response. 

It  seems  to  the  Committee  that  the  difficult- 
from  the  fact  that  neither  it,  the  Division  of  Indu-,- 
trial  Chemists  and  Chemical  Engineers,  nor  the  Ameri- 
can Chemical  Society  have  any  authority  to  defiffl 
industrial  terms,  nor  to  enforce  their  use  after  they 
are  defined.  We  are  in  much  the  same  position  as 
if  the  Society,  before  the  passing  of  the  Pure  Food 
Act  by  Congress,  had  attempted  to  define  and  en- 
force definitions  of  what  constitutes  pure  food.  If 
industrial  terms  are  to  be  defined,  this  will  have  to 
be  done  so  that  definitions  can  be  enforced,  or  at 
least  accepted.  It  is  suggested  that  the  Bureau  of 
Standards  can  take  this  matter  up  and  make  recom- 
mendations to  Congress,  but  it  hardly  seems  pos- 
sible that  the  American  Chemical  Society  can  do 
much  in  this  direction,  unless  it  sees  fit  to  me- 
morialize Congress  on  the  subject. 

The  Division  of  Industrial  Chemists  and  Chemical 
Engineers  has  a  Committee  on  Standard  Specifica- 
tions, covering  materials  for  which  definitions  are  in 
almost  all  cases  necessary.  It  seemed  to  your  Com- 
mittee on  the  Definition  of  Industrial  Terms  that 
in  drawing  specifications  for  various  materials  that 
definition  of  the  material  would  be  necessary.  It 
has,  therefore,  communicated  with  the  various  sub- 
committees on  specifications,  with  a  view  of  obtain- 
ing an  expression  of  opinion  from  their  chairman,  as  to 
whether,  in  preparing  their  specifications,  they  would 
undertake  to  define  industrial  terms,  and  as  to 
whether  they  thought  it  practicable  to  do  so.  Re- 
plies to  the  inquiries  have  been  received  from  the 
chairmen  of  all  the  sub-committees,  and  in  general 
are  unfavorable.  Under  the  circumstances,  your  Com- 
mittee can  do  no  more  than  make  a  statement  of 
the  present  situation  to  the  Division  for  its  inform- 
ation. It  is  possible  that  some  lines  of  less  re- 
sistance than  have  been  encountered  in  the  past 
may  be  developed  in  the  future,  and  the  Committee 
does  not,  therefore,  ask  to  be  discharged  at  the  pres- 
ent time,  unless  it  is  the  opinion  of  the  Division 
that  this  would  be  the  most  satisfactory  thing  to 
do.  At  any  rate,  the  subject  should  be  discussed 
carefully  by  the  Division',  and  an  expression  of  opin- 
ion given  in  regard  to  what  is  considered  the  best 
method  of  procedure  in  the  future.  If  no  general 
interest  in  the  matter  develops,  it  would  seem  that 
it  had  better  be  abandoned. 

Clifford  Richardson,  Chairman, 
Geo.  P.  Adamson, 
T.   B.   F.   Herreshoff. 


COMMITTEE  ON  PROFESSIONAL  CODE  OF  ETHICS. 
INDUSTRIAL  DIVISION1 

Received  January  5,  1912. 

Your  Committee  beg  to  report  that  after  a  care- 
ful   consideration    of    the    subjects,    it    is    their    belief 

1  Presented  at  the  forty-fifth  Meeting  A.  C.  S..  Washington.  Decem- 
ber. 1911. 
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that  a  code  of  ethics  should  be  formulated  and  adop- 
ted by  the  American  Chemical  Society. 

There  are  many  instances  which  can  be  cited  of 
unethical  practices  among  chemists,  such  as:  mis- 
leading advertisements  and  interviews  in  papers 
and  magazines;  the  lending  of  certificates  for  adver- 
tising uses;  the  misuse  of  our  science  for  the  pur- 
pose of  perpetrating  frauds  on  the  public,  such  as 
the  evasion  of  a  standard  of  purity  or  the  sophisti- 
cation of  a  product;  slovenly  and  unreliable  work 
sometimes  revealed  by  impossibly  low  prices  for 
analytical  tests;  expert  testimony  of  a  character 
discreditable  to  the  witness  and  to  our  profession ; 
a  lack  of  courtesy  towards  our  fellow  chemists:  and 
in  this  respect  we  stand  far  below  the  medical  pro- 
fession. 

The  present  committee  of  three  should  be  re- 
tired, and  a  larger  committee,  of  perhaps  seven  mem- 
bers, be  appointed,  representing  the  various  branches 
of  our  profession,  and  with  power  to  draw  up  and 
recommend  a  code  of  ethics. 

Such  work  should  be  done  deliberately  and  with 
the  greatest   possible   discussion,    which   can   not   fail 


to  have  a  beneficial  effect,  in  pointing  out  evil  prac- 
tices and  elevating  our  standards  of  behavior. 

This  subject  has  already  been  discussed  at  In- 
dianapolis, Louisville  and  New  York,  and  we  believe 
that  each  of  the  several  sections  would  do  well  to 
devote  one  night  to  the  discussion  of  this  problem. 

We  do  not  think  that  for  the  present,  at  least,  it 
will  be  possible  or  desirable  for  the  American  Chemi- 
cal Society  to  attempt  the  enforcement  of  a  code  of 
ethics,  still  less  to  examine  members  with  a  view 
to  certifying  their  competency  as  is  done  by  the 
Institute  of  Chemistry  of  Great  Britain;  but  we  do 
feel  that  the  adoption  of  a  carefully  worked  out 
code  of  ethics,  prominently  displayed  in  our  publi- 
cation, would  set  before  us  the  standard  of  profes- 
sional conduct,  which,  as  members  of  the  American 
Chemical  Society,  we  would  be  expected  to  follow, 
and  which  would  greatly  tend  to  emphasize  our 
brotherly  relations  to  fellow  chemists  and  elevate 
the  ideals  of  our  profession. 

(Signed)  A.  C.  Langmuir, 
C.  F.  McKenna, 
L.   F.   Brown. 


NOTES  AND  CORRESPONDENCE 


A  NOTE  ON  SAMPLING. 
By  W.  J.  Sharwood. 

In  the  November  issue  of  This  Journal  (3,  861) 
the  Committee  on  Standard  Specifications  publishes  certain 
provisional  rules  for  the  sampling  and  analysis  of  bleaching 
powder,  together  with  a  sliding  scale  of  unit  prices  founded 
on  the  percentage  of  available  chlorine  at  a  base  of  35  per  cent. 

The  directions  for  sampling  there  given  certainly  demand 
criticism  and  discussion,  not  necessarily  as  regards  their  appli- 
cation to  the  particular  substance  for  which  they  were  recom- 
mended, but  because  they  violate  the  basic  principles  of  sampling 
— assuming,  of  course,  that  the  ideal  sample  aimed  at  is  a  segre- 
gated and  relatively  small  portion  of  material,  which  shall 
have  a  composition  exactly  corresponding  to  that  of  the  average 
mass  sampled. 

On  the  other  hand,  the  sliding  scale  established  appears 
distinctly  favorable  to  the  purchaser. 


Scalb  of  Prices. 

Multiplier  for  base 

Relative  price  per  ton. 

price  per  unit. 
0.74 

31 

22.94 

65.5 

32 

0.82 

26.24 

75 

33 

0.89 

29.37 

83.8 

34 

0.95 

32.30 

92.3 

35 

1.00" 

35.00 

100.01 

36 

1  .04 

37.44 

107.0 

37 

1  .07 

39.59 

113.0 

38 

1  .09 

41.42 

118.0 

39 

1.10 

42.90 

122.6 

The  specific  directions  for  sampling  are,  in  part,  as  follows: 
"The  sample  shall  be  taken  by  boring  a  one-inch  hole  through 
the  side  of  the  cask,  midway  from  the  ends,  or  through  the 
bead  near  the  centre.  The  sampler,  which  consists  of  a  stout 
iron  scoop,  about  three -fourths  of  an  inch  wide  and  eighteen 
inches  long,  shall  be  inserted  for  two  or  three  inches,  withdrawn, 
ind  the  bleach  removed  discarded.  The  sampler  shall  be  in- 
'  Base. 


serted  again  as  far  as  it  will  go,  removed,  the  bleach  transferred 
to  a  glass  fruit  jar,  etc." 

Now  when  material  contained  in  a  package  varies  appreciably 
in  composition  from  the  centre  to  the  surface,  the  rejection  of 
a  portion  of  the  sample,  representing  a  layer  of  2  or  3  inches 
all  over  the  surface,  has  a  vastly  greater  effect  in  modifying 
the  average  content  of  the  accepted  sample  remaining  than  is 
generally  realized.  In  fact  the  general  adoption  of  such  a  sys- 
tem would  introduce  what  is  sometimes  termed  a  "little  joker," 
the  influence  of  which  may  be  highly  prejudicial  to  one  of  the 
parties  to  a  sale  controlled  by  such  a  sample.  Few  seem  to 
realize  the  fact  that  a  much  larger  portion  of  the  contents  of 
a  package  is  near  the  outside  than  is  to  be  found  equally  near 
the  centre. 

To  illustrate  the  last  point  it  is  simplest  to  consider  a  concrete 
example.  Let  us  assume  a  cask  or  drum,  exactly  twenty  inches 
in  diameter  and  thirty  inches  in  length,  both  internal,  the  con- 
tents of  which  are  to  be  sampled  (Fig.  1).  The  following  table 
shows,  in  the  last  column,  the  percentage  of  the  total  material 
remaining,  when  a  shell  of  varying  thickness,  ranging  from  0.5 
to  3.0  inches,  is  removed  from  its  entire  surface— such  a  portion 
as  is  virtually  removed  when  a  similar  length  is  rejected  from 
a  scoop  or  tryer  sample. 

Calculations  Based  on  a  Cylinder  20  by  30  Inches. 

Diameter  Approximate 

Thickness  of  Height  of  Area  of  volume  of  Percentage 

of  shell  remaining  remaining  cross-  remaining  of  total 

discarded,  cylinder.  cylinder.  section.  cylinder.  volume 

In.  In.  In.  Sq.  in.  Cu.  in.  remaining. 

0  20  30  314.1  9423  100.0 

0.5  19  29  283.5  8221  87.2 

1.0  18  28  254.4  7123  75.6 

1.5  17  27  226.0  6100  65.0 

2.0  16  26  200.6  5200  55.5 

2.5  15  25  176.7  4418  46.9 

3.0  14  24  154  3700  39.2 

If,  therefore,  we  reject  a  shell  two  inches  thick,  next  the 
surface  of  the  filling  of  a  cylindrical  container  twenty  inches  in 
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diametei  and  thirt)  inches  high,  the  portion  considered  is  only 
55.5  pei  cent.  <>f  the  total.  In  the  case  "l  a  small*  1  container 
hell  <>(  this  thickness  will,  of  course,  leavi 
a  still  snialU  1  percentage  with  a  cylinder  sixteen  inches  di 
ameter,  bj  twentj  inches  high,  only  17  per  cent,  would  remain. 

in  eithei  case,  il  deterioration,  say  to  the  extent  of  5  pei  cent, 
of  some  constituent  without  change  of  weight,  has  taken  plao 
in  the  outer  two  inch  shell,  the  interior  of  the  package  remain 
ing  intact,  then  a  sample  taken  with  a  tryer  as  directed  "ill 
indicate  a  percentage  about  2.5  per  cent,  higher  than  the  true 
average  content  of  the  package  when  sampled. 

In  the  case  of  a  material  suffering  change  from  decomposi 
tion,  oxidation,  or  the  loss  of  a  valuable  constituent,  the  pur- 
chaser will,  of  course,   suffer  by  the  adoption  of  such   a    pro 


cedure;  in  other  cases,  such  as  the  sale  of  concentrates  or  pre- 
cipitates of  high  value,  shipped  in  a  moist  condition,  the  outside 
portion  becomes  enriched  by  loss  of  water — such  material 
is,  however,  almost  invariably  dumped  and  mixed  before 
sampling,  whether  the  tryer  method  or  quartering  or  a  mechan- 
ical method  is  resorted  to. 

Similarly,  a  package  of  the  form  of  a  cement  sack,  considered 
as  an  ellipsoid  10  X  10  X  20  inches,  would  lose  over  51  per 
cent,  by  the  rejection  of  one  inch  over  its  entire  surface,  and 
86  per  cent,  by  the  rejection  of  a  two-inch  layer. 

Another  case  may  be  considered.  Suppose  the  material 
in  a  package  to  deteriorate  uniformly  from  centre  to  surface. 
If  this  is  in  a  cylindrical  container,  or  in  a  sack,  any  sample 


taken  with  a  cylindrical  tryer,  reaching  to  01  pasl  it  centra 
will  show  a  percentage  bettei  than  the  true  average,  no  matUj 
in  what  direction  the  tryer  is  thrust.     This  form  of  tryer  tends 

In    take,    in    tin-   ease   ol    such    a   substance   as   bleach,    a    Sampl 

of  loo  high  a  percentage,  even  il  the  surface  layer  is  n 
carded. 
This,  also,  is  perhaps  best   shown  by  a  concrete  example] 

Assume  a  cylinder  as  before,  twenty  inches  in  diameter,  and 
fin  simplicity's  sake  assume  that  no  change  of  weight  occurs 
and  that  no  deterioration  takes  place  at  the  ends  of  the  cylinder, 
but  only  from  the  axis  outward.  Let  the  central  portion  of 
the  mass  retain  its  original  percentage  of  a  certain  constituent, 
say  36  per  cent.,  which  at  the  circumference  is  diminished 
to  31  per  cent.  This  is  indicated  in  the  sectional  diagram 
(Fig.  2)  and  it  is  obvious  that  at  two-inch  intervals  indicated 
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by  B,  C,  D,  etc.,  the  percentages  will  be  32,  33,  34,  etc.,  as  there 
shown.  The  true  mean  percentage  over  any  normal  cross- 
section  will  be  31  +36  —  31/3  =  32. 67  per  cent. 

The  following  table  shows  the  percentage  actually  contained 
in  a  sample  taken  with  a  cylindrical  core  tryer  reaching  to  the 
centre  (F)  and  to  various  distances  beyond  it,  and  also  the 
additional  effect  of  discarding  the  outermost  two  inches  from  the 
sample. 

Percentages  Shown  by  Core  Sample  (See    Fig.  2) — Actual  Percent- 
age op  Given  Constituent,  32.67  Per  cent. 
I.   Preserving  entire  sample.  II.  Rejecting  outer  2  inches. 


Percentage  of 

Percentage  of 

Portion 

constituent 

Portion 

constituent 

sampled. 

in  sample. 

sampled. 

in  sample. 

AF 

33.5 

BF 

34.0 

AG 

33.83 

BG 

34.3 

AH 

33.93 

BH 

34.33 

AJ 

33.75 

BJ 

34.2 

AK 

33.72 

BK 

34.0 

AL 

33.5 

BL 

33.72 

In  general,  therefore,  the  method  prescribed  by  the  committee 
would  yield  a  sample  containing  34  per  cent,  or  a  little  more, 
instead  of  the  actual  average  of  32.67,  while  an  unmodified 
tryer  sample  would  show  a  little  under  34  per  cent. 

But  this  is  not  all.  Under  the  sliding  scale  recommended 
for  bleaching-powder  the  unit  price  increases  as  the  percentage 
increases,  and  the  price  per  ton  goes  up  in  a  duplicate  ratio. 


True  content 32.67%  at  o.89   X  base  =  29.076 

Content  of  tryer  sample.    34%        at  0.95    X  base  =  32.30 


Relative  cost 
per  gross  ton. 
90 
100 


In  such  a  case,  therefore,  the  use  of  the  tryer  method  of  sampling 
will  make  the  cost  to  the  purchaser  about  10  per  cent,  higher 
than  he  would  pa>r  on  the  basis  of  the  actual  content. 

In  the  case  of  the  contents  of  a  round  (approximately  spher- 
ical) package,  the  centre  of  which  differs  appreciably  from  the 
outside,  the  only  truly  representative  sample  possible  would 
be  one  of  conical  or  pyramidal  form — the  apex  at  the  centre 
of  the  mass.  As  a  matter  of  fact  it  is  perhaps  fortunate  that 
the  sample  drawn  with  a  straight  scoop  tryer  often  actually 
gives  some  sort  of  approximation  to  a  conical  form,  for  there 
is  a  greater  tendency  to  lose  material  from  the  interior  than 
from  the  exterior  portion  of  the  mass  sampled,  if  the  latter  is 
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not  deliberately  rejected.  When  such  packages  are  sampled 
1  tryer  tapering  toward  the  tip  ought  to  be  preferred,  if  an  ideal 
sample  is  aimed  at.     Under  the  circumstances  indicated,  when 


I  cylindrical  core  is  taken,  the  sample  will  only  be  accurate 
f  a  sufficient  number  of  cores  are  drawn  in  various  directions 
ind  equably  distributed. 

Lbad.  S.  Dakota, 
December  4.  1911. 


LABORATORY  PREPARATION  OF  LITMUS  PAPER. 

Experience  has  shown  that  with  a  good  quality  of  litmus 
taper,  uneducated  workmen  are  able  to  distinguish  slight 
lifferences  in  shade,  and  maintain  very  slight  acidities  or  alka- 
inities,  if  such  are  desired.  It  is  found,  however,  that  they 
xc  often  deceived  by  the  quality  of  the  litmus  paper,  which, 
hrough  varying  amounts  of  salts  in  the  paper,  may  require 
widely  differing  amounts  of  acid  or  alkali  to  give  a  definite 
olor. 

Practically  all  directions  for  the  laboratory  preparation  of 
itmus  paper  start  with  commercial  litmus  and  require  from  10 
K  cent,  to  33  per  cent,  solutions  to  make  a  sufficiently  colored 
lapcr.  Various  methods  of  purifying  this  commercial  product 
tcfore  its  use  may  be  found  in  the  literature,  all  of  which  re- 
|uire  considerable  time  for  sedimentation,  and,  usually,  quite 
.n  amount  of  alcohol,  which  makes  purification  expensive. 
i  great  many  have  used  a  water  extract  of  commercial  litmus 
without  further  purification,  neutralizing  to  meet  their  require- 
nents.  This  gives  a  paper  which  is  satisfactory  for  some  pur- 
>oses,  but  the  red  paper  is  usually  rather  impervious  to  water, 
nd  the  large  amounts  of  soluble  salts  which  it  contains  cause 
eactions  in  the  paper  which  are  often  deceiving. 

These  various  difficulties  have  led  to  the  use  of  the  chemically 
nire  litmus  which  is  sold  by  the  various  supply  houses  and 
an  be  prepared  in  about  one-quarter  of  the  time  required  by 
he  ordinary  substance.  Although  the  chemically  pure  litmus 
»  listed  at  ten  times  the  value  of  the  commercial  product,  its 
oloring  strength  is  so  much  greater  that  the  final  cost  is  never 
lore,  and  in  some  cases  is  less.  Continued  trials  have  shown 
he  following  to  be  a  very  satisfactory  grade  of  litmus  paper  for 
11  purposes,  whether  laboratory  or  manufacturing,  and  the 
roduct  will  be  found  more  delicate  than  most  litmus  papers 
n  the  market. 

For  blue  paper,  1.4  per  cent,  of  chemically  pure  litmus  is 
issolved  in  distilled  water  with  constant  shaking  for  about  one 
our.  This  solution  is  set  aside  over  night,  carefully  decanted 
:om  the  small  amount  of  sediment,  and  sulfuric  acid  added, 
rop  by  drop,  sufficient  to  reduce  alkalinity  to  such  a  point 
tiat  a  piece  of  filter  paper  floated  on  the  top  and  then  dried 


will  assume  a  very  perceptible  red  color  after  being  suspended 
one  half  minute  in  A/jooo  hydrochloric  acid. 

To  make  red  litmus  paper  a  1.0  per  cent,  solution  of  chem- 
ically pure  litmus  is  required  with  the  addition  of  sulfuric  acid 
until  such  a  degree  of  acidity  is  reached  that  a  very  perceptible 
reaction  will  take  place  whin  paper  floated  and  dried  as  be- 
fore is  suspended  one  half  minute  in  iV/4000  caustic  soda  solu- 
tion. 

Time  of  exposure  to  these  standardizing  solutions  is  found 
to  be  as  important  a  function  as  the  degree  of  acidity  or  alka- 
linity of  the  paper.  The  above-mentioned  degrees  of  sensitive- 
ness are  close  to  the  practical  limits,  for  if  the  papers  are  made 
more  delicate  they  cease  to  be  red  and  blue,  but  become  lilac 
or  neutral. 

The  filter  paper  used  is  any  smooth  compact  qualitative 
paper  sold  by  the  chemical  supply  houses.  The  best 
manner  to  saturate  the  paper  with  litmus  has  been  found  to 
cut  it  in  strips  about  seven  inches  wide  and  to  draw  the  paper 
over  the  surface  of  the  litmus  solution,  which  has  previously 
been  placed  in  an  ordinary  shallow  square-cornered  enameled 
bread-baking  pan.  The  paper  is  held  by  the  ends  and  first 
touched  to  the  surface  of  the  liquid,  about  two  inches  from 
one  end;  then  the  other  end  is  released  and  the  paper  drawn 
down  across  the  edge  of  the  pan.  Surface  tension  holds  the 
paper  to  the  liquid,  yet  only  one  side  of  the  paper  is  allowed 
to  touch  the  solution,  and  drawing  across  the  side  of  the  pan 
takes  away  any  excess.  The  strips  are  hung  up  to  dry  by 
pinning  the  blank  ends  over  lines  stretched  in  some  convenient 
place. 

The  paper  will  be  found  very  uniform,  as  just  sufficient 
solution  will  have  been  taken  up  to  dye  all  the  sheets  of  the  same 
shade.  One  liter  of  solution  will  make  one  hundred  sheets 
seven  inches  by  twenty  inches  in  size. 

These  sheets  may  be  rolled  up  or  packed  away  in  proper 
containers  to  protect  them  from  the  air,  and  cut  in  strips  of 
convenient  size  for  use  shortly  before  they  are  needed.  Wide- 
mouthed,  glass-stoppered  bottles  arc  found  very  convenient 
for  holding  the  small  strips  for  daily  use.  Great  uniformity 
is  secured  by  making  up  large  batches  at  a  time,  and  the  method 
allows  for  closest  similarity  of  succeeding  batches. 

E.  W.  Rick. 


PERILLA  OIL. 

Product  from  the  seed  of  Pcrilla  ocimoides  (Nat.  Ord.  I.abia- 
teae),  an  indigenous  plant  of  India,  China  and  Japan.  Perilla 
oil  is  very  similar  to  that  of  linseed.  In  Manchuria,  it  is  used 
for  edible  purposes.  The  Japanese  use  the  oil  for  waterproofing 
paper  umbrellas,  and  for  preparing  transparent  paper  lor  win- 
dows. 

In  the  colder  portions  of  Japan,  the  plant  is  grown  as  a  field 
crop.  The  annual  production  of  seed  is  about  300,000  bushels. 
A  bushel  of  seed  gives  up  a  gallon  of  oil,  worth  70  cents  per 
gallon. 

U.  S.  Consul  Sarnmon,  Yokohama,  Japan,  in  1910  suggested 
the  introduction  of  this  plant  into  the  United  States.  Follow- 
ing this  suggestion,  a  small  quantity  of  the  seed  was  imported 
from  Japan.  During  the  season  of  191 1,  this  plant  was  grown 
at  Akron,  Ohio.  Seed  were  sown  April  15th;  plants  came  up 
10  (lavs  later;  growth  slow;  bloomed  Aug.  25  to  Sept.  1st; 
harvested  Oct.  1st,  after  plants  had  been  injured  by  frost. 
Plant  resists  light  frosts,  but  cannot  resist  drought. 

On  the  dry,  sandy  soil  of  West  Akron,  the  plant  did  not  do 
well.     On  the  damp,  clayey  soil  the  growth  was  much  better. 

Yield  of  seed  based  on  very  small  area  is  about  400  pounds 

per  acre.     The  seed  of  this  Ohio-grown  perilla  was  20  pel   

lighter,  per  equal   volume  of  seed   than  the  parent  seed.     The 
crop  did  not  fill  well;  about  80  per  cent,  of  the  seed  pockets 
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contained  well  formed  seed.  Many  of  the  seeds  were  of  light 
weight  Japanese  perilla  seed  contains,  according  to  Lewko- 
witsch,  38  pei  cent,  of  oil.  Our  sample  of  imported  seed  gave 
by  benzole  extraction,  i.s  per  cent.  The  Ohio  grown  seed  con 
tained  \\  pei  cent,  oil.  Domestic  perilla  oil  was  thinner  than 
tin  foreign  oil.  The  oil  extracted  from  Japan  grown  seed  gave 
.1  distincl  linseed  oil  odor.  The  odor  of  Ohio  oil  was  that  of 
the  lush  plant-  a  strong  minty  odor.  These  peculiarities  were, 
perhaps,  due  to  fresh  seed. 

Compared  with  linseed  oil,  perilla  oil  dries  slower  than  lin- 
seed,  but  gives  a  better  film.  Perilla  oil  film  is  smooth,  glossy 
and  tough.  Tile  usual  objection  to  perilla  oil  is  the  difficulty 
in  spreading,  this  oil  having  a  tendency  to  gather  in  globules. 
This  has  not  been  the  case  in  our  experience. 

Parallel  experiments  with  linseed  oil  show  that  its  spread- 
ing qualities  are  equally  as  good  as  those  of  linseed.  Tests  on 
paper,  imitating  Japanese  umbrella  work,  indicate  that  linseed 
oil  is  superior  for  this  work.  Old  oil  or  oil  that  has  been  heated 
may  give  better  results. 

Compared  with  flax  as  a  suitable  crop  for  Ohio  soils,  perilla 
returns  a  less  oil  value  per  acre,  and  has  no  valuable  by-products. 
Perilla  press  cake  is  of  doubtful  value  as  a  cattle  food.  The 
green  stem  may  yield  an  essential  oil  of  value,  though  the  plant 
is  quite  dry  when  the  ripening  of  the  seed  occurs. 

Chas.  P.  Fox. 


BARLEYS  EXHIBITED  AT  THE  SECOND  INTERNATIONAL 
BARLEY  AND  HOP  PRIZE  EXHIBIT. 

Of  the  107  specimens  of  barley  entered  53  were  of  the  Man- 
churia, 26  of  the  Bay  Brewing  and  28  of  the  two-rowed  class, 
of  which  latter  7  specimens  came  from  Germany.  Of  the  19 10 
crop  there  were  9  specimens  in  the  Manchuria  class  and  4  in 
the  two-rowed.  The  19 10  Manchuria  class  barleys  average 
higher  than  the  191 1.  The  Wisconsin  pedigreed  barleys  grown 
from  seeds  disseminated  by  the  Wisconsin  Agricultural  Ex- 
periment Station  took  the  largest  number  of  prizes.  Prac- 
tically all  of  the  pedigreed  samples  belonging  to  the  six-rowed 
variety  had  a  1000  berry-weight  within  the  permissible  limits. 
Of  the  191 1  crop  five  samples  were  disqualified  for  demerit, 
and  of  the  1910  crop  one,  in  both  cases  owing  to  generally  poor 
quality;  four  of  these  on  jury  inspection  alone.  In  the  samples 
of  the  Manchuria  class  the  albumen  content  varies  between 
1 1. 2- 1 5. 5  per  cent.,  and  the  1000  berry -weight  between  24.4 
and  32  grams. 

The  Bay  Brewing  barleys  generally  have  an  albumen  content 


below  i"  i"  1  '(ill  which  is  considerably  lower  than  the  Man- 
churia, whose  average  is  approximately  12  per  cent.  In  the 
samples  oi  tin    Baj   Brewing  type,  the  Nitrogen  ranges  from  7.3^ 

id    <    pel    cent.,   and    the    1000  berry-Weight  between   36 .1-47.1 

grams,  only  .so  per  cent,  of  the  total  number  of  samples  having 
a  berry  weight  higher  than  42  grams.  The  vitality  or  germinal 
ing  capacity  of  these  Californian  barleys  is  also  considerably 
higher  and  varies  between  100-97  Per  cent.  These  Hay  Hrew- 
ing  baileys  conform  in  their  characteristics  more  nearly  to  the 
two-rowed  barleys  of  the  far  West,  like  Idaho,  Montana,  and 
California.  With  a  few  exceptions,  the  two-rowed  barleys 
of  the  Middle  Western  States  were  disqualified  for  excessive 
albumen  content,  which  was  13. 5-19. 6  percent.  The  Nitrogen 
content  in  German  barleys  is  9.1-10  per  cent.,  in  American 
Western  two-rowed  7.5  per  cent.  The  superiority  of  the  West- 
ern two-rowed  barleys  over  the  Eastern  is  noticeable  on  almost 
every  count. 

From  the  analytical  and  jury  results- it  seems  evident  that 
the  climatic,  soil,  and  other  cultural  conditions  of  the  barley 
growing  sections  of  Idaho,  Montana  and  the  Coast,  are  better 
suited  to  the  growth  of  barleys  that  conform  to  the  European 
type  in  their  brewing  qualities,  than  the  barley  growing  sec- 
tions east  of  the  Rocky  Mountains,  which  seem  to  be  the  home 
of  the  Manchuria,  Oderbrucker  and  related  varieties. 
Whether  these  Manchuria  varieties  will  do  as  well  or  better 
in  the  Western  area,  where  they  have  been  introduced,  for  in- 
stance in  Montana,  remains  a  matter  of  future  concern. 

Robert  Wahl. 


EIGHTH  INTERNATIONAL  CONGRESS  NOTES. 

Among  the  features  of  the  Eighth  International  Congress 
of  Applied  Chemistry  which  are  of  interest  and  importance, 
are  the  general  lectures,  presenting  a  review  of  some  branch 
of  chemical  activity  by  an  acknowledged  authority.  These 
lectures  are  only  a  part  of  the  return  that  these  International 
Congresses  endeavor  to  make  to  the  country  whose  hospitality 
they  enjoy.  At  the  Eighth  Congress,  which  meets  in  New  York 
and  Washington,  September,  1912,  the  following  lectures  are 
now  announced: 

"Some  Physical  Aspects  of  Molecular  Aggregation  in  Solids." 
By  George  Beilby,  England. 

"The  Role  of  Very  Small  Amounts  of  Chemical  Substances  in 
Biochemistry."     By   Professor   Gabriel  Bertrand,    France. 

"Photochemistry  of  the  Future."  By  Professor  G.  Ciamician, 
Italy. 

The  exact  dates  for  these  lectures  will  be  announced  later. 


OBITUARIL5 


DR.  NAOKICHI  MATSUI.1 

The  scientific  world  sustained  a  great  loss  by  the  death  of 
Dr.  Naokichi  Matsui,  Doctor  of  Science  and  Dean  of  the  Agri- 
cultural College  of  the  Imperial  University  of  Tokyo,  upon  the 
first  day  of  February,  191 1. 

Dr.  Matsui  was  born  at  Ogaki,  in  the  province  of  Mino,  in 
1855,  and  studied  chemistry  at  the  University  of  Tokyo.  He 
went  to  the  United  States  in  1875,  as  first  Japanese  Government 
student,  with  several  other  young  men,  among  them  Marquis 
Komura,  Dr.  Hatoyama,  Dr.  Hirai  and  a  few  other  brilliant 
young  students,  and  devoted  himself  to  the  study  of  chemistry 
at  the  School  of  Mines  at  Columbia  University,  under  Prof. 
Chandler  and  others.  He  obtained  the  degree  of  Bachelor  of 
Philosophy  in  1878,  from  the  same  university,  and  was  awarded 
the  degree  of  Doctor  of  Philosophy  in   1880,  by  presenting  a 

'  Translated  from  the  Journal  of  the  Tokyo  Chemical  Society,  April,  1911. 


thesis  on  "Kaolin  of  Arita."  When  he  returned  to  Japan  in 
the  same  year,  he  was  appointed  lecturer  in  the  Science  College 
of  the  University  of  Tokyo.  In  the  following  year  he  was  ap- 
pointed a  professor  in  the  same  university,  and  taught  chemis- 
try exclusively  in  the  Science  College  and  Preparatory  School. 

When  the  Imperial  University  was  founded  in  1886,  by 
amalgamating  the  University  of  Tokyo  and  the  College  of 
Engineering,  he  was  appointed  a  professor  of  the  Engineering 
College.  In  1888  he  was  awarded  the  degree  of  Doctor  of 
Science. 

In  1890  he  was  appointed  a  professor  and  Dean  of  the  Agri- 
cultural College  of  the  Imperial  University  of  Tokyo,  which 
position  he  held  over  twenty  years,  until  his  death. 

Dr.  Matsui  went  to  Europe  and  the  United  States  in  1900, 
and  returned  to  Japan  after  an  absence  of  one  year.  He  suc- 
ceeded Prof.  Yamakawa  as  President  of  the  Imperial  Univer- 
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sity  of  Tokyo  in  1905,  but  resigned  after  a  short  period  ami  re- 
sumed his  former  duties. 

His  Imperial  Majesty,  the  Emperor  of  Japan,  conferred  upon 
him  the  order  of  the  Sacred  Treasure  in  1908,  for  his  innumera- 
ble services,  and  when  he  heard  of  the  declining  health  of  Dr. 
Matsui  in  the  early  part  of  19 11,  the  Emperor  conferred  upon 
him  the  order  of  the  Rising  Sun. 

After  his  appointment  as  Dean  of  the  Agricultural  College  of 
the  Imperial  University,  Dr.  Matsui  employed  his  spare  moments 
toward  the  development  of  the  University,  as  councilor  of  the 
University,  committee  on  hygiene  and  councilor  and  chairman 
of  the  committee  of  the  University  library.  He  also  did  much 
toward  developing  the  educational  system  of  Japan,  as  a  mem- 
ber of  the  committee  on  compilation  of  English  readers,  the 
special  committee  on  investigating  the  subsidy  for  industrial 
education,  and  the  committee  on  selecting  teachers  for  Normal 
Schools,  Middle  Schools  and  Higher  Girls'  Schools,  etc.  His 
valuable  services  toward  the  development  of  Fine  Arts  and  the 
improvement  of  industry  in  Japan  cannot  be  exaggerated, 
as  he  was  at  one  time  or  another  councilor  of  the  Administra- 
tive Bureau  of  the  Special  Exposition,  juror  for  the  Second 
Exposition  of  Marine  Products,  and  juror  for  the  Anglo- Japanese 
Exposition,  etc. 

Dr.  Matsui  joined  our  Tokyo  Chemical  Society  when  he  re- 
turned to  Japan  in  1880,  and  was  elected  President  of,  the 
Society  in  the  same  year.     For  nine  years  he  served  the  Society 


either  as  Secretary,  permanent  member,  or  President.  He  had 
very  little  time  i<>i  research,  ;^  lie  was  busily  engaged  in  the 
discharge  of  tin-  duties  above  mentioned.  But  he  made  a  re- 
port of  the  notes  of  his  experiments  on  Kaolin  of  Arita  in  1880, 
and  the  result  of  the  experiments  regarding  the  liquid  extin- 
guisher in  1885  at  the  Tokyo  Chemical  Society.  He  also  lec- 
tured on  the  following  subjects: 

History  of  the  Atomic  Theory  (1882). 

The  Relation  between  Chemical  Construction  and  Magnetic 
Polarization  (1884). 

Traube's  Experiment  Relative  to  the  Function  of  Water  on 
Oxidation  (1884). 

Crookes's  Theory  of  the  Atom  (1887). 

Regarding  Nitrification  (1892). 

Theory  of  Electrolytic  Dissociation  (1892). 

Chemistry  of  the  Digestion  of  the  Stomach  (1894). 

Chemistry  of  the  Digestion  of  the  Intestines  (1895). 

Chemistry  of  Respiration  (1897). 

Regarding  Fischer's  Research  on  Uric  Acid  (1900). 

Regarding  the  Composition  of  Camphor  (1906). 

Dr.  Matsui  contributed  not  a  little  service  toward  the  develop- 
ment and  diffusion  of  chemistry  in  our  country.  We  can  readily 
attribute  the  present  prosperity  of  the  Agricultural  College  to 
the  untiring  efforts  of  Dr.  Matsui.  His  fame  in  the  educa- 
tional circles  of  science  in  our  country  will  never  be  forgotten. 


CONSULAR  AND  TRADE  NOTES 


GERMAN  BRONZE-POWDER  INDUSTRY. 

Nuremberg  is  the  center  of  the  bronze-powder  industry  in 
Germany.  With  the  exception  of  one  factory  at  Munich  and 
one  at  Frankfort-on-the-Main,  all  bronze-powder  factories  of 
any  magnitude  are  located  in  Nuremberg  and  Fuerth  and  the 
smaller  towns  in  this  vicinity. 

There  are  here  15-18  concerns  of  considerable  extent  and 
about  25  smaller  factories,  which  employ  an  aggregate  of  1,200 
workmen  and  turn  out  an  annual  product  of  the  value  of  about 
$3,000,000.  Experienced  workmen  are  paid  9-10  cents  per 
hour  and  work  10  hours  a  day,  except  on  Saturdays,  when  8 
hours  is  the  rule.  The  few  men  employed  in  the  foundry  de- 
partments are  slightly  better  paid — about  12  cents  per  hour. 
Juvenile  employees  average  about  7  cents  per  hour.  Practic- 
ally no  female  workers  are  employed.  Almost  without  ex- 
ception factories  are  located  where  cheap  water  power  may 
be  had. 

The  raw  materials  used  in  the  manufacture  of  the  better 
grade  of  bronze  powder  are  copper  and  zinc.  For  cheaper 
grades  various  kinds  of  metal  scraps  from  the  toy  and  other 
factories  are  mixed  with  these  two  basic  metals. 

The  metals,  mixed  in  graphite  crucibles,  are  reduced  to  a 
molten  mass  and  cast  into  half-round  ingots  about  12  inches 
in  length  and  about  five-eighths  of  an  inch  in  thickness.  The 
ingots  are  flattened  under  water-power  hammers  and  passed 
through  rollers  until  they  are  extended  into  metal  ribbons 
many  yards  in  length.  They  are  then  cut  into  strips  about 
2  yards  long,  tied  into  bundles  of  approximately  100  each, 
and  hammered  out  still  thinner.  After  being  subjected  to 
another  annealing  process  two  or  three  of  such  bundles  are 
tied  together  and  again  hammered.  At  this  stage  the  thin 
metal  sheets  are  put  through  a  cleaning  process,  tied  into  still 
larger  bundles,  and  again  beaten  out  under  hammer.  When 
the  required  thinness  is  secured  the  sheets  arc  cut  and  torn 
into  shreds  and  placed  in  hermetically  closed  iron  boxes, 
in  which  they  are  pounded  into  a  powder  under  vertical  iron 
stamps.     They   are   passed   from    one   stamp   mill    to   another 


until  reduced  to  the  fine  metallic  flour  known  as  bronze  powder. 

Bronze  powder  is  to-day  invoiced  for  export  at  20-38  cents 
per  pound,  according  to  quality,  the  price  for  a  fair-grade  prod- 
uct being  about  27  cents  per  pound.  Extra  fine  grades  sell 
as  high  as  $1,  and  even  more,  per  pound.  These  figures  include 
packing  charges,  insurance,  and  freight  to  Bremen,  which  amount 
to  about  60  cents  per  100  pounds. 

Exports  of  bronze  powder  and  metal  clippings  (the  raw  ma- 
terials for  bronze  powder)  from  Nuremberg  to  the  United 
States  for  the  last  four  years  were  as  follows:  Bronze  powder — 
1907,  934.732;  1908,  $408,140;  1909,  $558,336;  1910,  $525,168. 
Metal  clippings — 1907,  $80,585;  1908,  $167,401;  1909,  $217,781; 
1910,  $236,799.  These  figures  would  indicate  a  considerable 
increase  in  the  manufacture  of  bronze  powder  in  the  United 
States. 


ELECTROLYTIC  RECOVERY  OF  ZINC. 

Consul-General  Thomas  Sammons,  Yokohama,  Japan,  re- 
ports that  a  new  process  for  the  electrolytic  recovery  of  zinc  has 
been  successfully  worked  out  by  Mr.  Chitaro  Yoshida,  the 
proprietor  of  a  copper  mine  in  Iwashiro  Province,  Japan.  The 
zinc  ore  is  dissolved  in  the  electrolyte,  and  from  this  liquid  the 
zinc  is  precipitated  by  electrolysis.  The  process  is  simple, 
but  several  obstacles  have  been  found.  For  instance,  the 
presence  of  a  small  particle  of  copper,  antimony,  or  arsenic 
is  enough  to  render  the  process  futile.  One  of  the  defects  of 
the  process  heretofore  has  been  the  spongy  form  of  the  zinc 
which  adhered  to  the  cathode.  To  prevent  this,  carbon  was 
tried  instead  of  lead  in  the  anode.  The  carbon  was  coarse 
and  dissolved  in  the  sulphate  of  zinc,  and  the  zinc  which  gathered 
on  the  cathode  was  then  found  to  be  refined  to  a  degree  rarely 
surpassed  by  the  imported  metal. 

During  19 10  Japan  exported  24,747  tons  of  zinc,  valued  at 
$383,485,  and  imported  11,581  tons.  It  is  believed  that  a 
new  industry  will  be  built  up  in  Japan  as  a  result  of  this  new 
process. 
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SULPHUR  MINES  IN  MEXICO. 

Consul  Wilbert  I.  Bonnej  reports  thai  the  gnat  hulk  of 
Mexican  sulphui  is  obtained  from  tin-  mines  neai  Cerritos,  in 
ih  State  ol  San  Luis  Potosi,  about  50  miles  cast  of  the  capital. 
The  deposil  is  one  of  the  largest  and  richesl  in  the  world. 

Tin-  production  of  the  mines  is  about  800  metric  tuns  of 
refined  sulphur  per  month.     Tb    sulphur  is  encountered  a1   a 

depth    (ii    .'D    feet    below     the    surface,    and    the    lowest    present 

workings  are  190  feet  deep.  The  mines  are  at  an  elevation  of 
about  5,800  feel  above  sea  level.    The  indications  are  that  the 

sulphui  extends  downward  indefinitely  in  chimney  form.  The 
ore  runs  to  37  90  per  cent,  pure  and  is  smelted  by  the  steaming 
process. 

Of  tlu-  product  aboul  one  third  finds  a  market  in  Mexico, 
the  present  price  being  around  $32  per  metric  ton.  The  mines 
employ  some  700  men.  The  property  is  owned  by  the  Virginia- 
Carolina  Chemical  Co.,  but  is  under  lease  to  Germ  n  interests. 
The  excess  over  home-market  demands  is  shipped  to  Germany. 

There  are  traces  of  sulphur  in  other  parts  of  the  .State,  and 
sulphur  compounds  are  common  among  ores.  At  Venado, 
about  50  miles  north  of  San  Luis  Potosi,  a  sulphur  deposit  has 
been  uncovered,  but  its  output  would  be  small  compared  with 
the  Cerritos  mines.  The  Yenado  deposit  lies  in  a  blanket  some 
10  feet  wide  practically  on  the  surface,  and  the  product  shows 
about  30  per  cent,  pure  sulphur.  The  operating  company 
had  its  ovens  installed  by  an  Italian  expert  after  the  manner 
of  the  Italian  smelting  practice,  but  the  capacity  of  the  works 
will  not  exceed  3  to  4  tons  per  day  under  favorable  circumstances. 


AMALGAMATION  OF  BRITISH  CEMENT  COMPANIES. 

Consul-General  John  L.  Griffiths  reports  that  a  project  has 
been  formed  to  amalgamate  a  number  of  British  cement  works 
as  the  British  Portland  Cement  Manufacturers  (Ltd.).  It  will 
have  an  issued  capital  of  $17,032,000,  and  there  will  be  "no  public 
issue  of  stocks  or  shares,  and  no  prospectuses  will  be  circulated." 

It  is  stated  that  the  new  company,  the  formation  of  which 
is  practically  assured,  will  control  an  annual  output  of  about 
1,500,000  long  tons  of  cement.  The  company,  in  addition  to 
purchasing  the  stock  of  certain  local  companies,  will  have  a 
working  agreement  with  the  Associated  Cement  Co.,  and  the 
combined  capital  of  this  company  and  of  the  British  Portland 
Cement  Manufacturers  (Ltd.)  will  be  about  $58,398,000.  It 
is  claimed  that  the  two  companies  will  control  five-sixths  of  the 
cement  production  in  Great  Britain. 


ARGENTINA'S  WINE  INDUSTRY. 

Vice-Consul  General  R.  J.  Hazeltine,  Buenos  Aires,  advises 
that  the  importance  of  the  wine-making  industry  in  Argentina 
is  steadily  increasing,  owing  to  the  efforts  of  interested  capi- 
talists, although  this  industry  may  be  said  to  be  still  in  its  infancy. 

The  latest  statistics  obtainable  show  that  the  annual  pro- 
duction of  Argentine  wine  amounts  to  92,459,662  gallons,  the 
value  of  which  in  the  warehouses  is  $25,263,700  United  States 
gold.  The  142,500  acres  devoted  to  the  vine  represent  a  value 
of  $72,606,600,  and  the  warehouses  are  worth,  in  addition, 
$21,230,000.  Thus  the  industry  as  a  whole  represents  a  value 
of  $119,100,300  United  States  gold. 

Estimating  the  total  population  of  Argentina  at  7,000,000 
persons,  the  production  of  wine  is  13.2  gallons  per  capita  an- 
nually.    The  exports  of  wine  from  Argentina  are  inconsiderable. 


barrels  in    1000       Of  this  amount    the   United   Slates  alone  pro 
duced   209,556,048  barrels,   passing  the    200,000,000  marl    fog 
Hi.    In  .1    time.      In   1909  its  production  was   [83,170,874 
'1'he    Canadian    production    has    been    decreasing   steadily    since 

iO"7,    while   the   imports   into   that  country   have   beei the 

increase.       Production  of  oil   did   not    increase  greatly  in    Mexico 
during    tgiO,   but    the  results  of  explorations  in   that   year  made 

large  supplies  certain  and  gave  to  Mexico  the  competitive  posi- 
tion toward  the  United  Stales  that  has  long  been  imminent. 
Mexico's  production  of  crude  petroleum  rose  from  1 
barrels  in  1907  to  over  3,000,000  in  1910,  while  the 
imports  of  crude  and  refined  petroleum  from  the  United  States 
increased  from  19,207,159  gallons  in  1908  to  43.381.j7j  gallons 
in  1910. 

The   production   of   the   leading  countries   for    [909   ami    [910 
is  given  in  the  following  table,  in  barrels  of  42  gallons: 

1909.  1910. 

Countries.  Barrels.  Barrels 

United  States 183.170.874  209.556.048 

Russia 65.970.350  70.336.574 

Galicia 14  ,  932  ,709  12,  673  .  688 

Dutch  East  Indies 11.041.852  11.030,620 

Roumaiiia 9.327.278  9,722.958 

India 6.676.517  6.137,990 

Mexico 2,488,742  3,332,807 

Japan 1,889.563  1,930.661 

Peru 1,316.118  1.330  ..105 

Germany 1,018.837  1.032,522 

Canada 420,755  315,895 

Italy 42,388  42.388 

Other  countries 30  ,  000  30  ,  000 

Total 298,326,073  327.472,256 


OIL  FROM  SUNFLOWER  SEED. 

Consul  Walter  C.  Hamm,  Hull,  England,  reports  that  ex- 
periments are  now  being  made  at  some  of  the  crushing  mills 
in  Hull  as  to  the  feasibility  of  extracting  oil  from  sunflower 
seed  and  using  the  residue  as  an  ingredient  in  the  manufacture 
of  feed  cake.  Large  consignments  of  seed  have  recently  arrived 
in  Hull  from  Odessa,  the  sunflower  being  extensively  cultivated 
in  southern  Russia. 

When  crushed  the  sunflower  seed  yields  on  the  average  30 
per  cent,  of  oil,  while  the  yield  of  soya-bean  oil  is  18  per  cent. 
The  oil  is  limpid  and  pale  yellow  in  color,  and  it  is  believed  it 
will  prove  valuable  in  soap-making,  the  manufacture  of  varnishes, 
and  for  culinary  purposes.  The  residue  from  the  crushed  sun- 
flower seeds  has  been  manufactured  into  cakes,  and  experiments 
are  being  made  to  ascertain  whether  the  cake  thus  made  is 
suitable  for  feeding  purposes. 

Experiments  have  not  gon:  far  enough  to  give  any  exact 
data  as  to  the  value  of  the  oil  or  the  meal.  No  market  prices 
can  be  stated  as  there  has  been  no  demand,  and  no  trustworthy 
comparison  with  other  oil  and  cake  producing  seeds  can  be 
given  as  yet. 


PETROLEUM  OUTPUT  OF  THE  WORLD. 

The  total  output  of  crude  petroleum  in   1910,  for  the  world, 
was  327,472,256  barrels  of  42  gallons  each,  against  298,326,073 


GAS  PRODUCTION  AND  CONSUMPTION  IN  ENGLAND. 
The  annual  Board  of  Trade  returns  show  that  there  are  now 
298  municipal  gas  undertakings  as  compared  with  293  a  year 
ago.  The  private  companies  have  increased  in  number  from 
501  to  511.  These  809  gas  undertakings  in  19 10  manufactured 
I98,733,353  thousand  cubic  feet  as  against  93,574,374  thousand 
in  the  previous  year.  The  revenue  form  this  was  $152,205,622, 
the  expenditure  being  $112,958,176.  The  municipalities  were 
responsible  for  the  supply  to  2,666,146  consumers  (compared 
with  2,590,270  in  the  preceding  year),  and  the  private  companies 
3>75Ji703  (hi  contrast  to  3,573,796  in  1909).  The  companies 
made  a  gross  profit  on  working  (not  allowing  for  dividends  or 
loan  charges)  of  $25,001,692,  the  municipalities  $14,245,720. 
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BOOK  REVIEWS 


Some   Chemical   Problems   of  To-day.     By  Robert   Kennedy 

Duncan.     254  pages,  34  Illustrations.     New  York:  Harper  & 

Brothers      1911.     Price,  $2 .00. 

The  eleven  chapters  composing  this  volume  deal  with  many 
diverse  subjects,  but  always  in  the  breezy  style  characteristic 
of  the  author.  The  titles  range  from  "The  Beginning  of  Things," 
or  the  Chamberlin-Moulton  planetesimal  hypothesis,  to  "The 
Question  of  the  Atom"  and  its  constitution.  Some  are  purely 
chemical,  and  one  describes  the  "Relation  of  the  University 
of  Wisconsin  to  the  State."  In  the  latter,  the  ways  in  which 
members  of  the  University  assist,  officially,  as  experts,  in  the 
scientific  drafting  of  legislative  acts,  and  on  the  Railroad  Com- 
mission which  controls  all  the  public  utilities  in  the  State,  are 
set  forth  with  gusto.  The  substitution  of  experts  in  finance, 
political  science,  and  engineering,  for  the  usual  aggregation  of 
saloon-keepers  and  men  who  turn  to  politics  because  they  can- 
not make  a  living  in  any  other  line,  is  certainly  an  experiment 
worthy  of  wide  imitation. 

The  favorite  themes  of  the  author  are  seldom  missing.  "The 
Prizes  of  Chemistry"  calls  attention  to  materials,  like  cobalt, 
tellurium,  silicon,  soap-weed  fibers,  cull  oranges  and  cocoanut 
husks,  which  could  be  obtained  in  quantities,  if  only  some  one 
would  devise  extensive  uses  for  them.  It  summons  chemists 
to  the  production  of  untarnishable  silver,  more  resistant  enamels, 
harmless  bleaches,  soaps  with  soluble  calcium  salts,  and  special 
glues.  The  "Trend  of  Chemical  Invention"  shows  the  sorts  of 
things  that,  judging  from  the  patent  records,  seem  at  present 
to  be  most  needed,  and  how  the  patentees  think  they  have 
supplied  the  needs.  Each  subject  yields  its  quota  of  problems 
for  research  fellows,"  and  the  number  of  new  fellowships  re- 
ported shows  that  the  supply  is  responding  satisfactorily  to 
the  demand.  The  chapter  on  "Bread"  explains  how  the  isola- 
tion and  commercial  production  and  use  of  the  ferment  of 
salt-rising  bread  have  been  brought  about  by  one  fellow,  and 
discusses  other  problems  in  process  of  solution. 

There  is  much  significance  in  the  conclusions  of  the  paper, 
"On  the  Relation  between  Chemistry  and  Manufacture  in 
America."  An  investigation  showed  that  the  research  chemists 
in  American  factories,  where  they  exist,  are  often  badly  selected 
in  the  first  place,  are  frequently  ill-directed — being  occasionally 
even  under  the  works  foreman — are  under-paid  (average  pay 
$60  per  month),  and  are  often  excluded  from  schemes  of  pro- 
motion applying  to  other  classes  of  employees.  The  remark 
that  the  factory  is  a  place  where  they  make  things,  and  that  it 
wants  ways  of  making  new  alloys,  new  glasses,  and  so  forth, 
while  the  training  of  the  chemist  has  usually  taught  him  only 
how  to  analyze  things,  is  a  distinct  hit.  As  the  author  says, 
"too  often  the  men  appointed  to  the  task  are  beaten  before  they 
begin,  by  their  very  habits  of  thought." 

The  book  contains  much  that  will  be  interesting  and  sugges- 
tive to  the  chemist,  as  well  as  a  fund  of  information,  and  some 
thrills  for  the  "intelligent  reader"  who  is  not  a  chemist.  The 
excellent  illustrations  will  be  of  especial  value  to  the  latter. 
The  author  probably  would  not  put  the  manufacturer  in  either 
of  these  classes,  but  even  the  employer  would  benefit  by  glanc- 
ing through  its  pages.  Alexander  Smith. 


and  is  brought  up  to  the  English  standpoint  by  the  translator. 

While  there  are  many  useful  suggestions  as  to  the  manufac- 
ture of  fertilizers,  the  machinery  is  somewhat  different  from 
that  used  by  American  manufacturers. 

Valuable  information  is  given  as  to  history  and  origin  of 
phosphoric  acid  in  nature,  the  principal  phosphate  deposits, 
drying  and  enrichment  of  phosphates. 

Superphosphate  manufacture  is  reviewed  from  1850  to  1908 
and  the  theory  as  well  as  practice  of  manufacturing  of  soluble 
phosphates  is  treated  at  length.  Soluble  phosphate  being 
that  portion  soluble  in  water  and  not  what  is  termed  "avail- 
able" in  America,  is  soluble  in  water  plus  that  which  is  soluble 
in  neutral  citrate  of  ammonia. 

Grinding  of  the  rock,  acidulating,  storing,  drying  and  curing 
of  the  superphosphates  are  considered  in  detail. 

Valuable  suggestions  as  to  manufacture  of  phosphoric  acid 
and  double-superphosphate  are  given  also. 

Nitrous  manures  are  treated  completely,  including  waste 
materials,  such  as  leather,  hair,  wool,  etc.,  cyanamide,  nitrate 
of  lime,  sulfate  of  ammonia,  nitrate  of  soda,  blood,  horn,  meat 
meal,  peat  and  guanos. 

Potassic  manures  are  adequately  covered,  including  the 
Stassfurt  salts  as  well  as  the  manufacture  of  potash  salts  from 
feldspar  and  other  potassic  minerals. 

Basic  slag  as  to  its  origin  and  nature  is  considered.  The 
chapter  on  the  transference  and  handling  of  raw  materials 
and  finished  products  is   very  interesting  and  valuable  reading. 

There  are  many  valuable  tables  of  analysis,  including  those 
of  phosphate  rock,  potash  salts  and  nitrogenous  manures. 

The  book  as  a  whole  is  a  valuable  contribution  to  the  subject 
of  commercial  fertilizers.  J.  E.  Breckenridge. 


The  Manufacture  of  Chemical  Manures.  By  J.  Fritsch.  Trans- 
lated from  the  French  by  Donald  Grant  with  valuable  notes 
by  translator.  764  pages.  Scott,  Greenwood  &  Son,  Lon- 
don.  D.  Van  Nostrand  Company,  New  York.  Price,  $4.00 
net. 

This  work  treats  of  the  subject  from  the  French  standpoint 


The  Technical   Analysis  of  Brass  and  the  Non-ferrous   Alloys. 

Wm.   B.  Price  and  R.  K.    Meade.     267   pp.     i2mo.    John 

Wiley  &  Sons,  New  York.     Price,  $2.00. 

The  book  is  divided  into  three  parts:  the  first  gives  a  general 
description  of  the  commercial  non-ferrous  alloys,  the  second 
gives  general  methods  for  the  determination  of  the  principal 
metals,  silica,  sulphur  and  phosphorus,  and  the  third  part  is 
special  methods  for  particular  alloys. 

The  first  part  covers  the  subject  as  well  as  it  can  be  done 
in  the  very  limited  space.  The  tables  of  analyses  give  typical 
examples  but,  unfortunately,  the  authors  do  not  state  that 
these  analyses  are  merely  typical  and  it  is  liable  to  confuse  the 
reader  when  he  finds  two  entirely  different  analyses  of,  for 
Instance,  Delta  metal.  It  should  have  been  clearly  stated  that 
each  maker  has  his  own  formula  for  each  alloy  and  that  there 
is  often  considerable  variation  in  the  composition  of  any  when 
made  at  different  times  by  the  same  concern.  No  methods 
of  physical  testing  are  included,  which  is  unfortunate  as  they 
are  often  of  more  importance  than  the  analyses. 

The  second  chapter  of  the  introduction  gives  a  description 
of  the  apparatus  used  in  electrolytic  analysis.  The  types  de- 
scribed are  good,  the  descriptions  are  clear  and  they  are  well 
illustrated  by  simple  line  drawings. 

The  second  part  takes  up  the  elements  commonly  found 
in  commercial  alloys  and,  as  a  rule,  gives  gravimetric,  volu- 
metric and  electrolytic  methods  for  each.  The  descriptions 
are  very  complete  except  in  one  particular.  The  expression 
"strong  acid"  is .  used  continually  without  any  statement  of 
what  strength  is  meant  by  it.  Strong  is  a  purely  relative  term 
that  is  used  with  very  different  meanings.     Most  of  the  methods 
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given  are  good,  The  authors  do  not  mention  the  fact  that 
precipitates  of  the  hydroxides,  especially  if  precipitated  by 
ammonia,  are  almost  certain  to  contain  silica,  and  often  phos- 
phoric acid,  in  sufficient  quantity  to  cause  serious  error.  Under 
lead  they  advise  washing  the  precipitate  of  sulfate  with  a 
mixture  of  water,  sulfuric  acid  and  alcohol;  this  is  apt  to  give 
high  results  as  very  few  sul  ates  are  readily  soluble  in  alcohol. 
The  precipitate  should  first  be  washed  free  from  sulfates  with 
dilute  sulfuric  acid  and,  after  this  has  drained  off,  with  alcohol. 
For  the  volumetric  determination  of  manganese  they  give  the 
old  Williams  method  apparently  not  knowing  that  it  has  been 
shown  that  it  is  incapable  of  giving  correct  results  as  the  pre- 
cipitate is  not  Mn02  but  a  lower  oxide.  They  also  give  the 
method  of  Mctzger  and  MeCrackan  but  do  not  give  the  Volhard 
method  which  most  analysts  have  found  the  simplest,  quickest 
and  most  accurate.  They  advise  the  use  of  aluminum  for  the 
reduction  of  iron  but  do  not  mention  that  commercial  alumi- 
num usually  contains  enough  iron  to  cause  a  serious  error. 
For  zinc  they  give  the  Waring  method  which  is  the  best;  but 
in  the  presence  of  much  manganese  the  sulfide  separation 
must  be  repeated  or  the  separation  will  not  be  complete.  In 
the  description  of  the  volumetric  method  for  zinc  they  do  not 
lay  enough  stress  on  the  necessity  of  keeping  all  conditions 
uniform.  Variations  in  the  temperature,  acidity  and  amount 
of  ammonium  chloride  present,  all  affect  the  end  point.  Ex- 
cept under  very  unusual  conditions  the  precipitate  is  a  double 
ferrocyanide  of  zinc  and  potassium  and  there  is  a  whole  series 
of  these  salts;  any  slight  changes  in  conditions  will  cause  an 
unexpected  one  to  be  formed. 

The  third  section  of  the  book  gives  special  methods  for  par- 
ticular alloys.  Except  in  the  cases  of  copper  and  spelter  no 
directions  are  given  for  sampling.  For  copper,  two  or  three 
methods  are  given,  but  no  preference  is  expressed  and  the  reader 
is  left  in  doubt  as  to  which  it  is  better  to  use.  For  spelter, 
the  method  described  is  very  unsatisfactory;  three  slabs  from 
a  car  load  is  not  enough  for  a  sample.  Owing  to  the  conditions 
of  manufacture  there  is  necessarily  considerable  variation  in 
the  composition  of  the  slabs  from  a  single  cast  at  one  furnace. 
Not  less  than  five  slabs  of  high-grade  or  ten  of  common  spelter 
should  be  taken.  It  is  much  better  to  saw  the  slabs  than  to 
drill  them  as  the  sawdust  can  be  readily  mixed  and  quartered 
while  the  drillings  have  to  be  cut  up  and  then  are  difficult  to  mix. 

Larger  amounts  of  material  should  be  taken  for  analysis 
than  are  recommended  for  spelter.  In  high-grade  spelters, 
which  are  largely  used  by  the  makers  of  alloys,  there  is  often 
not  over  0.02  per  cent,  of  iron  and  0.03  of  lead,  and  to  determine 
such  small  amounts  with  accuracy  the  sample  should  consist 
of  ten  to  twenty  grams. 

The  method  given  for  the  separation  of  manganese  and  zinc 
in  an  aluminum  alloy  is  not  good  as  it  has  been  repeatedly  shown 
that  when  manganese  is  precipitated  by  an  oxidizing  agent  the 
precipitate  is  very  apt  to  retain  zinc. 

In  many  cases  several  methods  are  described  for  the  same 
separation  but  there  is  no  criticism  of  them,  and  the  reader 
is  left  to  make  his  own  selection  without  the  benefit  of  the  authors' 
experience. 

The  book  will  be  found  useful  by  those  who  have  to  make 
occasional  analyses  of  alloys  and  also  by  those  who  are  regularly 


engaged  in  3Uch   work  when  they  come  across  an  alloy  "I  :i  t\|)C 
with  which  they  are  not  familiar.  G.  C.  Stum;. 


Pure    Foods.      Their   Adulteration,    Nutritive    Value   and    Cost. 

Hy  John  C.  Ol.sivN.      Ginn  &  Co.      ion.      i2mo.      2IO  pages, 

illustrated.      $0.80. 

The  author  states  in  the  preface  that  "this  volume  was  not 
written  to  meet  the  needs  of  the  technical  chemist;"  it  is  in- 
tended rather  as  an  elementary  text-book  in  food  chemistry) 
and  for  the  public.  As  a  book  for  the  public  it  is  better  than  the 
majority  of  "popular"  books  on  food  in  that  it  is  written  by  a 
man  of  scientific  training  and  is  not  devoted  to  the  exploita- 
tion of  any  fad  or  "diet  system;"  but  the  difficult  problem  of 
presenting  food  values  and  standards  of  purity  with  scientific 
accuracy  in  non-technical  language  is  not  fully  solved. 

It  must  also  be  said  that  the  volume  is  too  slight  a  contribu- 
tion to  be  of  much  value  for  class  work  in  any  but  the  shortest 
courses  and  shows  neither  the  exactness  of  statement  nor  the 
sense  of  proportion  as  to  distribution  of  space,  which  is  so  de- 
sirable in  an  elementary  text-book.  Twice  as  much  space  is 
given  to  candies  as  to  bread,  cereals,  and  vegetables  together; 
over  four  pages  are  devoted  to  vanilla  and  tonka  extracts, 
while  less  than  one  page  is  given  to  the  manufacture  and  refining 
of  sugar  from  beets  and  cane. 

As  the  book  is  not  intended  for  the  class  of  readers  to  whom 
this  Journal  goes,  it  is  hardly  appropriate  to  take  space  here  to 
point  out  specific  statements  which  seem  to  the  reviewer  to 
stand  in  need  of  revision. 

The  outlines  of  the  manufacture  of  cacao  products  and  of 
corn  starch  and  corn  syrup  are  good,  and  the  author's  many 
professional  friends  will  anticipate  the  appearance  of  a  second 
edition  in  which  the  book  as  a  whole  is  brought  up  to  the  stand- 
ard of  these  chapters.  H.  C.  Sherman. 


Plant  Food.  Its  Sources,  Conservation,  Preparation  and  Ap- 
plication. By  Wm.  H.  Bowker.  pp.52  Private  publication. 
This  small  volume,  as  indicated  by  its  title,  presents  a  clear 
statement  of  the  generally  accepted  ideas  concerning  the  es- 
sential elements  of  plant  food,  their  sources,  preparation  and 
use.  It  commences  by  outlining  the  needs  of  modern  farming 
and  the  part  which  fertilizers  play  in  the  production  of  crops. 

The  author  describes  at  some  length  the  needs  of  plants, 
and  more  especially  the  three  essential  elements — nitrogen, 
phosphoric  acid,  and  potash.  Nitrogen  is  considered  of  first 
importance  for  the  reason  that  it  is  relatively  the  least  abundant 
and,  therfore,  the  most  costly.  "Insoluble"  phosphoric  acid 
is  considered  of  little  value,  contrary  to  the  advocates  of  ground 
phosphate  rock. 

This  is  followed  with  several  pages  giving  the  usual  practice 
in  localities  where  fertilizers  have  been  used  longest  and  in  larg- 
est quantities.  The  amount  of  fertilizers  required  for  the 
principal  cultivated  crops  is  specified  together  with  notes  on 
the  preparation  of  the  land,  etc.  The  author  concludes  the  vol- 
ume with  a  chapter  on  "Commercial  Valuations,  and  Govern- 
ment Regulations."  F.  B.  Carpenter. 


NE.W  PUBLICATIONS 


By  D.   D.  Berolzheimer,   Librarian,  Chemists'  Club,  New  York. 


,  NEW  PUBLICATIONS. 

Acid  Citric,  Determination  of — .  By  David  S.  Pratt.  8vo., 
7  pp.  U.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry,  Cir- 
cular 88. 


Alloys,  Copper  and  Brass,  as  well  as  all  Technically  Important 
Copper — ;  their  Manufacture,  Characteristics,  etc.  By  E. 
Japing  and  H.  Krause.  2nd  Ed.  8vo.,  213  pp.  $1.00. 
Vienna,  191 1.     (German.) 
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inalysis,  Theory  and  Practice  of  Volumetric  — .     Bv  Alexander 
GlASSEN.     8vc,  772  pp.     $8.00.     Akademischc  Verlagsgesell- 
schaft,  Leipzig.     (German) 
inalysis,  Treatise  on  Chemical-Metallurgical — .     By  J.  Hognon. 
8vo.,  156  pp.     $1.25.     Paris,  191 1.     (French.) 
ement,    The    Influence    of    Low    Temperatures    (Frost)    upon 
Mortar,  Masonry  and—.     By  H.  Germer.     Vol.  II.     L.  8vo., 
118  pp.     $1.50.      Berlin,  1911.     (German.) 
hemical-Technical    Methods   of   Testing.     By    Georg    Lunge 
and   Ernst   Berl.     Vol.    IV.     6th    Ed.     3685    pp.     $23.50. 
Julius  Springer,  Berlin:     (German.) 

hemical,  The —  World.  \V.  P.  Dreaper,  Editor.  4V0. 
$2.00  per  year.  J.  and  A.  Churchill,  London.  New  Journal. 
hemico-Technical  Practicum.  By  W.  Moldenhauer.  L.  8vo., 
206  pp.  $1.75-  Berlin,  191 1.  (German.) 
hemiker  Kalender,  1912.  By  Rudolf  Biedermann.  Vol. 
II.  33d  Ed.  i2mo.,  1041  pp.  Julius  Springer,  Berlin. 
(German.) 

iiemistry,  Elementary—.     By  W.  C.  Morgan  and  J.  A.  Lyman. 
8vo.     $1.50.     London,  191 1. 

isinfection,  Treatise  on — .     By  Francois  Coreil  and  Victor 
Deville.     8vo.,  647  pp.     Jules  Rousset,  Paris.     (French.) 
udley,  The  Life  and  Life-Work  of  Charles  Benjamin — ,  Ph.D. 
Memorial    Volume.     8vo.,    269    pp.     American    Society    for 
Testing  Materials,  Philadelphia. 

yeing,  The  Theory  of  the —  Process.     By  L.  Pelet-Jolivet. 
8vo.     $2.00.     Theodor  SteinkopfF,   Dresden.     (German.) 
yes,  Organic.     By  H.  Wichelhaus.     L.  8vo.,  150  pp.     $1.25. 
Theodor  Steinkopff,  Dresden.     (German.) 
yes,    Quantitative    Separation    of    Mixtures    of    Certain    Acid 
Coal  Tar — .     By   W.    E.   Mathewson.     8vo.,    7   pp.     U.   S. 
Dept.  of  Agriculture,  Bureau  of  Chemistry,  Circular  89. 
ectrochemical,  Transactions  of  the  American —  Society,  Volume 
XX,  1911.     By  Joseph  W.  Richards.     8vo.,  499  pp.     Amer- 
ican Electrochemical  Society,  South  Bethlehem. 
iod    and    Drugs.     By    E.    J.    Parry.     Vol.     II.     Roy.  8vo. 
S7.50.     Scott,  Greenwood  and  Son,  London. 
>od,  Pure —  and  Drug  Legal  Manual.     By  Charles  W.  Dun. 
$10.00.     New  York,  1912. 

ass   Manufacture.     By  R.   DrallE.     Vol.  II.     L.  8vo.,   11 15 
pp.     $11.00.     R.  Oldenbourg,  Munich.     (German.) 
organic,   The —    Compounds.     By   Adolf  Law   Voge.     Vol. 
II.     8vo.,  726  pp.     $12.00.     Art  Institute,  Zurich, 
organic,  Elementary  Treatise  on —  Chemistry.     By  A.  Smith. 
8vo.,  682  pp.     $3.75.     C.  Montemartini,  Turin.     (Italian.) 
ilk,    its    Analysis    and    Use.     8vo.,    287    pp.     Paris,     191 1. 
(French.) 

ganic,  The  Methods  of—  Chemistry.  By  T.  Weyl.  Vol.  II. 
L.  8vo.,  1857  pp.  $13.00.  Leipzig,  191 1.  (German.) 
racelsus;  Hermetic  and  Alchemical  Writings  of  A.  Ph.  Theo- 
phrastus  Bombastus  of  Hohenheim,  Called—  the  Great. 
By  L.  W.  de  Laurence.  Vol.  II.  4.  $1,5.00.  Chicago, 
191 1.     (Translation.) 

ibber,  The—  Industry  (Proceedings  International  Rubber 
Congress,  London,  191 1).  By  Anonymous.  8vo.  $4.25. 
London,  19 12. 

ks,  The  Differentiation  of  Natural  and  Artificial — .  By 
Alois  Herzog.  8vo.,  80  pp.  $0.75.  Theodor  Steinkopff, 
Dresden.     (German.) 

:hnology,  Lectures  on  Chemical—.  By  H.  Wichelhaus. 
md  Ed.  L.  8vo.,  836  pp.  $4.50.  Theodor  Steinkopff. 
Dresden.     (German.) 

nperatures,  The  Measurement  of  High—.     By  G.  K.  Burgess 
^nd    H.    Le  Chatelier.     3d    Ed.     8vo.,     507     pp.     $4.00. 
lolm  Wiley  and  Sons,  New  York. 
rtile,  Chemical  Technology  of—  Fibres.     By  P.  A.  BollEy, 

<■■   BlRNBAUM  AND  C.   EnGLER.       L.  8vo.,    19.'    pp.       $3.00.       F. 

/ieweg  und  Sohn,  Brunswick.     (German.) 


Water,  Examination  of—  (Chemical  and  Bacteriological).  By 
William  P.  Mason.  4th  Ed.  i2mo.,  167  pp.  $1.25. 
John  Wiley  and  Sons,  New  York. 


RECENT  JOURNAL   ARTICLES  OF   INTEREST  TO  THE 
INDUSTRIAL  CHEMIST. 
Aluminium,    An   Investigation  of—,   with  Special   Reference  to 
its  Suitability  for  the  Construction  of  Brewery  Plant.     By  A. 
Chaston    Chapman.     Journal    oj    the    Institute    of    Brewing, 
Vol.  17,  191 1,  No.  7,  pp.  660-691. 
Ammonia,  Production  and  Market  for  Sulfate  of — .     By  W.  N. 
McIlravy.     Progressive  Age,  Vol.  30,  1912,  No.  2,  pp.  68-73. 
Bassia   Kernels   and   Fats.      Anon.      Bulletin   of   the   Imperial 

Institute,  Vol.  9,  191 1,  No.  3,  pp.  228-236. 
Cements,  Hardness  of  Plasters  and—,  and  a  Simple  Chronographic 
Apparatus    for    Recording    Set.     By    Chas.    F.    McKenna. 
Metallurgical  and  Chemical  Engineering,  Vol.  10,  1912,  No.  2, 
pp.  82-85. 
Colloids,  The  Physics  and  Chemistry  of — .     By  Emil  Hatscheck. 

Chemical  World,  Vol.  1,  1912,  No.  1,  pp.  22-23. 
Copper,  The   Determination  of—;    a    Modification  of  the  Iodid 
Method.     By    E.    C.    Kendall.     Journal    oj   the    American 
Chemical  Society,  Vol.  ^3,  191 1,  No.   12,  pp.   1947-1952. 
Cotton,  The    Microscopic   Behavior  of —   in  Ammoniacal  Copper 
Oxid.     By    A.    Herzog.      Kunststoffe,    Vol.    1,    No.    21,    pp. 
401-404. 
Dextrins,  The  Chemistry  of  the—  of  Wood.     By  C.  A.  Yelner. 
Zeitschrijt  }uer  angewandte  Chemie,  Vol.   25,   1912,  No.  3,  pp. 
103-107. 
Dye,   Science  and   Technology    in   the   Chemical   Industry  with 
Special  Reference  to  the  Coal  Tar —  Industry.    By  C.  Duisberg. 
Zeitschrijt  juer  angewandte   Chemie,  Vol.  25,  1912,  No.  1,  pp. 
3-H- 
Fat,  Studies  on  Chicken — .     By  M.  E-  Pennington  and   J.  S. 
Hepburn.     Journal     oj     the     American     Chemical     Society, 
Vol.  34,  1912,  No.  2,  pp.  210-222. 
Gas,    A  Survey  of   American—  Photometry.     By  Charles  O 

Bond.     Progressive  Age,  Vol.  30,  1912,  No.  3,  pp.  108-113. 
Gum  Chicle.     By  J.  E.  Quintus  Bosz  and  N.  H.  Cohen.     Archiv 

der  Pharmazie,  Vol.  250,  1912,  No.  1,  pp.  52-62. 
Inorganic,     Recent    Work    in—    Chemistry.     By    Jas.    Lewis 
Howe.     Journal  oj  the   American  Chemical  Society,  Vol.  34, 
1912,  No.  2,  pp.  147-161. 
Insulation,  The  Thermal —  of  Furnace  Walls.     By  Carl  Hering. 
Metallurgical  and  Chemical  Engineering,  Vol.  10,  1912,  No.  2, 
pp.  97-102. 
Leather,  Colors  and  their  Application  to — .     By  H.  C.  Merrill. 
Journal  oj  the    American  Leather  Chemists'    Association,  Vol. 
7,  1912,  No.  1,  pp.  15-27. 
Leather,     Methods    of    Analysis    of    the    American —   Chemists' 
Association    for     191 2.     By     Anonymous.     Journal    oj    the 
American  Leather  Chemists'   Association,  Vol.  7,  1912,   No.   2, 
pp.  52-72. 
Luminosity,    The    Distribution    of—    in    Nature.     By    Herbert 

E.  Ives  and  M.  Luckiesh.      Transactions  of  the  Illuminating 
Engineering  Society,  Vol.  6,  191 1,  No.  7,  pp.  687-702. 

Malt,   The    Diastatic    Power   of — .     By   C.    G.    Mathews   and 

F.  E.   LoTT.     Journal  oj  the  Institute  oj   Brewing,   Vol.    17, 
191 1,  No.  7,  pp.  638-648. 

Mantles,  Manufacture  of—  from  Artificial  Fibers.  S.  Gul- 
brandsen.     Progressive  Age,  Vol.  30,  1912,  No.  2,  pp.  77-80. 

Oil,  The  Leaf —  of  the  Washington  Cedar  (Thuja  Plicata). 
Robert  Evstafieff  Rose  and  Carl  Livingston.  Journal 
oj  the  American  Chemical  Society,  Vol.  34,  191 2,  No.  2,  pp. 
201-202. 

Organic,    Volumetric    Determination    of    Unsaturated —    Com- 


,36 


////•   JOl  K\  W.  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Mar 


1912 


pounds.  By  ('■  Otto  Gabbbl.  Archil  der  Pharmatie, 
Vol.  250,  i'ii .',  Mo,   1 ,  pp.  72-80. 

Paints,  Gas  Works  and  Preservatives.  II.  S.  B.  Little. 
Progrtssivt    Age,  Vol.  30,  [912,  No.  2,  pp.  74-77. 

Paper,  The  Ash  Content  of — .  By  Hans  WrEDE.  PaPt  r, 
Vol.  6,  1912,  No.  7,  pp.  13-14. 

Patents,  The  History  of — .  By  II.  LOBSNER.  Chemische 
Vovitaelen,  Vol.  7,  igu,  No.  12,  pp.  216-225. 

Photometry  of  Large  Light  Sources.  Hy  G.  II.  STICKNEY  and 
S.  I.  E.  Rose.  Transactions  oj  the  Illuminating  Engineering 
Society,  Vol.  6,  191 1,  No.  7,  pp.  641-670. 

Rubber,  Coagulating  -  by  Carbonic  Acid.  By  Wiliiei.m  Paul. 
India  Rubber  World,  Vol.  45,  1912,  No.  5,  pp.  211-212. 

Rubber,  The  Influence  of  Mineral  Ingredients  on  the  Properties 
of — .  By  Clayton  Beadle  and  Henry  P.  Stevens.  Jour- 
nal oj  the  Society  oj  Chemical  Industry,  Vol.  30,  191 1,  No.  24, 
pp.  1421-1425. 

Sewage,  Separation  of  Solids  from  Liquids  with  Special  Reference 
to —  Purification.  By  Gilbert  J.  Fowler.  Journal  oj 
the  Society  oj  Chemical  Industry,  Vol.  30,   191 1,  No.  23,   pp. 

I343-I348. 

Soils,  Philippine —  and  some  of  the  Factors  which  Influence 
them.  By  Alvin  J.  Cox.  Philippine  Journal  oj  Science, 
Vol.  VIA,  191 1,  No.  4,  pp.  279-330. 

Soil,  Treatment  of —  with  a  Strong  Electric  Current  (Direct). 
By  J.  Koenig,  J.  Hasenbaeumer  and  C.  Hassler.  Zeit- 
schrijt  jur  angewandte  Chemie,  Vol.  24,  191 1,  No.  49, 
pp.  2341-2348. 


Sugar,  The    Andrlik    Urea    Method  of  Polarization  for—  Cane 

Products.     William    K.    Cross   and    W.    G.    Taggakt.     In- 

temational    Sugar    Journal,    Vol.     13,     1911,     No.     156,     pp. 

663   668. 
Sugar,  The   Unification  of  Reducing  -    Method.     A  Correction. 

By  Percy  II.   Walker.     Journal  oj  the    American  Chemical 

Society,  Vol.  34,  1912,  No.  2,  pp.  202-209. 
Tannery,  Notes  on  the  Determination  of  Acids  in  Chestnut  Wood 

and —  Liquors.     By  George  A.  Kerr  and  W.  F.  Wilson. 

Journal  oj  the    American  Leather  Chemists'  Association,  Vol. 

7,   1912,  No.  2,  pp.  77-87. 
Timber,  The   Antiseptic  Effect  of   Creosote  Oil  and  Other  Oils 

Used  for  Preserving — .     By  John   Morris  Weiss.     Journal 

oj  the  Society  oj  Chemical  Industry,  Vol.  30,  191 1,  No.  23,  pp. 

1 348-1 353. 
Vacuum  Pans,  Calculations  of — .     By  B.  Viola.     Metallurgical 

inn!  Chemical  Engineering,  Vol.   X,  1912,  No.  1,  pp.  31-36. 

Vanadium,  Pure — .  By  Otto  Ruff,  and  Walter  Martin. 
Zeitschrijl  juer  angewandte  Chemie,  Vol.  25,  1912,  No.  2,  pp. 
49-56. 

Water-Power,  Principles  of —  Development.  By  W.  J.  McGee. 
Science,  Vol.    XXXIV,  ig  1 1 ,  Xo.  885,  pp.  813-825. 

Wool,  Studies  on  Strength  and  Elasticity  of  the —  Fibre.  I. 
The  Probable  Error  of  the  Mean.  By  J.  A.  Hill.  Twenty- 
first  Annual  Report  Wyoming  Agricultural  E-xperiment 
Station,  1910-1911,  pp.  1-139. 


RECENT  INVENTIONS 


Reported  by  C.  L.  Parker.  Solicitor  of  Chemical  Patents,  McGill  Building.  Washington.  D.  C. 

PROCESS  FOR  THE  ELECTROLYTIC  DEPOSIT  OF  METALS.  JFlOTj/ 

U.  S.  Patent  No.  1,003,799,  to  Armin  Rodeck,  of  Milan,  Italy. 

This  invention  is  a  process  especially  adapted  for  the  separa- 
tion of  metals  eleetrolytically  by  the  aid  of  mechanism. 

There  is  inserted  between  an  ordinary  fixed  anode  and  a  mov- 
able cathode  a  mechanically  moved  transferring  mechanism 
of  suitable  material,  which  is  either  naturally  conducting  or 
is  made  conducting  at  the  operative  surface.  This  mechanism 
usually  receives  a  porous  non-conducting  coating  of  material 
which  serves  as  a  carrier  of  the  electrolyte  and  adapts  itself 
in  its  outer  form  to  the  shape  of  the  object  to  be  coated.  The 
electric  current  passes  in  this  process  from  the  anode  through 
the  porous  material  to  the  transferring  mechanism,  and  from 
this  latter  to  the  cathode,  where  naturally  the  quantity  of  metal 
depositing  upon  the  transferring  mechanism  from  the  anode 
will  at  any  given  moment  exactly  equal  the  quantity  proceed- 
ing from  this  mechanism  to  the  cathode,  because  the  current 
strength  is  throughout  the  same.  It  is,  therefore,  not  neces- 
sary to  make  the  anode  itself  of  that  shape  which  corresponds 
to  the  profile  of  the  article  to  be  coated,  but  that  form  of  anode 
which  can  be  obtained  most  cheaply  in  commerce  as,  for  instance, 
bars,  rods,  sheets,  or  even  scraps  can  be  used  by  providing  them 
with  suitable  current  connections  and  pressing  them  against 
the  transferring  mechanism.  It,  of  course,  is  true,  by  reason 
(if  the  fact  that  the  electric  current  must  pass  twice  through 
the  coating  of  material  which  really  constitutes  secondary 
electrodes  and  also  acts  as  a  carrier  of  the  electrolyte,  that  the 
resistance  to  transfer  is  increased.  But,  on  the  other  hand, 
in  consequence  of  the  wide  range  of  choice  of  the  shape  and 
material  of  the  transferring  mechanism,  one  can  so  select  said 
mechanism  that  quite  a  thin  coating,  even  on  a  somewhat 
rough  surface  of  the  object  to  be  coated,  will  effect  a  perfect 
deposit;  and,   therefore,   the  process  can  be  easily  carried  on 


J'iff  3 


with    the    ordinary    current    tension    usually    employed 
electro-depositing  operations. 
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METHOD  OF  MAKING  AMMONIUM  CARBONATE. 
.  S.  Patent  No.  1,004,361,  to  Julius  Bueb,  of  Dessau,  Germany. 
In  carrying  out  this  process  carbon  dioxide  is  caused  to  pass 
trough  the  gas  moistening,  or  wash,  bottle  K';  at  the  same 
me  steam  is  admitted  into  K1  through  the  pipe  L  in  such  quan- 
ty  as  to  maintain  the  temperature  of  the  water  in  K1  at  any 
aint  desired  between  500  and  ioo°  C.  By  the  passage  of  the 
irbon  dioxid  through  the  hot  water  it  is  heated  to  the  neces- 
iry  temperature  and,  in  addition,  carries  with  it  abundant 
earn,   the  latent  heat  of  which  also  enters  into  effect  during 
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le  reaction.  Gaseous  ammonia  is  caused  to  pass  through  the 
pe  H  and  the  wash  bottle  K,  which  usually  is  cold,  but  may 
;  heated  in  a  manner  similar  to  K1  if  desired.  The  gaseous 
nmonia,  hot  carbon  dioxide  and  water  vapor  pass  from  the 
attles  K,  K1  through  the  branched  pipe  O  into  the  mixing 
ibe  P  where  they  react  together,  the  hot  mixture  then  passing 
irough  the  connection  Q  into  the  cooled  sublimate  chamber 

where  the  ammonium  carbonate  is  precipitated. 

By  regulating  the  temperature  of  the  water,  through  which 
ic  carbon  dioxide  is  caused  to  pass,  it  is  possible  to  regulate 
ic  quantity  of  steam  according  to  the  percentage  of  ammonia 
;sired  in  the  cardonate  of  ammonia  obtained.  Instead  of 
ic  carbon  dioxide  the  ammonia,  or  a  mixture  of  both,  can  be 
mscd  to  pass  through  the  hot  water. 

SALT-MAKING. 
>.  S.  Patent  No.  i,oo6,ig6,  to  Herman  Frasch,  Cleveland,  Ohio. 

Assignor  to  the  United  Salt  Company,  Cleveland. 
This  invention   relates  to  a   process   of   salt   making  and   to 
roducts  obtainable  by  said  process.     In  accordance  with  the 


process,  saturated  brine  of  an  appropriate  temperature  is  ex- 
posed unsupported  in  the  form  of  drops,  to  an  evaporation 
promoting  atmosphere  (in  other  words,  to  an  atmosphere  in 
which  the  tension  of  the  water  vapor  present  is  less  than  the 
vapor  tension  of  the  brine  exposed  thereto)  in  such  manner 
that  the  evaporation  proceeds  more  rapidly  than  the  crystalliza- 
tion and  that  consequently  the  brine  becomes  supersaturated, 
and  this  supersaturated  brine  (with  or  without  further  evapora- 
tion) is  allowed  to  precipitate  the  salt  either  while  sufficiently 
quiet  to  allow  the  fine  grains  of  salt  to  settle  or  while  in  suffi- 
cient motion  to  keep  them  from  settling  or  while  flowing  over  a 
suitable  bed  (surface)  in  such  volume  and  at  such  speed  that 
the  fine  grains  of  salt  are  carried  along  with  the  current,  or 
partly  in  one  and  partly  in  another  or  others  of  said  modes. 

The  accompanying  illustration  shows  apparatus  in  which  the 
process  is  carried  out. 

PROCESS  OF  PURIFYING  WATER  AND  SEWAGE. 

U.  S.  Patent  No.  1,007,647,  to  Carl  R.  Darnall,  of  Washington, 
D.  C. 

This  invention  relates  to  the  purification  of  water  and  sewage, 
and  has  for  its  object  the  provision  of  a  method  and  apparatus 
whereby  dry  chlorine  gas  may  be  used  in  a  practical  and  efficient 
manner  for  purifying  water,  and  the  chlorine  accurately  sup- 
plied in  the  desired  quantity  to  effect  the  desired  result  without 
water  or  imparting  an  unpleasant  odor  to  the  water. 

The  process  consists  in  establishing  a  supply  of  dry  chlorine 
gas  under  high  pressure,  and  admitting  said  gas  to  the  liquid 
to  be  treated  under  a  uniform  low  pressure. 

The  accompanying  illustration  shows  apparatus  in  which  the 
process  may  be  practiced. 


MARKET  R  IS  PORT. 


AVERAGE    WHOLESALE    PRIC83   OS   STANDARD 
ORGANIC   CHEMICALS. 


\..  I  milicl    Lb. 

Acetone  (drums) Lb 

Ucohol,  grain  I  188  prooi  1  Gal, 

Alcohol,  wood  (95  per  cent.).  . .  .Gal. 
Alcohol,  denatured  1  180  proof  .  .Gal. 

Amyl  Acetate     Gal. 

\l(  tic  \i -i'l  1 28  per  cent.) C. 

Aniline  Oil Lb. 

Benzoic  Acid      Lb. 

Carbon  Tetrachloride  (drums). .  .Lb. 

Carbon  Bisulphide  Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals.  .Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn) C. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallie  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 
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INORGANIC   CHEMICALS. 


Acetate  of  Lime  (gray) C.  2.25       @    2.30 

Acetate  of  Lead  (brown,  broken)Lb  73/4  @          8 

Alum  (lump) C.  1.75       @    2.00 

Ammonium  Carbonate,  domestic  Lb.  8'/4  @          8 

Ammonium  Chloride,  gray. ....  .Lb.  53/4  ( 

Aluminum  Sulphate C.  90       ( 

Aqua  Ammonia  (drums)  16°.  .  .  .Lb.  21/,  ( 

Arseni?,  white Lb.  23/8  ( 


Brimstone  (crude,  domestic) .  .  .  .Ton  22.00 


Barium  Chloride C. 

Barium  Nitrate Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals Lb. 

Bromine,  bulk Lb. 

Bleaching  Powd'.r  (35  per  cent.) .  C. 
Barytes  (prime  white,  foreign). .  .Ton 

Blue  Vitriol Lb. 

Calcium  Chloride C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton   1 1 

Feldspar Ton     7 

Fuller's  Earth,  powdered C. 

Green  Vitriol  (bulk) C.      . 

Hydrochloric  Acid  (18°) C.         1 

Iodine  (resublimed) Lb.      2 

Lead  Nitrate Lb. 

Lithium  Carbonate Lb. 

Magnesite  (raw) Ton     7 

Nitric  Acid,  360 Lb. 

Phosphorus Lb. 

Phosphoric  Acid,  sp.  gr.  1.75.  .  .  .Lb. 

Plaster  of  Paris Bbl.     1 

Potassium  Bromide Lb. 

Potassium  Permanganate  (bulk)  Lb. 
Potassium  Cyanide  (bulk)  98- 

99  per  cent Lb. 

Potassium  Iodide  (bulk) Lb.       2  .  10 

Potassium  Chlorate,  crystals.  .  .  .Lb.  8'/4 

Potassium  Nitrate  (crude) Lb.  41/., 

Potassium  Bichromate,  500 Lb.  6'/s 

Quicksilver Flask    47  .00 

Salt  Cake  (glass-makers') C.  55 


1-45 
4% 
37, 

7 
25 

1.22% 

I8.5O 

4.90 

65 

4% 
50 
00 
80 
55 
15 
60 

87. 

67 

50 

37s 
35 
22 
50 
3i 

9% 

197. 


83/8 
67, 
1-75 
27. 

27s 

22.50 

1 .60 
5 
4 
77, 

30 

1.30 

22.50 

57, 

90 

6 
18.00 
9.00 

85 
60 

i-55 
2.65 
87. 

70 
8.50 
47, 

90 
26 

1 .70 

34 


2-15 

97, 

5 

7 

49.00 

65 


CHEMICALS,    ETC.,   FOR   month   OF   FEBRUARY 

Silver  Nitrate Oz 

Soapstone  in  bags Ton    10. 00 

Spdium  Acetate Lb. 

Sodium  Chlorate Lb. 

Sodium  bicarbonate  (English).  ..Lb. 

Sodium  Bichromate Lb. 

Sodium  Hydroxide,  60  per  cent.   C. 

Sodium  Hyposulfite C. 

vSodium    Nitrate,    95    per    cent., 

spot C. 

Sodium  .Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulphur,  Roll C. 

Sulphur,  Flowers  (sublimed) .  .  .  .C. 

Sulphuric  Acid,  60°  B C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  1  .  .  .C. 

Tin  Bichloride  (50 °) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  .Sulphate Lb. 

OILS,  WAXES,  El 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity .  .  .  Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b. 

mill Gal. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (double-boiled) Gal. 

Paraffine  Oil  (high  viscosity).  .  .  .Gal. 
Paraffine     (crude     120    &      122 

m.  p.) Lb. 

Rosin  Oil  (first  run) Gal. 

Spindle  Oil,  No.  1 Gal. 

Sperm  Oil  (bleached  winter)  38 °. Gal. 
Stearic  Acid  (double-pressed) .  .  .  Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

METALS. 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Copper  (electrolytic) Lb. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin l.Lb. 

Zinc Lb. 

FERTILIZER  MATERIALS 

Ammonium  Sulphate C.         3.26 

Fish  Scrap,  domestic,  dried Unit    3.25 

Blood,  dried Unit    3.00 

Tankage,  high  grade Unit    2  .85 

Bone,  4'/2  &  50,  ground,  raw. . .  .Ton  27  .00 
Potassium,    "muriate,"   basis   80 

per  cent Ton  38.05 

Phosphate,  acid,  16  per  cent.  .  .  .Ton     — 
Phosphate  rock;  f.  o.  b.  mine: 

Florida    land    pebble    68    per 
cent Ton 

Tennessee,  68-72  per  cent.  .  .  .Ton 
Pyrites,  furnace  size,  imported.  .Unit 

Castor  meal Unit 

Mowrah  meal Ton 
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EDITORIALS 


THE  PURIFICATION  AND  SOFTENING  OF  WATER  BY 
PERMUTITE. 

The  advantages  to  be  gained  by  the  use  of  soft 
water  in  beam  raising  and  fo:  manj  manufacturing 
operations  are  now  generally  recognized.  It  is  also 
conceded  thai  the  presence  of  iron  in  water  for  dveing, 
printing,  bleaching  works  and  paper  factories,  is 
verj  undesirable.  In  brewing,  too,  water  containing 
much  iron  is  objectionable.  Therefore,  the  applica- 
tion oi  the  product  "Permutite,"  an  artificial  zeolite, 
3SiO,.Al,0,(K,O.Na,O.CaO).6H20,  for  the  purpose 
of  removing  certain  constituents  from  water  and 
softening  it,  is  of  great  interest  to  the  chemist  and 
engineer. 

The  Permutit-Filter  Co.,  of  Berlin,  was  organized  in 
1909  for  the  purpose  of  exploiting  the  above-mentioned 
artificial  zeolite  under  the  trade  name  "Permutite" 
(see  Appelius,  Chetn,  Rev.  Fett-Harz.  Ind.,  igc^  p.  300). 
This  company  devised  also  a  process  for  softening  water 
and  for  relieving  it  of  iron  and  manganese  (English 
Patent  26,074,  Nov.  9,  1910).  A  number  of  other  for- 
eign companies  are  now  being  organized  for  developing 
these  methods  of  water  treatment.  The  "Permutite" 
process  has  been  operated  on  a  commercial  scale  at 
Glogau  for  the  removal  of  manganese  from  water. 

R.  Gans  (Mitt.  aus.  d.  Koenigl.  Prufungsanst.  f.  Was- 
serversorgnug  u.  Abivasserbeseitigung  zu  Berlin,  1907,  p. 
8;  W'och.  f.  Bran.,  24,  270)  found  that  the  aluminate-sili- 
cates  exchanged  their  bases  not  only  for  alkalies  and  al- 
kaline earths,  but  also  for  iron,  manganese,  lead,  silver, 
and  presumably  for  all  metals.  He  pointed  out  that  a 
filter  of  such  material  could  be  regenerated  after  use 
by  washing  with  alkali  salts,  by  which  the  metals 
separated  from  the  water  were  redissolved.  Accord- 
ing to  Gans,  by  fusing  aluminum  silicates  with  sodium 
carbonate  and  sufficient  quartz  to  decompose  all  the 
carbonate,  aluminate-silicates  containing  12-15  per 
cent.  Na20  are  obtained  which  are  excellent  filtering 
media.  He  stated  that  the  soda  content  was  of 
the  greatest  importance,  since  it  was  found  to  re- 
place the  bases  present  in  the  water.  In  one  experi- 
ment conducted  by  Gans,  well  water  which  rapidly 
became  turbid  in  the  air,  owing  to  the  separation  of 
iron,  was  filtered  through  a  10  cm.  layer  of  calcium 
aluminate,  the  water  level  falling  10  cm.  per  hour. 
The  whole  of  the  iron  was  removed  from  the  water 
by  the  filter,  from  which  it  was  afterwards  dissolved 
by  washing  with  sodium  chloride  solution. 

Gans  also  made  experiments  on  the  softening  of 
water  for  boiler-feed  purposes.  A  hard  water  was 
treated  with  sodium  aluminate-silicate,  which  was 
found  to  remove  the  lime  and  magnesia  quantita- 
tively, leaving  only  the  alkali  carbonates,  sulphates 
and  chlorides,  together  with  the  small  proportion  of 
silicates  contained  in  the  original  water.  He  found 
that  if  only  three-fourths  of  the  sodium  of  the  sodium 
aluminum  silicate  was  replaceable,  4.5  lbs.  of  the 
material  would  remove  from  30  cu.  ft.  of  water  pos- 


sessing  a  hardness  of  20  degrees  (German),  all  sail 
capable  of  forming  boiler  incrustation.  Gans  re- 
ported {('linn.  Ztg.,  31,  3S.S)  that  manganese  could  be 
separated  from  water  by  filtration  through  a  layer  of 
granular  aluminum  silicate,  prepared  l>\  fusing  clay 
with  an  alkali  carbonate,  and  adding  to  the  fused  mass 
sufficient  quartz  to  combine  with  almost  the  wholi 
the  alkali.  After  extracting  the  mass  with  water,  the 
silicate  was  obtained  in  a  granular  or  flaky  form.  Re- 
generation of  foul  filtering  layers  was  found  to  be  accom- 
plished by  washing  with  calcium  chloride  or  calcium- 
sodium  chloride  solution.  Gans  also  reported  that  hy- 
drated  silicates,  both  natural  and  artificial,  were  capable 
of  withdrawing  the  bases  from  alkaline  and  neutral  salt 
solutions,  and  that  potash  and  soda  might  be  eliminated 
from  sugar  juice  by  means  of  aluminun  silicate  (Z. 
Ver.  Deut.  Ziickerind.,  1907,  p.  206).  In  German  Patent 
174,097,  of  January  12,  1905,  issued  to  Gans,  it  is 
pointed  out  that  artificial  zeolites  or  alkaline-earth 
aluminate-silicates  for  the  purification  of  molasses  need 
to  be  free  from  uncombined  lime  (see  also  French 
Patent  374,525,  February  n,  1907,  of  the  J.  D.  Riedel 
A.-G.;  and  United  States  Patent  943,535,  December^, 
1909,  of  R.  Gans,  for  the  manufacture  of  hydrated 
aluminum  silicates). 

In  a  patent  issued  to  Gans  in  1907  (English  Patent 
8232,  April  9,  1907)  the  claim  is  made  for  the  manufac- 
ture of  hydrated  alumino-silicates,  or  artificial  zeolites. 
About  this  time  Gans  gave  further  evidence  of  the  use- 
fulness of  aluminum  silicates  for  improving  water  sup- 
plies (/.  Gasbeleucht.,  50,  1026);  he  pointed  out  that 
iron  and  manganese  were  removed  completely  by  pass- 
ing the  water  through  a  filter  composed  of  calcium- 
aluminum  silicate ;  that  a  hard  water  could  be  softened 
by  filtration  through  sodium-aluminum  silicate,  the  lat- 
ter material  also  serving  to  remove  any  iron,  manganese 
and  ammonia  which  might  be  present  in  the  water;  and 
recommended  that  in  supplies  where  the  hardness  was 
due  principally  to  calcium  sulphate,  the  water  be  passed 
successively  through  layers  consisting  of  strontium- 
aluminum  silicate  and  calcium-aluminum  silicate. 

In  1908,  Luhrig  and  Becker  [Chem.  Ztg.,  32,  514, 
531)  conducted  experiments  on  the  efficiency  of  the 
"Gans  method"  for  removing  manganese  sulphate  from 
water  by  means  of  natural  or  artificial  zeolites.  They 
found  that  similar  restdts  were  obtained  with  the  nat- 
ural and  artificial  substances,  but  that  the  latter  were 
more  active;  that  a  given  quantity  of  manganese  sul- 
phate was  most  effectively  removed  from  dilute  solution 
made  to  filter  slowly  through  a  bed  of  the  silicate; 
that  the  presence  of  the  salts  of  other  bases  in  solu- 
tion was  unfavorable  to  the  absorption  of  manganese; 
and  that  by  subsequent  treatment  of  the  silicate 
with  solutions  of  salts  such  as  ammonium  chloride, 
in  order  to  revivify  it,  the  whole  of  the  absorbed 
manganese  was  not  removed,  but  was  found  to  be 
present  partly  as  hydrated  peroxide,  which,  on  a  large 
scale,  tended  to  obstruct  the  filter  beds. 
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The  patents  granted  to  R.  Gans  and  the  J.  D.  Riedel 
A.-G.  in  1909  (French  Patent  405,990,  July  17,  1909; 
English  Patent  21,184,  Sept.  16,  1909;  and  U.  S.  Patent 
051,641,  March  8,  1910)  contain  claims  for  a  process  for 
removing  iron  and  micro-organisms  from  water.  It  is 
stated  that  the  process  consists  in  treating  the  water 
with  insoluble  higher  oxides  of  manganese  with  the 
cooperation  of  natural  or  artificial  zeolites  (cf.  German 
Patents  145,797  and  154,792).  The  claim  is  made  that 
if  a  calcium-zeolite  is  treated  with  a  solution  of  a  man- 
ganous  salt,  a  manganese  zeolite  is  formed,  which,  on 
treatment  with  a  solution  of  calcium  permanganate, 
yields  a  product  consisting  of  the  higher  oxides  of  man- 
ganese distributed  in  a  fine  state  of  division  throughout 
a  calcium-zeolite.  According  to  Gans  (Chein.  hid.,  32, 
197),  450  kg.  of  calcium-zeolite  were  found  to  be  changed, 
by  washing  with  manganous  chloride  solution,  to  man- 
ganese-zeolite; treatment  with  a  calcium  manganate 
solution  converted  the  latter  into  calcium-zeolite  again. 
On  filtering  the  water  to  be  treated  through  this  ma- 
terial, the  iron  is  said  to  be  rapidly  oxidized  and  re- 
moved, and  the  bacteria  and  organic  matter  destroyed; 
any  manganese  present  in  the  water  is  also  said  to  be 
removed.  In  later  patents  to  the  same  parties  (French* 
Patent  409,006,  Nov.  13,  1909;  English  Patent  26,842, 
Nov.  18,  1909;  and  U.  S.  Patent  960,887,  June  7,  1910), 
the  water  to  be  softened  is  treated  with  barium,  calcium 
or  magnesium  hydroxide,  and  sodium  hydroxide  or  car- 
bonate, according  to  the  nature  of  the  hardness,  and 
then  filtered  through  a  layer  of  a  natural  or  artificial 
zeolite. 

When  a  water  containing  manganese  salts  in  solution 
is  passed  through  a  filtering  bed  composed  of  a  zeolite 
impregnated  with  higher  oxides  of  manganese  the  man- 
ganese is  separated  in  the  form  of  a  mud.  It  was  found 
in  practice  as  early  as  1907  that  if  this  mud  was  not  re- 
moved from  the  filter,  it  eventually  formed  small  porous 
particles  which  did  not  interfere  with  the  filtering  ca- 
pacity of  the  bed,  but,  in  fact,  increased  its  efficacy  with 
regard  to  the  removal  of  manganese  from  water  (see 
German  Patent  220,609,  Oct.  28,  1908,  of  the  J.  D. 
Riedel  A.-G).  However,  when  revivification  was 
attempted — i.  e.,  on  the  bed  containing  manganese 
mud — the  manganese  retained  was  found  to  be  an  ob- 
struction to  rapid  filtration. 

Natural  stones,  such  as  trass,  phonolite,  porphyry, 
leucite,  trachyte,  sodalite,  and  mica,  are  also  employed 
in  making  filters  through  which  the  water  to  be  treated 
is  passed.  These  minerals  are  used  either  directly, 
if  they  have  been  hydrated  naturally,  or  after  they 
have  been  treated  with  steam  under  pressure;  but 
we  are  not  aware  of  their  application  in  the  place  of 
artificial  zeolite. 

Two  investigations  have  recently  been  published  on 
"Permutite."  Anders  (U'och.  f.  Brau.,  28,  78)  con- 
ducted laboratory  experiments  with  the  product  for  the 
softening  of  water.  His  results  showed  that  "Permu- 
tite" is  applicable  for  the  softening  of  feed-waters,  but 
not  for  mash-waters  because  it  takes  up  sodium  salts. 
He  found  that  a  "Permutite"  filter  may  be  completely 
regenerated  by  the  use  of  a  sodium  chloride  solution. 


Kolb  (Chem.  Ztg.,  35,  1393,  1410)  also  investigated  the 
application  of  "Permutite"  to  the  softening,  as  well  as 
the  purification,  of  water.  He  made  experiments,  both  by 
shaking  and  by  filtration,  as  to  the  interchange  occurring 
between  "Permutite"  and  the  chlorides  of  calcium, 
magnesium,  and  potassium,  and  found  that  the  soda  of 
the  "Permutite"  was  replaced  by  the  bases  of  the  salts 
added  in  molecular  proportions.  He  also  ascertained 
that  the  "Permutite"  could  be  regenerated  by  treat- 
ing the  used  substance  with  sodium  chloride,  and 
that  iron  and  manganese,  as  well  as  the  alkaline 
earth  metals,  could  be  removed  from  solution.  Kolb 
stated  that  with  a  filter  formed  of  "Permutite," 
complete  softening  of  water  could  be  effected,  but  the 
water  must  not  contain  acid  or  suspended  matter. 
In  the  case  of  a  muddy  water,  in  addition  to  block- 
ing the  pores  of  the  filter,  the  mud  coated  the  grains 
of  the  filtering  material  with  inert  matter  and  pre- 
vented the  desired  chemical  reactions.  Kolb  con- 
sidered the  regeneration  of  the  "Permutite"  by  a 
solution  of  sodium  chloride  to  be  of  industrial  im- 
portance, since  it  would  enable  the  same  filter  to  be 
used  for  an  indefinite  period.  According  to  his  find- 
ings, the  richness  of  the  treated  water  in  sodium 
salts  is  not  detrimental  to  boiler-feed  water. 

It  would  seem  that  "Permutite,"  to  be  of  value  for 
technical  uses,  must  be  of  a  granular  or  leafy,  easily 
porous  character,  such  as  is  obtained  by  melting  to- 
gether the  constituents  in  definite  proportions.  The 
amount  of  clay  is  calculated  according  to  the  amount 
of  bases.  Gans  considers  that  the  composition  of  an 
ideal  zeolite,  2Si02.Al203.Na20.6H20,  should  be  ap- 
proached. W.  A.   Hamor. 


THE  PAINT  AND  VARNISH  INDUSTRY  OF  THE  UNITED 
STATES. 

Up  to  ten  years  ago  this  industry  was  more  or  less 
in  an  empirical  state.  Even  the  manufacture  of  dry 
colors,  such  as  chrome  yellow,  Prussian  blue,  chrome 
green,  etc.,  which  are  purely  chemical  colors — and 
the  reaction  can  be  figured  out  molecularly — was 
carried  on  by  men  who  had  what  they  thought  were 
secret  formulas,'  and  if  more  of  one  liquid  than  another 
was  added,  no  note  was  taken  of  it.  The  mixed 
paint  industry  was  also  in  a  somewhat  chaotic  state, 
but  a  few  men  came  to  the  realization  that  white 
lead  was  not  the  only  pigment,  and  linseed  oil  and 
turpentine  not  the  only  vehicles  which  could  be  used. 
The  mixed  paint  consumption  to-day  amounts  to 
eighty  million  gallons  per  year,  and  such  materials 
as  barytes,  blanc  fixe,  lithophone,  sublimed  white 
lead,  silica,  etc.,  are  now  regarded  as  beneficial  acces- 
sories, rather  than  adulterants. 

With  the  co-operation  of  the  Department  of  Agri- 
culture, such  vehicles  as  soya  bean  and  china  wood 
oils  are  receiving  marked  attention.  China  wood 
oil  is  to-day  such  a  necessity  that  the  revolution  in 
China,  which  has  brought  the  price  of  the  oil  up  to 
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•  ;   1  ,11.111.  h.is  made  il  apparent  that  the  paint 

and  varnish  manufacturer  must  have  it  at  any  price. 
The  shortage  in  the  crop  of  flaxseed  lias  not  produced 
that  tremendous  market  disturbance  which  was 
feared  two  years  ago,  for  man)  prominent  chemists 
have  published  methods  for  the  use  .,t  Menhaden 
fish  oil,  which   in   many  respects  has  shown   itself  to 

be  at    least    as  g(  lod  as  lillseeil   1  >il 

The  same  condition  has  prevailed  in  the  turpentine 
market,  for  in  March,  1911,  when  the  price  reached 
$1.13  per  gallon,  the  United  States  Navy  decided 
that  for  its  work  a  good  turpentine  substitute  made 
from  petroleum  would  answer  its  requirements, 
and  the  government  is  now  using  thousands  of  gallons 
of  turpentine  substitute  for  which  it  pays  from  twelve 
to  fifteen  cents  per  gallon.  As  the  Navy  purchased 
in  u)io  about  870,000. 00  worth  of  turpentine,  this 
innovation  has  had  a  tremendous  effect  on  the  turpen- 
tine market,  and  the  chances  are  it  will  never  see  such 
an  abnormally  high  price  again. 

There  seems  to  be  a  difference  of  opinion,  all  over 
the  United  States,  regarding  the  materials  to  be  used 
for  paint,  for  it  is  conceded  that  paint  should  be  made 
for  the  purpose  for  which  it  is  intended,  and  should 
not  necessarily  be  made  of  the  highest  priced  materials 
which  will  produce  that  result.  The  Battleship  Gray 
which  the  Government  has  partially  adopted  for  the 
navy  is  made  of  45  per  cent,  zinc  oxide  and  45  per 
cent,  barium  sulphate,  with  the  necessary  tinting 
material  to  produce  the  shade.  A  paint  made  of  such 
materials  costs  about  25  per  cent,  less  than  the  lead 
and  zinc  paints  which  were  formerly  used.  The 
results  showed  that  the  zinc  oxide  and  barium  sulphate 
paint  dried  with   a  harder  film,  and  was  not  affected 


by  salt  water  as  much  as  the  lead  paint  formi  rl;  u  ed 
\  similar  condition  ol  affairs  has  developed  n  the 
maintenance  departments  oi  the  large  railroad,  ,,t 
the  United  States,  and  they  have  come  to  realize 
that  no  single  pigmenl  is  as  good  as  a  mixtun  oi 
pigments  and  no  single  pigment  is  as  good  as  a  pig- 
ment which  contains  a  reinforcing  material  in  lit 
aim  iimts. 

The    trend    of   opinion    among   paint    manufacture!) 
seems  to  be  that  they  are  more  inclined  to  talk  freely 

than  they  have  been  heretofore.  Twenty-five 
ago  a  paint  manufacturer  regarded  a  formula  which 
he  had  as  a  valuable  secret,  but  chemists  who  have 
made  a  specialty  of  the  analyses  of  paints  and  then- 
syntheses  have  shown  that  the  average  pi] 
mixed  with  oil,  dryer  and  a  volatile  thinner  is  not 
a  difficult  mixture  to  analyze,  and  many  of  the  secrets 
of  the  ignorant  paint  manufacturers  have  been  ex- 
posed for  their  own  benefit.  Instead  of  having 
what  they  thought  were  valuable  secrets,  they  had 
in  many  instances  only  mediocre  formulas,  which 
they  improved  when  they  saw  what  their  competitors 
were  doing. 

Paint  is  so  largely  an  engineering  material  that 
a  knowledge  of  its  composition  is  not  to  be  treated 
lightly,  and  must  not  be  regarded  as  an  extravagance. 
Paint  for  decorative  purposes  presents  new  problems. 
The  question  of  hygiene  has  entered  so  much  into  the 
use  of  paint  that  the  wall  paper  manufacturers  in 
England  are  now  going  into  the  manufacture  of  interior 
wall  paints  because  people  want  washable  walls  in 
preference  to  those  which  harbor  filth  and  germs. 

Maximilian   Toch. 
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CARBON    BRUSHES. 

By  W.  R.  Whitney. 
Received  January  24,  1912. 

The  object  of  this  paper  is  to  describe  some  experi- 
ments which  are  being  carried  out  with  the  view  of 
assisting  in  an  improvement  in  the  qualities  of  motor 
and  generator  brushes,  particularly  of  the  carbon  type. 
It  is  well  known  that  while  there  have  been  very  many 
improvements  in  all  sorts  of  electrical  apparatus 
during  the  past  twenty  years,  there  has  not  been 
a  corresponding  improvement  in  the  quality  of  brushes, 
at  least  in  this  country.  It  is  a  peculiar  commercial 
or  manufacturing  condition  which  all  engineers  will 
recognize  when  their  attention  is  called  to  it — that 
an  electrical  manufacturing  company  usually  puts 
upon  its  motors  and  generators  all  the  legitimate 
accessories  of  its  own  make  which  are  possible,  ex- 
cepting the  brushes,  and  forces  the  users  to  purchase 
brushes  from  companies  not  necessarily  in  very  close 
touch  with  electrical  requirements. 

If  the  brush  was  as  simple  an  article  of  manufacture 
as  the  lag  screw  with  which  the  apparatus  is  attached 
to  the  floor,  this  would  not  be  serious,  but  quite  a 
different  condition  exists.      In   fact,   I   think  it  is  safe 


to  sav  that  a  poor  carbon  brush,  or  brush  of  a  wrong 
type,  may  render  inoperative  any  kind  of  electrical 
apparatus.  When  one  considers  the  stoppage  of  a 
long  line  of  electric  cars  or  the  temporary  shut-down 
of  a  generating  plant,  because  of  defects  in  a  brush, 
one  wonders  that  the  demands  have  not  already 
made  an  art  of  brush-making.  One  finds,  in  fact, 
that  the  production  of  this  very  essential,  unobtrusive 
little  block  of  carbon  has  hard  hardly  any  study  at  all. 

Every  electrical  machine  is  carefully  designed  in 
detail  as  to  size  and  shape  of  copper,  iron  and  insula- 
tion, all  of  which  vary  with  each  machine,  but  as 
yet  the  important  characteristics  of  a  brush  are  not 
included  in  the  design,  although  some  one  grade  of 
brush  is  expected  to  operate  satisfactorily  over  a  great 
range  of  design.  As  long  as  this  unfortunate  condi- 
tion exists,  the  best  that  can  be  hoped  for  is  a  brush 
which  will  do  fairly  well  for  a  large  number  of  machines, 
very  well  on  a  few  and  cause  continuous  trouble  on 
a  small  balance  until  investigation  of  the  constants 
of  the  ] .articular  machine,  or  its  operating  condition, 
shows  the  need  of  a  different  type  of  brush. 

The  careful  investigation  now  in  progress  leads 
us  to  hope  that  the  various  characteristics  of  carbon 
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brashes  will  soon  be  sufficiently  understood,  so  that 
before  long  the  designers  of  dynamos  and  motors 
will  be  enabled  to  use  a  brush  exactly  fitted  to  a  par- 
ticular design  of  machine,  rather  than  a  brush  which 
does  fairly  well  on  machines  of  that  general  size  and 
character. 

Apparently  the  carbon  brush  was  first  made  from 
such  stock  as  is  used  for  arc  lamp  electrodes  and  dry 
cell  carbons.  It  was  mixed,  molded  and  baked  in 
practically  the  same  way,  and  the  prices  fixed  on  that 
basis.  We  have  experimented  with  the  understanding 
that  a  product  might  be  producible  which  could  bear 
a  ten-fold  greater  cost  of  production  than  ordinary 
carbon  brushes,  and  it  is  probable  that  our  present 
methods  are  not  far  from  this  condition. 

In  what  we  call  the  early  days,  the  motor  or  generator 
brush  consisted  of  a  brush  of  leaves  of  copper,  and 
this  had  to  be  treated  with  the  best  of  care.  It  was 
frequently  cleaned  and  oiled  and  on  some  types  of 
machines  gave  much  trouble.  It  was  usually  set 
at  an  angle,  so  that  the  ends  of  the  laminae  bore  upon 
the  commutator.  Any  reversal  of  direction  of  rota- 
tion, as  has  frequently  to  take  place  in  such  apparatus 
as  railway  motors,  was  out  of  the  question  with  this 
kind  of  brush.  A  block  of  solid  copper  bearing  directly 
upon  the  commutator  on  such  machines  causes  arcing 
and  spattering  of  the  metal,  as  there  is  a  relatively 
high  current  passing  from  one  commutator  segment 
to  the  adjacent  segment,  through  that  part  of  the 
brush  which  connects  them.  This  was  a  reason 
for  laminae  in  the  brush. 

Our  first  experiments  were  taken  up  along  the  line 
of  previous  methods  of  manufacture  and  attempts 
were  made  to  get  at  some  sort  of  life  tests  and  standards 
of  comparison.  We  tried  to  learn  what  a  good  brush 
had  to  do  and  how  long  it  might  be  expected  to  do 
it.  In  lamp  manufacture  the  testing  is  an  art  by  it- 
self. '  An  incandescent  lamp  is  made  to  burn  a  certain 
time  at  a  prefixed  efficiency.  We  questioned  whether 
a  carbon  motor  brush  could  be  submitted  to  similar 
life  and  quality  tests.  We  recognized  the  importance 
of  learning,  if  possible,  what  physical  properties  or 
constants  for  brushes  would'  help  in  determining 
quality  for  electrical  uses.  The  art  is  undeveloped, 
so  that  there  is  no  considerable  agreement  between 
engineers  even  on  important  points.  For  example, 
it  would  be  made  clear  by  one  engineer  that  a  brush 
must  be  much  softer  than  copper,  so  as  not  to  wear 
away  the  commutator,  and  must  not  contain  any 
hard  spots  because  these  might  take  up  metal  from  the 
commutator.  Against  this  was  the  equally  powerful 
argument  that  the  brush  must  be  harder,  so  as  to  cut 
and  prevent  the  insulation  finally  protruding 
above  the  copper,  and  for  this  reason,  carborundum, 
the  hardest  practical  material,  has  been  experimentally 
S&troduced  into  brush  material.  That  the  contact 
resistance  should  be  relatively  high  and  the  body 
resistance  low,  were  also  practical  suggestions.  In 
order  to  operate  systematically,  we  attempted  to  choose 
properties  or  tests  to  which  numerical  values  could 
be  attached.  It  was  not  assumed  that  all  or  even 
any   ol    these   factors   could    be   interpreted   strictly   in 


terms  of  brush  quality,  but  some  such  system  of  co- 
ordinating and  comparing  experimental  products 
seemed  necessary.  We  would  naturally  welcome 
suggestions  leading  to  better  tests.  There  were 
finally  adopted  measurements  of  hardness,  tensile 
st  length,  density,  electrical  resistivity  and  such 
mechanical  tests  as  chip  and  fracture  tests. 

The  hardness  is  determined  by  the  Shore  Sclere- 
scope,  which  consists  essentially  of  a  diamond-pointed 
weight  which  '  falls  freely  in  a  perpendicular  glass 
tube  and,  striking  upon  the  brush,  rebounds  to  a 
height  in  the  tube,  which  height  is  read  from  a  scale. 
In  general,  the  harder  the  material,  the  higher  will 
be  this  rebound.  In  the  case  of  brushes  it  distinguishes 
qualities  over  a  range  of  about  seventy  units  and 
is  of  considerable  value  in  determining  regularity  of 
product. 

A  brush  as  made  for  railway  motors  and  containing 
coke,  graphite,  lampblack,  and  binder  carbon,  if 
properly  baked  and  fired,  would  have  a  hardness 
about  50,  while  if  the  firing  be  interrupted  at  say 
500 °  C,  its  hardness  value  would  be  about  20.  If 
the  coke  and  lampblack  be  omitted,  while  the  binder 
carbon  is  3  per  cent.,  and  natural  graphite  be  used, 
the  hardness  value  will  fall  to  about  16,  even  after 
firing  for  maximum  hardness.  In  other  words, 
such  brushes  as  find  common  use  on  electrical  apparatus 
may  vary  in  hardness,  depending  upon  the  desired 
use,  from  15  to  75  units  of  hardness. 

The  tensile  strength  is  determined  by  cutting  from 
the  brush,  held  between  steel  guide  plates,  a  definite 
testing  piece  of  the  carbon  which  can  be  held  in  the 
grip  of  the  strength-testing  machine  and  which  will 
break  at  a  point  where  the  cross-section  is  exactly 
one-quarter  square  inch.  The  break  is  produced 
by  the  addition  of  shot  at  a  definite  rate  to  a  pan 
supported  by  the  test  sample.  The  strength  is  ex- 
pressed    in     pounds    per    square     inch    section. 

The  density  compared  to  water  is  calculated  from  the 
weight  of  the  brush  and  its  physical  dimensions. 

The  resistivity  is  determined  by  measuring  the 
voltage  drop  across  contact  points  i'/j  inches  apart, 
which  points  bear  heavily  upon  the  brush  when  a 
current  is  sent  through  the  brush.  Separate  contacts 
are  used  for  the  current.  The  accuracy  of  the  measure- 
ment is  about  3  per  cent,  of  itself. 

Some  sort  of  chipping  test  seemed  desirable  because 
brushes  in  use  often  deteriorate  and  wear  away, 
due  to  flaking  off  of  chips  from  the  edges  of  the  bearing 
surface.  This  would  be  expected  from  the  nature 
of  the  impacts  given  a  brush  when  it  chatters  on  a 
rough  armature,  revolving  at  high  peripheral  speed. 
The  chip  test  we  have  used  consists  in  a  clamp  for 
holding  the  brush  firmly  on  a  solid  base  or  anvil, 
and  in  a  weight  guided  by  perpendicular  rods,  which 
weight  falls  from  a  fixed  height  and  strikes  the  bearing 
face  of  the  brush  repeatedly  at  the  same  point,  about 
a  millimeter  from  the  edge.  The  number  of  impacts 
necessary  to  force  off  a  chip  is  called  the  chip  test. 
This  is  quite  surprisingly  uniform  for  uniformly  made 
brushes.  It  is  usually  weighted  so  that  a  brush  of 
best  quality  will  regularly  chip  after  about  10  impacts 
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of  the  weight  when  .rum  an  increasing  height 

in  steps  1  'i   1  ci  ach. 

Additional  qualitative  tests  have  resulted  from 
m  oi  produd  under  different  conditions. 
P01  ■  sample,  the  Eracture  or  appearance  of  the  fresh 
surface  produced  by  breaking  the  brush  across  its 
r  dimensions  discloses  very  effectively  any  ir- 
regularities produced  by  improper  baking  or  pressing. 
This  cross-section  should  be  quite  homogeneous  and 
the  fracture  regularly  conchoidal  or  square.  No 
shelves,  cracks  or  angular  markings  will  be  disclosed 
on  breaking  a  well  made  brush.  It  is  believed  that 
such  internal  irregularities  represent  weakened  struc- 
ture, that  even  miniature  cracks  might  take  up  and 
carry  copper  from  the  commutator  and  that  breaking 
of  a  brush  in  use  may  often  be  attributed  to  internal 
cracks  produced  in  the  manufacture.  Undoubtedly 
;i  n>ugh  commutator  or  heavy  pressure  of  the  spring 
of  the  brush-holder  accounts  for  the  breakage  of  many 
brushes  in  use,  but  in  our  tests  on  operating  machines 
these  variables  are  kept  under  control  as  much  as 
possible. 


To  illustrate  this  point,  Figs.  1  and  2  are  introduced. 
No.  1  shows  a  typical  case  of  an  improperly  baked 
brush.  The  ingredients  are  the  same  as  in  2,  which 
was  pressed  and  baked  with  greater  care.  The 
imperfections  noted  in  1  are  produced  by  too  rapid 
heating.  They  are  not  discoverable  in  the  brush 
before  breaking  it.  Neither  of  these  is  a  squirted  brush 
(i.  e.,  cut  from  a  bar  squirted  through  a  die),  both 
having  been  pressed  to  the  desired  shape  from  the 
powdered  mixture. 

The  composition  of  the  mixture  from  which  the 
brush  is  molded  has  been  varied  greatly  to  suit  various 
requirements,  but,  in  general,  it  is  made  up  of  two 
or  more  of  the  four  elements:  lampblack,  finely  ground 
petroleum  coke,  graphite  and  some  kind  of  tar  or 
petroleum  pitch  which  serves  as  a  binder. 

The  effect  produced  by  each  of  these  ingredients 
is  a  different  one ;  a  suitable  balance  seems  necessary 
and  varies  with  the  use  of  the  brush.  A  brush  made 
mostly  of  lampblack  alone,  with  suitable  binder, 
would  be  dense  and  hard,  but  of  poor  conductivity, 
and  would  cut  copper  badly.  One  made  mostly 
of  graphite  is  usually  too  soft  and  on  ungrooved  com- 


bors,  wears  away  too  rapidly.      The  mica  between 

ill'  Imi.  gradually  protrudes  and  cuts  the  brush. 
Its  electrical  resistance  is  very  low.  One  made 
mostly  "i  coke  is  hard  and  ol  high  resistance  It 
usually  cuts  the  copper  badly.  The  petroleum  coke 
is  used  because  of  its  uniformity  and  freedom  froflB 
mineral  matter.  It  can  readily  be  appreciated  that 
lor  some  special  purposes  it  may  be  well  to  incorporate 
hard  polishing  material  into  a  brush,  as  where  much 
mica  has  to  be  cut  and  where  high  conductivity  and, 
therefore,  much  graphite  is  desired.  The  accidental 
grains  of  sand  or  such  mineral  impurities  as  often 
occur  in  ordinary  coke,  on  the  other  hand,  are  to 
be  i  arefully  excluded. 

It  might  seem  that  by  using  the  above  four  forms 
of  carbon  (for  the  pitch  leaves  a  fourth  form  of  carbon, 
after  the  heat  treatment),  a  satisfactory  product 
could  be  obtained,  and  it  has  become  apparent  that 
the  qualities  may  be  varied  over  a  wide  range  by 
proper  variation  of  material;  but  the  requirements  are 
continually  advancing,  so  that  all  sorts  of  experiments 
in  composition,  such  as  adding  sulphur,  special  oils, 
etc.,  have  been  carried  out. 

It  may  be  stated  as  a  general  rule  that  except  for 
special  conditions,  the  finer  the  state  of  subdivision 
of  the  brush  ingredients,  the  better  the  quality  of 
the  finished  brush.  We  have  found,  after  having 
used  ball  mills,  that  the  Raymond  impact  grinder 
pulverizes  coke  and  similar  materials  very  perfectly. 
We  have  found  it  desirable  to  grind  not  only  the  coke, 
but  also  the  mixture  of  all  the  ingredients,  to  insure 
thorough  mixing  and  a  dense  brush. 

The  finely  divided  materials,  coke,  lampblack  and 
graphite,  are  placed  in  a  mechanical  dough  mixer 
and  a  solution  of  the  pitch  in  benzole  is  added  and  the 
whole  kneaded  for  several  hours.  The  benzole  is 
then  driven  off  by  heat  and  the  dried  product,  which 
is  quite  hard,  is  reground  to  about  200-mesh;  this 
powder  is  compressed  into  brush  form,  in  steel  molds. 

It  was  first  thought  that  the  best  way  to  form  the 
brush  was  to  squirt  bars  of  the  mixture  by  means  of 
an  hydraulic  press.  These  bars  could  then  be  cut 
to  desired  length.  So  far  as  our  work  went  along  this 
line,  the  product  was  not  as  satisfactory  as  when  the 
brushes  were  individually  pressed.  Experiments  were 
made  in  which  various  proportions  of  pitch  binder 
were  used.  The  temperatures  of  the  press,  mold 
and  brush  material  were  carefully  controlled;  special 
presses  were  built,  etc.,  but  irregularities  often  appeared 
in  the  product.  The  tendency  of  the  material  to 
flow  unequally  within  itself  during  the  passage  through 
the  die  seemed  to  be  responsible  for  cleavage  planes 
and  internal  curved  surfaces,  which  would  often 
not  develop  until  the  brush  was  completed  by  baking 
and  even  then  could  be  disclosed  only  by  breaking 
the  brush.  We  do  not  mean  to  conclude  that  a  satis- 
factory brush  cannot  be  made  by  squirting  the  hot 
mixture  through  a  die,  as  the  reverse  is  probably 
true,  but  for  our  purposes  we  finally  adopted  the 
accurate  weighing  of  the  mixture  for  each  individual 
brush  and  the  compression  of  this  weighed  material 
to  an  exact  size  in  a  mold  under  such  a  high  pressure 
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that  additional  pressure  produces  no  further  change. 
This  pressure,  for  a  standard  railway  motor  brush, 
is  about  25,000  lbs.  per  square  inch.  Above  this  pres- 
sure the  quality  is  not  appreciably  affected ;  much 
below  it,  inferior  product  results  as  shown  by  density, 
resistance  and  strength.  Marked  effect  is  produced 
by  variation  in  the  temperature  at  which  the  mixture 
is  pressed.  For  this  reason  care  is  taken  to  have  the 
pressing  done  at  about  25 °  C. 

The  pressed  brushes  are  then  packed  in  cast  iron 
boxes,  in  lots  of  100-200,  and  covered  with  a  liberal 
layer  of  fine  coke.  A  cast  iron  cover  which  fits  the 
box  well  is  then  inserted  and  this,  in  turn,  is  covered 
with  coke  dust.  A  pile  of  these  boxes  is  shown  in 
Fig.  3.  This  box  fits  snugly  into  the  electrically 
heated  muffle  shown  in  Fig.  4. 


Early  in  the  investigation  it  became  evident  that 
a  large  part  of  the  irregularity  of  product,  the  shrinkage- 
cracks,  etc.,  were  to  be  attributed  to  a  too  rapid  rate 
of  rise  of  temperature  during  the  early  stages  of  heating 
the  pressed  brush.  The  pitch,  or  binder,  which  on 
its  fractional  distillation  leaves  the  cementing  carbon, 
which  in  turn  largely  determines  the  hardness  and 
strength  of  the  brush,  is  a  mixture  of  organic  com]  11  tunds 


which  liquefies  at  moderate  temperature  (1000  C.) 
and  rapidly  evolves  gases  far  below  red  heat.  This 
led  us  to  test  methods  of  electric  heat,  and  the  rate 
of  distillation  of  the  volatile  materials  at  gradually 
rising  temperature  was  determined.  This  work  re- 
sulted finally  in  the  adoption  of  a  very  small  type  of 
muffle,  for  commercial  production,  which  had  a  capac- 
ity for  not  over  200  brushes.  It  was  heated  by  a 
special  resistance  wire  and  the  temperature  con- 
trolled by  a  thermo-element  and  resistance,  so  that 
the  rate  of  rise  of  the  temperature  on  each  lot  of 
brushes  was  about  50  C.  per  hour  over  a  period  of 
about  100  hours.  The  distillation  of  the  binder 
under  this  treatment  does  not  rupture  or  weaken  the 
brush. 

When  large  volumes  of  brushes  are  heated  or  the 
heating  of  small  containers  in  a  large  furnace  of  usual 
type  is  carried  out,  the  brushes  near  the  walls  receive 
a  very  different  heat  treatment  from  those  near  the 
center  of  the  furnace.  This  causes  much  irregularity 
of  product  so  that  we  still  give  all  brushes  the  first 
firing  or  baking  in  the  small  wire-wound  and  heat- 
insulated   muffles,    of   which    No.    4   is   an    illustration. 


Fig.  5  shows  a  double  row  of  these  muffles  with 
their  control  resistances.  These  latter  enable  the 
operator  to  gradually  raise  the  temperature  in  each 
muffle.  The  rate  of  this  rise  is  learned  by  means  of 
pyrometer  couples  inserted  into  the  muffle.  In  this, 
which  is  a  preliminary  heating  only,  the  temperature 
rises  during  100  hours  to  500 °  C.  In  this  process  the 
volatile  products  of  distillation  have  been  so  slowly 
eliminated  from  the  brush  that  no  striae,  laminations, 
splits  or  blisters  are  produced.  The  brush  is  now 
bound  together  by  a  material  largely  carbon,  but 
still  capable  of  further  shrinkage,  hardening  and 
decomposition  by  higher  temperature. 

After  the  preliminary  heat  at  500 °  C.  the  brushes 
are  unpacked  and  a  series  of  tests  show  relatively 
inferior  qualities  throughout,  about  as  follows,  for 
one  type  of  railway  motor  brushes: 


i46 


THE  JOl  i<\   I/.  "/•    INDUSTR1  I/.  AND  ENGINEERING  <  HEMISTRY 


April,  i  w  i 


i ,  n  ill     trength 
900  lbs   pel     .    i' 


043  ohm  i"  i  in.  b 


Xhe  materia]  can  still  shrink  greatly  and  improve 
ln  a  higher  heal  treatment,  This  is  accomplished 
in  an  ordinarj  porcelain  kiln  a1  aboul  i  too0  ('.,  the 
brushes  being  packed  as  betore,  though  not  in  iron, 
but  in  in.  >  Li-  containers  or  saggers,  the  whole  being 
covered  with  coke  'lust  and  the  cover  carefully  luted 
on.  The  slightest  carelessness  in  this  protection 
process  causes  a  softening  of  the  outer  surface  of  the 
brush,  where  a  little  combustion  has  removed  the 
binder-carbon.  This  binder-carbon  is  still  combustible 
in  the  presence  oi  an  excess  of  coke  powder. 

Owing  to  the  severe  requirements  for  railway  motor 
brushes,  the  work  for  a  long  time  was  devoted  ex- 
clusively to  this  field  and  there  is  probably  still  plentj 
of  improvement  possible. 

As  the  work  has  advanced,  the  refinements  of  re- 
quirements have  become  more  and  more  apparent, 
and  it  is  quite  evident  now  that  several  different  carbon 
brush  types  are  necessary  to  satisfy  the  requirements 
for  different  types  of  machines.  In  case  of  this  par- 
ticular brush,  however,  it  is  worth  attention  that  by 
slight  modifications  in  the  process,  such  as  fineness 
of  grinding,  pressure  on  the  hydraulic  press,  etc., 
the  record  of  tests  kept  during  the  past  2  years  shows 
the  following  changes: 


Hardness. 

Resistance. 

Tensile  strength. 

909. . . 

....    52.3 

0.00135 

1800 

911  .. 

....    58-60 

0.00120 

2700 

Attempts  were  made  to  operate  without  change  in 
the  components,  as  weighed  out;  all  qualities  have 
improved  through  small  refinements. 

Development  of  the  railway  brush  led  to  trying  the 
same  product  on  other  types  of  electrical  apparatus, 
and  it  was  at  once  evident  that  the  general  brush 
requirements  call  for  more  than  one  kind  of  brush 
and  more  than  a  single  composition.  Generator 
brushes,  while  they  do  not  meet  the  severe  conditions 
met  by  railway  motor  brushes  and  may  therefore 
be  softer  and  of  lower  physical  tests,  should  have 
high  conductivity  and  should  in  use  develop  a  polished 
commutator  without  cutting  or  smutting  the  metal. 
A  fairly  satisfactory  type  of  generator  brush  may  be 
made  almost  entirely  of  ash-free  graphite  and  binder- 
carbon  and  will  have  approximately  the  following 
values  on  test:  Hardness,  35  ;  resistance,  0.00078  ;  tensile 
strength,  2500;  chip  test,  6.  It  has  been  found  that 
a  brush  needs  some  lubrication  qualities  which  are 
difficult  to  express  quantitatively.  In  the  past  it 
has  even  been  customary  to  treat  some  brushes  with 
oils,  .vaseline,  etc.,  to  give  them  this  lubricating  effect. 
It  has  also  been  found  possible  to  improve  operation 
of  a  commutator  by  using  hard,  strong,  non-lubricating 
brushes  and  to  interpose  in  several  of  the  brush- 
holders  a  pure  graphite  brush,  which  serves  to  give 
desired  lubrication  for  the  other  brushes.  This  has 
led  to  experiments  on  a  combination  brush,  of  which 
a  section  is  shown  (Fig.  6).  In  this  case,  by  a  proper 
selection  of  proportions  of  binder  or  pitch  and  the 
mixture,    it   has   become   possible     to     gain    the   same 


shrinkage  in  the  two  widely  different  materials,  a 
hard  brush  body  and  a  body  largely  composed  of 
graphite.  A  sort  of  laminated  brush  is  thereby  pro- 
duced and  if  there  were  service  demands  for  such 
laminated  brushes  they  could  be  produced. 

Research  Laboratory, 
General  Electric  Co., 
Schenectady. 


THE  RELATION  OF  THE  REFRACTIVE  INDEX  OF  SODA 

LIME  GLASSES  TO  THEIR  CHEMICAL 

COMPOSITION. 

By  Edwin  Ward  Tillotson,  Jr. 

Through  the  researches1  of  Abbe,  Schott,  Winkel- 
mann  and  others,  it  has  been  shown  that  many  of  the 
physical  constants  of  glasses  may  be  roughly  calcu- 
lated, with  the  aid  of  empirical  factors,  from  their 
chemical  composition.  In  all  of  those  calculations 
it  was  assumed  that  the  constant  of  the  glass  was  the 
additive  sum  of  the  empirically  determined  constants 
of  the  oxides  present,  and  it  was  shown  that  these 
empirical  constants,  since  they  must  contain  an  ele- 
ment characteristic  of  the  manner  in  which  the  oxide 
is  combined  in  the  glass,  may  be  very  different  from 
the  constant  of  the  corresponding  pure  oxide.  No 
data  was  presented  for  calculating  the  refractive 
index,  although,  both  from  the  scientific  and  indus- 
trial standpoints,  it  is  one  of  the  most  valuable  of 
constants. 

Many  expressions  for  the  relation  of  the  refractive 
index  to  the  density  of  a  substance  have  been  de- 
veloped,   but    only   two   have    theoretical   significance. 

N — 1 
The    first    of    these,      — -= —  =  K,    was    proposed2    by 
a 

N*—  1         1 
Gladstone  and  Dale  and  the  second,   — — ■ —    X   -,   =  K, 

N2  +  2        a 

was  simultaneously  and  independently  developed 
by  Lorenz^  and  Lorentz.->  In  both  of  these  expres- 
sions K,  the  specific  refractive  power,  is  a  constant 
w-hich  is  supposedly  independent  of  the  temperature, 
and  which  is  defined  by  the  chemical  composition 
and  constitution  of  the  substance.  Many  exceptions 
to  this  rule  occur,  however,  and  the  expression  of 
Gladstone    and    Dale  fails  completely    when    the    vari- 

1  "JenaGlass  and  its  Scientific  and  Industrial  Application,"  Hovestadt. 

2  Phil.  Trans.,  337,  1863. 

:1  Wied.  Ami..  11,  70  (1880). 
*  Ibid.,  9,  641  (1880). 
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ation  of  temperature  is  sufficient    to  produce  a  change 

of  state  in  the  substance  Both  expressions  hold 
fairly  well,  however,  for  liquids  and  solutions.  In 
a  solution  or  a  homogeneous  mixture  of  liquids, 
which  do  not  react  to  form  a  compound,  the  specific 
ive  power  is  an  additive  function  of  the  re- 
spective refractivities  of  the  compounds  present  and 
may   therefore   be   calculated   as   follows: 


in  which  pv  pv  />3,  etc.,  are  the  percentages  in  which 
the  several  compounds  are  present,  and  K,,  K2,  K3, 
etc.,  are  their  respective  specific  refractivities. 

Very  few  attempts  have  been  made  to  apply  this 
relation  to  glasses  or  to  pure  silicates.  Larsen1  has 
shown  by  some  very  accurate  measurements  on  care- 
fully prepared  silicates  that  the  specific  refractive 
power  is  additive  within  limits  of  error  in  case  of 
mixtures  of  calcium  and  magnesium  metasilicates, 
and  of  albite  and  anorthite,  both  in  the  vitreous  and  the 
crystalline  form.  A  marked  difference,  however,  occurs 
in  the  values  of  the  specific,  refractive  power  for  the 
vitreous  and  crystalline  compounds  of  like  composition. 

This  paper  is  an  account  of  an  investigation  on  the 
refractive  index  and  the  specific  refractive  power  of 
some  soda  lime  glasses  for  the  purpose  of  obtaining 
data,  whereby  these  refractive  indices  might  be  cal- 
culated from  their  composition  with  a  fair  degree  of 
accuracy.  The  glasses  were  prepared  from  pure 
sodium  carbonate,  pure  calcium  carbonate  and  a 
high  grade  of  glass  sand  which  analyzed  98.5%  Si02, 
the  remainder  being  chiefly  aluminum  oxide  and 
moisture.  The  ingredients  were  carefully  weighed 
out,  well  mixed  and  finally  fused  in  clay  crucibles 
in  an  oxidizing  atmosphere  of  a  gas  furnace.  When 
the  glass  was  "plain'-'  it  was  poured  out  on  cold  iron 
plates  and,  after  annealing,  was  broken  into  small 
fragments.  The  refractive  index  for  white  light  was 
measured  with  the  aid  of  an  Abb6  refractometer  using 
selected  fragments  of  the  glass  which  presented  a 
smooth,  flat  surface  of  the  original  plate.  With  a 
little  care  in  selecting  plane  fragments  of  the  glass, 
the  values  of  the  refractive  index  for  successive  plates 
usually  agreed  to  within  two  or  three  units  in  the 
third  decimal  place,  and  the  average  of  a  number  of 
readings  was  finally  taken. 

It  is  evident  that,  in  the  procedure  as  set  forth, 
there  are  several  chances  for  error.  The  glass  could 
not  be  obtained  free  from  striae  in  one  or  even  two 
fusions  when  clay  crucibles  were  employed,  owing  to 
the  solvent  action  of  the  glass  on  the  crucible;  and  the 
melts  were  stirred  very  little,  therefore,  in  order  that 
as  few  impurities  as  possible  should  be  introduced. 
It  is  improbable  that  the  lack  of  homogeneity,  as 
shown  by  striae,  introduced  a  very  marked  error, 
since  the  refractive  indices  of  successive  preparations2 
of  the  same  glass,  measured  on  carefully  ground  and 
polished  plates,  agreed  to  within  two  units  in  the  third 
decimal  place.      That  this  is  within  the  limit  of  error 

1  Am.  J.  Sci.,  28,  263  (1909). 
-'  I'npiihlished  data. 


for  glass  prepared   in  clay  crucibles  is  shown  by  the 
fact  that,   even   in   the  manufacture   ol    optical    g 
which   must  possess   homogeneity    to   the   highest    de- 
gree,  it   is  customary1   to   find   a   difference  in  a   1. 

plate  amounting  to' several  units  in  the  fourth  de<  imal 
place  and  not  uncommon  to  find  a  difference  of  one 
unit  in  the  third  decimal  place,  and  also  by  the  fad 
that  manufacturers  cannot  vouch"  for  the  refractive 
index  of  a  crown  glass  to  within  two  units,  or  for  a 
flint  glass  to  within  six  or  eight  units  in  the  third 
decimal  place.  The  errors  arising  from  preparation 
and  from  optical  measurements  are  therefore  probably 
small  in  comparison  to  those  introduced  into  the 
values  of  the  specific  refractivities  by  the  use  of  the 
calculated  densities.  It  has  been  shown  in  a  pre- 
vious paper*  that  the  densities  of  many  glasses  may 
be  calculated  with  a  moderate  degree  of  accuracy, 
from  the  chemical  composition.  The  average  error 
in  these  computed  densities  was  about  one  per  cent., 
but  occasionally  amounted  to  two  per  cent.  An 
error  of  one  per  cent,  in  the  density  produces  an  error 
in  the  refractive  index,  when  it  is  about  1.5,  of  five 
units  in  the  third  decimal  place,  and  about  one  unit 
in  the  second  place  when  it  is  1.6.  In  the  specific 
refractivity  (Lorenz  and  Lorentz),  one  per  cent, 
error  in  the  density  introduces  an  error  of  from  0.0005- 
0.0010.  It  is  also  possible  that  an  additional  error 
was  introduced  in  the  composition  of  the  glasses. 
No  analyses  of  the  glasses  were  made,  but  the  com- 
position was  assumed  to  correspond  to  that  of  the 
"batch."  This  error  is  doubtless  small  in  comparison 
with  other  errors  since  Kultaseheff->  has  shown  that, 
although  the  loss  on  heating  pure  sodium  metasilicate 
may  amount  to  4%,  as  the  percentage  of  calcium 
silicate  increases  the  loss  rapidly  decreases  and  be- 
comes negligible;  and  Day  and  Aliens  apparently 
did  not  observe  any  noticeable  volatilization  in  the 
synthesis  of  feldspar. 

The  results  which  were  obtained  are  given  in  Table 
I.  The  first  four  columns  of  this  table  show  the  com- 
position of  the  glasses,  which  correspond  to  mixtures 
ranging  from  Na20-3SiO,  to  Ca().Si02.  In  the  fifth 
column  are  given  the  densities  as  calculated6  from 
the  composition;  in  the  sixth,  the  observed  refractive 
index  for  white  light;  and  in  the  seventh,  the  values 
of  K  which  were  calculated  from  Gladstone  and  Dale's 
formula. 

When  these  values  for  K  are  plotted  in  a  system, 
in  which  the  ordinates  represent  the  composition 
and  the  abscissas  the  specific  refractivities,  as  shown 
in  Fig.  1,  it  becomes  evident  that  they  form  two 
straight  lines  which  intersect  at  a  point  corresponding 
to  a  glass  of  the  composition  2NajO.3CaO.9SiO.. 
This  break  in  the  curve,  therefore,  indicates  the  ex- 
istence of  a  compound  at  this  point.  It  is  especially 
significant  since  both  Kultascheff?  and  Wallace8  have 

1  Zscholke,  Zeit.  fur  Instrumenlenk,  29,  286. 

-  Hovestadt,  loc.  cit.,  p.  18. 

1  Tillotson,  This  Journal,  3,  897  (1911). 

4  Z.  anorg.  chem.,  36,  187  (1903). 

?    'The  Isomorphism  and  Thermal  Properties  of  tin-  Feldspars." 

"  Hovestadt,  /<><-.  at.     Tillotson,  loc.  cit. 

/   anorg.  Chem.,  35,  187  (1903), 
8  Ibid.,  63,  1  (19091 
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observed  that  in  mixtures  of  sodium  and  calcium 
metasilicates  a  maximum  melting  point  is  reached 
at  the  composition  2Na20.3Ca0.sSi02.       In  column  8 
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(Table  I)  are  given  the  specific  refractivities,  as  indi- 
cated by  the  two  straight  lines  in  Fig.  i;  column  o, 
the  refractive  index  computed  from  columns  5  and  8; 
and  column  10,  the  difference  between  the  calculated 
and  observed  values  of  the  refractive  index. 

In  Table  II  are  shown  similar  data  for  these  same 
glasses,  calculated  from  the  formula  of  Lorentz  and 
Lorenz,  and  in  Fig.  2  the  graphic  relation  of  the  spe- 
cific refractivities  to  the  composition.  It  will  be 
noticed  that  the  same  break  is  observed  in  the  re- 
fractive curve  as  shown  by  the  full  lines  in   Fig.  11. 
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2.432  1.5096  0.12300  0.12291   1.5093  — 0.0003 

This  break  is.  however,  less  marked  than  in  the  case 
shown  in  Fig.  i,  and  all  of  the  specific  refractivities 
may,  for  convenience,  be  considered  to  lie  upon  a 
single  straight  line  indicated  by  the  dotted  line  in  the 
figure.  This  behavior  of  the  N2  formula,  that  of 
minimizing  the  effects  of  compounds  on  the  specific 
refractivity,  makes  it  possible  to  calculate  the  specific 
refractivities    directly    from    the    percentage    composi- 

1  N«o  Larsen,  loc  cil. 

-  Si02.  77   7','  ;CaO,  8   v,     NasO,  13.8%. 


tion  of  the  glass.  Since  the  specific  refractivity  is. 
within  the  limits  of  error,  linear,  it  may  be  computed 
by  means  of  the  following  equation: 

P,K,         P2K2         P.K. 

K  =      '     '  +   -J—i !  +    -J—*,  etc. 

100  ioo  ioo 

in  which  P,,  P2,  P3,  etc.,  are  the  percentages  of  the 
oxides,  and  K„  K2,  K3.  etc.,  are  the  empirically  de- 
termined specific  refractivities  of  the  oxides.  For 
soda   lime   glasses   these   are   as   follows: 

sio2 o . 1220 

CaO 0.1210 

Na20 0.1302      * 

Columns  5  and  6  of  Table  II  show  the  specific  re- 
fractivities and  refractive  indices  as  calculated  by 
the  aid  of  these  factors  and  column  7  the  difference 
between  the  calculated  and  observed  values  of  the 
refractive  index.  Not  only  are  the  computed  values 
for  the  glasses  given  above  sufficiently  accurate  for 
many  kinds  of  work,  but  the  last  glass  in  Table  II 
shows  that  the  refractive  index  of  glasses  richer  in 
silica,    may   also   be   calculated   with   equal   accuracy. 

Although,  in  employing  this  method  for  estimating 
the  refractive  index,  no  consideration  is  taken  of  the 
compounds  which  may  be  formed,  yet  it  is  theoretic- 
ally correct  up  to  the  point  where  the  compound  is 
found,  and  is  applicable  to  the  majority  of  soda  lime 
glasses;  for  these  rarely  contain  as  large  a  proportion 
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of  lime  as  the  ratio  2Na20.3CaO.:vSI02  calls  for,  and 
they  therefore  lie  to  the  left  (Figs.  1  and  11)  of  the 
break  in  the  specific  refractivity  curve,  and  in  the 
region  for  which  the  factors,  given  above,  furnish 
the  most  satisfactory  agreement.  It  must  be  remem- 
bered, however,  that  the  factors  employed  represent 
not  the  true  specific  refractivity  of  the  pure  oxide, 
but  the  true  refractivity  modified  by  the  nature  of 
the  silicate  which  is  formed  and  also  by  the  inexact 
values  of  the  density  which  is  employed  in  the  cal- 
culations. This  is  well  illustrated  in  Table  III,  in 
which  are  shown  therefractive  indices  of  several  oxides, 
together   with   the  density  observed,   the   density  em- 
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ployed  in  the  computations  and  the  specific  refrac- 
tivities  calculated  from  them,  together  with  the  fac- 
tors given  above/ 


n 


D 


K 


K 


K3. 


N.             obs.      calc.  obs.  calc.2 

(  Quartz 1.5472'    2.652'}  10.11961'  0.1380] 

Si02«  Trydymite..        1.4830'    2.318"  \     2.3  \  0.12319'  0. 1240  \  0. 1220 

|  Fused  Quartz     1.4590'    2.213')  [  0.12354'  0  . 1 1 88  J 

CaO 1.8320'    3.316'        4.1  ,     0.132661  0.1073     0.1210 

SUMMARY. 

i.  A  series  of  soda  lime  glasses  have  been  made 
and  their  refractive  indices  measured. 

2.  The  existence  of  a  double  silicate  of  the  type 
2Na20.3Ca0.arSiO,,  which  is  doubtless  the  double 
metasilicate,  described  by  Kultascheff  and  Wallace, 
has  been  made  evident. 

3.  The  specific  refractivities  of  these  glasses,  com- 
puted with  the  aid  of  the  calculated  densities,  are 
additive  from  pure  sodium  silicate  up  to  the  composi- 
tion in  which  the  molecular  proportion  of  soda  to  lime 
is  2  :  3. 

4.  Factors  have  been  derived  by  means  of  which 

the  specific  refractivity  of  soda  lime  glasses  may  be 

calculated.     These    are    for    the    formula    of    Lorentz 

and    Lorenz:    Si02,    1220;    CaO,    1210;    Na2G,    0.1302. 

University  of  Kansas, 
Lawrence.  Kansas. 


A  NEW  METHOD  FOR  THE  DETERMINATION  OF 

VANADIUM. 

By  D.  J.  Demorest. 

Received  September  25.  1911. 

The  following  method  for  the  determination  of  vana- 
dium in  steel  depends  upon  the  selective  oxidation  of 
ferrous  sulfate  in  the  presence  of  vanadyl  sulfate  by 
means  of  manganese  dioxide.  The  vanadyl  sulfate 
is  then  titrated  by  adding  an  excess  of  permanganate, 
the  excess  permanganate  being  titrated  by  sodium 
arsenite. 

This  differential  oxidizing  action  apparently  con- 
tradicts the  results  of  J.  R.  Cain,4  who  found  that 
both  iron  and  vanadium  are  oxidized,  but  the  rea- 
sons for  this  discrepancy  are  shown  in  the  note  which 
follows  on  page  256. 

The  manganese  dioxide  should  be  sufficiently  fine 
to  pass  through  a  200-mesh  sieve,  and  yet  should  set- 
tle in  a  beaker  of  water  in  30  seconds. 

The  process  in  detail  is  as  follows:  In  a  500  cc. 
flask  a  two-gram  sample  of  the  steel  or  iron  is  dis- 
solved in  a  mixture  of  30  cc.  of  water  and  12  cc.  con- 
centrated H2S04  with  application  of  heat.  Then  one 
cc.  of  HNO3  (sp.  gr.  1.42)  is  added  cautiously  to 
oxidize  the  iron  and  the  solution  is  boiled  for  a  few 
minutes  to  remove  the  nitrous  fumes.  Then  the 
solution  is  diluted  with  30  cc.  of  water  and  a  strong 
solution  of  KMnO,  is  added  to  completely  oxidize 
all  carbon,  etc.,  and  the  solution  is  boiled.     If  the  per- 

1  Larsen,  loc.  cit. 

2  Using  Lorentz  and  Lorenz  formula  and  "D  calc." 

3  Factors  used  in  computing  specific  refractivities. 

4  This  Journal,  3,  476   (1911). 


manganate  or  the  resulting  Mn02  should  disappear, 
not  enough  permanganate  has  been  used,  and  more 
should  be  added.  Now  ferrous  sulfate  is  added  to 
reduce  the  Mn02,  HMnO<(  H2CrO<,  and  H3V04,  etc., 
and  the  solution  is  again  boiled  to  remove  any  possi- 
ble nitrous  fumes.  Then  pure  distilled  water  is  added 
to  make  the  volume  about  250  cc,  N/10  KMnO, 
added  until  the  solution  is  pink,  and  the  solution 
cooled  to  tap  water  temperature.  Ferrous  sulfate 
solution  is  added  until  all  reducible  compounds  in- 
cluding chromic  and  vanadic  acids  are  reduced.  Only 
enough  ferrous  sulfate  should  be  added  to  be  certain 
that  there  is  a  decided  excess  present.  A  solution, 
one  cc.  of  which  equals  about  0.01  gram  of  iron, 
is  the  one  used.  Now  about  one  gram  of  C.  P.  Mn02 
is  added  and  the  solution  shaken  vigorously.  After 
two  minutes  a  drop  is  tested  with  ferricyanide  on  a 
white  plate  to  see  if  the  iron  is  completely  oxidized. 
It  generally  takes  from  four  to  six  minutes.  At  the 
end  of  each  minute  the  solution  is  tested  for  ferrous 
iron  until  none  is  present  and  the  shaking  is  continued 
for  about  one-half  minute  longer.  It  should  be  noted 
that  a  bluish  color  will  always  be  obtained  in  the  pres- 
ence of  vanadyl  sulfate  after  the  test  drop  has  stood 
for  a  few  seconds.  The  end  should  be  taken  when 
the  test  does  not  show  blue  immediately.  The  blue 
color  which  forms  after  a  few  seconds,  even  when 
there  is  no  ferrous  iron  present,  is  due  to  the  reduc- 
tion of  ferri-  to  ferrocyanide  by  the  vanadyl  sulfate. 
One  can  become  familiar  with  this  end  by  adding  a 
drop  of  ferric  sulfate  containing  vanadyl  sulfate  to  a 
drop  of  ferricyanide  on  a  white  plate. 

The  MnO,  oxidizes  the  ferrous  sulfate  to  ferric 
sulfate,  but  does  not  oxidize  the  vanadyl  sulfate 
[V,0,(S04),].  Then  the  Mn02  is  filtered  off  on  an 
asbestos  mat,  using  suction.  From  a  burette  a  stand- 
ard solution  of  KMnOj  is  added  until  a  pink  tinge 
is  present  in  the  solution,  and  one  cc.  more  is  added, 
and  after  one  minute  the  excess  permanganate  is 
titrated  with  Na3As03  solution.  The  end  point  is  very 
sharp.  If  at  this  point  the  operator  is  not  satisfied 
with  this  titration,  the  excess  arsenite  may  be  oxid- 
ized with  KMnO,,  ferrous  sulfate  again  added,  then 
oxidized  with  Mn02  as  before,  and  the  titration  re- 
peated, thus  giving  a  check  on  the  titration.  A  blank 
determination  must  be  run  on  a  vanadium-free  steel, 
and  the  result  deducted.  The  blank  generally  amounts 
to  about  0.00075  gram  V.  The  time  required  is  about 
one-half  hour  and  the  results  are  very  satisfactory. 
In  fact  the  accuracy  is  about  that  of  a  phosphorus 
determination. 

The  vanadium  steel  standard  furnished  by  the 
Bureau  of  Standards  was  analyzed  by  the  above  method. 
The  result  of  the  Bureau  chemists  is  0.0143  per  cent. 
V  and  the  average  of  the  cooperating  chemists  is 
0.15  per  cent.  V.  The  writer  obtains  the  following 
results,  the  average  being  o.  143  per  cent.: 


0  140 
0.147 
0.143 


0.138 
0.147 
0.143 


To  further  test  the   method,    two-gram   samples  of 
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vanadium-free  steel   with   the  addition  oi    ferro-vana 
dium    containing    0  00684    gram    oi     vanadium  were 
analyzed.     The    results    were    o.oo(>8o    and    o.oofiyo 
■  1. mi   V.     Another  sample  with    0.0,^42  gram   V  was 
analyzed,  and  0.03432  ".ram  V  was  found. 

To     test     the    el'leet     oi     eliKniiium     i.n     the     method, 

the  Bureau  oi  Standards'  sample  above  mentioned 
was  analyzed  with  the  addition  of  0.100  gram  Cr. 
The  results  were  o.  143  per  cent,  and  o.  14,5  per  cent. 
V,  showing  that  chromium  has  no  efieet  on  the  vana- 
dium results.  Scores  of  other  determinations  have 
been  made,  proving  the  accuracy  of  the  method. 

Phi'  KMnO,  solution  used  equals  o.oor  »ram  iron 
per  ce..  and  the  arsenite  solution  has  the  same  strength. 
This  makes  the  KMnO,  equal  0.000Q17  gram  vana- 
diun  per  ec.  The  .arsenite  solution  is  made  by  dis- 
solving about  2.25  grams  As,()3  in  Na2C03  solution 
and  diluting  to  2,000  cc. 

Department  of  Metallurgy. 
Ohio  State  University. 


A  RAPID  METHOD  FOR  THE  DETERMINATION  OF  VANA- 
DIUM IN  STEELS,  ORES,  ETC.,  BASED  ON  ITS  QUANTI- 
TATIVE   INCLUSION  BY  THE  PHOSPHO- 
MOLYBDATE  PRECIPITATE. 

By  J.  R.  Cain  and  J.  C.   Hostetter. 
Received  December  27,  1911. 

I.     INTRODUCTION. 

The  fact  that  vanadium  is  carried  down  with  am- 
monium phosphomolybdate  when  the  latter  is  pre- 
cipitated in  solutions  of  the  former  has  long  been 
known.  Likewise,  the  fact  that  the  precipitate  so 
obtained  has  different  properties  from  the  normal 
phosphomolybdate  has  been  mentioned  by  several 
authors.  The  orange  to  brick-red  color  of  this  vana- 
dium-bearing precipitate  is  quite  different  from  the 
color  of  the  normal  ammonium  phosphomolybdate, 
called  from  its  color  the  "yellow  precipitate."  Brearley 
and  Ibbotson1  mention  the  increased  solubility 
in  dilute  nitric  acid  of  the  vanadium-bearing  pre- 
cipitate over  the  normal  precipitate,  and  give  some 
conditions  to  lessen  precipitation  of  vanadium  with 
phosphorus  in  steel  analysis.  The  phenomenon  has 
usually  been  studied  with  regard  to  the  determination 
of  phosphorus  in  the  presence  of  vanadium,  since  the 
precipitation  of  vanadium  with  ammonium  phos- 
phomolybdate interferes  with  an  exact  determination 
of  phosphorus  by  the  ordinary  methods.  Especially 
is  this  true  in  steel  analysis.  The  possibility  of  easily 
separating  vanadium  from  iron  by  this  method  has, 
we  believe,  never  been  studied  before.  The  present 
research  was  undertaken  in  order  to  decide  whether 
or  not  vanadium  could  be  completely  precipitated 
with  phosphoric  acid,  and,  if  so,  to  learn  if  it  could 
be  determined  quantitatively. 

2.    PRELIMINARY     CONDITIONS     FOR     PRECIPITATING     THE 

VANADIUM. 

The  necessary  ratio  of  phosphoric  acid  to  vanadic 
acid  for  complete  precipitation  of  the  latter  was  in- 

1  "The  Analysis  of  Steel  Works  Materials."  1902,  p.  165. 


vestigated     qualitatively     by     following    the    change 

in  color  ol  the  phosphomolybdate  precipitated  with 
increasing  additions  of  phosphoric  acid.  A  nitric- 
acid  solution  ol  a  vanadium-l  rce  steel  was  prepared 
to  this  was  added  a  known  amount  ol  vanadium  Iron, 
a  carefully  standardized  ammonium  vanadate  solu- 
tion. To  equal  volumes  of  the  steel  solution  so  pre- 
pared were  added  gradually  increasing  volumes  ,,l 
a  roughly  standardized  sodium  phosphate  solution, 
and  the  phosphoric  acid  was  precipitated  by  the  molyb- 
date  reagent,  observing  the  conditions  for  this  pre- 
eipitation  usually  given  in  texts  on  steel  analysis. 
With  small  amounts  of  phosphoric  acid  the  precipitate 
was  of  a  deep  orange  color,  which  became  progressively 
lighter  as  the  phosphorus  increased,  finally  approach- 
ing the  color  of  the  normal  or  vanadium-free  phos- 
phomolybdate when  relatively  very  large  amounts 
of  phosphoric  acid  were  added.  The  filtrates  were 
treated  by  precipitating  a  further  small  amount 
of  phosphoric  acid,  and  judging  by  the  color  of  the 
precipitate  whether  or  not  precipitation  was  complete 
the  first  time.  The  color  of  the  precipitate  proved 
to  be  a  very  delicate  qualitative  criterion,  and  very 
soon  it  was  possible  in  this  manner  to  fix  with  fair 
accuracy'  the  ratio  of  phosphoric  acid  to  vanadic 
acid  in  order  to  carry  down  all  the  vanadium  with 
one  precipitation.  As  methods  for  the  quantitative 
determination  of  the  vanadium  were  developed  this 
ratio  was  determined  with  greater  accuracy.  The 
mechanism  of  the  precipitation  and  the  question 
of  this  ratio  are  subjects  that  will  be  described  in  more 
detail  in  another  paper.  It  is  sufficient  for  the  present 
purpose  to  say  there  is  a  co-precipitation  of  vanadium 
under  the  above  general  conditions,  which  can  be 
controlled  accurately  enough  to  make  the  precipitation 
uniformly"  quantitative.  The  conditions  will  be  de- 
tailed later. 

Other  questions  affecting  the  probable  accuracy 
of  the  determination  were  (1)  the  solubility  of  the 
vanadium-bearing  precipitate  in  the  usual  washing 
solutions,  and  (2)  the  optimum  temperature  for 
precipitation.  As  to  the  solubility  of  the  precipitate, 
it  was  soon  found  that  the  presence  of  vanadium 
caused  marked  changes  in  the  solubility  of  ammonium 
phosphomolybdate^  It  was  noticed  that  when  the 
precipitate  dissolved  to  any  extent  in  the  washing 
solutions  these  were  strongly  colored,  usually  having 
a  straw  or  orange  tint.  It  was  thus  possible  to  de- 
cide this  question  qualitatively,  and  Table  I  gives 
some  of  the  results  obtained.  It  will  be  seen  that 
acid  ammonium  sulfate  and  ammonium  nitrate  solu- 
tions are  best  adapted  for  washing  the  yellow  pre- 
cipitate. Incidentally,  the  marked  solubility  in  di- 
lute solutions  of  potassium  nitrate  and  of  nitric  acid 
is  of  interest,  for  these  are  the  wash  solutions  recom- 
mended by  some  authorities  for  use  when  determining 
phosphorus  in  steel.  It  is  evident  that  such  use  may 
occasion  errors  in  the  phosphorus  determination  if 
vanadium  is  present  in  appreciable  amount.  It 
seems  probable  that  the  solubilities  vary  considerably 
with  the  proportion  of  vanadium  present  in  the  pre- 
cipitates. 
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Table  I. — Order  ok  Solubility  of  Vanadium-Hearing  Precipitate1  in 
Various  Solvents  at  Room  Temperature. 

Solvent.  Concentration.         Color  of  solution. 

Ammonium  acid  sulfate2 Colorless 

nitrate Saturated  solution 

"        10  per  cent. 

"  sulfate 50        "  Paint  yellow 

Nitric  acid SO        "  ] 

»         25         « 

Ammonium  sulfate 30 

nitrate 1  "  Color   increases   regu- 

"  chloride 1  "  Iarly       down       the 

"  sulfate 10         "  series,    showing    in- 

Sulfuric  acid 50         "  creasing  solubility 

Water 

Ammonium  molybdate  (neut.)  .      1  " 

Potassium  nitrate 1  "  ' 

"  sulfate3 1  "  ] 

Nunc  acid' 1  Deep     yellow     (com- 

Sodium  sulfate3 1  plete  solution). 

Ammonium  molybdate  (neut.)3.    10         "  J 

The  optimum  temperature  for  precipitation  in  this 
connection  is  governed  largely  by  considerations  affect- 
ing the  physical  properties  of  the  precipitate  and  the 
speed  of  precipitation.  Accordingly,  our  precipita- 
tions are  made  from  solutions  brought  to  boiling  before 
addition  of  the  precipitant,  thus  securing  a  rapidly 
settling  precipitate  readily  filtered  by  suction.  Cer- 
tain theoretical  reasons,  to  be  considered  at  another 
time,  likewise  demand  a  precipitation  at  this  high 
temperature.  Brearley  and  Ibbotson4  also  have  shown 
that  more  vanadium  is  precipitated  at  high  than  at 
low  temperatures. 

After  having  assured  ourselves  qualitatively  that 
vanadium  is  completely  precipitated  by  the  phos- 
phomolybdate  precipitate  obtained  under  proper 
conditions,  a  study  was  made  of  methods  for  determin- 
ing the  vanadium  thus  precipitated. 

3.    SEPARATING  THE  VANADIC   ACID   FROM  THE  MOLYBDIC 
ACID. 

In  view  of  the  easy  volatility  of  molybdic  acid, 
it  'was  at  first  thought  practicable  to  heat  the  pre- 
cipitate over  a  blast  lamp  until  all  the  molybdenum 
had  been  driven  off.  It  was  found  that  nearly  all 
the  molybdenum  could  be  volatilized,  but  there  are 
too  man}-  difficulties  encountered  to  make  the  method 
reliable.  There  is  much  danger  of  mechanical  loss 
where  the  relative  amount  of  vanadium  is  small; 
moreover,  at  the  temperature  required  for  rapid 
volatilization,  the  vanadium  pentoxide  remaining 
behind  fuses  and  creeps  over  the  side  of  the  boat 
or  crucible  used  as  a  container,  a  fact  previously 
noted  by  Gibbs.5  Further,  there  is  usually  a  slight 
reduction  of  molybdenum  to  a  lower  oxide  which 
does  not  volatilize  readily.  However,  this  method 
of  handling  the  precipitate  has  some  merits,  par- 
ticularly if  one  wants  visual  confirmation  of  the  pres- 
ence of  vanadium  in  a  sample  of  material.  The  char- 
acteristic appearance  of  fused  vanadium  pentoxide 
B9  easily  distinguished  in  the  residue  after  ignition, 
even  though  some  of  the  lower  (blue)  oxide  of  molyb- 
denum is  present.     Of  course,  this  precipitate  can  be 

1  Containing  approximately  0  4  per  cent,  vanadium. 

■'  See  p.  250. 

3  0.5  gram  of  precipitate  dissolves  in  less  than  20  cc.  of  the  solvent. 

*  Lac.  cit..  p.  165. 

s  Am.  Chem.  J.,  5,  371  (1883-1884). 


taken  up  by  fusion  with  sodium  carbonate  and  pre- 
cipitated by  mercurous  nitrate  or  in  any  other  manner 
desired.  Usually  it  is  accompanied  by  some  iron 
oxide.  We  consider  that  the  method  is  sub- 
ject to  too  many  irregularities  and  is  too  difficult  of 
manipulation  for  technical  work.  Moreover,  it  is 
much  slower  than  other  procedures  to  be  described 
later.  We  found  that  Truchot'  had  also  proposed 
and  made  use  of  the  volatility  of  molybdic  acid  to 
separate  it  from  small  amounts  of  vanadium  co- 
precipitated  with  molybdenum,  when  electrolyzing 
ammoniacal  solutions  of  molybdates  and  vanadates. 

A  very  much  simpler  and  shorter  method  has  been 
devised  by  us  for  separating  the  vanadium  in  pure 
form  from  the  phosphomolybdate  precipitate.  The 
latter  is  suspended  in  a  small  amount  of  hot  water, 
and  dilute  ammonia  added  drop  by  drop,  with  vigorous 
shaking,  until  everything  is  in  solution.  The  solution 
is  heated  until  all  but  a  trace  of  ammonia  is  expelled. 
The  success  of  the  operation  depends  on  the  presence 
of  a  very  small  amount  of  free  ammonia  at  this  stage. 
If  too  much  ammonia  is  present,  the  precipitate 
subsequently  obtained  on  adding  mercurous  solution 
carries  down  some  molybdenum.  On  the  other  hand, 
enough  ammonia  must  be  present  to  form  a  sufficient 
volume  of  amido  precipitate  to  bring  down  the  va- 
nadium. One  or  two  trials  will  enable  the  operator 
to  decide  as  to  the  proper  excess.  When  the  right 
amount  of  ammonia  is  present,  the  solution  is  filtered, 
if  necessary,  and  enough  mercurous  nitrate  solution 
is  added  to  it  to  give  an  appreciable  acid  reaction 
with  litmus  paper.2  Usually  a  voluminous  black 
precipitate  separates  on  shaking;  if  it  does  not  form 
and  settle  rapidly,  the  solution  is  heated  until  it  does. 
The  precipitate  is  washed  by  decantation  two  or  three 
times  with  water  containing  1  per  cent,  mercurous 
nitrate,  and  is  finally  transferred  to  the  filter  and  washed 
there  two  or  three  times  more.  Filter  and  contents 
are  transferred  to  a  porcelain  crucible,  the  filter 
paper  burned  off,  and  the  mercury  volatilized.  The 
vanadium  remains  partly  as  vanadic  pentoxide, 
partly  as  lower  oxides  and  is  accompanied  by  rel- 
atively very  little  molybdenum.  The  latter  may  be 
precipitated,  if  desired,  by  hydrogen  sulfide  (after 
the  vanadium  has  been  dissolved  out  of  the  crucible 
with  concentrated  sulfuric  acid  and  the  solution 
diluted)  leaving  a  pure  vanadium  solution.  If  the 
vanadium  pentoxide  is  dissolved  out  of  the  crucible 
with  concentrated  sulfuric  acid,  the  intense  brown 
or  orange  color,  characterizing  such  solutions  of 
vanadium  pentoxide  is  very  characteristic;  if  blue 
or  green  tints  (due  to  lower  oxides  of  molybdenum 
and  vanadium)  are  present,  these  disappear  on  the 
addition  of  a  trace  of  nitric  acid,  and  evaporation 
until  dense  strong  fumes  appear. 

We  have  not  used  this  method  for  obtaining  quanti- 
tative separations  of  vanadium,  although  it  would 
probably  be  successful  if  the  filtrates  were  treated 
a  second  or  third  time,  and  the  precipitates  com- 
bined. However,  by  far  the  greater  portion  of  the 
vanadium    is   obtained   at   first. 

1  Ann.  (him.  anal..  7,  165-7  (1902). 

-  Caused  by  the  hydrolysis  of  the  mercurous  nitrate  solution. 
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irincipal  use  we  have  made  of  these  methods, 
.is  stated  above,  has  been  lor  the  purpose-  of  actually 
isolating  the  vanadium  where  there  could  be  the 
slightest  doubt  as  to  its  being  present  at  all.  In  this 
manner,  we  believe,  the  value  of  the  method,  from 
a  purely  scientific  standpoint,  is  increased.  For 
technical  or  practical  purposes  it  is  never  necessary 
to  separate  the  vanadium  from  the  molybdic  and 
phosphoric  acids  in   order  to  determine  it  accurately. 

4.     REDUCTION       OF      THK      VANADIC       ACID       BY      SULFUR 
DIOXIDE, 

Edgar's  method1  of  reduction  by  sulfur  dioxide 
was  next  tried,  with  the  idea  of  reducing  the  vanadium 
to  the  tetravalent  stage  without  affecting  the  molyb- 
denum; the  tetravalent  vanadium  could  then  be 
titrated  against  permanganate,  as  usual.  Edgar 
found  that  by  properly  adjusting  the  acidity  (sul- 
furic acid)  of  his  solution  and  its  molybdenum  con- 
centration, the  differential  reduction  could  be  made 
with  ease.  Our  results  are  confirmatory,  but  un- 
fortunately the  method  is  limited  in  its  application 
to  the  present  problem  because  of  the  effect  of  the 
presence  of  iron  occluded  by  the  large  amount  of 
ammonium  phosphomolybdate  sometimes  required. 
This  iron  is  sometimes  present  in  relatively  large 
quantities  and  of  course  is  wholly  or  in  part  reduced 
by  the  sulfur  dioxide.  It  is  difficult,  too,  to  com- 
pletely eliminate  this  impurity  from  the  precipitate 
without  unduly  prolonging  the  process.  Solution 
of  the  precipitate,  followed  by  reprecipitation,  helps 
but  little.  If  the  precipitate  is  dissolved  in  ammonia, 
a  clear  solution  is  obtained,  even  if  considerable  iron 
is  present;  the  latter  reveals  its  presence  by  imparting 
a  dark  color  to  the  otherwise  colorless  solution.  If, 
however,  the  precipitate  is  dissolved  in  sodium  hy- 
droxide, a  large  proportion  of  the  iron  separates  and 
the  precipitation  can  be  made  nearly  complete  by 
boiling  the  solution  until  all  the  ammonia  of  con- 
stitution of  the  yellow  precipitate  is  expelled. 

We  made  a  number  of  fairly  accurate  determina- 
tions of  vanadium  in  the  presence  of  iron  and  chromium 
by  precipitating  the  vanadium  with  phosphomolyb- 
date, dissolving  the  precipitate  in  ammonia,  acidifying 
with  sulfuric  acid  to  a  15  per  cent,  acidity,  followed 
by  sulfur  dioxide  reduction  and  permanganate  titra- 
tion. In  most  of  the  determinations  it  was  necessary 
to  get  rid  of  the  iron  contaminating  the  phosphomolyb- 
date by  dissolving  the  latter  in  sodium  hydroxide 
solution  and  filtering  off  the  ferric  hydroxide,  as  above. 
It  was  found  that  chromium  in  the  trivalent  condi- 
tion did  not  affect  the  determination  of  vanadium 
at  all. 

A  series  of  determinations  by  this  method  now 
gave  the  necessary  data  for  accurately  fixing  the 
ratio  of  phosphorus  to  vanadium  to  secure  complete 
precipitation.  It  was  established  that  ten  times  as 
much  phosphorus  as  there  is  vanadium  to  be  determined 
would  insure  complete  precipitation  of  all  the  vanadium 
and  allow  a  sufficient  margin  of  safety  for  variation 
from    suspected    composition.     We    have    used    this 

1  Am.  J.  Set..  [4]  25,  332  (1908).      See  also  Gibbs:  Loc.  cit. 


ratio  in  all  subsequent  determinations,  ( )f  course, 
-.1 MH  the  vanadium  content  oi  a  sampl<  is  not  known 
within  sufficiently  close  limits,  it  is  necessary  to  make 
two  or  more  phosphomolybdate  precipitations,  testing 
each  for  vanadium.  However,  this  is  about  what 
one  lias  to  do  with  any  method  when  working  on 
unknown  materials. 

The  method  of  reducing  the  vanadium  by  sulfur 
dioxide  and  titrating  against  permanganate  having 
proved,  in  our  opinion,  too  long  and  uncertain  for 
technical  use,  other  methods  were  tried. 

5.    COLORIMETRIC      DETERMINATION      OF      THE      VANADIC 
ACID. 

Gregory's  colorimetric  method,1  depending  on  the 
colors  developed  in  strong  sulfuric  acid  solutions 
of  vanadium  and  strychnine,  seemed  promising, 
inasmuch  as  the  phosphomolybdate  is  so  soluble 
in  concentrated  sulfuric  acid.  We  found  by  pre- 
liminary tests  that  the  associated  molybdenum  has 
no  appreciable  effect  on  the  strychnine,  so  far  as 
color  development  is  concerned.  However,  iron  does, 
and  this  is  to  be  expected  from  Allen's  statement 
of  the  cause  of  the  color:2  "On  treating  a  cold  solu- 
tion of  strychnine  in  concentrated  sulfuric  acid  with 
an  oxidizing  agent  of  almost  any  kind  a  rich  purple- 
blue  coloration  is  developed.  This  changes  more 
or  less  rapidly  through  purple  and  crimson  to  a  bright 
cherry-red  tint,  which  is  somewhat  persistent." 
From  this  it  was  evident  that  ferric  iron  must  be 
absent  and  probable  that  the  vanadium  must  be  in  the 
pentavalent  state.  We  confirmed  the  latter  by  trials 
of  concentrated  sulfuric  acid  solutions  of  V204,  which 
gave  no  color  with  strychnine.  This  is  an  important 
point,  for  we  found  that  strong  sulfuric  acid  solutions 
of  vanadium  pentoxide  are  very  prone  to  go  over  to 
the  quadrivalent  state,  when  of  course  they  develop 
no  color  with  strychnine.  With  sulfuric  acid  solutions 
of  the  phosphomolybdate  precipitate  containing  vana- 
dium it  is  easy  to  follow  this  change  by  the  change 
of  color  in  the  solution.  Initially  there  is  a  straw 
or  orange  color,3  apparently  due  to  the  presence  of 
acid  vanadates  or  polyacids,4  which  is  probably 
closely  proportional  to  the  amount  of  vanadium 
present,  but  after  a  few  minutes'  evaporation  to 
strong  sulfur  trioxide  fumes,  and  with  low  vanadium 
content,  the  solution  becomes  either  colorless  or  a 
pale  blue.  We  observed  the  same  phenomenon  with 
concentrated  sulfuric  acid  solutions  of  vanadium 
pentoxide.  At  first  the  reduction  was  thought  to 
be  due  to  organic  matter  present  in  the  sulfuric  acid, 
but  further  experiments  with  larger  amounts  of  vana- 
dium showed  too  much  reduction  to  be  accounted 
for  in  this  way.  For  instance,  in  one  experiment  8 
mg.  of  vanadium  as  pentoxide  dissolved  in  15-20  cc. 
of  sulfuric  acid  were  fumed  in  a  carefully  covered 
flask  for  four  or  five  hours,  at  the  end  of  which  time 

1  Chem.  News,  100,  221. 

2  "Commercial  Organic  Analysis,"  Vol.  Ill,  2nd  Ed.,  Pt.  II,   p   368. 

3  Some  work  has  been  done  here  toward  making  this  color  the  basis 
of  a  colorimetric  method  for  vanadium. 

1  Gmelin-Kraut,   "Handb.  d.  Anorg.  Ch.,"  7th    Auf.,    Vol.   Ill,    Pt    2. 
p.  89. 
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.reduction  was  practically  complete.     We  found  that 
Prandtl1    had    already    investigated    this    matter   and 
concluded  that  under  these  conditions  there  is  a  dis- 
sociation   of   the   vanadium   pentoxide   in   analogy   to 
the  behavior  of  chromic  anhydride  dissolved  in  con- 
centrated  sulfuric    acid.      This   behavior   was   the    op- 
posite  of   what   we   had  expected,   after  having  read 
the  work  of  Koppel  and   Behrendt,2  who  found  the 
reverse    action    taking    place.      Possibly    there    is    an 
equilibrium  between  the  two  sets  of  reactions.     This 
complication    is    very    troublesome    when    attempting 
to  prepare  the  sulfuric  acid  solution  of  the  vanadium- 
bearing  phosphomolybdate  for  colorimetric  estimation 
by  strychnine.     As  stated  above,  with  small  amounts 
of  vanadium  (for  which  we    had  expected  the  color- 
imetric method  to  be  very  useful),  the  reduction  or 
dissociation  takes  place  completely  in  a  few  minutes 
after    the    precipitate    is    dissolved    in    sulfuric    acid. 
Such    a    solution    treated    at    once    with    strychnine 
either  gives   no   color,    or   a   much   less   intense   color 
than  corresponds  to  the  actual  amount  of  vanadium 
present.     On  the  other  hand,  if  the  attempt  is  made 
to  reoxidize  the  vanadium  to  the  pentavalent  stage, 
this  must  be    accomplished  under  difficult  conditions, 
for  no  excess  of  the  oxidizer  must  be  left  in  the  solu- 
tion  (inasmuch   as  this  would  give  a  color  with  the 
strychnine),  nor  must  the  solution  be  heated  unduly 
long  in  attempting,  for  instance,  to  destroy  or  drive 
off  the  excess  of  oxidizer,   for  as  soon  as  the  excess 
disappears  the  vanadium  goes  quickly  to  the  quadri- 
valent   stage.     Thus,    while    it    was    easy    to    oxidize 
the  vanadium  with  a  minute  quantity  of  nitric  acid, 
we   could   never   be    sure   that   the   excess   had   been 
driven  off  and  at  the  same  time  no  vanadium  had  been 
reduced.     We   attempted  to  find  an   oxidizing  agent 
that   would   oxidize   the   vanadium   without   affecting 
the    strychnine    and    found    that    bismuthate    would 
do  so  under  very  special  sets  of  conditions,  but  there 
were  complications  attending  its  use,  such  as  clouding 
of  solutions  in  the  colorimeter,  occasional  unexplained 
development  of  color  in  blanks,   etc.,   that  led  us  to 
abandon  its  use  altogether.      Besides  the  uncertainties 
and  complications  occasioned  by  solution  in  concen- 
trated sulfuric  acid  already  mentioned,  which  neces- 
sitate  oxidation    with    reagents    liable    to    cause   high 
results  if  used   (or  low  ones   if  not  used),  and  those 
arising  from  the  presence  of  iron  with  the  phospho- 
molybdate,    necessitating     reprecipitation,     there     is 
also  the   possible   accidental   introduction    of   organic 
matter  at  various  stages  where  reduction  of  vanadium 
might   occur,    and    the    troublesome    manipulation    of 
:oucentrated    sulfuric    acid    in    the    colorimeter.     The 
:olorimetric  method  of  determining  vanadium  in  the 
precipitate  at  first  appealed  to  us  because  of  its  ap- 
parent   simplicity    and    wide    range    of    application, 
out  the  results  of  an  extended  series  of  determinations 
ead  us,   for  the  present,   at  least,   to  abandon  these 
yiews. 

'->.    REDUCTION  OK  THE  VANADIUM  BY  HYDROGEN  PEROXIDE 

(a)   General. —  In     attempting     to     find     a    suitable 

1  Gmelin-Kraut,  "Handb.  d.  anorg.  Ch.,"  7th  Auf..  Vol.  III.  Pt.  2,  p.  87. 
-  Ztschr.  anorg.  Ckem.,  35,  156  (1903). 


oxidizer  for  preparing  the  vanadium  solutions  for 
colorimetric  determination,  we  tried  hydrogen  per- 
oxide, and  were  thus  led  to  the  discovery  of  the  re- 
action which  is  made  the  basis  of  the  method  we  have 
finally  adopted  for  determining  vanadium  in  the 
phosphomolybdate  precipitates.  Much  to  our  sur- 
prise, the  peroxide,  used  in  concentrated  sulfuric 
acid  solutions,  acted  as  a  reducing  instead  of  an  oxidiz- 
ing agent,  so  that  by  its  use  we  were  able  to  easily 
reduce  the  vanadium  quantitatively  to  the  tetra- 
valent  stage.  Moreover,  we  found  by  careful  tests 
that  the  associated  iron  and  molybdenum  were  never 
affected.  We  found  that  solid  peroxides  could  also 
be  used,  but  hydrogen  peroxide  is  to  be  preferred, 
in  general.  The  details  of  the  reaction  will 
be  given  fully  in  another  paper  and  stated  here 
only  in  so  far  as  they  apply  to  the  method  of  analysis. 
To  carry  out  the  reduction,  all  that  is  necessary  is 
to  dissolve  the  phosphomolybdate-vanadium  pre- 
cipitate in  concentrated  sulfuric  acid  (filtration  having 
been  made  on  asbestos),  add  a  few  drops  of  nitric  acid, 
fume  strongly  for  two  or  three  minutes,  remove  from 
the  hot  plate,  allow  to  cool,  and  add  hydrogen  peroxide 
in  very  small  quantities,  with  vigorous  shaking  after 
each  addition,  until  the  solution  takes  on  a  deep  brown 
color  (due  to  action  on  the  molybdate) ;  this  always 
disappears  on  heating,  and  is  followed  by  the  clear 
green  or  blue  color  (depending  on  the  ratio  of  V  to 
Mo)  of  vanadyl  vanadium.  The  flask  is  replaced 
on  the  hot  plate  and  the  solution  fumed  for  a  few  min- 
utes, after  which  it  is  cooled,  diluted  and  titrated 
against  permanganate.  The  whole  operation  is 
extremely  simple,  the  end-point  very  good,  and  as 
our  data  show,  the  results  are  very  accurate. 

(b)  The  Method. — For  steels  containing  vanadium, 
chromium,  nickel,  titanium,  manganese,  molybdenum, 
singly  or  in  combination,  dissolve  an  amount  of  drill- 
ings estimated  to  contain  2  to  10  mg.  of  vanadium 
in  nitric  acid  (sp.  gr.  1.135),  boil  till  free  from  fumes, 
oxidize  with  permanganate  solution,  dissolve  the 
manganese  peroxide  in  sodium  sulfite  solution,  and 
boil  till  free  from  fumes.  In  other  words,  prepare 
the  solution  exactly  as  for  a  phosphorus  determina- 
tion, examining  any  insoluble  for  vanadium.  Nearly 
neutralize  with  ammonium  hydroxide  (0.96)  and 
add  an  amount  of  sodium  phosphate  solution  con- 
taining at  least  ten  times  as  much  phosphorus 
as  there  is  vanadium  present.  Bring  the  solution 
to  boiling,  remove  from  the  plate  and  add  at  once  the 
usual  necessary  excess  of  the  molybdate  reagent  to  pre- 
cipitate the  amount  of  phosphoric  acid  added.  Agi- 
tate for  a  minute  or  so,  when  it  will  be  found  that  the 
precipitate  settles  rapidly.  Filter  the  supernatant 
liquid  by  suction  through  an  asbestos  filter,  and  wash 
three  times  by  decantation  with  hot  acid  ammonium 
sulfate  solution,  pouring  the  washing  liquid  through 
the  filter.  The  last  wash  solution  should  be  decanted 
off  as  completely  as  possible  from  the  precipitate 
in  the  flask  and  the  filter  should  be  sucked  dry.  The 
rubber  stopper  carrying  the  filter  is  now  fitted  to  a 
small,  dry  bottle,  and  hot,  concentrated  sulfuric  acid 
is  poured  on  the  filter  to  dissolve  the  small  amount 
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of  precipitate  thereon.  This  dissolves  quickly  and 
the  solution  is  drawn  through  by  suction  into 
the  bottle.  The  contents  of  the  bottle  arc  trans- 
ferred to  the  flask  in  which  precipitation    was  made. 

and     the     bottle     is     washed     mice     with     concentrated 

sulfuric  acid,  the  washings  being  added  to  the  flask. 
For  everj  10  mg.  of  phosphorus  present  a  final 
volume  of  5  to  8  CC.  of  concentrated  sulfuric  acid  is 
necessary.  The  contents  of  the  flask  are  heated  until 
solution  takes  place,  a  Eew  drops  of  nitric  acid  (1:25) 
added  and,  when  funics  are  coming  off  strongly, 
I  h<'  Mask  is  removed  from  the  plate  and  the  vanadium 
reduced  by  successive  small  additions  of  hydrogen 
peroxide  as  above  described.  Replace  on  the  hot 
plate,  fume  for  tour  or  five  minutes,  cover  the  flask, 
cool,  dilute  so  as  to  secure  an  acidity  of  one  part  to 
five  by  volume,  and  titrate  at  a  temperature  of  70  ° 
to  80  °  C.  against  0.0 1  N  permanganate.  The  con- 
dition as  to  acidity  and  temperature  must  be  closely 
observed  in  order  to  secure  a  satisfactory  end-point. 

For  steels  of  the  above  classes  containing  tungsten, 
the  only  change  necessary  is  to  dissolve  in  aqua 
regia,  dilute  with  hot  water,  filter  off  the  tungstic 
acid,  nearly  'neutralize  with  ammonium  hydroxide, 
and  add  10  grams  solid  ammonium  nitrate  for  every 
100  cc.  of  the  final  volume1  before  precipitating  as 
above  described.  If  desired,  the  tungstic  acid  on 
the  filter  may  be  dissolved  in  a  small  amount  of 
sodium  hydroxide  solution  (free  from  -Vanadium), 
acidified  with  nitric  acid  and  tested  for  vanadium 
by  hydrogen  peroxide.  We  have  not  found  vanadium 
here,  and  accordingly  make  no  provision  for  its  de- 
termination. 

(c)  Solutions  Necessary. — Nitric  acid  of  sp.  gr. 
1. 135.  Use  20-25  cc.  for  each  gram  of  drillings  to 
be  dissolved. 

Potassium  permanganate  for  oxidations:  15  grams 
per  liter. 

Sodium  sulfite:  50  grams  per  liter.  A  solution 
of  sulfurous  acid  may  be  substituted. 

Sodium  phosphate:  124  grams  Na,HP04.i2H20  per 
liter.  One  cc.  contains  approximately  10  mg.  of 
phosphorus  and  will  precipitate  1  mg.  of  vanadium. 
The  solution  may  be  standardized  by  evaporating 
a  definite  volume  to  dryness,  igniting  the  residue  and 
weighing   the    Na4P207    so    formed.2 

Molybdate  reagent:  Make  up  according  to  the 
usual  formula;  1  cc.  will  contain  0.05  to  0.06  gram 
M0O3.  For  every  mg.  of  phosphorus  to  be  precipi- 
tated use  at  least  2  cc.  of  molybdate  reagent.  This 
ratio  is  used,  however,  only  when  precipitating  large 
amounts  of  phosphorus.  When  precipitating  small 
quantities  of  phosphorus  50  cc.  of  molybdate  solu- 
tion  is  the  minimum   volume   used. 

Acid  ammonium  sulfate:  To  1000  cc.  of  water  add 
15  cc.  ammonium  hydroxide  (0.90)  and  25  cc.  of  sul- 
furic acid   (1.84). 3     Use  at  a  temperature  of  80 °   C. 

Potassium  permanganate,  0.01  N:  Standardize 
against     sodium     oxalate,4     or,     empirically,     against 

1  Bureau  of  Chemistry.  Bull    107  (Revised),  p.  3. 

2  Baxter.  Am.  Chem.  J.,  28,  p.  301  (1902). 

3  Blair.     'The  Chemical  Analysis  of  Iron."  7th  Ed.,  p.  97. 

4  Bur.  Stand.,  Circular  26,  2nd  Ed.,  p.  10. 


a    steel    in    which    the    vanadium    has    been    arruiahl 

determined  by  other  methods. 

Peroxide:    Hydrogen     peroxide,     3     per    cent.     We 

have     made     our     reagent      with      "Perhydrol." 

oxygen"    also    proved    satisfactory.  > 

Table  II  shows  a  few  of  the  very  large  number 
(in  all  nearly  400)  of  determinations  made  by  us  to 
be  sure  that  the  method  is  reliable.  Nos.  16  and  17 
of  Table  II  are  of  interest  as  showing  the  delicacy  of 
the  method.  As  a  matter  of  fact  the  vanadium  can 
just  as  easily  be  concentrated  from  50  or  even  100 
grams  of  steel  or  iron,  so  that  excessively  small   per 

Table  II. — Results  Obtained  by  the  Peroxide  Reduction  Method.1 

Amount  Cr  V 

of  pres-  P  pres-            V                  VaOa 

sample,  cut.  added.  ent.  found.              found. 

No.       Grams.  Mb.  Mg.  Mg.               Mg.           Per  cent. 

1  1  45  12  1.11      1.17 

2  1  180  20  1.92      1.91 

3  1  135  35  3.19  3.26 

4  1  90  45  4.52  4.60 

5  1  45  60  6.38  6.49 

6  1  225  100  10.64  10.73 

7  1  50  10  1.02      1.16 

8  1  100  25  2.54  2.58 

9  1  150  40  4.06  4.15 

10  1  200  50  5.08  5.07 

11  1  250  60  6.08  6.18 

12  1  50  80  8.13  8.40 

13  1  100  90  9.12  9.42 

14  1  150  100  10.15  10.22 
152  5  19  0.995 

16  20  20      1.00      1.02 

17  20  19      1.11      1.24 

18  1  25      2.66      2.75 

19  2  19  1.07      0.078 

20  10  39  3.41      0.05 

21  10  19  0.66      0.01 

22  10  19  0.81      0.012 

centages  can  be  detected  and  determined  with  ease. 
Nos.  19,  20,  21  and  22  of  the  same  table  show  the 
application  to  other  materials,  the  results  on  the 
titaniferous  magnetite  ore  being  of  special  interest. 

If  the  expected  content  of  vanadium  in  a  sample 
is  not  known  accurately  enough  for  adding  the  neces- 
sary excess  of  phosphoric  acid,  two  or  more  precipi- 
tations may  be  necessary. 

We  have  found  the  arrangement  shown  in  Fig. 
1  useful  for  handling  the  concentrated  sulfuric  acid; 
it  is  much  more  convenient  to  use  than  a  reagent 
bottle.  It  stands  on  a  large  sheet  of  glass.  Also, 
the  funnel  with  glass  stopper  shown  in  Fig.  2  is  useful 
but  not  necessary.  It  is  made  by  sealing  a  carbon 
filter  to  the  inlet  tube  of  a  thick-walled  glass  wash- 
bottle,   the  latter  being  used  as  a  suction  filter    flask. 

1  Except  as  otherwise  indicated,  the  solutions  used  for  these  deter- 
minations were  made  by  adding  chromium  and  vanadium  to  the  nitric 
acid  solution  of  a  vanadium  and  chromium-free  steel  in  the  proportions 
indicated  in  the  table.  The  vanadium  was  added  from  an  ammonium 
vanadate  solution,  which  was  standardized  by  reducing  with  sulfur  dioxide 
and  titrating  against  permanganate ;  the  chromium  was  added  from  a  chrome- 
alum  solution,  the  chromium  content  being  calculated  from  the  amount 
of  salt  weighed  out. 

Nos.  1  to  6,  and  15  to  22,  inclusive,  reduced  with  magnesium  peroxide. 
Nos.  7  to  14,  inclusive,  reduced  with  hydrogen  peroxide. 

2  No.  15,  B.  S.  Chrome- tungsten  Steel  Standard  No.  30  (in  prepara- 
tion).     (V  found  =  0.02  per  cent.;  not  determined  by  any  other  method.) 

No.  18  contained  23  mg.  of  titanium  as  titanium  sulfate. 
No.  19.  B.  S.  Magnetite  Ore  Standard,  No.  29. 
No.  20,  B.  S.  Manganese  Ore  Standard,  No.  25. 
No.  21,  B.  S.  Sibley  Ore  Standard,  No.  27. 
No.  22,  B.  S.  Crescent  Ore  Standard,  No.  26. 
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If  rubber  stoppers  are  used,  they  should  be  good  sound 
ones,  so  that  pieces  of  rubber  cannot  drop  into  the 
concentrated  sulfuric  acid  solutions. 

The  largest  amount  of  vanadium  determined  in 
Table  V  (10  mg.,  or  1  per  cent,  on  a  one-gram  sample) 
gives  about  as  large  a  volume  of  precipitate  as  it  is 
convenient  to  handle.  We  have  precipitated  and 
determined  accurately  as  much  as  27  mg.  of  vanadium, 
using  the  10  to  1  ratio  of  phosphorus,  but  the  manipu- 
lation in  such  cases  becomes  inconvenient.  This 
is  about  the  only  serious  limitation  placed  on  the 
method,  making  it  necessary,  when  dealing  with 
large  amounts  of  vanadium,  to  precipitate  from  an 
aliquot  corresponding  to  a  relatively  small  sample. 
For   steels,    alloys,    ores,    rocks,    etc.,    containing   from 


^ 


traces  up  to  5  or  6  per  cent,  of  vanadium  the  method, 
we  believe,  can  be  used  wherever  phosphorus  can  be 
precipitated  as  phosphomolybdate  from  solutions 
of  these  materials. 

7.    NOTES    AND    PRECAUTIONS. 

The  presence  of  vanadium  in  the  phosphomolybdate 
precipitate  is  shown  by  the  yellow  to  orange  color 
of  the  cold,  concentrated  sulfuric  acid  solution  of  the 
precipitate,  0.05  mg.  vanadium  showing  a  perceptible 
color  in  a  volume  of  25  cc. 

In  carrying  out  the  peroxide  reductions  it  is  neces- 
sary to  use  a  flask  instead  of  an  open  dish  or  beaker. 
If  the  latter  is  used  there  is  reduction  of  the  molyb- 


denum where  the  strong  solution  acid  "creeps"  up 
along  the  sides  of  the  vessel,  the  reduction  showing 
by  the   development  of  an  intense  blue  coloration. 

If,  after  the  addition  of  peroxide  and  subsequent 
heating,  the  vanadium  is  not  reduced,  it  is  probably 
due  to  traces  of  nitric  acid  in  the  solution,  which  may. 
be  removed  by  further  fum- 
ing; the  treatment  with  perox- 
ide should  then  be  repeated. 
In  this  connection  we  may 
note  that  nitrous  fumes  readily 
oxidize  tetravalent  vanadium 
and  hence  the  reductions 
should  be  carried  out  in  an 
atmosphere  free  from  such 
fumes.  After  the  reduction, 
it  is  advisable  to  cover  the 
flask  with  a  watch  glass  while 
the  solution  is  cooling  in  order 
to  prevent  accidental  intro- 
duction of  organic  matter. 

If  the  final  titration  is 
carried  out  in  acid  of  greater 
concentration  than  1-2  by 
volume,  the  end-point  is 
rendered  uncertain  because  of 
the  deep  yellow  color  which 
the  pentavalent  vanadium, 
formed  during  the  titration, 
gives      with     strong     sulfuric  KO'  ' 

acid.  We  recommend  a  dilution  of  1-5,  in  which  the 
end-point  is  very  sharp. 

The  time  required  for  making  a  determination  is 
worthy  of  note.  Working  with  a  vanadium  steel, 
the  sample  was  weighed  out,  dissolved  and  pre- 
cipitated in  10  minutes,  the  precipitate  washed  and 
dissolved  in  sulfuric  acid  in  9  minutes  more,  while  the 
reduction  and  titration  required  a  further  12  minutes, 
giving  the  completed  determination  in  approximately 
V2  hour.  By  operating  on  a  large  number  of  samples 
at  one  time,  the  determination  can  be  made  as  rapid, 
if  not  more  so,  than  that  of  phosphorus  in  steels. 
We  have  frequently  completed  20  determinations  in 
less  than  7  hours,  even  while  giving  much  attention 
to  uncompleted  details.  With  these  worked  out,  the 
method  should  allow  the  completion  of  twice  as  many 
determinations  in  a  day. 

Manganese  ores  are  readily  decomposed  with  hy- 
drogen peroxide  in  the  presence  of  nitric  acid.  This 
solution  is  very  well  adapted  for  the  determination  of 
vanadium;  the  insoluble  should  also  be  tested. 

When  precipitating  vanadium  from  a  solution 
containing  hydrochloric  acid  and,  in  general,  when  the 
volume  of  the  solution  is  very  great  we  recommend 
the  addition  of  10  grams  of  solid  ammonium  nitrate 
for  every  100  ee.  of  solution. 

■S.    SUMMARY. 

(1)  It  was  found  that  vanadic  acid  may  be  quan- 
titatively precipitated  by  ammonium  phosphomolyb- 
date. 

(2)  The  vanadium-bearing  phosphomolybdate  shows 
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different  solubility  relations  compared  with  the  normal 
phOsphomolybdate,  with  respect  to  the  usual  washing 
solutions    used    in    determining   phosphorus. 

(3)  Conditions  are  given  lor  quantitatively  pre- 
cipitating vanadic  acid  when  in  solution  alone,  or 
accompanied  by  a  variety  of  other  elements,  by  means 
of  ammonium  phosphomolybdate. 

(4)  In  order  to  determine  quantitatively  the 
vanadic  acid  so  precipitated,  (a)  the  possibility  of 
freeing  it  from  the  accompanying  molybdic  acid  was 
investigated. 

(6)  Conditions  for  reducing  it  without  reducing  the 
associated  molybdic  acid  were  developed. 

(c)  A  method  for  reducing  it  by  hydrogen,  and 
other  peroxides  and  titrating  it  against  permanganate 
was  elaborated. 

(5)  The  method  (c)  was  applied  to  a  variety  of  steels, 
to  iron  ores,  manganese  ores,  and  to  synthetic  mix- 
tures, in  all  of  which  the  vanadium  was  determined 
with  great  accuracy. 

Bureau  of  Standards, 
Washington,  D.  C. 


A  NEW  METHOD  FOR  THE  DETERMINATION  OF 
VANADIUM;  AN  EXPLANATION. 
By  J.  R.  Cain  and  D.  J.  Demorest. 
Received  January  25,  1912. 

The  discrepancy  in  results  obtained  by  us  when 
using  manganese  dioxide,  as  mentioned  in  the  paper 
on  "A  New  Method  for  the  Determination  of  Vana- 
dium," page  249,  led  us  to  seek  the  cause.  We  ex- 
changed samples  of  manganese  dioxide  and  each  found 
that  the  other's  reagent  behaved  as  stated  in  our  re- 
spective papers.  However,  it  was  noted  by  Mr. 
Cain  that  Mr.  Demorest's  dioxide,  which  oxidized 
differentially,  was  much  coarser  than  the  manganese 
dioxide  which  the  former  had  used,  and  which  oxid- 
ized both  the  lower  oxides  of  vanadium  and  iron. 
Upon  grinding  the  coarse  manganese  dioxide  very 
fine  he  found  that  it  oxidized  both  iron  and  vanadium 
oxides  as  his  own  preparation  had  done.  On  the 
other  hand,  Mr.  Demorest  succeeded  in  separating 
a  coarse  portion  from  the  manganese  dioxide  used  by 
Mr.  Cain  which  oxidized  differentially. 

Thus,  the  discrepancy  is  evidently  due  to  a  differ- 
ence, in  the  two  cases,  of  the  velocities  of  the  reac- 
tions: 

(1)  V204  +  Mn02  =  MnO  +  V206 

(2)  FeO  +  Mn02  =  Fe203  +  MnO 

Mr.  Demorest's  reagent  had  a  degree  of  fineness 
such  that  in  the  brief  period  of  treatment  the  velocity 
of  reaction  (i)  was  inappreciable  and  reaction  (2) 
was  completed;  whereas  with  material  of  the  fineness 
used  by  Mr.  Cain  both  reactions  went  to  completion. 
The  securing  of  such  different  results  merely  by  chang- 
ing the  size  of  the  grain  of  the  reacting  solid  seems  a 
matter  worthy  of  further  investigation. 


THE  RAPID  DETERMINATION  OF  VANADIUM  IN  STEEL. 

I  :         It  UR     C.AIIN.VI  I. 

Received   Dec    ."1.   1911. 
Tlie    writer    lias    tor    sonic    tune    used    the    following 

modification    oi    Johnson's    method'    for    determining 

vanadium    in    steel.      Johnson's    procedure    is    a 
to    in    all    respects,    except    that    the   oxidation 
chromium   and    vanadium    in    hot,  dilute   sulfuric   acid 
with      potassium      permanganate      is      omitted.      With 
this    omission    the    method    is    extremely    simple    and, 
briefly,  is  as  follows: 

Dissolve  2  grams  of  steel  in  about  50  cc.  of  dilute 
sulfuric  acid;  when  solution  is  complete,  oxidize  the 
iron,  and  tungsten  if  present,  by  adding  about  5  cc. 
of  concentrated  nitric  acid  to  the  hot  solution.  Boil 
until  nitrous  fumes  are  expelled,  or  in  the  case  of 
tungsten  steels,  until  the  separated  tungstic  acid  is 
of  a  pure  yellow  color.  Dilute  the  solution  to  about 
150  cc,  filter  if  tungstic  acid  is  present,  and  cool  to 
room  temperature.  Dilute  to  about  350  cc.  in  a 
suitable  beaker,  add  a  little  ferrous  sulfate  solution, 
and  obtain  the  old  rose  shade  with  permanganate. 
Add  the  potassium  ferricyanide  indicator,  and  titrate 
at  once  with  standard  ferrous  ammonium  'sulfate 
solution  for  the  vanadium  value. 

As  pointed  out  by  Johnson,  blanks  must  be  run  on 
steels  of  similar  composition,  and  consistent  end- 
points  adhered  to  in  the  titrations.  As  outlined  above, 
the  determination,  even  in  the  case  of  tungsten  steels, 
may  be  completed  in  20  minutes.  If  tungsten  is 
absent  the  filtration  may,  of  course,  be  omitted,  thus 
shortening  the  operation. 

If  chromium  is  not  to  be  determined,  there  is  no 
reason,  of  course,  for  its  oxidation.  As  a  matter  of 
fact,  without  this  oxidation  the  blanks  seem  to  be 
smaller  and  more  uniform.  Carbonaceous  matter 
does  not  seem  to  interfere  in  the  subsequent  titration. 

The  writer  thinks  that  Johnson's  scheme  of  adding 
the  ferricyanide  indicator  to  the  solution  to  be  ti- 
trated, gives  the  most  practical  method  yet  offered 
for  the  technical  determination  of  vanadium  in  steel. 
Blair's  method,2  with  proper  precautions,  leaves 
nothing  to  be  desired  in  the  way  of  accuracy,  but  it 
consumes  too  much  time  and  care  for  a  busy  works 
laboratory.  Cain's  method^  is,  of  course,  much  shorter 
but  it  does  not  offer  the  advantages  in  regard  to  sim- 
plicity and  rapidity  that  Johnson's  method  possesses. 
Blair's  and  Cain's  methods  may  well  be  considered 
desirable  for  standardizations  and  umpire  determi- 
nations, but  Johnson's  method  seems  to  be  the  one  for 
routine  work.  If  the  procedure  described  herewith 
is  adopted,  the  determination  of  vanadium  is  much 
simplified,  and  takes  its  place  with  the  rapid  methods 
for  determining  carbon,  phosphorus,  manganese,  etc. 
Certainly  the  laboratory  doing  routine  work  on  vana- 
dium steels  need  not  worry  about  its  determination. 

The  following  table  gives  some  results  obtained  by 
this  rapid  modification.  Some  of  the  steels  con- 
tained no  chromium,  while  others  varied  from  0.00- 
6.00    per    cent.     The    presence    of    chromium    offers 

1  "Chemical  Analysis  of  Special  Steels,  etc.,"  p.  8. 

2  J.  Am.  Chem.  Soc,  30,  1229. 

3  This  Journal,  3,  476. 
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no  complications,  however,  simply  increasing  the 
blank  to  be  deducted  from  the  ferrous  ammonium 
sulfate  used  in  the  final  titration. 


Per  cent.  V. 

Per  cent. 
by 

V 

Difference 
by  rapid 

By  Blair 

s 

Added  as 

\'o. 

method. 

NII..VO.-,. 

rapid  method 

method. 

1 

0.14 

0.15 

+  0.01 

2 

0.25 

0.25 

none 

3 

0.47 

0.45 

—0.02 

4 

0.64 

0.65 

4-0.01 

5 

0.89 

0.88 

—0.01 

6 

1.13 

1.13 

none 

7 

1.27 

1.29 

+  0.02 

8 

1    31 

1.31 

none 

9 

1  .37 

1  .37 

none 

10 

4.67 

4.68 

+  0.01 

11 

0.15 

0.16 

+  0.01 

12 

0.50 

0.50 

none 

13 

1.00 

0.99 

— 0.01 

14 

1.00 

0.98 

—0.02 

•IRT11  Sterling  Steel 

Company, 

McKeesport. 
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THE  DIRECT  DETERMINATION  OF  SMALL  AMOUNTS 
OF  PLATINUM  IN  ORES  AND  BULLION.1 

By  Frederic  P.  Dewey. 

By  the  old  method  of  determining  platinum  in  ores 
and  bullion,  the  silver-alloy  first  obtained  in  the  regu- 
lar course  of  assay  is  parted  in  strong  sulphuric  acid 
and  the  residual  metal  weighed.  This  is  realloyed 
with  silver  by  a  second  cupellation  and  parted  in 
nitric  acid,  the  residual  metal  being  again  weighed. 
Any  difference  shown  between  the  two  weighings  is 
assumed  to  be,  and  is  called,  platinum.  Sometimes 
it  is  so,  and  if  any  considerable  amount  of  platinum 
be  present,  there  will  be  a  decided  difference  between 
the  two  weighings;  but  a  slight  difference  is  no  real 
evidence  whatever  of  the  presence  of  platinum.  On 
the  other  hand,  the  second  weight  may  equal  or  pos- 
sibly exceed  the  first,  even  when  traces  of  platinum 
are  present.  Again,  other  members  of  the  platinum 
group  may  go  into  solution  in  nitric  acid  more  or 
less.  If  present,  these  would  be  called  platinum 
and  escape  detection.  The  method  does  not  provide 
any  direct  tests  whatever  as  to  the  presence  or  ab- 
sence of  platinum.  It  is  often  indecisive  and  some- 
times gives  erroneous  results.  It  is,  therefore,  quite 
unsatisfactory. 

Being  called  upon  many  times  to  determine  platinum, 
in  a  wide  variety  of  materials,  particularly  when  present 
in  very  small  amounts,  I  have  realized  the  disadvan- 
tages and  defects  of  this  old  method. 

In  an  article  on  the  solubility  of  gold  in  nitric  acid,2 
I  have  briefly  outlined  a  method  of  gathering  a  little 
gold  out  of  a  solution  containing  much  silver,  which 
furnishes  the  basis  of  an  excellent  method  for  the 
direct  and  absolute  determination  of  small  amounts 
of  platinum  and  ha-  che  added  advantage  that  the 
metal   weighed    may   be   subjected   to   suitable    tests, 

1  Presented  at  the  New  York  meeting  of  the  American  Institute  of 
Mining  Engineers,  February,  1912.  and  published  in  the  Bulletin  of  the 
American  Institute  of  Mining  Engineers,   April.   1912,  Serial  No.  64. 

-'  /.  Am.  Chem.  Sac.  31,  323  (19101. 


to  determine  that  it  really  is  platinum,  and  to  reveal 
the  presence  of  other  members  of  the  platinum  group 

In  the  regular  course  of  assaying  for  the  precious 
metals,  gold  is  parted  from  silver  by  dissolving  the 
silver  in  nitric  acid.  If  platinum  be  present  in  small 
amounts  only,  it  will  readily  go  into  solution  in  the 
nitric  acid.  If  now  a  limited  amount  of  hydrogen 
sulphide  be  added  to  the  solution  from  parting,  an}' 
platinum  present  will  be  precipitated  as  sulphide, 
along  with  some  silver  sulphide.  On  filtering  off 
the  precipitate  (which  generally  is  sufficiently  washed 
by  the  operations  necessary  to  transfer  it  from  the 
precipitating  dish  to  the  filter),  the  moist  filter  is 
transferred  to  a  small  porcelain  crucible,  dried  at  a 
low  heat,  and  burned  off  by  gentle  ignition.  This 
transforms  the  sulphide  precipitate  into  a  metallic 
sponge,  which  is  wrapped  in  a  small  piece  of  thin  lead 
foil  and  cupelled.  The  resulting  bead  is  then  parted 
in  strong  sulphuric  acid,  when  the  platinum  will  be 
left  as  a  dark  residue,  generally  collected  in  spongy 
form,  even  when  minute  in  quantity.  This  sponge, 
after  reboiling  in  fresh  acid,  if  necessary,  is  suitably 
washed  by  decantation,   annealed,   and  weighed. 

Generally,  the  final  metal  speaks  for  itself  as  being 
platinum,  but,  if  there  should  be  any  doubt,  it  may 
be  dissolved  in  a  drop  or  two  of  aqua  regia  and  gently 
evaporated.  The  solution  obtained  may  be  tested 
with  potassium  iodide,  or  a  few  small  crystals  of 
ammonium  chloride  may  be  added,  when  the  char- 
acteristic precipitate  will  show  itself.  As  a  further 
test  this  may  be  filtered  off  and  gently  ignited  to 
produce  spongy  platinum.  If  the  amount  of  the 
final  metal  be  considerable,  the  platinum  may  be 
determined  by  the  double-chloride  method.  Any 
decided  difference  shown  would  indicate  the  presence 
of  other  members  of  the  platinum  group,  for  which 
direct  test  could  then  be  made. 

For  precipitating  the  platinum  and  the  necessary 
silver  from  the  parting-solution,  a  very  dilute  solution 
of  hydrogen  sulphide  should  be  used.  One  part  of 
a  strong  solution  should  be  diluted  to  from  10-20 
parts  with  water.  If  the  solution  of  silver  nitrate  be 
strongly  acid,  it  should  be  largely  diluted,  or  it  may 
first  be  evaporated  and  then  diluted.  The  very 
dilute  hydrogen  sulphide  solution  should  be  added 
very  slowly  to  the  silver  nitrate  solution  with  con- 
stant stirring.  The  solution  is,  of  course,  at  once 
darkened,  but  there  should  be  no  immediate  separa- 
tion of  a  visible  precipitate.  The  solution  should  be 
stirred  occasionally,  and  in  about  2  hrs.  flocks  of 
precipitate  should  appear.  It  may  be  filtered  in 
from  3-4  hrs.,  but  it  is  a  good  plan  to  let  it  stand 
over  night  if  possible. 

The  amount  of  hydrogen  sulphide  required  depends, 
of  course,  upon  the  amount  of  platinum  present.  If 
this  should  be  roughly  known  or  suspected,  the  amount 
used  should  generally  be  enough  to  precipitate  the 
platinum  and  from  three  to  five  times  as  much  silver. 
On  an  entirely  unknown  ore,  I  should  at  first  use  1 
cc.  of  strong  hydrogen  sulphide  solution  diluted  to 
15  cc,  and  reserve  the  filtrate  from  the  sulphides  for 
retreatment,    if    necessary.     On    an    unknown    bullion 
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1  should  use  •  cc  '■!  strong  solution  diluted  to  30  cc, 
partly  because  bullions  arc  liable  to  carry  much  more 
platinum  than  any  ordinary  ore,  and  partly  because 
tin'  volume  "i  the  silver  nitrate  solution  from  parting 
the  v."'1'  must  necessarily  be  larger,  If,  however, 
it  is  known  thai  minute  amounts  of  platinum  are 
present,  it  is  still  necessary  to  use  sufficient  hydrogen 
sulphide  to  give  a  silver  head  large  enough  to  handle 
comfortably.  For  this  reason  1  seldom  use  less  than 
the  equivalent  of  1  cc.  of  strong  hydrogen  sulphide 
solution. 

It  may  happen  that  the  final  metal  shows  the  yellow 
color  of  gold,  i\w  to  the  fact  that  exceedingly  fine 
float-gold  passed  over  in  decanting  the  solution  of 
silver  nitrate  from  the  gold.  In  such  a  case  the  metal 
must  be  realloyed  with  silver  and  the  treatment 
repeated.  When  the  proportion  of  gold  to  silver 
in  the  metal  being  parted  is  so  small  that  the  gold 
separates  in  a  very  finely  divided  state,  it  will  often 
save  trouble  to  filter  the  silver-nitrate  solution,  to 
separate  any  float-gold,  before  adding  the  hydrogen 
sulphide. 

This  method  has  been  used  with  the  utmost  satis- 
faction in  determining  very  minute  amounts  of  plati- 
num in  various  silver-products  directly.  Much  of 
our  silver  coinage,  for  instance,  will  show  a  few  tenths 
of  a  milligram  of  platinum  in  100  g.  of  coin.  Recently 
I  examined  samples  from  two  purchases  of  fine  silver. 
Very  large  samples  were  dissolved  in  nitric  acid. 
The  acid  in  portions  was  poured  upon  the  samples 
and  allowed  to  act  at  a  gentle  heat  until  exhausted. 
Finally,  a  small  amount  of  residual  silver  was  removed 
from  the  solution  and  dissolved  in  a  small  amount 
of  fresh  acid,  the  solution  being  then  united  with  the 
main  solution,  and  the  whole  evaporated  nearly  to 
dryness.  It  was  then  diluted  to  about  250  cc.  and 
5  cc.  *of  strong  hydrogen  sulphide  solution  diluted  to 
50  cc.  was  poured  in  with  constant  stirring. 

This  operation  concentrated  the  gold  and  platinum 
of  the  silver  into  a  small  amount  of  sulphide  precipi- 
tate. This  precipitate  was  filtered  off,  roasted,  and 
cupelled.  The  resulting  bead  was  parted  in  nitric 
acid,  and  the  gold  determined.  The  silver  nitrate 
solution  was  treated  with  dilute  hydrogen  sulphide 
solution,  equivalent  to  about  1  cc.  of  strong  solution, 
and  the  platinum  parted  from  the  silver  by  strong 
sulphuric  acid. 

These  two  samples  yielded  the  following  results: 


Silver  taken. 

Gold  found. 

Platinum  found. 

>.                             Gram. 

Milligram. 

Milligram. 

122.32 

0.28 

0.67 

125.47 

0   12 

0.18 

In  case  we  have  a  material  containing  a  considerable 
amount  of  platinum,  the  well  known  fact  that  plati- 
num alloyed  with  silver  is  not  entirely  soluble  in  nitric 
acid  must  be  considered.  In  such  a  case  the  gold 
from  the  first  parting  in  nitric  acid  must  be  alloyed 
with  silver  and  parted  in  nitric  acid  a  second,  or  even 
a  third  time,  before  proceeding  to  precipitate  the 
platinum  from  the  parting  solutions  with  hydrogen 
sulphide. 


M  is  also  very  satisfactory  to  use  the  general  method 

1  'i  ".ii  hi  1  Mi"  gi dd  in  a  precipitate  oi  silver  sulphida 
in  determining  minute  quantities  of  gold  in  high- 
grade  silver,  such  as  thai  produced  by  electrolytic  re* 
fining,  It  is  comparatively  easy  to  gather  the  gold 
from  very  large  samples  of  silver,  up  to  100  g.  01 
into  a  decigram  ol  silver,  and  then  part  In*  nitric  acid 
as  usual. 

Probably  this  method  of  precipitating  a  noble 
metal  in  solution,  or  removing  it  from  suspension 
in  a  liquid,  by  adding  hydrogen  sulphide  in  the  pres- 
ence of  silver  in  the  solution,  could  be  used  to  advan- 
tage in  determining  gold  in  metallic  copper  and 
similar  materials. 

Laboratory,  United  States  Mini   Bureau, 

Washington.  D.  C. 


THE  DETERMINATION  OF  MOISTURE  IN  COALS. 

By  E.  II.  Archibald  and  J.  N.  LAWRENCE. 

Received  Feb.   7,    1912. 

According  to  the  official  method  for  the  determina- 
tion of  moisture  in  coal,  the  sample  should  be  heated 
for  one  hour,  preferably  in  a  double-walled  toluene 
bath,  at  a  temperature  of  104-7  °,  the  loss  in  weight 
of  the  sample  being  taken  as  the  moisture.  It  is  of 
course'  recognized  by  many  that  the  result  does  not 
necessarily  represent  the  true  moisture,  but  the  mag- 
nitude of  the  error  that  may  be  made  by  following 
these  directions  does  not  seem  to  be  appreciated. 
The  following  experiments  were  undertaken  for  the 
purpose  of  comparing  the  quantity  of  moisture  which 
might  be  found  according  to  the  official  method, 
with  that  which  may  be  taken  as  representing  the 
true  moisture  and  thus  ascertaining  the  magnitude 
of  the  errors  which  might  be  caused  by  oxidation  of 
the  coal,  and  evolution  of  gases  at  different  tempera- 
tures, and  the  retention  of  the  moisture  by  certain 
coals,  which,  being  very  porous,  hold  the  water  very 
tenaciously. 

The  work  that  has  been  done  upon  occluded  gases 
in  coal  has  a  direct  bearing  upon  this  problem.  Ob- 
viously, the  more  gas  given  off  during  heating,  other 
things  being  equal,  the  larger  the  error  which  will 
be  made.  That  carbon  dioxide,  oxygen,  methane, 
nitrogen,  carbon  monoxide  and  ethane  are  evolved 
from  peats  and  coals  when  heated,  has  been  shown 
by  Websky,1  VonMeyer,2  Thomas,3  and  a  number 
of  other  investigators. 

Parr  and  Baker4  have  shown  that  when  coal  is 
first  mined  it  evolves  hydrocarbons,  chiefly  methane, 
quite  rapidly;  but  after  a  period  of  four  months 
scarcely  any  methane  is  given  off.  Their  data  also 
show  that  carbon  dioxide  is  evolved  especially  at  a 
high  temperature,  and  that  oxygen  is  continually 
absorbed. 

Porter  and  Ovitz5  found  that  some  coals  dried  in 
the  air  at  1150  C.  lose  appreciable  amounts  of  carbon 

1  J.  prakt.  Chem..  92,  76  (18641. 

-  Ibid..  5,  144  (1872). 

■>  J.  Chem.  Soc,  13,  793  (1875). 

4  Univ.  of  III.  Eng.  Exp.  Station.  Bull.  32. 

»  /.  Am.  Chem.  Soc,  30,  1486  (1908). 
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[ioxide,  and  a  great  many  take  up  oxygen.  These 
uthors  have  also  shown  that  the  coal  absorbs  oxygen 
without  forming  carbon  dioxide. 

E.  E.  Somermeier1  has  called  attention  to  the 
act  that  lignitic  coals  give  up  their  moisture  more 
lowly  than  harder  coals. 

Kent1  has  suggested  heating  the  coal  in  an  atmos- 
ihere  of  nitrogen,  absorbing  the  moisture  given  off 
ry  means  of  calcium  chloride,  and  determining  the 
ncrease  in  weight  of  this  drying  agent,  which  should 
epresent  the  true  moisture. 

X.  W.  Lord3  notes  that  when  finely  ground  samples 
f  Illinois  and  Indiana  coals  were  heated  for  different 
jngths  of  time,  in  different  amounts,  and  under 
lifferent  conditions,  practically  all  the  moisture  was 
xpelled  in  the  first  thirty  minutes;  further  that  the 
hange  in  weight  represented  not  only  the  loss  of 
aoisture,  but  included  any  change  due  to  oxidation, 
r  other  cause. 

The  recent  work  done  by  Porter  and  Ovitz4  dealing 
nth  the  subject  in  hand  is  most  interesting.  They 
pere  especially  concerned  with  the  volatile  matter 
volved  from  the  coal  at  temperatures  between  400  ° 
ml  11000.  They  also  conducted  a  series  of  exped- 
ients for  the  purpose  of  weighing  directly  the  mois- 
ure  driven  off  from  the  coal  at  105  °  when  heated  in 
.  current  of  dry  air  or  in  nitrogen.  The  gaseous 
iroducts  were  as  far  as  possible  collected  and  weighed, 
"heir  results  show  that  a  slight  amount  of  carbon 
lioxide  is  produced  by  drying  the  Illinois  and  Wy- 
iming  coals  at  105  °,  but  only  slight  traces  of  hvdro- 
arbons  or  carbon  monoxide.  Their  experiments 
urther  showed  that  oxidation  of  the  coal  occurred 
o  the  extent  of  0.4-0.  5 r,',  the  amount  of  moisture 
'btained  by  absorptions  in  calcium  chloride  being 
;reater,  in  almost  every  case,  than  the  moisture 
letermined   by   the   official   method. 

The  particular  purpose  of  our  work  was'  to  show 
he  effects  of  heating  the  coal  at  different  tempera- 
ures,  for  different  lengths  of  time,  and  the  extent 
0  which  a  soft  coal  must  be  heated  in  order  to  expel 
he  moisture.  As  will  be  shown  below,  the  greatest 
rror  made  in  the  determination  of  the  moisture, 
>y  the  official  method,  is  likely  to  be  due,  not  to 
>xidation  or  evolution  of  gases,  but  to  the  different 
ates  at  which  moisture  is  expelled  from  different 
oals. 

In  the  first  set  of  experiments  the  coal  was  placed 

n   a   tube   and    heated    in   a   stream   of   air   free   from 

noisturc    and    carbon    dioxide.     After    passing    over 

I.  this  stream  of  air  was  led  to  tubes  containing 

nhydrous  calcium  chloride. 

The  attempt  was  made  to  determine  the  amount 
ii  hydrocarbons  given  off,  but  this  was  not  entirely 
uccessful.  We  can  say,  however,  that  the  amount 
s  exceedingly  small  below  no";  there  seemed  to  be 
-ppreciable  amounts  at  1200. 

After  heating  for  an  hour,  or  two  hours,  the  tube 
ontaining   the   coal    was   weighed,    giving   the   change 

1  J   Am.  Chem.  Soc,  28,  1630. 

-'  "Steam  Holler  Economy,"  by  Wrn.  Kent,  p.  351. 

3  U.  S.  Geol.  Survey  Bull.  323,  p.  18. 

'J.  Am    Clam.  Soc,  30,   14S.S   (1908). 


in  weight  of  the  coal.  Also,  the  calcium  chloride 
tube  was  weighed  giving  the  moisture  driven  out  of 
the  coal.  The  difference  between  the  latter  value 
and  the  gain  or  loss  in  the  weight  of  the  coal  tube 
should  give  the  value  of  the  change  due  to  oxidation, 
evolution  of  gases  and  such  causes. 

If  gas  was  evolved  along  with  the  expelled  water 
and  some  constituent  of  the  coal  oxidized  at  the 
same  time,  the  change  in  weight  will  be  negative  or 
positive  as  the  first  two  effects  or  the  latter  are  the 
greater. 

In  making  the  weighings,  glass  tares  were  used, 
of  very  nearly  the  same  volume  and  surface  area, 
and  containing  the  same  amount  of  substance  as  the 
tubes  to  be  weighed.  The  weights  were  carefully 
compared  among  themselves,  and  all  corrections 
applied.  The  balance  used  was  a  long  arm  Becker 
which  gave  very  constant  results. 

Blank  tests  were  run  frequently  in  order  to  assure 
ourselves  that  the  air  or  nitrogen  used  was  free  from 
moisture,  carbon  dioxide,  oxygen  or  any  harmful  im- 
purity. These  tests  always  gave  very  satisfactorv 
results. 

The  experimental  work  may  be  classified  as  follows: 

(i)  The  experiments  with  bituminous  coal  heated 
in  a  current  of  air. 

(2)  The  experiments  with  bituminous  coal  heated 
in  a  current  of  nitrogen. 

(3)  The  experiments  with  anthracite  heated  in  a 
current  of  air. 

(4)  The  experiments  with  anthracite  heated  in  a 
current  of  nitrogen. 

In  the  case  of  the  first  set  of  experiments  the  coal 
was  heated  at  four  different  temperatures,  viz.,  75  °, 
100 °, 1  io°,  and  1200  starting  with  a  fresh  sample  of  coal 
for  each  temperature.  Each  sample  was  heated  one 
hour,  then  weighed,  heated  two  hours  and  again 
weighed;  while  in  the  case  of  a  few  samples  the  heating 
was  continued  for  two  hours  and  then  for  one  hour. 
At  each  of  these  intervals  the  change  in  weight  of  the 
coal  and  the  true  moisture  given  off  was  determined, 
as  well  as  the  unsaturated  hydrocarbons  evolved, 
if  any.  The  data  obtained  are  shown  in  Table  I, 
expressed  as  percentages  of  the  original  weight  of 
the  coal.  A  gain  in  weight  is  indicated  by  the  letter 
G.  A  loss  in  weight  by  L.  These  letters  are  in- 
serted only  when  the  result  is  different  from  that 
indicated  by  the  heading  of  the  column. 

The  results  show  that  at  75  °  the  loss  in  weight 
of  the  coal  corresponds  very  closely  to  the  moisture 
expelled  from  the  coal;  that  an  appreciable  amount 
of  moisture  remained  in  the  coal  after  the  first 
hour  of  heating;  that  practically  no  unsaturated  hydro- 
carbons were  detected. 

At  1000  the  moisture  weighed  was  o.K)c',  greater 
than  the  loss  in  weight  of  the  coal  during  the  first 
hour.  The  coal  gained  instead  of  losing  in  weight 
during  the  second  and  third  hours.  This  shows  con- 
siderable oxidation  as  it  is  enough  to  cause  not  only 
this  increase  in  weight  but  to  make  up  for  the  loss  ■ 
due  to  the  evolution    of    any    gases,    which    must   have 
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0.20 
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taken   place   to   some  extent.      Our  method  failed  to 
detect  any  unsaturated  hydrocarbons. 

At  no°  the  moisture  weighed  was  0.18%  greater 
than  the  loss  in  weight  of  the  coal.  The  gain  in 
weight  of  the  coal  during  the  second  and  third  hours 
is  greater  than  at  ioo°  showing  more  oxidation. 
Another  point  worth  noting  is  that  an  appreciable 
amount  of  the  moisture  remains  in  the  coal  after 
the  first  hour's  heating  at  this  temperature. 

The  results  at  1200  show  the  moisture  weighed  to 
be  0.23%  greater  than  the  loss  in  weight  of  the  coal 
during  the  first  hour.  The  oxidation  during  the  sec- 
ond and  third  hours  is  appreciably  more  than  for 
100  °  at  this  temperature,  and  we  have  an  appreciable 
amount  of  hydrocarbons  evolved,  but  this  is  much 
more   marked  during  the   second  and  third  hours. 

The  amount  of  moisture  given  off  during  the  second 
and  third  hours  is  considerable,  being  about  10%  of 
the  total  moisture.  If  we  wish  to  obtain  some  idea 
of  the  oxidation  we  must  add  to  the  difference  be- 
tween the  moisture  weighed  and  the  loss  in  weight 
of  the  coal  (0.56%)  the  weight  of  unsaturated  hydro- 
carbons found  (0.17%)  giving  0.73%  of  the  weight 
of  the  coal,  a  value  which  must  be  low,  as  we  know 
other  gases,  as  well  as  hydrocarbons,  are  given   off. 

The  results  obtained  by  heating  the  coal  for  the 
fourth  and  fifth  hours,  and  again  for  the  sixth,  may 
be  briefly  summarized.  The  coal  tube  continues 
to  gain  in  weight,  but  the  gain  is  much  less  than  for 
the  second  and  third  hours.  A  small  amount  of 
hydrocarbons  appears  to  be  given  off  at  no°.  The 
moisture  weighed  is  almost  negligible  even  at  750. 
All  that  can  be  driven  off  at  this  temperature  dis- 
appears during  the  first  three  hours. 

It  would  appear  therefore  from  these  experiments 
with  the  soft  coal  that  in  the  determination  of  mois- 


ture  as  usually  carried,  out,  a  considerabli  amouaj 
"i  moisture  is  left  in  the  coal  a1  leasl  io1  ,  ol  the 
total  moisture,  li  however  thi 
until  this  moisture  is  expelled,  an  appreciable  a 
of  hydrocarbons  in  addition  to  other  gases  will  faj 
driven  off.  Oxidation  ol  some  constituents  ol  the 
coal  takes  place  causing  an  increase  in  weight,  which 
maj    In-  estimated  at  about   0.80',    ol    the  weight  of 

the   coal. 

We    pass    now    to    the    results    obtained    by    hi 
the  coal  in  a  current  of  dry  nitrogen.      The   ni 
was  prepared  by  passing  air  through  ammonia   waten 
and   then  over  heated  copper.     The  results  are  tabu- 
lated as  in  the  previous  experiments. 


Loss  in  weight 
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1  .76 

0.06 

G  0.05 
G  0.03 


1.93       G0.03 


G  0.01 
G  0.03 


1.90        1.83 
120°. 

1.90 

1.90 


0.04 
0.14 
0.09 


0.23 
0.03 


0.10 
0.10 


0.36 
0.22 


1  .  84       0  .  09 


0.00        0.03 


Aver.       1 .  92       G0.02 


0.12       2.00       0.07 


At  750  the  loss  in  weight  of  the  coal  was  0.14% 
greater  than  the  moisture  weighed.  A  separate  test 
made  showed  that  0.08%  of  carbon  dixoide  was 
evolved  from  this  coal  when  heated. 

The  results  for  ioo°  show  that  the  loss  in  weight 
of  the  coal  during  the  first  hour's  heating  was  greater 
by  o-iS%  than  the  moisture  weighed.  During  the 
second  and  third  hours'  heating,  however,  the  mois- 
ture weighed  is  greater  then  the  loss  in  weight  of  the 
coal.  This  suggests  the  synthesis  of  some  water  from 
the  hydrogen  and  oxygen  in  the  coal.  An  appreciable 
amount  of  moisture  is  left  in  the  coal  after  the  first 
hour's   heating. 

The  results  for  uo°  show  the  same  variations 
as  those  for  ioo°.  The  moisture  weighed  is  still 
less  than  the  loss  in  weight  of  the  coal,  but  the  dif- 
ference is  now  very  small.  At  1200  the  total  mois- 
ture weighed  for  three  hours  is  slightly  greater  than 
the  loss  in  weight  of  the  coal.  Doubtless  an  ap- 
preciable amount  of  gas  must  have  been  driven  off; 
in  fact  the  amount  of  heavy  hydrocarbons  is  large 
enough   to  be   detected.      Oxidation  must  have  taken 
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lace  to  a  considerable  extent.      Water  is  still  retained 
fter  an  hour  of  heating. 

If  we  assume  that  the  difference  between  the  loss 
1  weight  of  the  coal  when  heated  in  nitrogen,  and 
men  heated  in  air,  represents  the  oxidation,  we  can 
xpress  the  oxidation  for  the  first  hour  in  percentage 
alues  of  the  moisture,  as  follows: 

Table  III. 

Per  cent. 

At    75° 8.72 

At  100° 14.84 

At  110° 13.44 

At  120° 10.26 

The  moisture  in  the  bituminous  coal  was  also  de- 
srmined  at  the  different  temperatures  in  the  official 
•av.  viz.,  by  heating  one-gram  samples  in  platinum 
rucibles  for  one  hour.     The  results  follow: 


The  carbon  dioxide  was  determined  for  all  the  fol- 
lowing experiments  by  absorbing  the  gas  in  potassium 
hydroxide  solution.  The  further  determination  of 
the  hydrocarbons  was  not  attempted.  As  heretofore 
the  results  are  percentage  values  of  the  original  weight 
of  coal. 

It  is  noted  that  in  the  case  of  both  coals  the  moisture 
weighed  is  greater  than  the  loss  in  weight  of  the  coal. 
The  water  is  much  more  easily  expelled  from  the 
anthracite  coal,  as  it  is  almost  entirely  driven  off  during 
the  first  hour  of  heating,  while  with  the  soft  coal 
this  was  not  the  case. 

The  next  series  of  results  was  obtained  by  heating 
the  anthracite  coal   in  an  atmosphere  of  nitrogen. 


Loss  in  weight. 


Moisture 
weighed. 


1 

'able  IV. 

Moisture. 

official  method. 

"moisture  weighed' 

No.  I. 

No.  II. 

from  Table  I. 

Temp. 

Per  cent 

Per  cent. 

Per  cent. 

75° 

1  .12 

1.07 

1.64 

100° 

0.95 

1    01 

1.92 

110° 

1.32 

1.39 

1.96 

120° 

1.25 

1.29 

2.15 

The  true  moisture  in  the  coal  is  therefore  greater 
lan  the  moisture  found  by  the  official  method  by 
0%  of  the  total  moisture. 

It  appears  from  Tables  I— IV  that  the  moisture 
etermination,  as  usually  carried  out,  is  in  error  from 
;veral  causes:  firstly,  as  shown  in  Table  III,  the  value 

too  small  by  14' ,  of  the  moisture,  due  to  an  increase 
1  weight  of  the  coal,  caused  probably  by  oxidation, 
hich  is  far  from  being  balanced  by  the  loss  of  oc- 
luded  gases;  and  secondly,  due  to  the  water  that 
:ill  remains  in  the  coal,  which,  considering  Table  IV, 
mounts  to  about  26%  of  the  total  moisture;  the 
no  errors  combined  amount  to  40%  of  the  true 
loisture. 

We  now  come  to  the  experiments  with  the  an- 
iracite  coal.  In  the  first  place,  we  will  consider 
le  results  obtained  bv  heating  the  coal  in  drv  air. 


Loss  in  weight 


Carbon 
dioxide. 
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0.04 
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The  moisture  weighed  is  appreciably  less  than  the 
loss  in  weight  of  the  coal.  The  difference  is  about 
°-3I%.  while  the  carbon  dioxide  given  off  according 
to  the  previous  experiments  was  0.23%.  The  dif- 
ference between  these  values,  or  0.08%,  represents 
roughly  the  unidentified  gases. 

As  was  the  case  when  the  coal  was  heated  in  air, 
practically  all  the  moisture  is  driven  off  during  the 
first  hour  of  heating.  The  amount  of  this  moisture 
is  almost  the  same  for  75  °  as  for  1200. 

The  analysis  of  the  anthracite  according  to  the 
official  method  gave  the  following  results: 
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0.15 
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0.16 
0.26 


0.07 
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Temp. 
75° 
100° 
110° 
120° 


2.37 
2.30 
2.39 
2.40 


Per  cent. 
2.40 


242 
2.40 


Total  "moisture 

weighed" 

from  Table  V. 

Per  cent. 


The  moisture  as  found  by  the  official  method  is 
here  only  from  15%  to  20%  less  than  the  moisture 
weighed. 

The  bituminous  coal  and  the  anthracite  were  both 
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analj   ed    foi    iron,    sulfur,    volatile    matter   and    ash. 
The  result!   follow: 

I    Mil    I       \    I  I  I 

Bituminous  coal  Vnthrai  it< 

Bxp   I.  Exp.  II  Bxp   I.  Exp    ll 

ituenl                        Pel  1 1  n1  Pel  cent  Per  cent  Pel  cent 

Iron                                 "  65  0.55  0.48  0.58 

,                1.02  1.07  1.15  1.18 

Vol.  matter 32.49  31.80  5.77  6.13 

ish                 6.83  6.74  8.37  8  34 

We  sec  from  these  experiments  that  the  greater 
oxidation  in  the  case  of  soft  coal  could  scarcely  be 
due  to  the  greater  amounts  of  iron  and  sulfur  present, 
as  these  constituents  are  present  to  almost  an  equal 
amount  in  the  two  cases.  Rather,  the  greater  oxi- 
dation must  be  due  to  the  fact  that  the  moisture  is 
not  so  rapidly  expelled  from  the  soft  coal. 

The  curves  shown  in  Figs.  A  and  B  serve  to  indicate 
very  clearly  the  general  character  of  the  results.  The 
temperatures  are  plotted  as  abscissae  and  the  per 
cent,  of  moisture  as  ordinates.  The  curves  of  Fig. 
A  represent  the  results  for  the  bituminous  coal,  those 
of  Fig.  B  the  results  for  the  anthracite.  The  total 
decrease  in  weight  of  the  coal  during  the  first  three 
hours,  which  is  shown  in  curve  I  of  Fig.   A  is  practi- 
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cally  the  same  for  all  the  different  temperatures, 
the  curve  being  practically  a  straight  line.  Curve  II 
shows  the  gradual  increase  in  moisture  given  off  by 
the  coal  as  the  temperature  rises.  Here  too  we  have 
practically  a  straight  line.  Curve  III  represents  the 
variation  in  the  weight  of  the  bituminous  coal  when 
heated  for  three  hours  at  the  different  temperatures, 
in  nitrogen.  For  temperatures  above  ioo°  the  weight 
is  constant.  This  curve  lies  throughout  its  whole 
length  far  above  Curve  I,  showing  the  effect  of  oxida- 
tion when  the  coal  is  heated  in  air.  The  relation  of 
the  amount  of  moisture  given  off  to  the  temperature 
when  the  coal  is  heated  in  nitrogen  is  set  forth  by 
Curve  IV.  The  upper  portion  of  the  curve  lies  a  little 
below  Curve  II.  This  could  be  accounted  for  by 
assuming  the  synthesis  of  a  small  amount  of  water 
from  the  oxygen  of  the  air  and  hydrogen  present 
in   the  coal. 

The  curves  for  the  anthracite  (Fig.  B)  resemble 
in  some  respects  those  for  the  bituminous  coal. 
Curve  I,  showing  the  relationship  between  the 
change  in  weight  of  the  coal  and  the  temperature  at 
which  it  is  heated  (in  a  current  of  air),  is  a  straight 
line,  as  in  the  case  of  the  soft  coal.  The  total  mois- 
ture given  off  by  the  coal  when  heated  in  air  shows 
a  maximum  at  about  105  °  (Curve  II).  From  Curve 
III    we  see  that  there  is  a  continual  loss  in  weight  of 


1  !u    coal    when    heated    in    nitrogen,    bul    this   is   not 
much  greater  for  120°  than  for  750.     Curve  IV  showj 

1 1 ;  -  ■  1  ll-    1 tied,  at  the  differenl  tempi 

is  more  difficull  to  draw  than  tin   others  as  the  results 

as  regular,     obviously  the  result   for   to 

worthless.      However,    for    the    sake    ol    compl 
the  points  .'ire  indicated. 

The  above  considerations  show  that  the 
made  in  the  determination  of  moisture  by  th<  official 
method  are  much  more  serious  in  the  ease  of  bitumi- 
nous coal  than  for  anthracite.  The  determination 
being  of  little  value  in  the  former  ease,  as  at  present 
carried  out,  we  suggest  that  for  this  class  ol  coals  the 
method  be  modified,  and  that  the  coals  be  heated  in 
a  current  of  dry  air  at  a  temperature  of  at  least  1100, 
the  moisture  given  off  being  weighed  directly  after 
absorbing  it  by  anhydrous  granular  calcium  chloride. 
The  results  for  one  coal  would  then  be  comparable 
with  those  of  another  while  at  present  this  is  not  the 
case. 

SUMMARY. 

We   may   briefly   summarize   our  results   as   follows: 

(1)    When    the    determination    of   moisture    in    coals 

is    carried   out   according    to    the    official    method,    the 

result    is    much    lower    than    it    should    be,    the    error 
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amounting   in   the   case   of   some   bituminous   coals  to 
40'  ,    of  the  true  moisture. 

(2)  The  oxidation  of  iron  or  sulfur  or  both,  and 
the  non-expulsion  of  a  considerable  part  of  the  water 
which  probably  accounts  for  the  largest  errors  here 
involved,  are  much  greater  in  the  case  of  bituminous 
coal  than  with  anthracite:  due  on  the  one  hand  to 
the  moisture  remaining  in  contact  with  the  coal  at  a 
high  temperature  for  a  much  longer  time,  and  further 
to  the  more  porous  nature  of  the  softer  coal. 

(3)  It  was  suggested  that  for  bituminous  coals  the 
method  be  modified  and  that  the  coal  be  heated  in  a 
current  of  dry  air  at  a  temperature  of  at  least  no0, 
the  moisture  given  off  being  weighed  directly,  after 
absorbing  it  in  anhydrous  calcium  chloride. 

Chemical  Laboratory, 
Syracuse  University. 


A  METHOD  FOR  THE   UTILIZATION  OF  LEAD  FURNACE 

FUME. 

By  L.  S.  Hughes. 

Received  Dec.    18.    1911. 

A  large  item  of  expense  in  the  operation  of  lead 
smelting  plants  is  the  treatment  of  furnace  fume 
Where  the  so-called  "open-hearth"  furnaces  are  em- 
ployed this  by-product  frequently  amounts  to  more 
than    twenty    per   cent,    of    the    total    ore   charge   and 
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irries  approximately  that  proportion  of  the  original 
tetallic  values. 

Ordinarily,  "open-hearth"  furnaces  are  arranged 
L  a  single  battery  below  a  common  flue  which  re- 
vives the  fume  from  all  the  furnaces.  This  flue 
clivers  into  a  series  of  collecting  chambers  in  which 
ic  furnace  dusts  and  ashes  are  deposited.  The  fan 
hich  supplies  the  necessary  draft  is  placed  beyond 
lese  chambers  and  the  fume  proper  is  forced  by  its 
thaust  into  a  cloth  filter  system  of  the  bag  room  type 
hich  retains  the  solid  fume  and  filters  it  from  the 
irnace  gases.  From  the  filter  bags  the  fume  falls 
Lto  a  closed  brick  chamber  and  is  allowed  to  accumu- 
te  there  until  it  is  several  feet  in  depth.      The  pile 

then  set  on  fire  and  slowly  smolders  until  the 
ilfide  and  carbonaceous  ingredients  are  oxidized, 
his  burning  occupies  several  days  and  in  order  to 
/oid  interruption  of  the  furnace  operation  several 
dependent  filter  systems  are  used  so  that  any  one 
ay  be  cut  off  whenever  it  is  necessary  to  burn  the 
ime  therein.  When  it  is  finished  the  fume  is  con- 
;rted  into  a  whitish  cinder  of  approximately  the 
flowing  composition. 

Per  cent. 

Lead  sulfate 55 

Lead  monoxide 44 

Zinc  oxide 1 

Ferric  oxide traces 

If  a  sufficient  settling  system  has  been  employed 
:tween  the  furnaces  and  the  bag  room  there  will 
:  no  more  than  traces  of  the  non-volatile  constit- 
mts  of  the  furnace  charge. 

Hitherto  no  better  means  of  disposing  of  the  burned 
me  has  been  devised  than  that  of  using  it  as  a 
nelting  material:  most  commonly  by  reduction  in 
blast  furnace,  but  occasionally  in  an  open-hearth 
rnace.  Attempts  have  been  made  to  use  the  un- 
irned  fume  as  a  pigment  and  there  is  a  small  market 
r  it  in  the  paint  trade,  but  its  variable  color  and 
rtain  difficulties  in  its  manipulation  sharply  limit 
le  demand  and  the  total  tonnage  thus  consumed 
too  small  to  affect  the  problem. 

The  remarkable  freedom  of  the  fume  from  non- 
)latile  impurities  and  the  fact  that  it  represents  a 
ixture  of  almost  absolutely  pure  oxidized  lead  com- 
)unds  after  burning,  presented  it  as  a  promising 
w  material  for  conversion  into  lead  compounds, 
it  the  problem  proved  by  no  means  easy  of  solution. 
An  examination  of  the  literature  disclosed  several 
•ocesses  devised  for  the'  conversion  of  lead  sulfate 
to  other  compounds  in  the  wet  way.  Some  of 
lese  were  manifestly  worthless  from  a  commercial 
andpoint  as  the  inventors  had  proceeded  with  a 
ckless  disregard  of  the  cost  of  reagents:  others, 
hich  appeared  to  be  conceived  in  a  spirit  of  prac- 
:ality,  were  carefully  checked  experimentally. 
While  it  was  desired  to  find  a  plan  which  would 
eld  a  product  of  laad  oxide  or  hydrate,  compounds 
)t  only  merchantable  per  sc,  but  readily  convertible 
r  ordinary  processes  into  an  indefinite  number  of 
impounds,  methods  for  the  direct  conversion  of 
e   sulfate   or   sulfate-containing    mixture    into   com- 


pounds of  special  desirability,  such  as  the  chromates, 
were  included  in  the  [is1  oi  possibly  available  methods. 

Prior  methods  proved  disappointing  in  every 
instance,  ami  in  some  cases  a  most  grievous  disi 
ancy  developed  between  the  facts,  as  revealed  by 
experiment,  and  the  statements  published,  liven 
where  the  me!  Ik.. Is  had  been  the  basis  for  patents, 
instances  were  found  which  Strongly  indicated  that 
the  claimants  had  neglected  empirical  verification 
of  their  ideas. 

Attempts  were  made  to  convert  the  pulverized 
cinder  directly  into  lead  chromate  by  treatment 
with  a  soluble  chromate,  but  the  products  proved 
of  unsatisfactory  composition  through  the  persis- 
tence of  a  portion  of  the  lead  sulfate  and  in  all  cases 
were   of   unsatisfactory   color   and    tinctorial    strength. 

Digestion  with  sodium  hydrate  and  carbonate  as 
a  preliminary  step  gave  but  slightly  better  results 
as  it  proved  practically  impossible  to  convert  all  the 
lead  sulfate  present. 

As  the  amount  of  residual  sulfate  appeared  larger 
when  a  coarsely  pulverized  cinder  was  employed,  a 
microscopic  examination  of  the  digested  fume  was 
made,  and  this  showed  plainly  that  the  residual  sul- 
fate was  encysted  by  crusts  of  hydrate,  the  complex 
particles  having  much  the  structure  of  a  nut  with  a 
kernel  of  unchanged  sulfate  and  a  shell  of  hydrate. 
This  observation  naturally  suggested  trituration  as 
a  means  of  effecting  complete  conversion  and  the 
employment  of  a  closed  ball  mill  entirely  obviated 
this  difficulty,  conversion  being  rapidly  and  com- 
pletely accomplished. 

Up  to  this  point  little  attention  had  been  paid  to 
the  amount  of  reagents  employed  but  for  commercial 
application  it  was  manifestly  necessary  that  the  treat- 
ment be  systematized  and  the  chemicals  reduced  to 
the  minimum  amount.  "Soda  lye"  had  been  se- 
lected as  the  most  generally  desirable  reagent  for 
decomposition  of  the  lead  sulfate,  both  because  of 
its  low  cost  and  because  by  adding  it  in  dry  form  its 
heat  of  solution  within  the  mill  obviated  any  necessity 
for  the  employment  of  extraneous  heat  to  accelerate 
reaction.  In  order  to  obtain  a  sufficiently  high  tem- 
perature and  also  to  yield  a  sodium  hydrate  solution 
of  sufficient  concentration  the  water  was  propor- 
tionately reduced.  A  mechanical  difficulty  appeared 
in  the  first  test:  the  solution  of  sodium  sulfate  re- 
sultant from  the  decomposition  was  supersaturated 
and  the  crystals  of  sodium  sulfate  interlaced  the  paste 
of  lead  hydrate  converting  the  entire  mass  into  a 
tough,  coherent  cake  which  had  to  be  broken  out  of 
the  mill  by  hand.  From  a  practical  standpoint  it 
was  impossible  to  remove  it  by  solution  of  the  sodium 
sulfate  by  treatment  with  water,  for  the  cake  was 
almost  impermeable  by  water.  It  was  noted  that 
this  solidifying  action  did  not  take  place  so  long  as 
the  mill  was  in  motion,  but  immediately  after  it  came 
to  rest  the  setting  occurred.  Repeated  efforts  were 
made  to  introduce  water  immediately  after  grinding 
had  stopped,  but  in  ever}'  instance  the  "setting"  had 
taken  place. 

The  solution  of  this  difficulty  was  effected  by  intro- 
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ducing  .1  ix'\\  pattern  in  double  cone  ball  mills  which 
permitted  ol  the  introduction  of  water  and  washing 
mil  oi  bhe  charge  without  stopping  the  mill.  The 
bodj  "i  the  mill  was  of  the  familiar  type  employed 
in  horizontal  mills,  but  the  outlet  was  made  consid- 
erably wider  than  the  charging  hole  so  that  when  the 
level  of  water  within  the  mill  was  raised  it  would 
overflow  at  the  outlel  only.  This  proved  of  the 
greatest  convenience  and  value  in  operating.  After 
conversion  was  completed  a  jet  of  water  was  turned 
into  the  charging  hole  and  the  rotation  of  the  mill 
continued.  The  hydrate  in  the  form  of  an  impalpable 
sludge  was,  of  course,  kept  continually  stirred  up 
and  was  rapidly  floated  through  the  outlet  into  a 
washing  vat.  This  water-floating  action  had  the 
additional  advantage  that  by  no  possibility  could 
any  portion  of  the  charge  escape  from  the  mill  before 
it  was  reduced  to  extreme  fineness. 

Washing  was  effected  by  decantation  and  the  hydrate 
was  then  ready  for  conversion  into  other  compounds. 

For  conversion  into  chromate  it  was  dropped  from 
the  washing  vat  into  a  large  percipitating  vat  and 
treated  with  the  theoretical  amount  of  acetic  or 
nitric  acid  required  for  its  conversion  into  a  basic 
salt;  water  was  added  and  the  necessary  solution 
of  an  alkaline  chromate  or  bichromate.  The  extreme 
reactivity  of  the  hydrate  enabled  the  conversion  to 
be  effected  without  heating  and  with  no  more  than 
the  theoretical  amount  of  acid. 

For  the  production  of  oxides  the  hydrate  was 
pumped  into  a  filter  press  and  the  cakes  furnaced 
without  previous  drying. 

It  was  found  possible  to  produce  a  good  lead  arsenate 
at  a  considerably  lower  cost  than  obtains  with  present 
processes  by  mixing  the  freshly  made  hydrate  with  a 
solution  of  arsenic  acid  obtained  by  oxidation  of  arse- 
nious  anhydride  with  nitric  acid,  and  boiling.  The  reac- 
tion was  a  little  slow  but  the  product  most  satisfactory. 

Other  instances  of  easily  obtainable  compounds  might 
be  cited  but  the  possibilities  of  lead  hydrate  are  manifest. 

While  the  method  offers  absolutely  nothing  new 
from  a  chemical  standpoint,  it  promises  to  have  a 
very  considerable  influence  upon  the  lead  pigment 
business  on  account  of  the  great  economy  over  present 
methods  which  it  entails.  The  degree  of  saving 
effected  by  using  a  by-product  such  as  "blue  fume" 
and  thus  saving  both  the  smelting  cost  of  producing 
pig  lead  and  the  additional  cost  of  furnacing  the  pig 
lead  to  litharge  and  pulverizing  the  litharge  is  ap- 
parent from  the  following  tables: 

The  cost  of  producing  chrome  by  present  methods 
varies  somewhat  according  to  the  market  rates  for 
litharge,  acetic  acid,  nitric  acid  and  sodium  bichro- 
mate; the  following  figures  represent  usual  costs  in 
manufacturing  on  a  large  scale: 

Cost  per  cwt. 

69  pounds  litharge  at  5  A  c $3  .79 

43  lA  pounds  56%  acetic  acid  at  3  A  c 1 .38 

46  pounds  sodium  bichromate  at  5  A  c 2  53 

Labor 0.25 

Water  and  fuel 0 .  05 

Packages  and  packing 0 .  25 

$8.25 


To   this  must  be  added    freighl    and  selling  expense. 

These   figures   are   based    or    I    practice   without 

waste.  Most  manufacturers  compute  their  cost  of 
production  at  from  $8. 50-88. 75.  For  small  pro- 
ducers who  have  to  buy  in  small  lots  and  at  higher 
prices  the  cost  is  much  higher. 

COST     OF     PRODUCING     CHROME     UNDER      NEW     PROCESS. 

Using  the  same  basis  of  prices  as  before  the  cost 
per  cwt.  is: 

1  1  pounds  caustic  soda  at  2  c $0.22 

80  pounds  burned  fume  at  2  A  c 2 .00 

29  pounds  56%  acetic  acid  at  3  A  c 1  .38 

46  pounds  sodium  bichromate  at  5  A  c 2.53 

Labor 0.25 

Water  and  fuel 0 .  05 

Packages  and  packing 0.25 

$6.68 

To  this  must  be  added  freight  and  selling  expense. 

It  will  be  observed  that  less  acid  is  used  than  in 
the  former  statement.  This  is  because  of  the  much 
greater  reactivity  of  lead  hydrate  as  compared  with 
litharge.  The  burned  fume  is  valueless  except  as  a 
smelting  material:  its  value  is  therefore  the  value  of 
the  metal  which  can  be  recovered  from  it,  less  the 
smelting  cost  and  freight. 


A  METHOD   FOR  TESTING    OUT  PROBLEMS  IN   ACID 

PHOSPHATE  MANUFACTURE.1 

By  F.  B.  Porter. 

Received  Jan.    12,    1912. 

The  process  of  manufacturing  acid  phosphate  is, 
like  many  other  factory  processes,  very  hard  to  carry 
out  on  a  laboratory  scale.  The  writer  has  at  various 
times  made  attempts  to  do  this  on  iooo  or  more 
grams  of  rock  dust. 

It  has  so  far  been  practically  impossible  to  stir 
sufficiently  and  control  the  temperature  well  enough 
with  the  limited  apparatus  available  to  get  satis- 
factory results. 

This  being  the  case  we  recently  devised  the  plan 
of  using  the  quantities  of  acid  and  rock  required  to 
make  2  grams  of  finished  acid  phosphate,  stirring 
them  together  with  a  stirring  rod  in  a  test  tube  and 
using  the  entire  product  for  the  insoluble  test. 

The  following  is  the  method  in  detail:  Weigh 
1. 100  grams  of  rock  dust  into  a  5"  X  s/8"  test  tube, 
add  the  quantity  of  acid  required  from  a  small  bore 
1  cc.  Mohr's  pipette,  allowing  the  pipette  to  run 
empty  and  draining  for  a  definite  length  of  time 
(1  minute). 

The  acid  required  and  used  is  determined  by  ti- 
trating amounts  delivered  in  the  same  way  with  half- 
normal  alkali. 

Stir  the  acid  and  rock  together  for  3  minutes,  being 
careful  to  see  that  the  dust  is  all  wetted,  by  the  acid 
in  the  first  half-minute  of  the  stirring  period.  The 
test  tubes  thus  prepared,  without  removing  the  stir- 

1  Presented    at   the   forty-fifth    meeting,    American   Chemical   Society, 
Washington,  December,  1911. 
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lg  rod,   are   then  held   at   any   temperature   for  am- 
ine desired. 

The  resulting  acid  phosphate  is  transferred  to  a 
cm.  filter  paper  with  water  and  the  citrate-insoluble 
losphoric  acid  determined  by  the  Official  Method. 
ige  3,  Bull.  107,  Rev.  Bureau  of  Chem. 
At  first  this  method  gave  occasional  erratic  results 
it  with  practice  and  care  we  are  now  able  to  get 
suits  agreeing  practically  within  the  limit  of  error 
the  citrate-insoluble  method.  The  results  used 
this  kind  of  work  are  averages  of  three  and  in 
ost  cases  four  separate  analyses.  In  this  way 
curate  reliable  results  are  obtained. 
This  method  has  many  advantages  over  one  using 
rger  quantities  of  rock.  Three  of  these  are: 
1st.  Large  numbers  of  tests  can  be  carried  out 
th  inexpensive  apparatus  common  to  every  lab- 
atory. 

2nd.  The  temperature  at  which  the  tests  are  held 
n  be  easily  and  accurately  controlled. 
3rd.  A  large  number  of  these   tests   can   be   made 
the  time  required   for  one  by  any  other  method 
town  to  the  writer. 

Laboratory.  Swift  Fertilizer  Works, 
Atlanta,  Ga. 


ON  THE  DETERMINATION  OF  CARBON  DIOXIDE    IN 

SOILS. 

By  Leon  T.  Bowser. 

Received  October  26,  1911. 

Up  to  a  comparatively  recent  time  no  method  had 
en  so  thoroughly  tried  out  as  to  be  considered  a 
liable  one  for  small  amounts  of  carbon  dioxide  in 
ils.  In  1908,  the  Association  of  Official  Agricultural 
lemists  took  up  the  matter  of  testing  the  applica- 
iity  of  the  Knorr  method,  and  in  1909  a  still  larger 
lount  of  cooperative  work  was  done.     The  results 

the  work   will   presently   be   presented   in   tabular 
rm. 

The  method  outlined  in  the  author's  previous  paper1 
ving  been  found  to  yield  good  results  with  materials 
ntaining  a  large  percentage  of  carbon  dioxide,  it 
tnained  to  be  seen  whether  it  would  be  as  satisfactory 
cases  where  the  percentage  is  small.  As  a  preliminary, 
o  determinations  were  made  in  a  sort  of  artificial 
il  containing  a  known  amount  of.  carbon  dioxide, 
very  pure  sea  sand  was  ignited  for  some  time  to 
move  all  organic  matter  and  decompose  such  calcium 
rbonatc  as  might  be  present  from  finely  divided 
rticles  of  sea  shells  and  other  carbonate  materials, 
lis  was  cooled,  and  to  a  weighed  portion  was  added 
ough  analyzed  CaC03  to  give  exactly  0.05  per  cent. 
)2.  A  blank  determination  was  first  made  on  the 
iter,  reagents,  and  freshly  ignited  sand;  then  two 
terminations  were  carried  out  on  the  artificial  soil. 
ie  blank  first  found  was  deducted  from  the  titration 
suits,  and  C02  calculated  from  the  difference..  The 
terminations  gave  0.043   and   0048   per  cent.    C02, 

average   of   0.0455    as   against  the   0.05   per  cent, 
tually  present,  which  seemed  very  satisfactory. 

1  This  Journal,  4,  203-205  (March,  1912). 


There  was  available  a  considerable  quantity  of  each 
"i  the  two  samples  for  the  1909  A.  O.  A.  C.  soil  work, 
and  as  the  average  of  results  from  a  large  number 
"of  independent  workers  is  likely  to  be  somewhere 
near  the  truth,  it  was  thought  that  here  was  an  un- 
usually good  opportunity  to  compare  the  two  methods. 
Four  determinations  were  accordingly  made  on  each 
of  the  two  soils,  under  conditions  parallel  to  those 
used  by  the  A.  O.  A.  C.  workers,  and  the  results  arc- 
presented  in  Table  I,  accompanied  by  the  Association 
results  on  the  same. 

Table   I. 


Soil    1. 

Knorr  method 

Analyst. 

Volu- 
metric 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

method. 

0.070 

0.085 

0.072 

0.092 

0  092 

0.080 

0  074 

0.080 

0.073 

0.082 

0.073 

0.085 

0.074 

0.080 

0.077 

0.065 

0.075 

0.085 

0.080 

0.075 

0.072 

0.082 

0.080 

0.084 

0.068 

0.085 

0.073 

0.070 

0.083 

0.073 

0.092 

0.086 

0.079 

0.077 

0.079 

General  av.  0.078 

Soil  2. 

Analyst 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

0  027 

0.027 

0.023 

0.027 

0  027 

0.036 

0.026 

0.026 

0.028 

0.035 

0  021 

0.027 

0.036 

0.025 

0.031 

0  031 

0.028 

0.023 

0.030 

0.030 

0.031 

0.024 

0.035 

0.020 

0.026 

0.027 

0.022 

Av.   0.027     0.031      0.022     0.027     0.028     0.034       0.025  0.028 

General  av.   0.028 

Comparison  of  Averages. 

Soil  1.  Soil  2. 

A.  O.  A.  C 0.078  0.028 

Volumetric 0.079  0.028 

The  averages  given  in  the  Association  report  are: 
No.  i,  0.081  per  cent.;  No.  2,  0.027  Per  cent.  C02, 
but  these  include  only  the  results  of  the  first  five 
analysts,  the  latter  two  reporting  too  late  to  be  in- 
cluded. For  the  present  work  all  of  the  results  are 
considered,  increasing  the  probability  that  the  aver- 
ages are  near  the  truth.  The  agreement  between 
these  revised  averages  and  the  ones  obtained  by  the 
volumetric  method  is  remarkably  close,  and  shows 
that  the  latter  is  thoroughly  reliable.  On  the  score 
of  consistent  results,  the  volumetric  method  is  superior 
to  the  gravimetric.  Thus  on  Soil  1  the  A.  O.  A.  C. 
results  range  from  0.065  to  0.092,  a  variation  of  0.027 
per  cent.,  while  the  volumetric  results  range  from 
0.075  to  0.084,  a  variation  of  0.009  per  cent.,  or  just 
one-third  of  the  former.  On  Soil  2,  the  A.  O.  A.  C. 
results  run  from  0.020  to  0.036,  a  variation  of  0.016 
per  cent.,  as  against  0.026  to  0.031,  a  variation  of 
0.005  Per  cent,  for  the  volumetric,  which,  as  with 
Soil  1,  is  practically  one-third  as  great  a  difference. 

The  method  followed  was  as  outlined  in  the  pre- 
ceding paper,1  and  in  each  case  10  grams  of  soil  were 
taken.  Soils  containing  0.1  per  cent,  or  less  of  CO, 
require  for  titration  an  acid  of  strength  not  exceeding 
N/50,  since  when  stronger  acids  are  used  the  evolved 
CO,  is  equivalent  to  but  a  fraction  of  one  cc,  and  too 

1  This  Journal,  4,  203. 
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great  an  error  is  thus  introduced,  Occasion  may 
even  arise  where  a  centinormal  acid  is  demanded, 
although  the  writer  lias  never  encountered  such  a  case. 
Even  with  N/50  acid  a  considerable  amount  ol  care 
is  necessary  in  observing  end  points,  and  the  use  of 
comparison  solutions  is  advisable. 

There   arc    many    ways   in    which    this   method   seems 

ally  adapted  to  soil  work.  Thus  boiling  the 
sample  in  the  (task  does  not  cause  even  the  slightest 
bumping,  and  the  evolved  gas  comes  off  smoothly 
and  uniformly.  Also,  the  vigorous  boiling  possible 
in  this  form  of  apparatus  insures  a  thorough  and 
constant  stirring  up  of  the  sample,  with  consequent 
complete  decomposition  of  the  carbonates.  One 
precaution  which  must  be  carefully  observed,  however, 
is  in  regard  to  the  degree  of  heat  applied  to  the  llask 
at  first.  Just  as  the  contents  arc  about  to  begin 
ebullition  there  is  a  tendency  to  froth,  and  the  flame 
should  be  turned  down  low  for  a  moment  until  the 
solution  is  in  full  boiling. 

A  curious  fact  has  been  noted  by  several  analysts 
in  connection  with  the  amount  of  a  soil  sample  which 
should  be  introduced  into  the  decomposing  flask; 
results  with  10  grams  of  soil  are  almost  invariably 
higher  than  those  with  larger  amounts.  This  is 
illustrated  in  Table  II,  where  three  independent  analysts 
have  obtained  results  decidedly  similar. 


50 


35 


10 


50 


40 


20 


10 


gins.        gms.        gms.        gms.        gms.        gras.        pis. 

Analyst  6 0.065        0.021         

Analyst  7 0.025     0.0225      ... 

A.  O.  A.  C.  Av 0  078        0.028 


L.  T.  Bowser 


0.061      0.079      0  025 


0.028 


An  investigation  into  the  causes  of  this  behavior 
might  yield  results  of  considerable  value. 

Judging  from  the  results  secured,  the  titration 
method  is  apparently  superior  to  the  procedures 
now  in  use  for  the  determination  of  carbon  dioxide 
in  soils.  It  is  far  more  accurate,  the  manipulation 
simpler,  results  more  xmiform,  and  the  apparatus 
itself  not  in  the  least  fragile.  These  advantages, 
coupled  with  the  fact  that  there  are  very  few  pre- 
cautions to  be  observed,  should  make  it  of  great  service 
in  the  analysis  of  soils. 

In  conclusion,  the  writer  desires  to  acknowledge 
his  indebtedness  for  many  favors  to  Mr.  J.  W.  Ames, 
of  the  Ohio  Agricultural  Experiment  Station,  Mr. 
W.  F.  Pate,  formerly  of  the  same  place,  and  Dr. 
A.  M.  Peter,  of  the  Kentucky  Station. 


THE  PHENOMENON  OF  THE  APPARENT  DISAPPEARANCE 

OF  THE  HIGHER  BOILING  PHENOLS  IN 

CREOSOTED  WOOD  AND  ITS 

EXPLANATION. 

By  Samuel  Cabot. 
Received  January  18.  1912. 

One    of    the    mysteries    of    the-  chemistry    of    wood 
preservation    is    the    apparent    disappearance    of    the 


phenols  from  timber  impregnated  with  coal  tai 
sote.      'fhe   generally    accepted    explanation    has    befl| 
that  carbolic   acid   and    the    cresols   are    volatili    anj 

soluble.      Most    authorities    have    been    content    with 
this  explanation.      From  the  logic  of  the  fact,  ho 
il    docs  not    seem   to  coVcr  the   more  complex   mi 
of    the   series.      Some   of   those    found    in    creosoti 
non-volatile    without    decomposition     under    ordinary 
pressure  and  have  been  carried  over  into  the  distillate 
by  the  oil.     These  phenols  are  also  less  soluble  than 
the    bases    which    are    found    in    old    treated    timber. 
In  an  earlier  article  it  has  been  shown  that  the  pin  nqj 
are,  if  anything,  less  subject  to  evaporation  than  the 
oil  fraction  in  which  they  are  contained. 

The  only  solution  to  their  apparent  disappearance 
would  seem  to  be  that  they  have  been  so  altered  in 
the  process  of  time  that  they  no  longer  can  be  found 
by  the  regular  method  of  analysis.  In  accordance 
with  this  theory,  experiments  were  conducted  with 
a  view  of  following  and  detecting  the  changes  in  the 
phenols  of  a  high-boiling  oil  on  exposure  to  the  air. 

First,  the  freshly  distilled  oil  containing  7.2  per 
cent,  of  tar  acid  was  exposed.  It  changed  with  con- 
siderable rapidity  from  a  clear  reddish  color  to  a 
brownish  black.  The  same  oil  with  the  phenols 
removed  changed  very  slightly. 

On  extracting  the  tar  acids  from  the  blackened  oil 
in  the  ordinary  way  with  dilute  caustic  soda,  it  became 
much  lighter  in  color  and  a  black  tarry  layer  separated 
out  between  the  oily  and  aqueous  liquids.  This 
tarry  substance  was  insoluble  in  benzole  and  only 
very  slightly  soluble  in  water,  though  readily  so  in 
acetone. 

On  weighing  the  phenols  and  tarry  matter  the 
results  showed  phenols,  6.77  per  cent.;  tarry  matter, 
0.47  per  cent.  The  original  freshly  distilled  clear 
oil  when  shaken  with  caustic  soda  precipitated  no 
tarry  material. 

In  the  next  tests  some  high-boiling  tar  acids  were 
exposed  on  a  watch  glass  for  six  months.  The  original 
phenols  were  entirely  soluble  in  benzole.  Those 
that  had  been  exposed  to  the  air,  however,  were 
only  partially  so,  though  readily  soluble  in  acetone. 
A  portion  of  that  soluble  in  benzole  was  re-exposed 
for  a  period  of  two  months.  Again  it  became  partially 
insoluble.  The  rest  was  analyzed  for  phenols  in 
the  usual  way.  It  precipitated  a  tarry  layer  with 
caustic  soda  equal  to  53%  of  its  weight;  the  remaining 
47  per  cent,  were  recovered  from  the  acidified  liquid. 
The  tarry  products  from  both  these  experiments 
had  a  sharp  acid  taste  much  stronger  than  that  of 
the  oil.  This  tarry  substance  is  curious  in  its  behavior. 
A  portion  of  it,  while  insoluble  in  caustic  soda  solu- 
tion is  soluble  in  water,  resembling  in  this  respect 
a  soap.  After  the  water-soluble  portion  has  been 
washed  out,  some  of  the  remainder  becomes  soluble 
again  in  the  original  oil  or  benzole.  This  can  be 
partially,  though  not  completely  reprecipitated  by 
the  alkali.  The  remainder  which  is  insoluble  in  cither 
water  or  benzole  is  not  changed  in  this  respect  by 
neutralizing  with  acid. 

It    would  appear  from   these  facts  that   the  phenols 
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>  through  three  stages  of  oxidation:  (1)  To  a  prod- 
>t  insoluble  in  a  10  per  cent,  alkali  solution,  but 
luble  as  an  alkali  salt  in  water.  (2)  Being  further 
ddized   to   a   product   which   will    form   a   salt   with 

I  alkali,  but  hydrolyzes  on  dilution;  in  other  words, 
able  only  in  an  excess  of  caustic  soda.  (3)  The 
d  product  with  a  very  slight  affinity  for  caustic 
da,  probably  held  in  solution  in  the  oil  only  by  the 
ichanged  and  partially  changed  phenols.     The  origi- 

II  tarry  matter  on  being  heated  cokes  very  easily, 
<ing  only  about  15  per  cent,  of  its  weight. 

The  methods  used  to  extract  the  oil  from  impreg- 
ited  timber  for  analysis  have  been,  so  far  as  I  have 
■en  able  to  find  out,  to  treat  (1)  with  benzole,  (2)   with 

(5)  with  ether,  and  (4)  with  absolute  alcohol. 
It  will  be  noted  that  the  first  three  methods  could 
>i  extract  the  final  oxidation  product  of  the  phenols, 
the    last    one    could.      Nevertheless,    the    ex- 
act from  the  last  method  would  show  only  a  trace 

phenols  by  the  ordinary  test  because  the  common 
acticc  of  distilling  the  oil  before  analysis  would 
ke  or  decompose  the  oxidized  phenols. 
An  extraction  was  made  of  some  chips  from  the 
rface  of  a  creosoted  tie  which  had  been  in  the  ground 
3m  1879  to  1906  and  exposed  to  the  air  from  then 
itil  191 1.  Twenty  grams  of  this  wood  completely 
tracted  with  benzole  gave  0.78  gram  of  oil.  This 
is  redissolved  in  benzole  and  extracted  with  caustic 
da.  It  gave  a  trace  of  phenols  and  0.014  gram  of 
rry  matter,  or  about  1.8  per  cent,  on  the  oil.  The 
sod  was  then  extracted  with  acetone.  It  gave 
53   gram   of   a   black,    pitchy   mass,    a   small  portion 

which  was  soluble  in  ether,  but  the  whole  readily 
luble   in   absolute   alcohol.     It  was   slightly  soluble 

caustic  soda,  giving  a  yellowish  coloration  and  a 
stinct,  pyridine  smell.  It  was  sharp  to  the  taste, 
sembling  coal  tar.  On  heating,  it  gave  off  a  small 
tiount  of  pungent  gas,  the  remainder  turning  to  coke. 
This  acetone  extract  probably  contained  some 
lenolic  and  basic  products  and  some  oxidized  hydro- 
rbons,  and  a  slight  amount  of  resin  dissolved  from 
e  wood. 

The  above  experiments  seem  to  show  that  the  higher 
al  tar  phenols  will  not  volatilize  from  creosoted 
!©d,  bu1  remain  as  more  complex  oxidation  p>rod- 
ts  insoluble  and  non-volatile  in  character  and 
esumably  with  good  antiseptic  qualities,  though 
lether  these  have  been  impaired  or  improved  by 
e  change  is  yet  to  be  determined.  At  any  rate, 
ese  oxidized  phenols  would  seem  to  have  to  a  con- 
lerablc  degree  the  three  properties  of  prime  im- 
in  a  wood  ]  >reservative,  namely,  non-vola- 
intiseptic  qualities  and  insolubility. 

Laboratory  . 

Samuel  Cabot,  Inc  . 

Boston. 


another,  has  called  forth  many  attempts  to  dete<  ' 
such  practices  in  recent  years.  In  many  instances 
tin-  chemical  properties  of  the  two  oils  so  closelj 
approximate  each  other  that  the  ordinary  commercial 
methods  of  analysis  fail  to  distinguish  either  in  a 
mixture  of  the  two.  Thus,  it  is  known  that  dogfish 
liver  oil  may  he  offered  as  a  substitute  for  cod  liver 
oil  without  danger  of  discovery,  especially  when  the 
oils  are  refined.  Ordinary  cod  oil,  used  to  a  large 
extent  for  such  purposes  as  currying,  frequently  con- 
sists of  nothing  but  dogfish,  shark,  hake,  or  polluck 
oil.  Menhaden  oil  is  often  used  to  replace  whale 
and  cod  oils. 

In  order  to  definitely  establish  the  fact  that  a  cer- 
tain sample  of  oil  is  a  mixture,  a  great  number  of 
tests  must  be  made,  and,  of  course,  these  are  of  value 
only  as  they  are  accurate  enough  to  detect  small 
amounts  of  one  oil  in  the  other.  A  great  quantity 
of  data  has  been  published  on  the  viscosity  of  oils, 
from  which  many  conflicting  and  erroneous  conclu- 
sions have  been  drawn  with  respect  to  the  connection 
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THE  FLUIDITY  OF  FISH  OIL  MIXTURES  AS  AN 
ADDITIVE  PROPERTY. 

By  George  V.  White. 
Received  December  4,  1911. 

The    increasing    adulteration    of    vegetable    oils    by 
h  oils  as  well  as  the  substitution   of  one   fish   oil   In- 


between  this  physical  property  and  the  composition 
of  the  oil  investigated.  Thus  ECessler  and  Mathiason,1 
in  a  paper  "On  the  Interpolation  Method  of  Oil 
Analysis,"  in  discussing  the  properties  of  oil  mixtures, 
state  that  "neither  the  viscosity  nor  the  fluidity 
of  such  solutions  are  necessarily  additive,  even  though 
there  is  no  evidence  to  indicate  that  either  chemical 
or  molecular  compounds  are  formed."  This  state- 
ment is  directly  contrary  to  the  views  of  Bingham-' 
who  believes  that  the  fluidity  of  a  mixture  oi  two 
liquids,  which  do  not  react  chemically  with  each  other, 
is  the  sum  of  the  partial  fluidities  of  the  components 
The  object  of  this  investigation  was  to  test  the 
above  theory  by  mixing  various  fish  oils  with  each 
other  in  definite  proportions  by  weight   and  studying 

1  Tins  Journ  m..  3,  66  I  1911  I. 

/    pi  66    1   (1909.. 


j68 


THE    JOURNAL  OF  INDl  STRIAL  AND  ENGINEERING  CHEMISTRY 


April,   ig  i  2 


anj     relations    between     composition     and     viscosity 
or  fluidM  5  «  hich  tnighl  become  evident. 

The  corred  relationship  between  viscositj  and 
composition  can  be  established  only  by  use  oJ  a  vis- 
cosimeter    which    sliall    be   accurate    to   a1    lea 
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per  cent.  The  various  instruments  in  use  have  been 
.criticized  in  previous  articles1  and  it  is  not  necessary 
at  this  time  to  review  their  faults.  The  viscosimeters 
devised  by  Thorpe  and  Rodger,2  by  Bingham  and 
White, 3  and  the  modification  of  these  latter  described 
by  the  author  of  this  article4  all  seem  well  suited  to 
the  problem  mentioned,  as  they  all  give  results  which 
probably  may  be  relied  upon  as  having  less  than 
0.2  per  cent,  error.  The  viscosimeter  used  in  a  study 
of  the  viscosity  of  fish  oils  recently  described*  was 
used  to  measure  the  viscosity  of  the  fish  oil  mixtures, 
since    the    time    reauired    for   a    determination    (from 


COD 


o  2S  so  7S  ""» 

two  to  six  minutes)  was  the  most  favorable  for  accurate 
work. 

The  whale  and  white  cod  liver  oils,  which  were 
taken  for  use  in  this  investigation,  were  commercial 
samples,   while  the  menhaden  and  dogfish   (Mustelus 

1  Biochcm.  Z.,  37,  482  (1911);  This  Journal.  4,  106  (1912). 

2  Phil.  Trans..  186A,  307  (1894). 

3  J.  Am.  Chem.  Soc.  33,  1257  (1911). 

4  See  Note  2. 

6  This  Journal,  4,  106-107  (1912). 


canis)    liver   oils    were   extracted    from    fish    obtained 
at   Woods  Hole,  according  to  the  previously  described 

I  :        mixtures    w<  re    made    up    by 
and  allowed  to  stain!  at  lea  I  twenl     four  hours  befon 
analysis,  to  secure  complete  homogeneity.      Following 
is  a  tabic  giving  a  few  oi   the  common  constants  ob- 
tained,   the    Saponification    and    acid    number. 

sod   as   the  number  of   milligrams  of  potassium 
hydroxide  required  for  one  gram  of  oil. 

Table  I. 

Oil.  Cod  liver.  Whale.  Menhaden.  Dogfish  liver. 

Iodine  No.  (Iliibl) 142.60  156.60  128.10  135.90 

Saponification  No 185.80  192.80  16.26  193.00 

Acid  No 1.82  6.60  6.83  0.94 

In  the  tables  below  are  given  the  results  of  viscosity 
determinations  expressed  in  absolute  units,  together 
with  the  fluidity  calculated  from  the  average  viscosity. 


Specific-gravity  determinations  of  the  pure  oils    were 

made  in  a  pyenometer,  no  measurements  being  taken 

on  the  mixtures  as  the  densities  of  these  are  nearly 

enough   additive   to   allow  proper   calculation   of   the 

vd 
small  kinetic  energy  correction  - — ; 

anti 

formula,   used   to  obtain   the   viscosity   values 


in   the  following 


nr*pt 
&vl 


vd 
8nTl' 


7}  is  the  viscosity,  /  the  length  and  r  the  radius  of  the 
capillary  tube,  d  the  density  of  the  oil,  and  v  the  volume 
of  oil  passing  through  the  tube;  p  is  the  pressure  to 
which  the  oil  is  subjected,  and  t  is  the  time  of  flow. 


Temp. 
Degrees. 
30 
50 
70 
90 

Table  II 
Viscosity. 

— Cod_Liver 

Oil. 

Fluidity. 
2.575 
4.992 
8.396 

12.710 

Rt.  limb. 
0.3886 
0.2001 
0.1187 
0.07862 

L.  limb. 
0.3882 
0.200S 
0.1189 
0.07882 

Av. 
0.3884 
0.2003 
0.1188 
0.07872 

Sp.gr. 
0.9277 
0.9149 
0.9008 
0.8900 
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Table  III- 

-Dogfish 

I.ivi  i<  Oil. 

Viscosity. 

Temp. 

)egrees. 

Rt.  limb. 

L.  limb. 

Av. 

Fluidity 

30 

0.4319 

0.4319 

0.4319 

2.315 

50 

0.2133 

0.2138 

0.2136 

4.682 

70 

0.1262 

0.1259 

0.1261 

7  931 

90 

0.08272 

0.08293 

0.08283 

12.080 

Table  IV 

, — Menhaden  Oil. 

30 

0.6012 

0.6025 

0.6019 

1  .661 

50 

0.2936 

0.2938 

0.2935 

3.407 

70 

0   1683 

0.1683 

0.1683 

5.945 

90 

0   1097 

0.1096 

0.1097 

9.107 

Table  a 

'. — Whale  Oil. 

30 

0.3493 

0.3477 

0.3485 

2.869 

50 

0   1819 

0.1824 

0.1822 

5.489 

70 

0.1103 

0.  1099 

0.1101 

9.090 

Sp.  gr 

0.9185 
0.9057 
0.8932 
0.8796 


0.9371 
0.9234 
0.9097 
0.8965 


0.9192 
0.9063 
0.8912 


90 

0.07243        0 

.07238       0.07241 

13.810 

0.8782 

Table  VI.—: 

Menhaden-Cod  I.iver  Oil  Mixtures. 

Viscosity. 

Temp. 

>egrees. 

Rt.  limb. 

L.  limb. 

Av. 

Flu  id  it: 

1  Per  cent.  Menhaden. 

30 

0.3904 

0.3900 

0.3902 

2.563 

50 

0.2006 

0 . 2008 

0.2007 

4  983 

70 

0.1199 

0.1198 

0.1199 

8.340 

90 

0.07878 

0.07895 

0.07887 

12.680 

25  Per  cent.  Menhaden. 

30 

0.4284 

0.4300 

0.4292 

2  330 

50 

0.2223 

0.2223 

0.2223 

4.482 

70 

0.1295 

0.1297 

0.1296 

7.716 

90 

0.08429 

0.08429 
50  Per  cent.  Menhadc 

0.08429 

11 .860 

30 

0.4765 

0.4760 

0.4763 

2.099 

50 

0.2394 

0.2398 

0.2392 

4.181 

70 

0.1405 

0 .  1405 

0.1405 

7.117 

90 

0.09118 

0.09126 

0.09122 

10.960 

75  Per  cent.  Menhaden. 

30 

0.5331 

0.5358 

0 . 5344 

1  .871 

50 

0.2657 

0 . 2646 

0.2652 

3.771 

70 

0.1535 

0.1532 

0.1534 

6.519 

90 

0 . 09959 

0.09943 

0.09951 

10.050 

Ta 

ble  VII. — Dogfish  Liver  Cod  Liver  Oil  Mixtu 

RES. 

Viscosity. 

Temp. 

legrees. 

Rt.  limb. 

L.  limb. 
1  Per  cent.  Dogfish. 

Av. 

Fluidity. 

30 

0.3893 

0.3903 

0.3898 

2.569 

50 

0.2004 

0.2005 

0.2005 

4.987 

70 

0.1188 

0.1188 

0.1188 

8.417 

90 

0.07904 

0.07879 
25  Per  cent.  Dogfish 

0.07892 

12.670 

30 

0.3995 

0  3996 

0.3996 

2.502 

50 

0.2037 

0.2033 

0.2035 

4.914 

70 

0.1209 

0.1211 

0.1210 

8.264 

90 

0 . 08000 

0.08022 
50  Per  cent.  Dogfish 

0.08011 

12.480 

30 

0.4075 

0.4090 

0.4082 

2.450 

50 

0.2060 

0.2059 

0.2060 

4.854 

70 

0.1249 

0.1247 

0.1248 

8.013 

90 

0.08114 

0.08132 
75  Per  cent.  Dogfish 

0.08123 

12.310 

30 

0.4187 

0.4203 

0.4195 

2.384 

50 

0 .  2099 

0.2101 

0.2100 

4.762 

70 

0.1227  • 

0.1224 

0.1226 

8.157 

90 

0.08146 

0.08156 

0.08151 

12.270 

Table  VIII. 

— Whale-Cod  Liver 
Viscosity. 

Oil  Mixtures 

Temp, 
legrees. 

Rt.  limb. 

L.  limb. 

Av. 

Fluidity. 

1  Per  cent.  Whale. 

30 

0.3883 

0.3852 

0.3868 

2.585 

50 

0.1995 

0.1994 

0.1995 

5.013 

70 

0.1189 

0.1187 

0.1188 

8.417 

90 

0.07855 

0.07845 

0.07850 

12.740 

1 

"ahi.i:    VI 1 1      <  ontinued 

Viscosity. 

Temp. 

Degrees. 

Rt.  limb. 

L.  limb. 
25  Per  cent. 

\\  hale 

Av. 

Fluidity 

30 

0.3777 

0.3777 

0.3777 

2.648 

50 

0.1944 

0.1946 

0.1945 

5    141 

70 
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0.07480 

0.07468 

0.07474 
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The  results  are  shown  graphically  in  Figs.  1-5. 
In  Figs.  1-4,  fluidities  of  the  oils  are  plotted  as  ordi- 
nates  against  composition  of  the  mixtures  as  abscissas, 
the  abscissas  reading  in  percentages  of  cod  oil;  the 
four  plots  are  taken  from  the  fluidity  readings  at 
30 °,  50°,  70 °,  and  90 °,  respectively. 

The  fluidity  curves  are  seen  to  be  linear,  and  con- 
sequently it  must  be  concluded  that  the  fluidities 
of  these  oil  mixtures  are  strictly  additive  over  the 
range  of  temperature  studied.  According  to  what 
has  been  said,  this  confirms  in  a  striking  manner 
Bingham's  fluidity  hypothesis,  which  requires  the 
above  relationship  between  fluidity  and  composition 
in  non-associated  liquids.  It  has  been  indicated  in 
a  previous  article1  that  these  oils  are  slightly  associated, 
the  fluidity-temperature  curve  not  being  a  straight 
line:  but  the  deviation  from  a  linear  function  is  very 
slight,  and  scarcely  to  be  taken  into  consideration  in 
this  connection.  Therefore,  if  the  fluidity  of  a  mix- 
ture of  two  oils  is  measured,  and  that  of  the  constitu- 
ents is  known,  the  composition  of  the  mixture  may  be 
calculated.  It  has  been  shown2  that  the  viscosity 
of  these  oils  is  characteristic  and  fairly  constant  if 
the  different  samples  of  oil  are  obtained  under  similar 
conditions;  fluidity  data  should  then  add  to  the  knowl- 
edge desired,  regarding  the  detection  of  adulteration 
in  oils.  Of  course,  taken  alone,  the  fluidity  would 
hardly  be  of  great  value  in  detecting  any  such  adultera- 
tion, but  when  considered  along  with  the  results  of 
other  tests  simultaneously  applied,  it  furnishes  addi- 
tional evidence  concerning  the  character  of  the  oil 
studied. 

The  mixtures  of  one  part  of  one  oil  to  ninety-nine 
of  the  other  were  made  up  to  test  the  accuracy  and 
delicacy  of  the  method.  The  introduction  of  this 
one  per  cent,  of  oil  was  readily  detected  by  the  vis- 
cosimeter  used,  and  the  fluidity  of  these  mixtures 
was  found  to  conform  to  the  additive  relationship. 

Since  the  fluidities  are  found  to  be  additive,  the 
,  viscosity  should  be  a  hyperbolic  function  of  the  com- 
position. The  relation  between  the  viscosity  and  the 
composition  is  shown  graphically  in  Fig.  5,  the  tem- 
perature being  300.  The  curve  for  the  menhaden-cod 
mixtures  deviates  markedly  from  a  straight  line,  that 
for  the  dogfish-cod  mixtures  less  so,  while  the  viscosity 

1  This  Journal,  4,  109  (1912). 

2  Ibid. 
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oi  the  whale-cod  mixtures  presents  a  linear  function. 
The  menhaden  oil  has  a  viscosity  which  varies  from  thai 
oi  the  cod  i"  i  he  greatest  extenl  of  anj  oi  the  oils,  and 
we  should  expect  thai  curve  to  evidence  the  greatesl 
curvature.  These  facts  coincide  with  the  following 
mathematical  deduction  of  the  relation  between 
fluidity  and  composition  suggested  by  Bingham. 

Since  the  fluidity  is  a  linear  function  of  the  compo- 
sition, this  may  be  expressed  by  the  formula 

9  =  <p,  +   (9,  —    Tlu  (  1  ) 

where  9  represents  the  fluidity  of  the  mixture,  9, 
and  9,  that  of  the  two  components,  the  latter  being 
supposed  to  be  the  more  fluid,  and  x  the  percentage 
of  the  latter  in  the  mixture.  The  corresponding 
viscosity  equation  is 

1  hi  =  ?!  +  (92  —  9i)x, 
where  9,  and  9,  arc  constants  and  ry  and  x  are  variable, 
or 


¥1  +  (?2  —  9i)-v 
The  curvature  is  therefore 

2(92  —  9i)2[?i    +    (<Pj  —  ?l)*]3 


![?>   +   (?=  — 9,)-v]'  +    (?,  —  ?,)2! 


(2) 


(3) 


By  differentiating  this  curvature  in  respect  to  the 
concentration  x,  and .  equating  to  zero,  we  obtain 
the  concentration  where  the  curvature  of  the  viscosity 
curve  is  a  maximum  to  be 


V92  —  <Pi 


?2   —    ?1 


(4) 


Substituting  this  value  in  equation  (3),  one  obtains 
the  amount  of  curvature  where  the  curvature  is  a 
maximum  to  be 


-V6 


fi 


(5) 


It  follows,  therefore,  as  a  necessary  consequence  of 
the  assumption  that  fluidities  are  additive  that: 
1.  The  curvature  obtained  by  plotting  viscosities 
is  greatest  when  the  difference  between  the  fluidities, 
i.  <?.,  92  —  9,,  is  large,  and  becomes  zero  when  9.,  —  9,  = 
o    [cp.  equation  (5)]. 

2.  The  curvature  obtained  by  plotting  viscosities 
must  continually  decrease  as  the  concentration  in- 
creases unless  the  square  root  of  92  —  9,  is  greater 
than  9,,  in  which  case  the  point  of  greatest  curvature 
will  be  found  at  some  positive  concentration  [cp. 
equation  (4)]. 

3.  Mathematically  considered  the  curvature  is  de- 
pendent only  upon  the  difference  in  the  fluidities  of 
the  components,  i.  c,  9.,  —  9,  and  not  upon  9,  [cp. 
equation  (5)],  but  since  we  can  only  realize  positive 
values  of  x,  it  follows  that  for  a  given  value  of  9,  —  9, 
the  curvature  at  any  concentration  will  be  greatest 
when  9,  is  very  small. 

That  the  curvature  is  greatest  when  the  fluidities 
are  quite  unequal  has  already  been  noted  by  observers.1 

1  Thorpe  and  Rodger,  J.  Chem.  Soc.  (London  >.  71,361  (1896).  Bingham, 
Am.  Ch,  to.  /.,  35,  195  (1906). 


Thai    the   curval  ure    i        reatcsl    when    the    vis< 
are  greal   has  also  been  observed  in  the  mcasuri 
of  the  viscosity  ol  undercooled1  and  other  ver) 
liquids.      It    lias   caused    some    bewilderment,    but 
believe    that    the    cause    of    this    peculiarity    ha 
before  been  given.     The  conclusion  thai   tl 
is   not    uniform,   is  also  clearly   shown    in    the  < 
very    viscous   liquids.      It    is   not   shown    very    well   by 
the  curves  which  are  given  in  this  paper  because  the 
fluidities   of   the   components  are   not   sufficiently  un- 
ci |ual. 

0.62 


o  ZS  SO  7S  '°° 

In  conclusion,  it  is  possible  that  the  fluidities  and 
viscosities  of  oil  mixtures  may  be  simultaneously 
additive,  but  it  seems  to  be  a  perfectly  general  rule 
that  the  fluidity  is  invariably  a  linear  function  of  the 
composition  so  long  as  there  is  no  marked  action  be- 
tween the  components. 

r  wish  to  express  my  gratitude  to  Dr.  Eugene  C. 
Bingham  for  valuable  suggestions  with  regard  to  this 
investigation. 

Laboratories  of  Richmond  College. 
Richmond,   Va  .  and   U.   S.   Bureau  of  Fisheries. 
Woods  Hole.  Mass. 


COMPARATIVE  VALUE  OF  IRRIGATED  AND  DRY- 
FARMING  WHEAT  FOR  FLOUR  PRODUCTION. 

By   Robert  Stewart  and  C.   T.    Hirst. 
Received  Nov.    10,    1911. 

The  Chemical  Department  of  the  Utah  Experiment 
Station  has  been  conducting  investigations  during 
the  past  eight  years  regarding  the  milling,  chemical 
and  baking  characteristics  of  different  varieties  of 
wheat  grown  under  irrigated  and  dry-farming  con- 
ditions.     A  great   many  varieties  of  wheat  have  been 

1  Tammann.  Z.  physik.  Chen,..  28,  17  H898J. 
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gated,  many  of  which  were  imported  from 
liferent  sections  of  the  country.  The  dry-farming 
arieties  of  wheat  have  been  grown  on  the  several 
Bperimental  dry  farms,  while  the  irrigated  varieties 
ave  been  grown  on  the  irrigated  farm  located  in  the 
ache  Valley  at  Greenville.  * 

In  1908,  a  preliminary  report  of  these  investigations 
as  published.1  Some  very  important  results  were 
d.  It  was  found  that  the  dry-farming  wheats 
•ere  characterized  by  a  low  moisture  and  a  high 
rotein  content.  The  fact  that  dry-farming  wheats 
low  moisture  content  is  important.  A  dif- 
of  one  per  cent,  in  moisture  in  a  large  con- 
gnment  of  wheat  renders  the  wheat  having  the 
(Wer  moisture  content  of  higher  intrinsic  value. 
:  was  found  that  the  protein  content  of  the  flour 
reduced  from  the  durum  varieties  of  wheat  was 
7.64  per  cent.  The  protein  content  of  the  flour 
reduced  from  the  common  bread  varieties  of  wheat 
■as  found  to  be  16.79  per  cent.,  while  the  protein 
intent  of  the  flour  produced  from  .irrigated  wheat 
as  found  to  be  13.34  per  cent.,  thus  clearly  indi- 
iting  the  higher  protein  content  of  the  flour  pro- 
uced  from  dry-farm  wheats.  It  was  found,  however, 
lat  in  many  cases  the  millers  w-ere  unable  to  pro- 
iod  flour,  from  the  baker's  point  of  view,  from 
ic  wheat  they  obtained  from  the  farmers.  These 
ivestigations  showed  that  this  was  due  to  two  causes: 
rst.  the  most  common  variety  of  wheat  grown  in 
le  state,  the  Gold  Coin,  contained  the  lowest  pro- 
*in  content  of  any  of  the  varieties  of  wheat  tested; 
the  farmers  were  not  united  on  any  one  par- 
cular  variety  of  wheat  or  any  few  varieties,  but 
ich  farmer  was  governed  in  his  choice  of  the  variety 
y  his  own  personal  inclinations,  irrespective  of  the 
uality  of  wheat  grown.  The  work  clearly  demon- 
xated  the  necessity  of  uniting  on  one  or  two  varieties 
:  wheat  to  be  grown  by  the  farmers  for  bread-making 
s,  and  it  also  clearly  demonstrated  the  ne- 
jssity  of  uniting  upon   the   variety  of  wheat  having 

high  protein  content,  good  chemical,  milling  and 
aking  characteristics. 

Si  in 'i-  the  publication  of  this  bulletin,  the  work  has  been 

jntinued  and  the  summarized  results  obtained  by  the 

ear  investigations,  1907-8-9,  are  given  herewith. 

The  summarized  results  for  the  yield  of  milling 
roducts  of  spring  and  winter  dry-farming  and  irri- 
ttid  wheat  during  the.  years  1907-8-9  are  recorded 
>le  I. 

Summarized    Results    for    Yield   of    Milling    I'koducts. 
Results  Recorded  as  Per  Cent,  of  Dry  Weight. 


rigated  wheat,  25"  water     ,        in     4  oils     68  08     23   39       8  52  0  01 

fheat.  15"  water            lo     4.065     on  -'4     22  94       8.10  +0.28 

o irrigation2                                  in     .;   son     67   ss     24   7s        7    11  —0.26 

Inter  dry-farm  wheat                136     3  004     on  21      22  45       8.31  —0.03 

ring  dry-farm  wheal                 17     .(   106     no  on     20  95     12   15  0  ,x.i 

1  Stewart  ami  Greaves,  Bull   103,  Utah  Experiment  Station. 
Wlu-at    grown   on    irrigated   laud   but   receiving   no   irrigation    water 

11    growing  season;  used  as  .,  check   on    application    of  varying 

n, .tints  of  water 


The  weight  per  100  kernels  of  the  irrigated  wheat 
is  greater  than  that  of  either  the  spring  or  winter 
dry-farming  wheat.  The  yield  of  (lour,  bran  and 
shorts  shows  nothing  characteristic  for  the  wheats 
grown  under  different   conditions. 

The  results  obtained  fur  the  moisture  content  of 
the  Hour,  wheat,  shorts,  and  bran  are  brought  to- 
gether in  Table  1 1 . 

Table    II. — Summarized   Results   for    Moisture    is-    Flour,    Wheat, 
Shorts  and  Bran. 

Tests.  Flour.  Wheat  Shorts.  Hran 

Irrigated  wheat.  25  inches  water... .         10  10.41  8.46  9.41  8.54 

Irrigated  wheat,  15  inches  water. .         10  10  41  8  50  9.36  8.36 

No  irrigation 10  10.43  8.44  9.35  7.68 

Winter  dry-farm  wheat 136  9  89  8.11  9.23  8.74 

Spring  dry-farm  wheat 19  10  29  8.12  9.85  8.75 

The  moisture  content  is  low  in  every  case.  The 
moisture  content  of  the  irrigated  wheat  is  higher 
than  that  of  the  dry-farm  wheat.  The  moisture 
content  of  the  bran  is  practically  the  same  as  that 
of  the  wheat.  The  moisture  content  of  the  flour  is 
about  two  per  cent,  higher  than  that  of  the  wheat, 
while  that  of  the  shorts  is  about  one  per  cent,  higher 
than  the  wheat. 

The  results  for  the  protein  content  of  flour,  wheat, 
shorts   and  bran   are   brought   together   in    Table    III. 

Table    III. — Summarized    Results    for    Protein    in    Flour,    Wheat, 
Shorts  and  Bran. 

,                                                             Tests.  Flour.  Wheat.  Slmrts.  Iiran. 

Irrigated  wheat.  25  inches  water.  .         10  12  63  14   00  16  40  18  87 

Irrigated  wheat,  15  inches  water.  .         10  12.92  14.35  16  89  18  66 

No  irrigation 10  13  62  15.45  17.67  19.32 

Winter  dry-farm  wheat 136  1464  15   76  18   27  20.87 

Spring  dry  farm  wheat   19  15   74  16.85  19   17  20.39 

It  is  thus  seen  that  the  lowest  protein  content  is 
found  in  the  irrigated  wheat.  This  has  been  pre- 
viously observed  at  this  experiment  station.1  ■  The 
result  obtained  for  the  same  varieties  of  wheat  grown 
on  the  same  land  but  receiving  no  irrigation  water 
clearly  indicates  that  the  decrease  in  protein  is  due 
to  the  influence  of  the  water  and  not  to  differences 
in  varieties  grown  on  irrigated  and  dry-farming  land. 
This  difference  is  also  observed  in  the  flour,  bran  and 
shorts.  It  is  manifest  to  a  greater  degree,  however, 
in  the  flour  when  the  yield  is  taken  into  consideration. 
The  difference  in  the  amount  of  water  applied  to  the 
plots  receiving  25"  and  15"  of  water  is  not  sufficient 
to  make  any  marked  difference  in  the  amount  of 
protein  in  the  wheat,  flour,  bran  and  shorts,  although 
a  slight  difference  is  m 'ted.  The  difference  between 
the  protein  content  of  wheat  which  had  received  25 
inches  of  irrigation  water  and  the  spring  dry-farm 
wheal  is  2.85,  the  difference  in  the  protein  content 
of  the  flour  produced  from  these  wheats  3. 11,  while 
that  of  the  shorts  and  bran  is  2.77  and  1.4  <  per  cent., 
respect  ively. 

The  summarized  results  obtained  for  the  chemical 
composition  of  the  flour  produced  from  spring,  winter 
and  irrigated  grain  are   recorded  in   Table   [V. 

w  alts,,,',  Hull.  80,  Utah  Experiment  Station. 
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Tabu   i\       Summariziid  Rbsuli     toi   Crbmjcai  Compos mop   Pi 


pi  a  S  *  a 

a         1         S  z        |^      j 

H  S  fi  S              -  X              < 
i  ti  heat, 

!5"watei  10  10.41  12\63  34.05  11.72  2.73:1  0.578 
li  in    it,  ,1  \vlu-,it. 

I5"watei  in  10.41  12.92  32.55  11.63  2.79:1  0.544 

No  irrigation....  10  10  43  13.62  35.18  12. 58  2.79:1  0.552 

Winterdrj  Farm  136  9.89  14.64  40.14  14.14  2.85:1  0  529 

Spring  dry-farm  IS  10.29  15.74  44.12  15.32  2.86.1  0.689 

Tlir  flour  produced  from  the  winter  dry-farm 
wheat  has  a  slightly  lower  moisture  content  than 
the  flour  produced  from  the  other  kinds  of  wheat. 
The  protein  content  of  the  flour  produced  from  the 
wheat  receiving  the  greatest  amount  of  irrigation 
water  is  3.11  per  cent,  lower  than  that  produced  from 
spring  dry-farm  wheat  and  2.01  per  cent,  lower  than 
that  produced  from  dry-farm  winter  wheat.  In  case 
of  the  irrigated  varieties  of  wheat,  as  the  amount 
of  water  applied  decreases,  the  protein  content  in- 
creases. The  protein  content  of  the  flour  produced 
from  wheat  which  received  no  irrigation  water  is 
one  per  cent,  greater  than  that  produced  from  wheat 
receiving  an  application  of  25  inches  notwithstanding 
the  fact  that  the  seed  wheat  in  both  cases  was  the 
same  and  the  non-irrigated  wheat  was  grown  on  land 
which  had  been  irrigated  in  previous  years.  The  moist- 
and  dry-gluten  content  of  the  flour  produced  from  the 
irrigated  wheat  is  considerably  lower  than  that  pro- 
duced from  either  spring  or  winter  dry-farm  wheat. 

The  summarized  results  for  the  bread-making  value 
of  the  flour  produced  from  spring,  winter  dry-farm 
grains  and  the  irrigated  grains  are  recorded  in  Table  V. 

Table  V. — Summarized  Results  for  Bread-making  Value. 

SJ  8*°  "2  8"° 

<A         "         Si  -"0 "°         _:  -.'  - > 

o!  -  "  >H  a  « 

&     *j   a,     =°2     £       £       "as* 

°       '■-?    "S-9       .2-S«        "°         "°  °M° 

6  =an"  3"*  £  "3  i""3 

Z  6  v  A  ■fi  >  X 
Irrigated       wheat, 

25"  water 10  204  104  1:16.4  474  1605  1:127.1 

Irrigated      wheat, 

15"  water 10  185  105  1:14.3  475  1630  1:126.2 

Noirrigation 10  204  109  1:15.1  479  1655  1:121.5 

Winter    dry-farm.  108  195  104  1:13.3  474  1681  1:114.8 

Spring  dry-farm .. .  11  227  124  1:14.4  494  1841  1:117.0 

The  ratio  of  protein  to  volume  of  water  added  is 
narrower  in  case  of  the  dry-farm  grains.  The  volume 
of  loaf  made  from  dry-farm  flour  is  slightly  greater 
than  that  produced  from  irrigated  flour.  The  ratio 
of  protein  to  volume  of  loaf  is  narrower  in  the  dry- 
farm  flour  than  in  the  irrigated  flour. 

The  investigations  extending  over  a  period  of  eight 
years  clearly  demonstrate  the  fact  that  the  dry-farm 
grains  in  Utah  are  characterized  by  a  low  moisture 
content  and  a  high  protein  content.  They  also 
clearly  indicate  that  the  protein  content  of  the  dry- 
farm  wheats  is  higher  than  the  protein  content  of 
the  wheat  on  irrigated  farms. 

Chemical  Laboratory, 
Utah  Experiment  Station. 
Logan.  Utah. 


THE   INFLUENCE  OF  CARBON   UPON   NITRIFICATION. 

By  11    W.  Class        d  Gi    u  91    O.  Adams. 

Received  November  24,  1911. 

During    the    past   twi  irs   many  1 

mi  hi  .  have  been  made  .it  the  Lawrence  Experimenj 
Station  ol  the  .Massachusetts  State  Board  ol  Health 
tii  determine  the  effect  upon  nitrification  ol  an 
ol  a  number  of  substances  which  may  occur  na1 
in  sewage  or  may  at  times  find  their  way  into  it.  The 
substances  previously  studied  -  the  results  in 
to  which  have  been  given  in  the  various  reports  of 
the  Station  and  especially  in  that  of  1908 — have 
been  albumen,  peptone,  ammonium  chloride  and 
sodium  carbonate,  sulfuric  acid,  saltpeter,  common 
salt,  sugar,  soap,  urine,  free  oxygen,  phenol,  mercuric 
chloride,  formalin,  arsenic,  naphthalene,  sulfides,  bleach- 
ing powder  and  copper  sulfate.  As  stated  in  the  con- 
clusions of  the  summary  of  this  work  in  the  report 
of  1908,  "the  experiments  illustrate  the  adaptability 
of  the  nitrifying  body  to  the  conditions  imposed  and 
establish  another  fundamental  law  of  sewage  puri- 
fication that  if  nitrification  is  to  continue  in  the  pres- 
ence of  an  excess  of  any  substance,  the  filter  must 
become  slowly  accustomed  to  the  presence  of  that 
substance  by  application  of  it  in  gradually  increasing 
amounts;  that  when  once  accustomed  to  considerable 
amounts  of  any  substance,  the  process  of  nitrification 
will  proceed  unimpaired."  It,  of  course,  follows, 
however,  that  a  great  excess  of  any  substance  inimical 
to  nitrification  will  prevent  nitrification. 

In  the  various  investigations  necessitated  by  the 
work  of  the  State  Board  of  Health,  many  experiments 
have  been  carried  on  in  regard  to  the  purification  of 
mill  wastes  by  filtration,  many  of  these  wastes  con- 
taining large  amounts  of  carbonaceous  and  small 
amounts  of  nitrogenous  matter.  It  appeared  from 
this  work  that  at  times  with  many  of  these  wastes 
and  at  all  times  with  some  of  them,  good  purification 
and  a  satisfactory  effluent  could  be  obtained  when 
nitrates  were  not  found  in  the  effluents  of  the  filters 
operated.  Studies  of  this  phenomenon  appeared 
to  show  that  whether  nitrification  occurred  or  not 
depended  upon  the  relation  of  the  amount  of  car- 
bonaceous to  nitrogenous  matter  present  in  the  liquid 
or  waste  undergoing  treatment;  that  is  to  say,  nitri- 
fication could  apparently  proceed  when  the  amount 
of  nitrogen  was  represented  by  x  and  carbon  by  10* 
but  would  be  eliminated  when  the  carbon  was  increased 
to  12  or  15.T.  In  order  to  make  a  thorough  investi- 
gation of  this  subject,  certain  experimental  filters 
were  put  into  operation  early  in  the  year  19 10  and 
the  work  has  continued  until  the  present  time  (Sep- 
tember, 191 1 ).  The  method  has  been  to  apply  to 
the  sand  filters  used,  Lawrence  sewage  freed  from 
matter  in  suspension  to  which  has  been  added  some 
body  rich  in  carbon.  Practically  all  the  carbon  and 
nitrogen  applied  has  been  in  solution  and  by  this 
means  surface  clogging  and  storage  of  organic  matter 
in  the  filters  has  been  prevented. 

The  bodies  added  to  the  different  filters  with  the 
sewage,  have  been  sugar,  molasses,  butyric  acid, 
alcohol    and    filtered    wool-scouring    waste,    and    these 
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Iters  have  been  operated  generally  at  a  rate  of  50,000 

allons  per  acre  daily.     Careful  and  frequent  detcrmina- 

ons  of  the  relation  between  the  carbon  and  the  nitro- 

en   in  the  liquid  applied  have  been   made  and  also 

■equent    analyses    of    the    effluent    from    each    filter. 

he    carbon    values    were    calculated    in    the    case    of 

1gar,   alcohol   and   butyric   acid,   the  composition  of 

was  known,   and   in   the  case  of  molasses  the 

■  mate    composition    of    which    could    be    calcu- 

it.il      The  carbon  content  of  the  sewage  used  and 

f    the    filtered    wool-scourings    were    calculated   from 

tained  from  other  experiments  upon   the  re- 

ition  between  loss  on  ignition  and  carbon.1     While 

•  feasible  to  present  in  this  article  the  full  data 

1  regard  to  this  investigation,  the  data  in  regard  to 

ration   of  several   filters  are  given  beyond  to 

low    the    general    method   followed   and    the    results 

btained.      In  all,  twenty  filters  have  been  operated. 

In  the  operation  of  the  filters  the  carbon-containing 
ulics  have  generally  been  added  in  slowly  increasing 
mounts,  while  the  nitrogen  applied  has  been  kept 
>nstant.  During  the  period  when  the  ratio  of  carbon 
)  nitrogen  has  remained  low,  active  nitrification  has 
jcurred  in  each  filter  and  high  nitrates  have  been 
resent  in  their  effluents.  When  nitrification  has  been 
aecked  by  the  large  amounts  of  carbon  applied, 
ich  filter  has  been  continued  in  operation  long  enough 
1  prove  conclusively  that  nitrification  would  not 
jain  become  active  until  the  ratio  of  carbon  to  nitro- 
5B  was  considerably  reduced  and  also  long  enough 
>  prove  that  good  purification  continued  without 
(trifying  conditions  in  the  filter.  In  all  instances 
iveral  duplicate  experiments  with  the  same  carbon- 
:eous  substance  were  made  in  order  to  prevent 
rors  in  our  work  and  conclusions.  Experiments 
ere  also  made  showing  that  when  nitrification  had 
?en  checked,  but  not  entirely  stopped  by  the  carbon, 

would  be   re-established  by  increasing  the  amount 

nitrogen  in  the  liquid  applied  and  keeping  the 
irbon    constant,    this,    of   course,    reducing   the    ratio 

carbon  to  nitrogen.  It  was  also  found  that  when 
nmonium  chloride  was  added  to  the  sewage,  nitri- 
:ation  was  not  checked  by  carbonaceous  bodies 
ren  when  added  in  very  large  amounts. 
The  main  results  of  these  experiments  can  be  sum- 
arized  as  follows: 

When  sugar  was  added  in  such  amounts  that  the 
jplied  liquid  contained  less  than  50  parts  of  carbon, 
trification  was  stopped  in  three  separate  experi- 
ents  when  the  average  carbon  to  nitrogen  ratio 
as  13,  14  and  15.  When  the  ratio  was  11.6,  11.1 
id  11.0,  nitrification  was  not  seriously  checked, 
hen  nitrogen  as  NH4C1  was  added,  nitrification 
ok  place  even  when  200  parts  of  carbon  as  sugar 
is  present  in  the  applied  liquid,  and  the  ratio  of 
rbon  to  nitrogen  was  10.8.  When  molasses  was 
lelcd  with  the  sewage,  nitrification  was  stopped 
hen  the  average  carbon  to  nitrogen  ratio  was  above 
,  but  active  when  this  ratio  was  10  and  n.  With 
ityric  acid,  nitrification  was  not  seriously  impeded 
Ken    the    average    carbon    to    nitrogen    ratio    varied 

1  This  Journal.  3,  738. 


between  13  and  16,  but  was  prevented  when  the 
carbon  to  nitrogen  ratio  was  27.  When  nitrogen  as 
NH4C1  was  added  with  the  butyric  acid,  nitrification 
took  place  even  when  acid  equivalent  to  200  parts 
carbon  was  present,  the  ratio  of  carbon  to  nitrogen 
being  14.0.  With  alcohol,  nitrification  was  active 
when  the  average  carbon  to  nitrogen  ratio  was  13  and 
13.8,  but  was  stopped  when  the  average  ratio  was 
15  and  16.  When  nitrogen  as  NH4C1  was  added  with 
the  alcohol,  400  parts  of  alcohol  equal  to  160  parts 
carbon  could  be  applied  to  the  filter  and  nitrification 
remain  active,  the  carbon  to  nitrogen  ratio  under 
these  conditions  being  12.2.  With  filtered  wool- 
scouring  waste  diluted  with  water,  nitrification  con- 
tinued as  long  as  the  carbon  to  nitrogen  ratio  was 
below  14,  the  carbon  running  up  to  350  parts  per 
100,000  but  was  stopped  when  the  carbon  to  nitrogen 
ratio  was  increased  to  1 7  by  the  addition  of  sugar. 

Data  in  regard  to  three  of  these  filters  follow,  and 
it  will  be  noticed  that  even  when  nitrification  ceased 
and  the  filters  continued  in  operation,  the  amount 
of  free  and  albuminoid  ammonia  present  in  the  effluents 
of  these  filters  was  little,  if  any,  greater  than  when 
nitrification  was  active.  This  occurred  although 
the  same  amount  of  nitrogenous  matter  was  being 
applied  as  when  nitrification  was  active. 

As  stated  in  the  beginning  of  this  article,  these 
results  are  similar  to  those  obtained  frequently  with 
mill  wastes  and  occasionally  with  domestic  sewage 
and  show  that  purification  can  take  place  in  certain 
filters  under  the  conditions  imposed  by  the  addition 
of  large  amounts  of  carbonaceous  matter  even  although 
nitrification  in  the  filter  ceases.  This  purification 
without  nitrification  is  due  to  certain  bacteria  which 
are  active  under  conditions  which  prevent  nitrifica- 
tion but  cause  chemical  actions  which  break  down 
organic  matter  and  result  in  the  setting  free  of  car- 
bon dioxide  and  nitrogen.  It  is  distinctly  different 
from  the  action  sometimes  occurring  in  contact  filters 
where  the  nitrates  formed  do  not  appear  in  the  effluent, 
as  in  such  filters  further  oxidation  of  organic  matter 
is  accomplished  within  the  filter  by  the  use  of  the 
oxygen  of  these  nitrates  and  their  consequent  reduc- 
tion.    The   intense  activity  of  the  filter  in  changing 

Filter  Receiving  Sewage  to  which  Molasses  was  Added.     Analyses 
at  Intervals. 
(Parts  per  100,000.) 
Free  ammonia: 

Applied  liquid 4.30  2.28  3.03  2. 25  2.40 

Effluent  from  filter 0.188  0   14  0.15  0.27  0.27 

Albuminoid  ammonia: 

Applied  liquid 0.33  0.31  0.39  0.39  0.42 

Effluent  from  filter. ..  .      0.026  0.036  0.04  0.042  0.046 

Oxygen  consumed: 

Applied  liquid 12.14  16.99  19.10  23.80  23.80 

Effluent  from  filter.  ..  .      0.22  0.26  0.35  0:31  0.39 

Kjeldahl  nitrogen: 

Applied  liquid 0.67  0.76  0.76  0.85  0.84 

Nitrogen  as  nitrites: 

Effluent  from  filter 0.0016       0.0014        0.0012       0.0004       0.0002 

Nitrogen  as  nitrates: 

Effluent  from  filter.  ..  .      2.52  2.18  2.01  0.84  0.10 

Total  carbon: 

Applied  liquid 34.8  50.4  55.5  68.5  68.5     ■ 

Ratio  C/N: 

Applied  liquid 8.3  16.1  17.0  24.4  24.3 

Per  cent,  applied  nitrogen 

in  effluent 65.0  75.0  68.0  39.0  15.0 
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carbonaceous  matter  t<>  the  gaseous  form,  and  its 
liberation  and  disappearance  in  this  way,  is  strikingh 
shown  i>\  the  oxygen-consumed  results  of  the  applied 
liquid  and  i  (fluent.  The  loss  of  nitrogen  by  its  libera- 
tion can  be  seen  by  the  figures  showing  the  percentage 
of  thai  applied  appearing  in  each  effluent  during 
different  periods  of  operation  of  each  filter. 

Filter     Receiving    Sewage     to    which    Butyric    Acid    was    Added. 
Anai  isis  \i    i\  i  brv  m  s, 
I  Parts  per  100,000). 
Free  ammonia 

applied  liquid  3  03       3  03 

Effluent  from  lilt tr   ll   22        0.  12 
Albuminoid  ammonia: 

Applied  liquid  0   25        0.25 

Effluent  from  filter  0  028     0.02 
<  ixygen  consumed: 

Applied  liquid  2  69        2   (■'< 

Effluent  from  filter  0  21       0.23 
Kjeldahl  nitrogen: 

Applied  liquid    ...      0.64         0   <>4 
Nitrogen  lis  nitrites 

Effluent  from  filter  o  004     0  002     0  0012  0  0006  0.0006  0  0006  0  0006 


2. 

70 

.-  98 

.  og 

2  98 

2.98 

0. 

18 

0  oss 

0    17 

O    14* 

0.13 

o   20       o  25        0.27        O  27        0,27 
O  014      O  036     0.036     0  038     0.044 


2.00 

2   00 

2.00 

2.00 

2.00 

0   22 

0  26 

II     IS 

0.22 

0   21 

0.50       0  (,4        0.65        11  65        (i  65 


Nitrogen  us  nitrites: 

Effluent  from  filter  0.75 

0.63 

1    01 

2.40 

0  34 

Total  carbon: 

Applied  liquid.  .  .    37.6 

,17    (» 

37.6 

54.0 

84.7 

Ratio  C   X 

Applied  liquid    .  .    12   0 

12   0 

13. S 

17.5 

27   4 

Per  cent,  applied  ni- 

trogen in  effluent    ,t2  0 

25   0 

44.0 

82.0 

18.0 

0.05 


8.0 


0.05 

84.7 
27.4 
8.0 


3.82       3.84       2.88 
0.022     0.024     0  Olf 


3  .  03        2  .  25 
0 .  034     0 .  05 


2.40 


Filter    Receiving   Sewage   to   which   Sugar   was   Added.     Analyses 
•   at  Intervals. 
(Parts  per  100.0001. 
Free  ammonia: 

Applied  liquid   .  .      3.30 

Kffluent  from  filter  O  02 
Albuminoid  ammonia: 

Applied  liquid.  ...    0.25 

Effluent  from  filter  0 .  02 
Oxygen  consumed: 

Applied  liquid 1.60      14.22      13.40      13.50      15.50      13  90      14.00 

Effluent  from  filter  0.13        0.12        0.18       0.16       0.18       0.14        0.15 
Kjeldahl  nitrogen: 

Applied  liquid.  .         0  47        0  56        0  45        0.76        0.36        0.45        0  34 
Nitrogen  as  nitrites: 

Effluent  from  filter   0  0040  0  0012   0.0004   0  0004  0.0004  0.0002   O  0002 
Nitrogen  as  nitrates: 


0.24        0.27        0.21        0.19 
0.012      0.016      0.026      0.02 


0.19        0.17 
0.022      0.022 


Effluent  from  filter  3.11 

1  .39 

2.65 

2.86 

1    43 

0.67 

0  04 

Total  carbon 

Applied  liquid.  ...    4.7 

40.7 

39   2 

41  .6 

45.5 

46.0 

43.3 

Ratio  C    X 

Applied  liquid.  .         15 

11    0 

10   9 

14.7 

15.9 

20  0 

18   4 

Per  cent,  applied  ni- 

trogen 111  effluent    99    1 

38.5 

74.7 

104.0 

52.0 

33   0 

9    0 

MILL   WASTE    FILTERS. 

The   following   table   shows   the   average   results   ob- 
tained  during   the  past   fifteen  years   of   a  number  of 


Applied  waste. 
(Parts  per  100.000.) 


Total 
Waste  from:  Nitrogen 

Dyeing  cotton 0  .  58 

Washing  and  dyeing  cotton 0.76 

Dyeing  and  finishing 0  57 

Dyeing  and  finishing. 0.27 

Cotton  batting 1  .  25 

Carpet  mill 2  .  24 

Dyeing  and  finishing 1  .  80 

Scouring  and  dyeing 0.91 

Effluent  from   carpet   mill    filter 

No.  2 0.93 

Binders'  board 0.49 

Shoddy  mill   o   7  7 

Tannery 4. 65 


Approxi- 
mate 
amount  o 
carbon. 
41    0 


26.8 

10.8 


Ratio 
C   X. 


16.1 

14.9 


Effluent. 

(Parts  per 

100.000.) 

Nitrogen 

as 
nitrates. 
0.02 
0  01 
0 .  00 
0.07 
0.04 
6.05 

II  1(1 

0.37 

0  32 

oil 

1  01 
3.63 


filters  operated  with  various  mill  wastes.  The  efflui  mi 
from  all  these  lilters  have  been  stable  and  usuallv 
clear  .and  odorless.  It.  will  he  noticed  thai  where 
the  ratio  of  carbon  to  nitrogen  in  the  waste  a] 
t"  the  filter  is  around  10.  there  has  been  nitrifica- 
tion. In  the  case  of  the  carpet  mill  waste,  the  first 
filter  t;avc  no  nitrification  because  the  carbon  to  nitro- 
gen ratio  was  16.1.  This  filter  reduced  the  carbon 
to  nitrogen  ratio  of  the  liquid  to  9.0  so  that  when 
applied  to  a  second  filter,  nitrification  took  place  in 
the  secondary  filter. 

Lawrence  Experiment  Station, 
Mass    Board  or   Heai  hi 


ACIDITY  IN  WHEAT  FLOUR;  ITS  RELATION   TO 
PHOSPHORUS  AND  TO  OTHER 

CONSTITUENTS. 
By  C.  O.  Swanson. 
Received  Jan.    25,    1912. 

The  investigation  of  the  relation  between  chemical 
composition  and  the  baking  qualities  of  wheat  flour 
is  one  of  the  major  lines  of  investigation  followed 
by  the  Chemical  Department  of  the  Kansas  State 
Agricultural  College  Experiment  Station.  The'  chem- 
ical work  in  connection  with  this  paper  was  done 
by  Mr.  John  W.  Calvin,  Assistant  Chemist,  and  Miss 
Leila  Dunton,   Fellow  in  Chemistry. 

In  our  work  on  commercial  flours  it  was  noticed 
that  there  was  an  unmistakable  relation  between  the 
percentages  of  acidity  and  the  percentages  of  ash, 
amino  compounds,  total  and  water-soluble  phos- 
phorus. It  was  also  noted  that  the  acidity  value 
and  the  related  compounds  depended  to  a  large  ex- 
tent upon  the  method  of  milling.  The  presence  of 
varying  amounts  of  bran  fiber  or  germ  was  more 
pronounced  than  any  other  factor. 

To  eliminate  these  factors  of  unknown  influence 
it  was  decided  to  work  on  flours  from  different  mill 
streams.  The  advantage  of  such  flours  was  that 
their  origin  in  relation  to  the  different  portions  of 
the  wheat  kernel  was  better  known.  Also  such 
flours  would  differ  from  each  other  to  such  an  extent 
that  small  variations  in  the  results  due  to  experi- 
mental error  would  have  less  influence.  In  fact 
the  differences  on  most  of  such  flours  are  so  great 
that  the  experimental  error  can  in  no  way  influence 
the  main  results.  The  description  of  the  flours  is 
given  below.  The  wheat  from  which  all  these  flours 
were  made  is  also  included.  The  serial  numbers 
are  the  ones  used  throughout  the  discussion: 

Serial  Xi>.  Description-  of  Sample.  Giving  Source. 

389  Wheat  from  which  the  following  twenty-six  flours  were  made 

390  Patent  flour,  seventy  per  cent. 

391  Clear  flour,  twenty-seven  per  cent. 

392  Low-grade  flour,  three  per  cent. 

393  First  break  flour,  part  of  the  clear. 

394  Second  break  flour,  part  of  the  clear 

395  Third  break  flour,  part  of  the  clear. 

396  Fourth  break  flour,  part  of  the  clear. 

397  Fifth  break  flour,  part  of  the  clear. 

398  First  middlings  flour,  part  of  the  patent. 

399  Second  middlings  flour,  part  of  the  patent. 

400  Third  middlings  flour,  part  of  the  patent. 

401  Fourth  middlings  flour,  part  of  the  patent. 
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402  Fifth  middlings  flour,  part  of  the  patent. 

403  Sixth  middlings  flour,  part  of  the  clear. 

404  Seventh  middlings  flour,  part  of  the  clear. 

405  First  sizings  flour,  part  of  the  patent. 

406  Chunks  flour,  part  of  the  patent. 

407  Second  sizings  flour,  part  of  the  clear. 

408  B  middlings  flour,  part  of  the  clear. 

409  First  tailings  flour,  part  of  the  clear. 

410  Second  tailings  flour,  part  of  the  clear. 

41 1  Second  low-grade  flour,  part  of  the  low-grade. 

412  Bran  duster  flour,  part  of  the  low-grade. 

413  Ship  duster  flour,  part  of  the  low-grade. 

414  Roll  suction  stock,  part  of  the  low-grade. 

4 1 5  Stock  going  to  fourth  middlings  from  second  sizings. 

The  chemical  analyses  of  these  flours  for  ash,  pro- 
tein, fat,  acidity  at  25°  C.  and  40 °  C,  amino  com- 
pounds, water-soluble  phosphorus  at  25 °  C.  and  400 
C.  and  total  phosphorus  are  given  in  the  accompany- 
ing table.  The  ash  was  determined  by  the  calcium 
acetate  method.  The  acidity  was  determined  under 
two  conditions:  (1)  the  usual  method,  one-half  hour 
extraction  (room  temperature  about  25 °  C.)  and  (2) 
two  hours'  extraction  at  40  °  C.  That  this  latter 
method  gives  the  maximum  acidity  was  determined 
in  a  separate  trial.  The  extracts  from  the  acidity 
determinations  were  used  in  the  determination  of 
soluble  phosphorus.  The  amino  compounds  were 
determined  as  follows:  Eleven  grams  of  flour  were 
placed  in  a  600  cc.  Erlenmeyer  flask  and  400  cc.  of 
a  1%  solution  of  sodium  chloride  added.  The  whole 
was  thoroughly  shaken  and  the  shaking  repeated 
every  ten  minutes  for  one  hour.  It  was  then  allowed 
to  settle  for  thirty  minutes  when  a  little  over  200  cc. 
were  filtered  off.  To  exactly  200  cc.  of  the  filtrate 
were  added  20  cc.  of  a  10%  solution  of  phospho- 
tungstic  acid.  This  was  allowed  to  stand  over  night 
and  then  filtered.  This  filtrate  was-  perfectly  clear: 
200  cc.  of  the  filtrate  were  placed  in  a  Kjeldahl  flask, 
5  cc.  of  sulphuric  acid  added,  placed  over  a  burner 
and  the  solution  evaporated  to  25  cc.  More  sul- 
phuric acid  was  then  added  and  the  nitrogen  deter- 
mination finished  in  the  regular  way.  The  amino 
compounds  were  calculated  as  proteins.  The  per- 
centage of  the  total  phosphorus  which  is  water-soluble 
was  calculated  and  these  figures  are  given  in  the  last 
column. 

ASH    CONTENT. 

The  ash  percentage  increases  in  almost  the  same 
proportion  as  the  flour  contains  fibrous  branny  ma- 
terial, or  as  the  flours  are  taken  from  the  portion  of 
the  wheat  kernel  next  to  the  bran.  The  fifth  break 
flour  is  highest  in  ash- percentage,  and  the  first  break 
flour  is  next.  The  relatively  high  ash  percentages 
of  the  first  break  flour  is  due  to  the  incorporation  of 
bran  fibers  when  the  flour  is  made,  but  in  the  fifth 
break  the  high  ash  content  results  from  two  causes: 
(1)  the  incorporation  of  bran  fiber  as  in  the  first 
break  and  (2)  the  material  in  the  wheat  kernel  next 
to  the  bran  contains  nore  mineral  matter  than  the 
interior  of  the  kernel.  This  assumption  is  based 
on  the  composition  of  these  mill  streams  in  general. 
The  middlings  flours  are  lowest  in  ash.  These  are 
made  from  the  interior  portion  of  the  kernel  and  by 
means  of  the  purifiers  they  are  very  carefully  freed 
from  bran  fibers.     The  flour  from  the  chunks  has  a 


higher  ash  percentage  than  any  of  the  streams  which 
go  into  the  patent  flour.  These  chunks  contain  a 
relatively  large  amount  of  bran  fiber  and  in  grinding 
some  of  these  fibers  get  into  the  flour.  The  ash 
content  of  bran  and  shorts  is  ten  times  that  of  flour. 
The  percentage  of  ash  furnishes  a  very  good  indica- 
tion of  the  quality  of  the  flour  as  far  as  that  is  related 
to  the  method  of  milling. 


The  acidity  values,  at  40 °,  two  hours'  extraction, 
show  very  clearly  what  portion  of  the  wheat  kernel 
the  flour  comes  from. 

As  all  these  flours  were  made  from  the  same  wheat 
the  effect  of  the  unsound  grain  is  eliminated.  The 
presence  of  bran  fiber,  germ,  or  portions  of  the  wheat 
kernel  next  to  the  bran,  will  largely  influence  the 
acidity    values,    probably    more    than    unsoundness. 

AMINO    COMPOUNDS. 

The  amino  compounds  vary  almost  identically  as 
the  acidity  and  the  same  factors  which  influence  the 
acidity  also  influence  the  percentage  of  amino  com- 
pounds. 

PHOSPHORUS. 

The  total  and  water-soluble  phosphorus  show  the 
same  variations  as  the  acidity  and  the  amino  com- 
pounds in  relation  to  the  portion  of  the  wheat  kernel 
from  which  the  flour  is  taken. 

The  water-soluble  phosphorus  content,  obtained 
by  both  methods  of  determination,  varies  with  the 
total  phosphorus,  but  not  in  the  same  proportion. 
The  phosphorus  soluble  at  40  °  C,  two  hours'  extraction, 
increases  in  a  larger  ratio  in  the  lower  mill  streams 
than  the  phosphorus  soluble  at  25  °  C.  half  an  hour's 
extraction. 

The  first  middlings  flour  has  the  lowest  percentage 
of  water-soluble  phosphorus  followed  closely  by  the 
patent  flour  and  the  second  and  third  middlings. 
The  amount  of  water-soluble  phosphorus  in  the  mid- 
dlings increases  as  the  number  of  designations  of  re- 
duction increases.  This  statement  is  also  true  of  the 
break  flours.  In  all  the  lower  streams,  the  percentage 
of  water-soluble  phosphorus  is  high  as  compared  with 
the  middlings  flours. 

The  baking  tests,  made  by  Miss  Dunton,  showed 
clearly  that  the  percentage  of  water-soluble  phos- 
phorus has  a  distinct  influence  on  the  total  expansion 
and  fermentation  period.  These  phosphates,  no  doubt, 
have  a  very  intimate  relation  to  the  gluten  quality, 
and  experiments  are  now  in  progress  which  we  hope 
will  throw  some  light  on  the  problem. 

A  study  of  the  accompanying  table  will  show  that 
there  is  an  unmistakable  relation  between  the  acidity, 
the  amino  compounds  and  the  phosphorus,  both  the 
total  and  the  water-soluble.  There  is  also  an  apparent 
relation  between  the  ash  and  acidity.  That  the  total 
phosphorus  should  show  a  relation  to  the  acidity 
follows  from  the  fact  that  it  includes  the  soluble 
phosphates  and  the  total  and  the  soluble  bear  a  more 
or   less    definite    relation    to   each    other.     The    larger 
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part  of  the  phosphorus  in  the  flour  extract  is  probably 
in  the  form  of  phosphates  of  potassium.  There  are 
also  smaller  amounts  of  the  phosphates  of  magnesium 
and  calcium,  the  former  being  about  four  times  as 
abundant  as  the  latter,  reasoning  from  the  compo- 
sition of  wheat  ash.  The  acid  phosphates  of  mag- 
nesium are  very  slightly  soluble  in  water.  While 
monocalcium  phosphate  is  soluble  in  water,  the  pos- 
sible amount  of  this  salt  in  the  flour  is  very  small. 
Reasoning  from  the  different  amount  of  inorganic 
elements  present  in  the  flour,  much  the  larger  part 
of    the    soluble    phosphorus    obtained    in    the    extract 


water  during  extraction  may  easily  change  this  con- 
dition. 

In  the  following  discussion,  the  figures  for  70  per 
cent,  patent  flour,  treatment  at  40  °  C.  two  hours,  are 
taken.  The  percentage  acidity  is  0.130.  This  cur- 
responds  to  2.88  cc.  N/20,  or  0.0081  g.  KOH  for  10  g. 
of  flour.  The  per  cent,  of  water-soluble  phosphorus 
in  an  extract  from  the  same  amount  of  flour  and 
obtained  under  the  same  condition  is  0.028.  This 
would  correspond  to  0.0028  g.  of  phosphorus;  that 
is,  the  water  extract  which  requires  0.0081  g.  of  KOH 
to  neutralize  the  acidity  contains  0.0028  g.  of  soluble 


Chemical  Composition   of   Flour   from   Differf.nt  Mill  Streams. 


Moisture-Free  Percentages. 

Phosphorus. 


Per  cent 

Acidity. 

of  water 

Amino 

Water  sol. 

Water  sol. 

soluble 

No. 

Mill  stream. 

Ash. 

25°. 

40°. 

comp. 

at  25°. 

at  40°. 

Total. 

at  40°. 

389 

Wheat 

1.93 

0.156 

0.478 

0.530 

0.066 

0.218 

0.482 

51.73 

390 

Patent  70  per  cent. 

0.52 

0.074 

0.130 

0.162 

0.021 

0.028 

0.110 

29.25 

391 

Clear  27-27  lA  per  cent. 

0.83 

0.170 

0.245 

0.270 

0.071 

0.098 

0.187 

59.64 

392 

Low  grade  2  M-3  per  cent. 

1   08 

0.215 

0.339 

0.396 

0.097 

0.152 

0.269 

64.01 

393 

First  break 

0.93 

0.136 

0.239 

0.276 

0.053 

0.082 

0.162 

57.79 

394 

Second  break 

0.80 

0.137 

0.211 

0.239 

0.060 

0.083 

0.165 

57.45 

395 

Third  break 

0.80 

0.126 

0.220 

0.237 

0.062 

0.084 

0.172 

55.74 

396 

Fourth  break 

0.88 

0.160 

0.252 

0.266 

0.071 

0.103 

0.204 

78.34 

397 

Fifth  break 

1.28 

0.235 

0.370 

0.363 

0.114 

0.187 

0.296 

72.29 

398 

First  middlings 

0.52 

6.071 

0.101 

0.195 

0.017 

0.023 

0.094 

27.43 

399 

Second  middlings 

0.50 

0.067 

0.109 

0.200 

0.017 

0.025 

0.093 

30.55 

400 

Third  middlings 

0.54 

0.069 

0.125 

0.206 

0.026 

0.033 

0.107 

34.93 

401 

Fourth  middlings 

0.58 

0.081 

0.142 

0.201 

0.026 

0.042 

0.118 

40.26 

402 

Fifth  middlings 

0.62 

0.067 

0.148 

0.217 

0.031 

0.044 

0.120 

41.58 

403 

Sixth  middlings 

0.62 

0.094 

0.164 

0.229 

0.039 

0.053 

0.133 

44.89 

404 

Seventh  middlings 

0.95 

0.164 

0.275 

0.335 

0.080 

0.102 

0.215 

53.69 

405 

First  sizings 

0  64 

0.091 

0.161 

0.194 

0.042 

0.051 

0.127 

46.21 

406 

Chunks 

1    02 

0    159 

0.289 

0.312 

0.082 

0.118 

0.225 

59.74 

407 

Second  sizings 

0.88* 

0.145 

0.236 

0.278 

0.054 

0.091 

0.186 

56.02 

408 

B.  middlings 

0.72 

0.129 

0.208 

0.243 

0.057 

0.077 

0.171 

2S.47 

409 

First  tailings 

1  .15 

0    170 

0.304 
0.395 

0.317 

0.076 

0.145 

0.261 

63.16 

410 

Second  tailings 

1.36 

0.186 

0.444 

0.094 

0.175 

0.327 

60.68 

411 

Second  low  grade 

1.01 

0.181 

0.305 

0.340 

0.065 

0.122 

0.230 

59.51 

412 

Bran  duster  flour 

1.27 

0.220 

0.370 

0.404 

0.080 

0.161 

0.301 

59.91 

413 

Ship  duster  flour 

1.58 

0.239 

0.466 

0.505 

0.070 

0.191 

0.373 

57.53 

414 

Roll  suction  stock 

0.79 

0.130 

0.467 

0.239 

0.068 

0.078 

0.164 

53.72 

415 

Middlings  from  second  sizings 

0.46 

0.065 

0.133 

0.076 

0.023 

0.079 

0.113 

79.20 

is  in  the  form  of  the  phosphates  of  potassium.  All 
the  phosphates  of  potassium  are  more  or  less  soluble 
in  water.  Some  are  soluble  in  alcohol  while  others 
are  not.  Orthopotassium  phosphate  is  slightly  solu- 
ble in  cold  water  and  the  solubility  increases  .at  a 
higher  temperature.  Monopotassium  phosphate  and 
dipotassium  phosphate  are  both  soluble  in  cold  water; 
the  former  gives  a  solution  acid  in  reaction,  while 
the  latter  gives  a  solution  alkaline  in  reaction.  It 
thus  becomes  evident 'why  a  soluble  phosphate  ob- 
tained from  a  flour  will  influence  the  acidity  test. 
The  effect  of  varying  temperature  on  solubility  of 
the  different  phosphates  of  potassium  partly  explains 
why  the  percentages  are  higher  at  40  °  C. 

Whether  or  not  these  phosphates  are  present  as 
such  in  the  flour  or  produced  by  the  hydrolytic  action 
of  the  water  in  the  process  of  extraction  is  immaterial 
as  far  as  they  influence  the  acidity  value.  It  is  this 
water  extract  that  is  used  for  the  determination  of 
acidity,  and  in  which  the  acid  phosphates  would  be 
found.  It  may  be  that  the  greater  part  of  the  phos- 
phorus in  the  flour  is  present  in  the  organic  form. 
Determinations  made  in  this  laboratory  seem  to 
point   that   way,  but    the   hydrolytic   action    of    the 


phosphorus  in  the  form  of  acid  phosphates.  As- 
suming that  this  phosphorus  is  in  the  form  of  mono- 
potassium  phosphate,  there  would  be  0.0123  S-  or 
this  salt. 

Assuming    the    chemical    reaction    to  take  place    in 
accordance  with  the  following  equation, 

KOH  +  KH2P04  =  K2HP04  +  H20, 
we  have  the  following  proportion: 

56.1  :  136. 1  :  :  0.0081  :  X  =  0.0196 
This  means  that  it  would  take  0.0196  g.  of  mono- 
potassium  phosphate  to  be  neutralized  by  the  0.0081 
g.  of  KOH,  while  according  to  the  determinations 
there  was  only  0.0123  g.  of  this  salt  present  as  cal- 
culated from  the  amount  of  soluble  phosphorus.  If 
we  assume  the  above  reaction  to  take  place  this 
amount  of  monopotassium  phosphate  would  require 
only  0.0051  gram  of  KOH  for  its  neutralization. 
The  difference  between  0.0081  and  0.0051  or  0.003  S- 
of  KOH  would  be  neutralized  by  some  other  com- 
pounds. That  these  compounds  are  the  amino  acids 
is  evident  from  the  close  relation  between  the  acidity 
value  and  the  amino  compounds.  The  close  relation 
between   the  ash  percentages  and  the  acidity  is  due 


>7« 


////■   JOl  RNAL  OF   INDUSTRIAL  AM)  ENGINEERING  CHEMISTRY 


April, 


to  the  greatei   contenl   oi   phosphorus  in  the  samples 
which  are  high  in  ash. 

GRAPHIC     PRESENTATION     OF    THE     RELATION     BETWEEN 

PHOSPHORUS    AND    OTHER    CONSTITUENTS    IN 

MILLSTREAM    FLOURS. 

The  figures  lor  total  phosphorus  given  in  the  table 
of  analyses  were  arranged  in  an  ascending  scries  and 
the  figures  for  the  other  constituents  placed  in  parallel 
columns.  These  figures  were  then  plotted  on  cross- 
section  paper  with  the  results  shown  in  the  accom- 
panying plate.  To  bring  the  curves  near  each  other 
on  the  plate,  the  figures  for  each  constituent  of  No. 
399,  second  middling  flour,  were  reduced  by  addition 
and  subtraction  to  the  same  value  as  the  figure  for 
total  phosphorus.  The  corresponding  figures  for 
the  constituents  of  all  the  flours  were  treated  by  the 
same  factors  as  were  used  in  changing  the  numerical 
values  for  the  constituents  on  No.  399.  This  does 
not  change  the  form  of  the  curve  but  the  relative 
position  is  changed.  Unless  some  such  method  were 
used,  it  would  not  be  possible  to  show  all  these  curves 
on  one  plate.  But,  it  should  be  borne  in  mind  that 
on  account  of  these  calculations,  the  fact  that  one 
curve  is  above  another  does  not  mean  that  the  abso- 
lute value  is  greater.  The  plate  shows  only  the  re- 
lation of  the  curves  to  each  other,  not  the  relative 
magnitude  of  the  constituents  represented. 
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(Continued  from  the  March  No.) 
V.  The  Physical  Constants  of  Chloroform. 

I.    SPECIFIC    GRAVITY. 

A.  The  earliest  determinations  of  the  density  of 
chloroform  were  made  in  1832  by  Liebig,1  who  re- 
ported the  constant  1.485  at  150,  and  by  Guthrie,2 
who  found  the  value  to  be  1.486  at  15.50.  Later 
(1849),  Soubeiran  and  Mialhe3  obtained  a  purer 
preparation,  as  shown  by  their  density  determina- 
tion, 1.4905  at  15  °.  Up  to  1849,  however,  the  best 
commercial  chloroform  possessed  a  specific  gravity 
of  1.480,  which  was  considered  a  guarantee  of  its 
purity.  Gregory4  found  that  chloroform  of  the 
density  1.480,  when  once  treated  with  sulphuric  acid, 
which  destroyed  the  "oils,"  might  be  obtained,  after 
removing  the  "sulphurous  acid,"  of  the  density  of 
1.500  at  15. 50.  This  value  he  took  as  the  true  specific 
gravity  of  chloroform.  Wilson  was  unable  to  obtain 
chloroform  of  a  density  higher  than  1.498;  but  Gregory 
considered  his  chloroform  impure,  and  stated  that 
every  sample,  whether  originally  of  1.480,  1.490,  or 
1.497,  when  purified  by  means  of  sulphuric  acid  and 


manganese    dioxide,    acquired     the    density    which    he 
regarded  as  true,  viz.,   1.500  at  1 5.5 °. 

Schiff,1  in  1858,  reported  that  chloroform  possesses 
a  density  of  1.5066  at  15°;  this  high  result  was  prob- 
ably attribu table  to  the  method  of  purification  which 
he  employed.  In  1865,  Ilager  stated  that  "pure'' 
chloroform  possesses  a  density  of  1. 494-1. 495  at  15°.* 
Swan'  reported  that  his  determinations  showed  1.493- 
1.497;   but   these  results,  like  those  of  Soubeiran  and 

Mialhe,and  Gregory,  were  due  to  the  fact  than  no  s] 

pains  were  taken  to  free  the  chloroform  from  alcohol. 

The  determinations  of  Thorpe*  were  made  on  chloro- 
form which  had  been  carefully  purified,5  and  un- 
doubtedly represent  great  accuracy.  Thorpe  found 
the  density  to  be  1.52657  at  o°/4°,  with  which  value 
the  recent  determinations  of  Timmermans,6  1.52633-7 
for  d4°,  are  in  accord.  A  summarization  of  the 
various  determinations  of  the  specific  gravity  of 
chloroform  is  given  in  Table  I. 


Table 

. — Various 

Determinations  of  the  Specific  Gravity  of 

Chloroform 

0°. 

11.8°. 

12°. 

15°.            1 

5.5°.         16.5°.         17°.         18°. 

1.52523? 

1.50399      1 

.496'° 

1.48512         1 

50023     1.47224     1.4912'    1    48-,; 

1. 52657s 

1 

.512" 

1   494613 
1   490514 
l    4976' ■'■ 
1   5066ln 
1  .5107'" 
1    49891S 
1    498019 
1.50020 
1  .500272' 
1.50085-'-' 

1.5072<i 

18.58°. 

25°.      , 

29°. 

35.86°. 

60.8°.        61.2°.              63°. 

1.4897828 

1  ,4843229 

1.4908930     1   456953' 

1 .  408 1 32  1 .  4087  733     i   39543* 

1.4849229 

1  .401835 

1  Ann.,  1,  199. 
'Am.J.Sci.,  [1]22,  105. 

3  Jahresber.,   2,   408.      The   densities    given    we 
values  reported. 

4  Pharm.  J..  9,  580. 


calculated   from   the 


1  .4081436 

1  Ann.,  107,  63. 

2  Kommentar,  439.  The  requirement  of  the  Pharmacopoea  Borussica 
at  this  time  was  1.492-1.496.  "English  Chloroform,"  already  referred  to, 
possessed  a  density  of  1.485. 

3  Phil.  Mag.,  [3]  33,  38. 

4  Trans.  Ckem.  Soc,  37,  196. 

5  The  method  employed  has  already  been  described  under  Purification. 

6  Bull.  soc.  belg.  chim..  24,  244. 

7  Pierre,  Compt.  rend.,  27,  213. 

8  Thorpe,  J.  Ckem.  Soc.  37,  371.      Referred  to  water  at  4°. 

9  Schiff,  Gazz.  chim.  Hal.,  13,  177.     Water  at  4°. 
"Soubeiran  and  Mialhe.  Jahresber.,  2,  408.      Not  free  from  alcohol 

1  Schiff,  Ann.,  107,  63. 

2  Calculated  from  21. 

3  Calculated  from  19. 
1  Calculated  from  4. 
■'  Calculated  from  '. 
6  Calculated  from  5. 
'  Calculated  from  20. 

8  Calculated  from  2. 

9  Calculated  from  3. 

20  Remys,  /.  Chem.  Soc,  13,  439. 

21  Perkin.  /.  prakt.  Chem.,  [2]  32,  523.      Water  at  15°. 

22  Perkin,  Ibid.     Water  at  15° 

23  Gregory.  Jahresber.,  3,  454.      Not  free  from  alcohol. 

24  Geuther. 

*'•''  Regnault,  Ann.  chim.  phys.,  [2]  71,  381. 
2r>  Fliickiger,  Z.  anal.  Chem.,  5,  302.     Water  at  17°. 

27  Liebig.  Ann..  1,  199. 

28  Drecker,  Pogg.  Ann.,  [2]  20,  870. 

29  Perkin.  hoc  cil.     Water  at  25  °. 
.10  Nasini,  Gazz.  chim.  ital.,  13,  135. 

31  Drecker,  Loc.  cil. 

32  Schiff.  Ber..  15,  2972. 

33  Thorpe,  Loc.  cil. 

34  Ramsay.  J .  Chem.  Soc,  35,  463. 

35  Schiff,  Ber.,  14,  2763. 
3°  Schiff,  Ibid. 
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In  the  course  of  their  investigation  of  the  decom- 
position of  chloroform,  the  authors  had  occasion  to 
prepare  chloroform  which  they  regard  as  absolutely 
pure.1  This  possessed  a  density  of  1.49887  at  i5°/4° 
(average  of  six  determinations),  a  result  in  close 
agreement  with  the  values  of  Thorpe  and  Timmermans, 
and  which  we  consider  to  be  the  correct  specific 
gravity  at  this  temperature. 

B.  The  anaesthetic  chloroform  on  the  American 
market  varies  in  specific  gravity  from  1. 4730-1. 482 7 
at  2  5°/25°>  usually  in  close  proximity  to  1.476,  the 
minimum  density  permitted  by  the  Pharmacopoeia. 
The  samples  of  chloroform  of  German  manufacture 
examined  by  the  authors  varied  in  specific  gravity 
from  1. 48 7- 1. 49 2  at  i5°/i5°,  although  one  sample 
possessed  a  density  of  1.497  at  this  temperature. 
Since  the  correct  specific  gravity  of  chloroform  is 
1.49887  at  i5°/4°  those  authorities  requiring  chloro- 
form of  a  lower  density — that  is,  anaesthetic  chloro- 
form— allow  the  addition  of  alcohol,  and  conse- 
quently the  presence  of  small  amounts  of  water; 
the  permissible  addition  usually  varies  from  0.5-1 
per  cent.2 

The  specific  gravities  of  the  chloroforms  recognized 
as  official  by  the  pharmacopoeias  of  various  countries 
are  given  in  Table  II.3 

Table  II. — Densities  According  to  Various  Pharmacopoeias. 


1.480  1.489       1.490      1.497      1498  1.500 

Spain1         Switzer-  Greece8  Chili9  France10  Roumania1 

land' 
Portugal5 
Mexico0 


1.485-  J  .485- 

1.489  1.490 

Germany1-  Belgium 
Denmark13 
Hungary14 
Norway15 
Sweden10 
Finland17 


1.485-        1.485- 
1.495  1.500 

Japan19      Austria2' 


Not  below 
1.490-      1.490-  1.498-  1.499-   1.476  at 

1.493        1.495  1.500  1.500        25° 

Italy21      Great  Holland23    Russia24    United 

Britain22  States25 

1  The  method  of  purification  used  was  as  follows:  500  cc.  of  chloro- 
form containing  0.7.7  per  cent,  of  absolute  ethyl  alcohol  and  0.04  per  cent. 
of  water,  but  otherwise  pure,  were  agitated  with  1  liter  of  water  repeatedly 
throughout  one  day ;  the  water  was  then  removed,  and  the  treatment  was 
repeated  twice  in  the  dark.  The  separated  chloroform  was  then  shaken 
with  500  cc.  of  water  throughout  one  day,  and  finally  with  two  successive 
portions  of  250  cc.  It  was  then  dried  over  fused  calcium  chloride,  and 
afterwards  agitated  with  ].  ^th  its  volume  of  concentrated  sulphuric  acid, 
when  to  our  surprise — for  the  chloroform  had  originally  afforded  no  colora- 
tion with  sulphuric  acid,  and  the  process  of  purification  had  so  far  been 
conducted  in  the  dark — the  acid  assumed  a  yellow  color.  It  was  there- 
fore found  necessary  to  continue  the  treatment  with  sulphuric  acid,  until 
the  chloroform  failed  to  color  it,  to  accomplish  which  three  successive 
treatments  were  necessary.  The  chloroform  was  then  tested  for  the  pres- 
ence of  alcohol   by  the  chromic  acid,  iodine,  iodoform,  and  fuchsine  tests 

,  (see  Alcohol),  and  was  found  to  be  alcohol-free.  It  was  accordingly  agitated 
with  75  g.  of  anhydrous  sodium  carbonate  during  three  days,  separated 
by  filtration,  and  400  cc.  were  fractionated.  The  chloroform  almost  com- 
pletely distilled  over  between  61.2°  and  61.8°,  and  all  above  62°  (about 
5  cc. )  was  eliminated.  After  refractionation.  the  chloroform  was  carefully 
Examined  and  was  found  to  be  free  from  alcohol,  water,  acetaldehyde,  and 

|  decomposition  products:  it  gave  no  coloration  with  formalin-sulphuric 
acid. 

2  See  Alcohol. 

3  No  reference  is  made  in  the  table  to  chloroform  intended  for  in- 
dustrial purposes. 

1  Farmacopea  Oficial  Espanola,  1905,  p.  198. 

■  Ilirsch's  "Universal  Pharmakopoe."  1,  162  i  1902  i. 

0  At  18°.      Nueva  Farmacopea  Mexicans,  1904,  p.  4?7. 

7  Pharmacopoea  Helvetica,  1907,  p.  101.     Formerly  1.4X.S    1.490. 

8  Hirsch,  Loc.  cit. 

9  Farmacopea  Chilena.  1886,  p,  147. 


The  chloroform  constants  according  to  various 
editions  of  the  United  States  Pharmacopoeia  are  as 
follows: 

Date.  Density  at  15°.  Boiling  point. 

1851 1  .49  142°  F. 

1869 1.490-1.494  140°  F. 

1873 1.480  142°  F. 

1882 1.485-1.490  60°-61°C. 

1893 Not  below  1.490  60°-61°C. 

C.  Regnauld1  maintained  that  the  specific  gravity 
of  chloroform  is  hardly  a  criterion  of  its  purity,  owing 
to  conflicting  results;  but  this  statement  was  based 
upon  the  results  of  an  examination  of  various  samples 
of  chloroform  at  a  period,  prior  to  the  adoption  of 
improved  methods  of  manufacture  and  purification, 
and  before  the  formulation  and  recognition  of  more 
stringent  pharmacopoeial  standards.  Specific  gravity 
should  not  be  regarded  by  any  means  as  the  sole 
criterion  of  purity ;  but  the  constant  is  indicative 
of  the  strength  and,  although  to  less  degree,  the  purity 
of  anaesthetic  chloroform,  and  should  always  be 
determined.2  For  this  purpose  the  pyknometer  should 
be  employed3  and  the  determination  should  be  made 
preferably  at  150.  The  Mohr-Westphal  balance  will 
serve  to  give  a  rapid  approximate  result,  but  should 
not  be  depended  upon  where  any  considerable  degree 
of  accuracy  is  desired.  Chloroform  is  quite  sensitive 
to  temperature  variations,  but  owing  to  the  fact  that 
it  is  considerably  less  volatile  than  ether,  as  well  as 
comparatively  non-hygroscopic,  the  determination  of 
its  density  does  not  present  such  difficulties  as  are 
often  encountered  in  the  case  of  ether. 

2.     BOILING    POINT. 

A.  The  boiling  point  of  chloroform  was  first  deter- 

10  Codex  Medicamentarius  Gallicus,  1908,  p.  148.  The  specific  gravity 
given  is  that  specified  for  "Chloroforme  Officinal;"  it  is  stated  that  "Chloro- 
formium  Depuratum"  possesses  a  density  of  1.495-1.500,  depending  on  its 
purity. 

11  Hirsch,  Loc.  cit. 

12  Pharmacopoea  Germanica,  1900,  p.  86;  Deulsches  Arzneibuch,  1910, 
p.  118.  It  is  of  interest  to  note  here  that  in  1865  the  Ph.  Hessen  specified 
chloroform  of  the  density  1.515  at  17.5°,  and  that  the  Ph.  Hannover  stated 
the  density  1.48. 

13  Pharmacopoea  Danica,  1907,  p.  94. 

14  Pharmacopoea  Hungarica,  1909,  p.  73. 

15  Hirsch,  Loc.  cit.  The  Pharmacopoea  Norvegica,  1879,  p.  61,  specifies 
1.485-1.493. 

111  Pharmacopoea  Svecica,  1908,  p.  76. 

17  Pharmacopoea  Fennica,  188S,  p.  48. 

15  Pharmacopoea  Belgica,  1906,  p.  65.     Formerly  1.491  at  17°. 

19  Pharmacopoeia  of  Japan,  third  edition,  1907,  p.  84. 

20  Pharmacopoea  Austriaca,  1889,  p.  61.     Squire  gives  1.485-1.490. 

21  Squire's  Companion  to  the  British  Pharmacopoeia.  1908,  p.  373. 
The  Farmacopea  Italiana,  fourth  edition,  p.  1357,  gives  1.49. 

22  British  Pharmacopoeia,  1908,  p.  75.  In  1868  a  Pharmacopoeia  of 
India  was  issued,  in  this  work  the  density  1.49  was  specified  (p.  266). 

23  Pharmacopoea  Nederlandica,  1905,  p.  90.  The  density  given  is  that 
of  the  "Chloroformum  ad  narcosin"  (chloral  chloroform) ;  "Chloroformum" 
(0.6-1.0  per  cent,  alcohol)  is  stated  to  possess  a  specific  gravity  of  1.485- 
1.489. 

^Squire,  Loc  cit.  The  Pharmacopoea  Russica,  1880,  p,  110,  gave 
1.485-1.490.      Hirsch  (Loc.  cit.)  gives  1.485-1.489. 

-'■"■  Pharmacopoeia  of  the  United  States  of  America.  8th  revision,  p.  99. 

1  J.  pharm.  chim.,  [4J  29,  402. 

2  As  a  rule,  the  specific-gravity  determination  is  indicative  of  the 
amount  of  alcohol  in  chloroform,  although  such  chloroform  must,  of  course, 
always  be  examined  for  the  presence  of  impurities  and  decomposition 
products.  These  points  will  be  discussed  in  the  course  of  the  paper,  under 
the  various  probable  impurities.  On  the  effect  of  alcohol  on  the  density 
Ol  chloroform,  see  Alcohol. 

3  The  form  of  pyknometer  designed  by  Perkin  (J.  prakt.  Chem.,  N.  i  , 
31,  486)  is  very  suitable,  although  we  have  found  the  Sprengel  pyknometer 
satisfactory. 
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mined  by  Liebig1  who  found  the  constant  60. 8°  C, 
and  i'\  Guthrie,'  who,  although  lie  obtained  a  purified 
product  "i  practically  tin-  same  density  as  that  of 
Liebig,  stated  that,  "absolutely  pure  chloric  ether" 
boils  at  74. 40  C,  a  result  doubtless  attributable  t"  the 
method  "i  determination  employed.  Pierre,3  in  1851, 
also  obtained  a  high  result — 63. 50  at  772.52  nun. 
due.  lor  the  most  part,  to  the  impure  chloroform  em- 
ployed in  the  determinations  he  conducted.  In 
[854,  the  boiling  point  of  chloroform  was  given  as 
620,4  the  same  constant  being  given  in  i86i;s  and 
although  the  determination  of  Regnault/'  namely, 
60.160  at  760  nun.,  had  received  recognition  three 
years  previously,  we  find  it  stated  in  1866  that  the 
boiling  point  of  chloroform  is  63  °.»  The  constant 
found  by  Regnault  appears  to  have  been  widely 
accepted  as  late  as  1880;  but  the  mean  determination 
of  Thorpe.8  61.2°,  later  supplanted  it  and  is  now  given 
by  various  authorities.9  The  mean  of  the  maximum 
(61.21  °)  and  minimum  (61.190)  of  the  recent  accurate 
determinations  of  Timmermans10  is  61. 200,  the  correct 
boiling  point  of  pure  chloroform.11 

Other  determinations  of  the  boiling  point  of  chloro- 
form are  as  follows: 

Year.  Observer.  Temperature. 

1883 Schiff12  60.9°  at  754.3  mm. 

1884 Perkin13  62.0°  at  760  mm. 

1885 Bauer11  61.0°  at  760  mm. 

1899 Thayer16  6 1 .6  °  at  760  mm. 

61.64°  at  760  mm. 

1899 Petit16  61.97°  at  760  mm. 

1904 Wade  and  Finnemore17  61.15°  at  760  mm. 

B.  The  boiling  points  of  the  chloroforms  recognized 
as  official  by  the  various  pharmacopoeias  are  given 
in  Table  III.  In  general,  it  may  be  said  that  no  specific 
directions  are  given  for  the  determinations  of  the  con- 
stant,18 and  that  the  influence  of  the  variables  (alcohol 
and  water,  in  particular)  on  the  boiling  point  has 
received  very  little  attention. 

C.  Opinions  are  divided  as  to  the  value  of  the  boiling- 

1  Loc.  cit.  The  same  value  was  later  reported  by  Regnault  (J.  pharm. 
chim.,  [4]  29,  402.) 

2  Loc.  cit. 

3  Ann.  chim.  phys..  [3]  33,  199. 

4  Limprecht,  "Lehrbuch  der  Organischen  Chemie."  p.  161. 

5  Kolbe,  "Ausfuhrliches  Lehrbuch  der  Organischen  Chemie."  Vol. 
I,  p.  589. 

6  Compt.  rend.,  39,  301,  345,  397;  see  particularly,  Jahresber..  1863, 
70. 

7  Sharpies,  "Chemical  Tables."  p.  69. 

8  Trans.  Chem.  Soc,  37,  196. 

8  E.  g.,  Beilstein;  Landolt-Bornstein. 

10  Bull.  soc.  belg.  chim.,  24,  244.  Timmermans  found  that  the  varia- 
tion dt/dp  of  the  b.  p.  for  10  mm.  pressure  is  0.36°. 

11  The  absolutely  pure  chloroform  prepared  by  the  authors  possessed 
this  boiling  point,  as  determined  by  the  arrangement  of  Berthelot  and 
corrected  to  normal. 

12  Ann.,  220,  95. 

13  Trans.  Chem.  Soc,  45,  530. 

14  Ann.,  229,  163. 

15  J.  Phys.  Chem..  3,  37. 

16  Ibid.,  3,  351.  Petit  purified  the  chloroform  used  by  washing  it 
twelve  times  with  water,  then  shaking  it  with  a  concentrated  solution  of 
calcium  chloride.  The  chloroform  was  then  fractioned  through  a  Hempel 
column,  and  the  part  kept  was  that  distilling  over  between  60°  and  60.3° 
at  741  mm.  The  corrected  boiling  point  of  this  fraction  was  found  to  be 
61.97°,  much  higher  than  recently  reported.  The  impurity  causing  this 
high  boiling  point  was  not  discovered  by  Petit. 

17  Trans.  Chem.  Soc,  85,  946. 

18  Exceptions  are  the  Pharmacopea  Nederlandica,  1905  [J.  pharm. 
chim.,  23,  479  (1906);  Chem.  and  Drug.,  69,  828]  and  the  Pharmacopea 
Austriaca,  8th  revision,  p.  25. 


poinl  determination  as  a  criterion  ol  the  purity  ol 
anaesthel  ic  chli irofoi  m  it  has  been  stated  that  it  ii 
a  valuable  indication  ol  the  purity,  since  the  presence 
of  0.5  per  ci  in  .,1  alcohol  reduces  the  boiling  poinl 
to  "  50. 8°  or  60 °"  and  owing  to  the  fad  thai  a  boiling 
point  higher  than  "6l°"  indieat.es  the  presenci  oi 
amyl  or  butyl  compounds,1  while  Arzbcrgcr'  has 
pointed  out  that  in  the  determination  of  the  boilinj 
point  of  chloroform  it  is  important  that  the  distilla- 
tion be  continued  until  the  last  drops  havi  bet 
vaporized  and  that  a  perceptible  rise  of  temperature 
at  this  point  indicates  the  presence  of  water.  Brown, 
however,  expressed  the  opinion  that  the  determina- 
tion of  the  boiling  point  has  little  value  so  far  as  estima- 
ting the  impurities  of  commercial  chloroform  is  con- 
cerned.' Others  have  obtained  anomalous  results  in 
attempting  to  determine  the  constant.4 

Table  III. — Boiling  Points  According   to  the  Various  Pharma- 
copoeias. 
59.5- 

61.5°.  60°.  60.8°.  61°. 

Sweden5  Italy0  Spain7  Mexico'1 

France8  Greece1- 

Chili8 
Roumania10 

60-61°.  60-62°.  61.3°.  61-62°. 

United  States13  Great  Britain1''  Holland24  Hungary-"' 

Russia14  Germany16 

Austria17 

Switzerland18 

Belgium18 

Denmark20 

Norway21 

Japan22 

Finland23 

1  Allen,  "Commercial  Organic  Analysis,"  Vol.  1,236.  Cf.  Hager,  Pharm. 
Z.  Russland,  September,  1869. 

2  Pharm.  Ztg.,  61,  321. 

3  Pharm.  J.,  March  19,  1892. 

4  For  example,  Werner  (Archiv.  Pharm.,  [iii]  12,  481)  stated  that 
chloroform  boils  over  a  naked  flame  at  62-63°,  but  that  it  does  not  boil 
below  64°  on  a  water  bath  and  often  not  until  a  temperature  of  66°  has 
been  reached.  In  the  latter  case,  Werner  found  that  it  was  difficult  to 
determine  whether  the  liquid  was  boiling,  as  the  surface  showed  no  signs 
of  ebullition.  By  immersing  a  piece  of  string  in  the  chloroform  to  be 
distilled  Werner  found  the  difficulty  was  removed(l). 

6  Pharmacopoea  Svecica,  1908,  p.  76 

6  Farmacopea  Italiana,  fourth  edition,  p.  1357.     Hirsch  gives   61-62°. 

'  Farmacopoea  Oficial  Espanola,  1905,  p.  198. 

8  Codex  Medicamentarius  Gallicus,  1908,  p.  148.  The  boiling  point 
given  is  that  specified  for  "Chloroforme  Officinal,"  or  "Chlorofonnum 
pronarcosi;"  the  boiling  point  of  "Chloroformium  depuratum"  is  stated 
to  be  61  °. 

9  Farmacopoea  Chilena,  1886,  p.  147. 

10  Hirsch's  Universal-Pharmakopoe,  1,  162  (1902). 

11  Nueva  Farmacopea  Mexicana,  1904,  p.  477.     At  76  cm.  pressure. 

12  Hirsch,  Loc.  cit. 

13  Pharmacopoeia  of  the  United  Stales  of  America,  8th  revision,  p.  99. 

14  Pharmacopoea  Russica,  1880,  p.  110.  This  is  the  latest  edition  of 
the  work  we  have  seen,  but  Hirsch  {hoc  cit.)  gives  60-62°. 

15  British  Pharmacopoeia,  1908,  p.  75. 

10  Pharmacopoea  Germanica,  1900,  p.  86;  Deutsches  Arzneibuch,  1910, 
p.   118. 

17  Pharmacopoea  Austriaca,  1889,  p.  61. 

18  Pharmacopoea  Helvetica,  1907,  p.  101. 
18  Pharmacopoea  Belgica,  1906,  p.  65. 

20  Pharmacopoea  Danica,  1907,  p.  94. 

21  Hirsch  (Loc.  cit.).  The  Pharmacopoea  Norvegica,  1879,  p.  61,  gives 
60-63  °. 

22  Pharmacopoeia  of  Japan,  third  edition,  1907,  p.  84. 

23  Pharmacopoea  Fennica,  1885,  p.  48. 

24  Pharmacopoea  Nederlandica,  1905,  p.  90.  The  value  given  is  that 
specified  for  "Chloroformum  ad  narcosin"  (chloral  chloroform);  "Chloro- 
fonnum" containing  0.6-1.0  per  cent,  of  alcohol  is  stated  to  boil  at  60° 
(62  cm.). 

25  Pharmacopoea  Hungarica,  1909,  p.  73.  In  this  place  it  may  be 
noted  that  the  Pharmacopoea  Croatico-Slavonica,  1888,  p.  163.  specifies 
"Chloroformium  e  chloralo,"  boiling  point  60-61°. 
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While  it  is  true  that  in  the  ordinary  method  of 
fractionation,  any  impurities  decomposable  by  sul- 
phuric acid  and  chlorinated  decomposition  products 
are  concentrated  in  the  residue  and  may  then  be 
recognized,1  in  the  opinion  of  the  authors  the  boiling- 
point  determination  is  not  a  criterion  of  the  purity 
of  anaesthetic  chloroform,  unless  either  (a)  pure 
chloroform — that  is,  absolute  chloroform — is  specified, 
or  (6)  the  amount  of  alcohol  (and  water)  added  is 
definitely  fixed  and  no  range  of  addition,  such  as  0.4- 
1.0  per  cent.,  is  permitted.  In  any  case,  definite 
directions  should  be  given  in  order  that  a  standard 
method  of  determination  would  be  employed. 

When  anaesthetic  chloroform  is  distilled,  the  tem- 
perature rises  immediately  to  about  55.5°,  at  which 
temperature  water  passed  over  with  part  of  the 
alcohol  present  and  some  chloroform;  the  remainder 
of  the  alcohol  distils  over  with  part  of  the  chloroform 
between  59. 40  and  61  °.2  For  example,  the  careful 
fractionation  of  500  grams  of  anaesthetic  chloroform 
made  from  acetone,  containing  0.5  per  cent,  of  alcohol 
and  0.026  per  cent,  of  water,  but  otherwise  pure,  gave 
the  following  results: 

Weight  of  fraction. 
Temperatures.  Grams. 

55.5-59.4°  10 

59.4-61.0°  177 

61.0-61.2°  300 

Above  61.2°  13 

According  to  Wade  and  Finnemore,3  the  possible 
components  of  constant  boiling  point  which  may  be 
isolated  from  a  mixture  of  chloroform,  alcohol  and 
water  are  as  follows: 

Boiling  Per  cent. 

Constituent.  point,  chloroform. 

Chloroform-alcohol-water 55 .5°  92 .5 

Chloroform-water 56 . 1  °  97 .5 

Chloroform-alcohol 59 .4°  93 .0 

Chloroform 61.2°  100.0 

Alcohol-water  (95.5  per  cent,  alcohol) 78 .  15°  ... 

Alcohol 78.3° 

Water 100.0° 

Of  these  seven  constituents,  the  first  five  may  be 
separated  from  anaesthetic  chloroform  containing 
0.5  per  cent,  of  alcohol  and  0.026  per  cent,  of  water, 
and  the  authors  have  identified  the  first  and  third 
in  samples  of  anaesthetic  chloroform  containing 
alcohol  varying  from  0.5-1.0  per  cent.4  In  some 
cases,  it  was  observed  that  the  first  constituent  be- 
comes turbid. s 

It  is  therefore  apparent  that  the  variables  of 
anaesthetic  chloroform  render  the  determination  of  its 
boiling  point  of  no  value  as  a  criterion  of  purity, 
since  we  have  here  a  mixture  and  no  definite  com- 
pound. 

VI.  The  Decomposition  of  Chloroform. 

I.    THE     CHANGES      WHICH      CHLOROFORM      UNDERGOES 
UPON     EXPOSURE    TO    AIR. 

There  has  been    considerable    diversity    of    opinion 

1  Based  on  these  observations,  the  authors  have  devised  an  extremely 
sensitive  test  for  the  detection  of  such  impurities.  This  will  be  given  when 
the  tests  for  impurities  are  discussed. 

2  Cf.  Wade  and  Finnemore,  hoc.  cit. 

3  hoc.  cit. 

4  The  alcohol  was  determined  by  the  method  of  Nicloux  (see  Alcohol). 
The  presence  of  water  was  established  by  means  of  calcium  carbide 

(see  Water). 


among  chemists  as  to  the  nature  and  products 
of  the  decomposition  of  chloroform ;  in  fact,  this 
discordance  dates  from  the  introduction  of  chloro- 
form as  an  anaesthetic  and  prevails  to-day.  This 
condition  is  ascribable  to  the  many  influencing  factors 
occasioned  by  the  degree  of  purity  of  the  chloroform 
under  examination,  the  extent  and  nature  of  the  ex- 
posure; but  is  principally  due  to  the  failure  to  con- 
sider, and  therefrom  to  correctly  interpret,  the  role 
of  the  general  variable,  alcohol  and  with  it  the  accom- 
panying moisture. 

In  1848,  Morson1  found  that  "pure"  chloroform 
underwent  decomposition  in  the  presence  of  light  and 
air,  chlorine,  hydrochloric  acid,  and  probably  other 
"chlorine  compounds"  being  formed;2  later  he  ob- 
served that  the  decomposition  was  variable  in  extent 
and  rapidity,  and  that  chloroform,  when  kept  under 
water,  did  not  decompose.3  Maisch,-*  however,  stated 
that  chloroform  containing  moisture  always  showed 
the  presence  of  "free  chlorine"  much  sooner  than  dry 
samples. 

Hager,5  investigating  the  question  more  extensively, 
concluded  that  "pure"  chloroform  was  not  decomposed 
by  the  action  of  light  alone;  but  that  when  chloro- 
form is  exposed  to  the  action  of  the  sun's  rays,  it 
decomposed,  exhibited  an  acid  reaction  to  test  paper, 
and  there  were  found,  among  its  products  of  decom- 
position, hydrochloric  acid,  "  chloroxycarbonic  acid  "6 
formic  acid,7  and  free  chlorine.  Hager  first  pointed 
out  that  chloroform  was  decomposed  when  air  had 
access  to  it,  even  in  the  dark,  although  then  very 
slowly.8  Rump9  made  similar  observations,  having 
learned  that  protection  from  light  does  not  prevent 
the  decomposition  of  chloroform;  he  concluded  that 
the  smallest  quantity  of  moisture  and  air  would,  in  time, 
induce  decomposition,  and  that  this,  once  started, 
proceeded  with  increased  rapidity.  Under  these  con- 
ditions, by  excluding  the  light,  Rump  found  that 
carbonyl  chloride  would  result. 

In  1882,  Regnault10  pointed  out  that  carbonyl 
chloride    was    the  most  dangerous  impurity  found  in 

1  Pharm.  J.,  8,  69. 

-  Therefore,  Morson  suggested  the  test  with  litmus  paper  and  purifica- 
tion by  repeated  agitation  with  distilled  water. 

*  Ibid.,  279.  In  1850  (see  Trans.  N.  Y.  Acad.  Med..  1,  146).  it  had 
been  observed  in  this  country  that  chloroform  becomes  acid  and  contains 
"chlorinated  oils"  through  decomposition. 

4  Proc.  Am.  Pharm.  Assn.,  1866,  264.  Chloroform  of  the  density 
1.492,  diied  by  means  of  calcium  chloride,  was  kept  in  absolutely  dry 
bottles  and  in  bottles  slightly  moist,  then  both  kinds  were  exposed  to 
diffused  daylight  and  to  direct  sunlight.  Maisch  concluded  that  the  entire 
absence  of  water  would  not  be  sufficient  to  preserve  the  chloroform  un- 
altered. 

6  Pharm.  Z.  Russland,  September,  1869. 

fi  Personne  found  that  samples  of  chloroform  liable  to  decomposition 
always  contains  "chlorocarbonic  ether."  It  has  also  been  maintained 
that  the  change  is  attributable  to  the  presence  of  allylene  dichloride. 

7  Kappeler  (Anaesthetica,  p.  173)  stated  that  formic  acid  and  aldehyde 
are  products  of  the  decomposition  of  chloroform. 

8  Hager  found  that  chloroform,  even  if  it  does  not  exhibit  an  acid 
reaction,  may  be  in  a  state  of  decomposition,  and  that  this  condition  may 
be  detected  by  the  reaction  such  chloroform  exhibits  with  ammonia,  which 
then  yields  with  it  vapors  of  ammonium  chloride. 

The  results  of  Hager's  investigation  gave  rise  to  the  statement  which 
has  persisted  in  the  literature  till  to-day,  namely,  that  specimens  of  chloro- 
form, originally  of  good  quality,  on  keeping  become  impregnated  with 
hydrochloric,  hypochlorous,  and  formic  acids. 

9  Archill.  Pharm.,  October,  1874. 
i«  /.  pharm.  chim.,  [5]  6,  504. 
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chloroform,  and  stated  thai  it.  was  produced  in  the 
presence  oi  lighl  by  the  action  of  air  on  chloroform.1 
In  collaboration  with  Roux,  Regnault  demonstrated 
the  formation  of  carbonyl  chloride  from  chloroform 
in  several  differenl  ways:  By  the  action  of  the  spark 
from  an  induction  coil  on  a  mixture  of  chloroform 
vapor  and  air;  by  allowing  air  saturated  with  the 
vapor  of  chloroform  to  circulate  in  an  effluve  ap- 
paratus;8 and  by  the  action  of  ozonized  air.  The 
last  experiment  showed  that  the  production  of  carbonyl 
chloride  was  independent  of  the  thermal  and  electric 
phenomena  of  the  other  two,  and,  along  with  the 
work  of  Rump,  established  the  formation  of  carbonyl 
chloride  during  the  oxidation  of  chloroform.  Con- 
firmation of  this  was  later  had  from  the  investigations 
of  Marty3  and  Stark.4 

As  to  just  what  are  the  other  products  of  the  decom- 
position of  chloroform,  is  a  question  which  has  re- 
ceived considerable,  although  not  very  discriminating, 
attention.  Browns  found  that  while  chloroform  was 
not  decomposed  by  the  action  of  sunlight  in  the 
absence  of  oxygen,  it  was  so  decomposed  when  oxygen 
was  present,  yielding  as  products  chlorine,  carbonyl 
chloride,  and  water: 

4CHCI3  +  302  =  4C0C12  +  2H20  +  2C12; 
2COCl2  +   2H20  =  2C02  +  4HCI. 

These  equations  have  been  recognized  as  correct  by 
Schacht  and  Biltz,6  and  by  Adrian  ;7  but  Schacht  and 
Biltz  considered  it  necessary  to  add  that  they  applied 
exclusively  to  the  decomposition  of  chloroform  which 
was  perfectly  free  from  alcohol.  That  the  decomposition 
of  chloroform  is  accelerated  in  an  atmosphere  of  pure 
oxygen,  is  a  fact  which  Schacht  and  Biltz  were  dis- 
posed to  ascribe  to  the  absence  of  nitrogen.  At  one 
time  they  appear  to  have  entertained  the  idea  that 
ozonization  of  the  oxygen  in  contact  with  chloro- 
form and  under  the  influence  of  sunlight  might  cause 
decomposition,  but  experiments  made  in  reference 
to  this  point  in  1868,  wherein  it  was  shown  that  no 
ozonization  occurred  under  such  conditions,  seem  to 
have  induced  a  contrary  view. 

In  regard  to  the  ultimately  recognizable  results 
of  the  oxidation  of  chloroform  in  particular  instances — 

1  Regnault  considered  the  accidental  presence  of  carbonyl  chloride 
common  at  that  time. 

2  Regnault  and  Roux  found  that  nitrogen  charged  with  the  vapor  of 
chloroform  also  decomposed  the  chloroform  in  an  effluve  apparatus,  the 
products  being  hydrochloric  acid  and  a  mixture  of  C3CI0  and  C4C16.  Cf. 
the  results  of  Besson  and  Kournier  (Compt.  rend.,  150,  1118)  on  the  action 
of  the  silent  discharge  on  chloroform  in  the  presence  of  hydrogen;  among 
the  chlorinated  derivatives  separated  were  CCU,  C2C14,  C2HC16,  C2C16,  C3C16, 
C3HCI7,  and  C4Cls.  Cf.  Regnault.  Ann.,  33,  310;  Ann.  chim.  phys.,  [2]  71, 
353. 

3  L'Union  Pharm.,  November,  1888.  Marty  found  that  "pure" 
chloroform  did  not  remain  unaffected  more  than  two  days  in  summer  or 
5  days  in  winter,  when  freely  exposed  to  air.  The  same  chloroform  re- 
mained unaltered  for  15  months  in  the  dark,  although  in  contact  with  air. 
With  chloroform  containing  0.1  per  cent,  of  absolute  alcohol,  no  decom- 
position resulted  even  after  an  exposure  of  15  months  to  continuous  sun- 
light. 

4  Pharm.  J.,  [3]  20,  407.  Chloroform  exposed  to  diffused  sunlight 
for  5  months  contained  hydrochloric  acid,  carbonyl  chloride,  and  an  "oily 
hydrocarbon."  According  to  Stark,  the  alarming  dyspnoea  produced  by 
some  samples  of  chloroform  when  inhaled  is  probably  due  to  the  presence 
of  carbonyl  chloride  (see  Effects  of  Impurities,  Section  VII,  2). 

5  Pharm.  Soc.  Ednb.,  March,  1893. 
0  Pharm.  J.,  1893,  1005. 

7  J.  pharm.  Chim.,  18,  5. 


for  example,  in  the  case  of  anaesthetic  chloroform  - 
there  is  one  circumstance  which  exercises  a  decided 
determining  influence;  but,  as  indicated  by  Schacht 
and  Biltz,1  it  is  not  always  sufficiently  considered, 
and  this  fait  lias  given  rise  to  differences  of  opinion 
as  to  the  nature  of  this  decomposition  and  of  its 
products.  For  instance,  Ramsay2  advanced  the 
opinion  that  the  only  products  of  the  decomposition 
of  chloroform  are  carbonyl  chloride  and  hydrochlori 
acid,  while  Brown,  Schacht  and  Biltz,  and  Adrian 
maintain  that  in  addition  to  the  formation  of  those 
products  there  is  also  an  elimination  of  chlorine  in  the 
free  state.  Schacht  and  Biltz  considered  that  this 
difference  of  opinion  was  doubtless  to  be  ascribed  to 
want  of  attention  to  the  presence  of  alcohol  in  the 
chloroform  experimented  with,3  and  to  the  resulting 
misinterpretation  of  the  chemical  changes  which  occur. 
They  stated  that  they  had  succeeded  in  proving  that 
the  well-known  influence  of  alcohol  in  preserving 
chloroform  from  decomposition4  was  due  to  the  alcohol 
taking  up  and  chemically  combining  with  the  delete- 
rious products  resulting  from  the  decomposition, 
so  as  to  render  them  innocuous.  Later, s  they  con- 
cluded that,  though  the  direct  products  of  the  decom- 
position of  "pure"  chloroform  were  only  chlorine6 
and  carbonyl  chloride,  in  the  case  of  chloroform 
containing  alcohol  the  chlorine  thus  eliminated  acted 
on  the  alcohol  present,  and  so  gave  rise  to  the  pro- 
duction of  hydrochloric  acid.  In  this  way  they 
accounted  for  the  presence  of  hydrochloric  acid  in  the 
first  stage  of  the  decomposition  of  anaesthetic  chloro- 
form,7 and  considered  that  they  had  explained  the 
point  which  had  given  rise  to  dispute,  namely,  that 
the  elimination  of  free  chlorine  is  a  primary  feature 
of  the  alteration.  These  views  led  to  a  controversy 
with  the  Browns,8  and  the  formation  and  presence  of 

1  Loc.  cit. 

2  J.  Soc.  Chem.  Ind.,  11,  772.  The  same  view  was  held  by  Breteau 
and  Woog,  Compt.  rend.,  143,  1193. 

3  See  Preservation. 

4  The  correctness  of  this  view,  which  has  been  generally  favored,  will 
be  fully  considered  under  Preservation. 

6  Pharm.  J.,  [3]  22,  1041. 

6  Popov  (J-  Russ.  Phys. -Chem.  Soc,  7,  1061)  studied  the  influence 
of  light  on  chloroform  dissolved  in  linseed  oil,  finding  that  the  iodine  number 
of  the  oil  was  lowered,  owing  to  the  action  of  the  halogen  upon  the  un- 
saturated compounds  of  the  oil.  This  work  does  not,  however,  prove 
that  chlorine  is  a  product  of  the  photolytic  decomposition  of  chloroform. 

7  Cf.  Laurent  (Ann.  chim.  phys.,  1837,  318),  who  found  that  chlorine 
acts  on  chloroform  in  the  sunlight  forming  hydrochloric  acid  and  "CoCU" 
The  opinions  of  Schacht  and  Biltz,  variously  expressed,  seem  to  embody 
this  general  view;  The  gradual  disappearance  of  free  chlorine  when  chloro- 
form is  undergoing  decomposition  is  an  indication  of  its  further  action  on 
the  chloroform,  producing  hydrogen  chloride  and  altering  the  relative 
proportions  of  carbonyl  chloride  and  hydrogen  chloride  so  as  to  increase 
the  latter. 

8  Schacht  and  Biltz  (Pharm.  J.,  [3]  23,  1005)  stated  that  "decom- 
position cannot  be  detected  in  alcohol-reduced  chloroform  until  all  the 
added  alcohol  has  been  consumed."  Brown  (Ibid.,  24,  321)  found  that 
"pure"  chloroform  to  which  0.077  per  cent,  of  alcohol  had  been  added, 
when  exposed  to  direct  sunlight  in  Colorless  glass,  began  to  decompose 
in  14-19  days.  He  found  that  after  decomposition  had  been  recognized 
by  zinc  iodide  and  starch,  as  well  as  baryta  water,  reactions  were  obtained 
with  1 :  2000  potassium  dichromate  solution  and  the  iodoform  test,  and 
these  were  ascribed  to  the  presence  of  alcohol.  Schacht  (Ber.  pharm. 
Ges.,  October,  1894)  defended  his  position,  and  stated  that  the  reactions 
obtained  were  not  produced  by  alcohol,  but  by  "chloric  ether"  and  "phos- 
gene alcoholide."  The  Browns  (Pharm.  J.,  [3]  25,  836)  maintained  that 
Schacht  had  not  proved  that  ethyl  chloride  and  chloroformic  ether  were 
produced  in  the  decomposition  of  "alcohol-reduced  chloroform,"  and  that 
they  gave  reactions  similar  to  alcohol.  On  the  other  hand,  they  con 
sidered  that  they  themselves  had  proved  that  at  the  time  the  decomposition 
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free  chlorine  as  one  of  the  decomposition  products 
of  chloroform  containing  alcohol  were  by  no  means 
-definitely  settled. 

Schoorl  and  van  den  Berg1  conducted  quantitative 
experiments  which  seemed  to  indicate  that  when 
chloroform  was  decomposed  by  the  action  of  light  in  the 
presence  of  an  excess  of  oxygen,  carbon  dioxide, 
water,  and  chlorine  were  formed  in  accordance  with  the 
following  equation : 

2CHCI3  +  5O  — >-  aCO,  +   H,0  +   3C12 

According  to  the  same  chemists,  when  insufficient 
oxygen  is  present — a  condition  usually  obtaining  in 
practice — carbonyl  chloride  and  hydrogen  chloride 
are  produced  in  molecular  proportions: 

CHC1,  +  O  =  HC1  +  COCL. 

The  equations  given  by  Schoorl  and  Van  den  Berg 
were  evidently  intended  to  apply  to  the  decomposi- 
tion of  pure  chloroform,  and  the  changes  which  occur 
in  anaesthetic  chloroform  were  apparently  not  con- 
sidered. Schoorl  and  Van  den  Berg2  confirmed  the 
observation  that  in  the  absence  of  air  or  oxygen, 
chloroform  is  not  affected  by  light  exposure. 

Finally,  Dott3  has  suggested  that  the  formation  of 
carbonyl  chloride  in  chloroform  very  probably  occurs 
in  accordance  with  the  following  equation: 

CHC1,  +  H202  =  COCl2  -I-  HC1  +  H20." 

Summary  of  the  Present  Knowledge  of  the  Decomposition 
of  Chloroform. 
From  these  investigations  one  may  conclude 
that  chloroform  free  from  alcohol,  when  exposed 
to  air  and  light,  will  begin  to  decompose  in  a  short 
time;  but  that  this  is  dependent  upon  the 
conditions  of  exposure — upon  the  amount  of  air 
present  and  upon  the  intensity  of  the  light.  Conse- 
quently the  effects  produced  vary,  and  chloroform 
which  in  one  experiment  has  been  found  to  show 
decomposition  within  several  hours  may,  at  another 
time,  require  an  exposure  for  a  whole  day,  or  longer, 
to  full  sunlight,  before  it  shows  the  first  indications 
of  decomposition.  The  temperature  prevailing  dur- 
ing the  period  of  exposure  is  also  an  important  con- 
sideration. Then  again,  the  nature  of  the  container 
is  of  considerable  effect  in  either  inducing  or  retarding 
j  decomposition;  for  instance,  in  the  case  of  glass,  color 
and  solubility  should  be  carefully  considered.  De- 
tails as  to  these  points  are  usually  lacking. 

The     products    of     the     decomposition     of     "pure" 

;  was  first  recognized  by  means  of  zinc  iodide  and  starch,  chlorine  had  not 
been  produced  in  sufficient  quantity  to  combine  with  all  of  the  added 
alcohol,  and  that  ethyl  chloride,  chloroformic  ether  or  carbonic  ether  did 
not  give  reactions  which  could  be  mistaken  for  those  of  alcohol. 

1  Pharm.    Weekblad,    42,    877.     See    also   the   recent    experiments    of 
Benrath    (Ann.,   382,   222),    who  fou,nd  that  under   the  influence  of  light, 
!    and  in  the  presence  of  water  and  air,  chloroform  formed  carbonyl  chloride 
and  hydrogen  chloride. 

-  Ibid..  43,  8.  On  exposure  to  air,  in  the  absence  of  light,  chloroform 
gave  no  precipitate  with  silver  nitrate  even  after  four  hours,  whereas  limine, 
lorm  and  iodoform  after  one  hour  gave  distinct  indications  ol  decom- 
position. 

3  J.  Soc.  Chem.  Ind...  27,  272. 

1  Support  to  this  view  is  had  from  the  fact  that  conditions  which 
favor  the  formation  of  hydrogen  dioxide  -a  degree  of  moisture  ami  direct 
sunlight-   are  also  those  which  favor  the  decomposition  of  chloroform 


chloroform,    according    to    various    investigators,    may 
be  thus  summarized:1 

Chlorine,  hydrogen  chloride Morson,  Maisch,  and  Hager. 

Carbonyl  chloride  Rump,  Kegnault. 

Carbonyl  chloride,  hydrogen  chloride  Mark,    Ramsay,   Schoorl  and   Van 

den  Berg,  and  Dott. 
Carbonyl  chloride,  chlorine Brown,   Schacht   and   Biltz,   ami 

Adrian. 

The  formation  of  carbonyl  chloride  is  alone  defi- 
nitely agreed  upon. 

The  decomposition  of  chloroform  has  been  uni- 
versally conceded  to  be  an  oxidation  process.  It  is 
generally  accepted  that  chloroform  is  unaffected  by 
light  alone,  and  that  light,  although  it  accelerates 
oxidation,  is  not  a  necessary  factor  in  the  process 
(Hager,  Rump,  Brown,  Schoorl  and  Van  den  Berg) ; 
however,  several  investigators  appear  to  have  inclined 
to  the  view  that  light  is  essential,  although  in  non- 
committal language,  merely  stating  that  it  favors 
decomposition  (Regnault,  Dott). 

If  we  except  the  obvious  action  of  water  on  carbonyl 
chloride,  the  influence  of  moisture  on  the  process 
of  oxidation  is  still  unsettled.  In  most  of  the  in- 
vestigations which  have  been  conducted,  the  presence 
of  water  has  not  been  considered;  but  when  taken 
into  account,  it  has  generally  been  thought  to  acceler- 
ate the  decomposition  (Maisch,  Rump,  Dott),  al- 
though Morson  took  a  contrary  view.  This  con- 
sideration is  of  importance  on  account  of  the  presence 
of  water  in  anaesthetic  chloroform  and,  although  to 
much  less  degree,  in  the  air,  and  in  view  of  the  hy- 
drogen dioxide  theory  of  Dott. 

With  regard  to  the  changes  which  occur  in 
anaesthetic  chloroform  during  exposure  to  air  and 
light,  there  exists  U  decided  diversity  of  opinion, 
principally  owing  to  the  fact  that  no  examinations 
were  made  during  the  course  of  the  various  investiga- 
tions, so  far  as  we  are  aware,  for  the  presence  of  the 
oxidation  products  of  alcohol  in  such  chloroform,  and 
the  exact  role  of  alcohol  in  preservation  has  been 
consequently  misunderstood.  Chemists  who  have 
studied  this  phase  of  the  decomposition  of  chloro- 
form (Schacht  and  Biltz)  have  considered  that  the 
decomposition  is  normal,  except  that  hydrochloric 
acid  is  formed  by  the  action  of  chlorine  on  the  alcohol 
present. 

It  therefore  seemed  to  the  authors  that  the  whole 
subject  required  investigation,  and  accordingly  an 
experimental  study  of  the  decomposition  of  both 
pure  and  anaesthetic  chloroform  was  carried  out, 
with  particular  reference  to  the  following  phases  of  the 
problem: 

1.  What  are  the  exact  products  of  the  oxidation 
of  pure  chloroform? 

2.  What  are  the  nature  and  products  of  the  oxida- 
tion of  anaesthetic  chloroform? 

3.  What  part  does  water  play  in  both  cases? 

It  was  thought  that  the  solution  of  these  questions 
would  throw  light  on,  if  not  fully  explain,  the  role  of 
alcohol    and    other    substances    in    the    so-called    pre- 

1  The  reported  occurrence  ol  "chlorinated  oils"  (Oibbs;  Stark)  and 
of  similar  products  of  the  decomposition  of  impure  chloroform  is  not  con- 
sidered in  this  summary. 
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servation  of  chloroform,  an  exact  explanation  of  which 
has  been  wanting.' 

Experimental. — Various  samples  of  both  pure  chloro- 
form2 and  chloroform  containing  the  usual  pharm- 
acopoeial  amounts  of  alcohol  and  water,  were  ex- 
posed, in  well-stoppered3  containers  of  various  sizes, 
and  containing  varying  amounts  of  the  samples,  and 
of  both  colorless  and  anactinic  glass,  such  as  are 
customarily  used  in  the  trade,  for  different  periods  of 
time,  but  at  room  temperature  (20°  C),  from  Septem- 
ber to  May,  inside  of  a  window  having  direct  southern 
exposure.  The  conditions  were  extreme,  but  never- 
theless were  similar  to  those  obtaining  in  many 
pharmacies  and  hospitals. 

The  anaesthetic  chloroform  used  was  examined 
prior  to  the  experiments,  and  only  such  chloroform 
as  was  found  to  be  free  from  all  impurities  was  used. 
However,  an  amount  of  water  equivalent,  on  the 
average,  to  5.1  per  cent,  by  volume  of  the  alcohol 
was  present.4  Thus  each  sample  was  of  pharm- 
acopoeial  grade. 

The  method  of  examination  consisted  in  carefully 
applying,  in  duplicate  whenever  possible,  the  tests 
for  the  detection  of  the  oxidation  products  of  chloro- 
form and  alcohol.  Whenever  possible,  the  amount 
of  these  impurities  was  determined.  The  methods 
used  will  be  detailed  in  the  succeeding  portions  of 
this  paper,  as  each  impurity  is  considered. 

The  conditions  and  results  of  each  experiment  may 
be  seen  in  the  preceding  table. 

From  these  experimental  results,  as  well  as  from 
others  later  to  be  detailed,  the  authors  have  arrived 
at  the  following  conclusions: 

1.  The  products  of  the  oxidation  of  pure  chloroform 
are  carbonyl  chloride  and  hydrochloric  acid: 

CHCI3  +  H20  +  02  =  C0C12  +   HC1  +  H202; 
CHCl,  +  H202  =  COCl2  +  HC1  +  H20. 

We  are  convinced  that  oxidation  will  not  occur  if 
water  be  excluded,  and  the  absolute  exclusion  of 
moisture  appears  to  be  impossible.  Hydrogen  dioxide 
is  formed,  although  we  have  been  unable  to  detect 
it  in  chloroform  undergoing  oxidation,  and  therefore 
conclude  that  its  existence  is  ephemeral;  and  oxidation 
of  the  chloroform  continues  throughout  the  period  of 
the  exposure.5 

The  decomposition  of  pure  chloroform  is  favored 
by  a  degree  of  moisture  and  is  accelerated  by  light, 
as  is  shown  by  a  comparison  of  the  results  obtained 
in  the  experiments  wherein  colorless  glass  was  used 
with   those    in   which    anactinic   glass   containers    were 

1  See  Preservation. 

2  This  chloroform  was  prepared  according  to  the  method  of  tile  authors, 
already  described,  and  wc  think  that  it  was  absolutely  pure. 

3  No  cork  stoppers  unprotected  by  metal  caps  were  employed.  In 
the  experiments  on  pure  chloroform,  glass-stoppered  bottles  were  solely 
used. 

1  The  alcohol  content  of  the  anaesthetic  chloroform  used  was  deter 
mined  quantitatively  by  the  method  of  Nicloux  (see  Alcohol). 

On  the  formation  of  hydrogen  dioxide  when  oxygen  is  enclosed  over 
water  and  exposed  to  light,  see  Kharichkov.  /.  Russ.  1'hys.  Chem.  Soc.  42, 
904;  but  see  particularly  Tian,  Compt.  rend.,  152,  1072,  and  Chlopin,  J. 
Russ.  Phys.  Chem.  Soc,  43,  554. 


employed.     Moreover,    carbonyl    chloride    is    formed 

with   increased  readiness  in   the   presence  of  acids.' 

The  extent,  ol  the  oxidation  is  dependent  upon  the 
nature  of  the  container,  the  amount  of  air  present, 
the  purity  of  the  sample,  and  the  intensity  of  the 
light  to  which  it  is  exposed.  In  light  alone,  when  no 
air  is  present,  no  detectable  decomposition  occurs 
for  ordinary  periods  ot  exposure;  and  in  cases  where 
there  is  air  contact  alone,  and  no  exposure  to  light, 
the  oxidation  is  slow. 

Free  chlorine  can  only  result  from  the  photochemical 
decomposition  of  carbonyl  chloride:3 

COC1,  — j*  CO  +  Cl2. 

It  is  likely  that  in  the  cases  where  "chlorine"  was 
identified  as  an  indication  ol  incipient  alteration  of 
chloroform,  hydrogen  dioxide  was  the  cause  of  the 
reactions  observed.  It  will  be  observed  that  no 
chlorine  was  found  by  the  authors  when  containers 
of  anactinic  glass  were  used. 

This  view  of  the  oxidation  of  pure  chloroform  is 
supported  in  full  by  the  conduct  of  such  chloroform 
toward  ozone3  and  certain  oxidizing  agents,  as,  for 
example,  chromic  acid,4  in  which  case  no  free  chlorine 
is  formed,  except  possibly  through  a  secondary  re- 
action, and  the  products  are  water,  carbonyl  chloride, 
and  chromyl  chloride;  and  by  the  analogous  case  of 
the  photochemical  oxidation  of  iodoform,5  the  primary 
products  of  which  are  carbonyl  iodide  and  hydr;odic 
acid,  free  iodine  resulting  only  from  the  decomposi- 
tion of  the  carbonyl  iodide  and  from  the  oxidation 
of  the  hydriodic  acid.  In  the  case  of  pure  chloroform, 
the  whole  reaction  is  also  the  sum  of  a  purely  photo- 
chemical process,  since,  according  to  our  experiences, 
free  chlorine  cannot  result  through  the  oxidation  of 
chloroform  itself,  except  from  a  secondary  process, 
namely,  from  the  decomposition  of  carbonyl  chloride. 

2.  The  products  of  the  oxidation  of  anaesthetic- 
chloroform  are  primarily  the  oxidation  products  of 
alcohol,    and    no    decomposition    of    chloroform    itself 

1  Cf.  Lowry  and  Magson.  Trans.  Chem.  Soc,  93,  121,  who  observed 
that  the  formation  of  carbonyl  chloride  is  evidently  accelerated  by  the 
presence  of  acids. 

2  In  this  connection,  see  Coehn  and  Decker.  Her.,  43,  130;  and  Wcigcrt. 
Ann.  Physik.,  14]  24,  55  (1907).  The  influence  of  light  on  the  reversible 
reaction,  CO  +  CI2  <    >    COClj,  is  purely  catalytic. 

3  Erdmann  (Ann.,  362,  133)  has  demonstrated  that  ozone  acts  on 
chloroform  as  follows    CHCI3  +  O3  =  COCl2  +  HC1  +  Oj. 

1  In  186').  Emmerling  and  Lengyel  (Her.,  2,  546)  studied  the  oxidation 
of  chloroform  with  sulphuric  acid  and  potassium  dichromatc.  They 
found  but  a  small  amount  of  carbonyl  chloride  among  the  products  of 
oxidation,  and  incorrectly  interpreted  the  results  they  obtained,  inasmuch 
as  they  believed  chlorine  is  formed:  2CHCI.,  =  2COCl2  +  H20  +  Cl2.  Erd- 
mann (Ber.,  26,  1990)  showed  thai  the  reaction  which  occurs  is  as  follows: 
2CHCI3    (    CrOa    1    o.        2COClj  +  CrOjCl2  +  H20. 

In  1869,  Schiitzenberger  showed  that  carbonyl  chloride  is  obtained 
in  good  yield  by  the  action  of  sulphur  Inoxide  on  carbon  tetrachloride. 
On  the  oxidation  of  chloroform  with  chromic  acid,  see  also  Cotton.  Hull 
soc.  chin  .  \2]  43,  420.  On  the  oxidation  of  carbon  tetrachloride,  see 
Schmidt's    "Pharmaceutische  Chemie,"  2,  14.H.  and  Ber.,  14,  927. 

1  So-  Plotnikow,  /  physik  Chem.,  75,  337,  385.  According  to  this 
investigator,  the  whole  reaction  is  as  Follows 

Clll.o        ml..    '    111    COI2  =  CO  +  U:  2HI   +  O  =  H2o    1    1.. 

In  the  liKht.  under  constant  conditions,  the  iodine  separated  is  pro- 
portional to  the  tune,  anil  if  the  illumination  is  removed  the  reaction  still 
proceeds,  but  with  reduced  velocity.  There  is  no  separation  of  iodine 
in  the  absence  '■!  oxygen,  and  none  in  a  benzene  solution  which  has  not 
been  exposed  to  light. 
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occurs  while  the  oxidation  of  alcohol  proceeds.1 
When  tin-  oxidation  oJ  alcohol  reaches  a  maximum, 
decomposition  oi  the  chloroform  goes  on  as  in  the  case 
of  |>urc  chloroform,  with  the  exception  thai  chlorinated 
derivatives  oi   the  oxidation  products  "I  alcohol  may 

result . 

The  retardation  is  dependent  upon   the  amounl   of 

alcohol    present       that    is,    the   alcohol    acts   as   a    shunt, 

through   its  capacity    for  oxidation.9     The  extent    "i 

the  oxidation  is,  of  course,  subject  to  the  conditions 
referred  to  under  1.  It  is  important  to  note,  however, 
that  anaesthetic  chloroform  always  contains  water, 
the  usual  amount  being  about  0.05  per  cent,  by  volume, 
according  to  our  experiences. 

3.  At  the  inception  of  this  investigation,  it  was 
considered  possible  that  the  instability  of  chloroform 
of  all  grades  might  be  due  to  the  presence  of  some 


catalyl  i<    agent,  the  removal  oi   which  would  [< 
beneficial  results,  as  has  been    1 1    in   the  > 

sodium     hypochlorite, '     lor   example.      Therefore,    this 

possibility  was  carefullj  considered,  even  though  the 
evidence  to  the  contrary  seemed  to  be  of  a  convincing 
nature.     It   was   ascertained    that    the   oxidation    of 

alcohol  is  accelerate,]  by  the  presence  of  oxidizablf 
bodies  in  solution  and  that  foreign  organic  substances 
have  a  detrimental  influence  upon  chloroform — 
which  shows  the  necessity  of  having  anaesthetic 
chloroform  of  a  high  degree  of  purity;  but  we  have 
arrived  at  the  conclusion  that,  given  proper  purifica- 
tion, the  chloroform  prepared  from  chloral  hydrate, 
alcohol,  acetone,  or  carbon  tetrachloride  is  in  all  cases 
identical.'  In  the  experiments  just  cited,  only  pure 
chloroform  and  anaesthetic  chloroform  were  used. 
(To  be  continued  in  the  May  No.). 
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THE  ADAPTION  OF  THE  CENTRIFUGAL  PUMP  TO 

CHEMICAL  PROBLEMS.3 

By  F.  G.  Wheeler. 

Received  January  11,  1912. 

It  has  always  seemed  to  me  that  the  machine 
which  is  most  used  in  chemical  engineering  is  the 
one  for  moving  liquids  from  one  place  to  another, 
either  from  one  tank  to  another  or  to  circulate  it 
through  various  devices  for  purposes  best  known 
to  the  user.  It  makes  no  difference  whether  the 
engineer  wants  to  raise  water  from  a  mine  or  to  dis- 
charge a  sludge  to  a  stream,  the  pump  in  some  form 
is  the  most  useful  agent  which  can  be  applied.  In 
all  problems  of  this  kind,  that  kind  of  a  pump  which 
has  no  valves  and  which  depends  alone  upon  centrif- 
ugal force  to  impart  energy  to  the  liquid  has  appealed 
to  me  as  the  best  device  which  can  be  selected.  As 
manufactured  during  the  last  few  years,  it  moves 
the  liquid  with  less  loss  of  energy  than  any  other 
device,  stands  more  abuse  and  can  be  operated  with 
cheaper  labor  than  any  other  machine  for  this  pur- 
pose. In  the  handling  of  water  in  quantities  above 
ioo  gallons  per  minute,  it  is  replacing  all  kinds  of 
steam  pumps,  except  perhaps  very  large  fly  wheel 
engines.  It  can  be  used  to  pump  solutions  whether 
they  are  acid  or  alkaline,  clear  or  muddy,  viscous 
or  mobile.  In  the'  use  of  the  centrifugal  pump  for 
this  chemical  service,  however,  we  must  have  a  machine 
adapted  for  the  heaviest  kind  of  work.  It  must  be 
built  for  severe  duty  from  the  day  it  is  put  into  com- 
mission to  the  day  it  is  thrown  on  the  scrap  heap. 

In  selecting  a  pump  for  service  of  this  kind,  we 
must  consider  first  whether  it  will  meet  the  condi- 
tions as  well  as  any  other  device  which  we  could  use. 
I    have    found    that    in    quantities    above    ioo   gallons 

1  See  Preservation. 

2  Additional  support  to  this  view  is  had  from  the  action  of  pure  oxygen 
on  anaesthetic  chloroform  (q.  v.)  and  supplementary  evidence  is  given 
under  Preservation. 

3  Read  at  the  meeting  of  the  American  Institute  of  Chemical 
Engineers.  Washington,  December.  1911. 


per  minute  the  centrifugal  will  handle  any  liquid 
which  will  flow,  or  can  be  made  to  flow  readily.  The 
second  point  to  be  considered  is  first  cost.  In  many 
instances  the  first  cost  of  a  machine  will  determine 
whether  it  can  be  applied.  Because  the  centrifugal 
pump  appeared  simple,  many  manufacturers  tried 
to  meet  all  conditions  with  it,  using  the  cheapest 
kind  of  a  machine  to  compete  with  the  steam  pump, 
but  it  has  been  shown  that  it  is  as  expensive  to  instal 
a  good  centrifugal  pump  at  the  present  time  as  it  is 
to  instal  a  steam  pump,  but  the  former  is  thoroughly 
well  built  and  a  machine  which  can  compete  on  the 
basis  of  efficiency. 

Historically,  the  pump  has  been  known  since  the 
eighteenth  century,  but  the  first  designs  were  more 
like  fans  than  pumps,  and  were  both  crude  and  in- 
efficient. Up  to  the  time  when  the  water  turbine 
was  developed  the  laws  which  govern  the  working  of 
a  centrifugal  pump  were  but  meagrely  known,  and 
we  have  many  pumps  in  operation  to-day  which  were 
designed  before  the  turbine  was  developed.  When 
the  laws  which  govern  the  operation  of  the  reaction 
turbine  were  studied,  it  was  learned  that  the  centrif- 
ugal pump  was  in  a  general  way  a  turbine  run  back- 
ward, and  from  this  were  designed  various  makes  of 

1  The  decomposition  of  commercial  hypochlorite  of  soda  is  very  largely 
due  to  the  presence  of  small  quantities  of  iron  as  ferrate  in  the  liquor  ( Mus- 
pratt  and  Smith,  /.  Soc.  Chem.  Ind.,  1898,  1096;  1899,  210). 

2  Trillat  (Nouveaux  Remedes.  1904,  No.  13,  289;  Bull,  gen  de  Therap  . 
1904,  46)  arrived  at  a  similar  conclusion.  He  undertook  to  ascertain  how 
chloroform  prepared  from  chloral  hydrate  compared  in  point  of  purity 
with  chloroform  prepared  from  alcohol  or  acetone,  and  came  to  the  con- 
clusion that  these  kinds  of  chloroform  are.  after  careful  purification  and 
rectification,  absolutely  equivalent.  Trillat  pointed  out  that  foreign 
organic  substances  have  an  injurious  influence  upon  chloroform,  just  as  do 
water  and  air.  and  he  ascribed  the  change  to  catalysis.  The  formation  of 
carbonyl  chloride,  for  instance,  he  found  could  be  caused  by  mere  contact 
with  the  human  skin,  and  this  suggested  the  possibility  that  it  may  arise 
from  contact  with  the  mucous  membranes  This  is.  however,  still 
an  open  question,  and  is  hardly  supported  by  the  work  of  Burkhardt 
(Munch,  med  U'ochensckr  .  1909,  1678).  Such  decomposition  refers,  of 
course,  only  to  pure  chloroform  or  to  such  anaesthetic  chloroform  as  con- 
tains only  a  mere  trace  of  alcohol. 

We  have  shown  here  the  necessity  of  having  chloroform  of  sufficient 
purity.  The  care  required  for  its  maintenance  in  an  unaltered  state  will 
be  discussed  under  Storage. 
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centrifugal  pumps  which  operated  much  better  than 
the  old  type.  There  were  many  difficulties  still  to 
be  overcome,  and  it  has  been  but  a  few  years  that 
we  have  had  a  really  efficient,  commercial  machine, 
which  competes  with  other  devices  because  of  real 
merit. 

We  are  all  familiar  with  the  cheap  centrifugal 
pump  used  by  contractors  and  many  factories  at  the 
present  time.  I  have  seen  them  used  in  excavations, 
quarries,  paper  mills  and  many  other  places.  They 
have  a  two-piece  shell,  overhung  from  the  support 
at  one  side.  They  are  split  vertically,  and  have  a 
single  suction  on  the  side  opposite  from  the  support. 
An  open  fan-like  impeller  does  the  work,  and  enters 
the  casing  from  the  side  of  the  support  through  a 
gland  which  acts  like  a  bearing.  It  is  claimed  that 
this  overhung  casing  has  the  advantage  that  the 
discharge  can  be  turned  in  any  direction.  We  shall 
all  have  to  admit  that  it  does  have  this  advantage, 
which  is  really  that  of  saving  one  ell.  Its  disadvan- 
tages are  many.  There  is  one  modification  of  this 
which  has  a  solid  scroll  and  two  side  pieces,  but  the 
principle  is  the  same.  The  single  inlet  causes  an 
axial  thrust  toward  the  suction,  and  the  first  altera- 
tion in  design  was  to  make  the  machine  with  a  double 
suction.  This  made  the  casing  still  further  from  the 
support,  and  to  overcome  the  long  overhang,  another 
gland  was  placed  on  the  outer  end  of  the  shaft.  This 
I  presume  was  to  be  used  as  a  bearing  to  help  support 
the  shaft,  but  in  pumps  I  have  examined,  the  gland 
only  wore  out  the  outer  end  of  the  shaft,  either  from 
the  vibration  of  the  casing  or  the  strain  of  the  impeller. 
This  overhung  casing  in  some  sand  pumps  was  changed 
to  one  having  a  central  support.  This  was  considered 
severe  service  and  it  was  thought  the  better  method 
because  it  decreased  the  gland  wear  and  helped  keep 
the  shaft  in  alignment.  This  central  support  has 
been  almost  universal^  adopted  at  the  present  time, 
but  for  many  years  the  manufacturers  retained  the 
overhung  casing  as  being  of  advantage  in  changing 
the  direction  of  the  discharge,  and  a  much  cheaper 
construction.  There  are  still  some  of  these  casings 
used,  even  with  more  modern  pumps.  One  maker 
used  the  suction  pipes  to  support  the  casing,  but  I 
have  seen  only  those  of  this  one  manufacturer  supported 
in  this  way.  All  the  pumps  so  far  described,  are 
inefficient,  inaccessible  and  crude,  because  they  have 
\  a  minimum  of  machine  work  to  make  them  fit;  they 
are  rough  castings,  thin,  and  poorly  designed.  If 
used  for  anything  but  the  handling  of  water  they 
quickly  give  out,  requiring  repairs  or  new  castings. 
The  wear  on  the  shaft  in  the  glands,  where  these 
were  used  as  a  bearing,  caused  the  builders  to  put 
in  outboard  bearings,  supported  directly  from  the 
concrete  foundation.  Many,  however,  even  at  the 
present  time,  use  the  glands  as  bearings,  and  the 
shafts  are  lubricated  in  these  glands  with  grease  or 
oil.  The  next  improvement  of  any  importance  came 
■  about  when  the  laws  were  studied  more  closely: 
the  open  fan-like  impeller  was  shrouded  and  finally 
supplanted  by  what  is  known  as  the  enclosed  or 
i  shrouded    impeller.     There    were    many    modifications 


made  by  different  manufacturers,  such  as  the  single 
suction,  the  double  suction,  and  the  double-single 
suction  where  the  dividing  vane  came  to  the  pe- 
riphery. All  worked  upon  the  same  principle:  what 
entered  at  the  hub  must  be  discharged  at  the  rim. 
This  put  more  energy  into  the  water,  and  not  so  much 
into  friction.  Between  the  sides  of  the  impeller 
and  the  wall  of  the  casing,  the  water  revolves  only 
half  as  fast  as  it  does  with  the  open  impeller,  because 
with  the  open  impeller  the  clearance  between  the 
vanes  and  the  sides  must  be  a  minimum,  and  the 
water  must  brush  the  sides  as  fast  as  the  impeller 
revolves,  where  the  closed  impeller  has  greater  clear- 
ance and  the  speed  of  the  water  divides  itself  between 
the  revolving  disc  and  the  sides.  This  increases  the 
efficiency,  and  also  decreases  the  wear  on  the  casing. 
It  makes  an  efficient  machine  which  can  be  built 
more  easily  than  an  efficient  open  impeller  pump 
because  the  clearance  need  be  at  only  one  location. 
In  an  efficient  open  impeller  pump,  the  casing  and  the 
sides  of  the  vanes  must  be  accurately  machined  to 
fit.  With  all  of  the  open  impeller  pumps  I  have  ex- 
amined, however,  the  casing  and  the  vanes  were  only 
as  smooth  as  the  castings  fresh  from  the  mold,  and 
no  attempt  had  been  made  to  make  the  clearance 
particularly  small.  I  have  seen  a  clearance  of  over 
1/4  inch,  and  the  pump  had  an  efficiency  of  20  per 
cent.  I  have  seen  a  six-inch  pump  in  a  paper  mill, 
lifting  about  1000  gallons  per  minute  to  a  height  of 
about  30  feet  (which  is  about  7V2  horsepower) 
being  driven  by  an  8-inch  double-ply  belt,  which  was 
so  severely  treated  that  the  complaint  concerning 
the  pump  was  that  they  didn't  seem  to  be  able  to  keep 
belts  on  it.  The  speed  of  the  belt  was  about  3000 
feet  per  minute,  and  it  should  have  been  able  to  do 
30  horsepower  work  easily.  The  only  way  in  which 
a  centrifugal  pump  with  an  open  impeller  can  be 
made  to  work  satisfactorily  is  to  put  on  a  large  motor 
or  engine. 

The  next  improvement  of  noteworthy  importance 
was  the  splitting  of  the  shell  horizontally.  Many 
manufacturers  at  the  present  time  do  not  do  this, 
but  it  lends  an  advantageous  accessibility  to  the 
pump.  With  the  shell  split  in  this  manner  the  entire 
inside  of  the  pump  can  be  opened  in  a  few  minutes 
either  to  clean  out  or  renew,  without  disturbing 
piping  or  motor.  It  simplifies  greatly  the  use  of 
renewable  running  rings  which  are  very  convenient 
with  enclosed  impeller  pumps.  Two  men  can  open  a 
horizontally  split  pump  of  moderate  size,  clean  it 
out  or  renew  the  rings  and  have  it  together  again  in 
about  one  hour.  I  have  seen  two  men  work  six  hours 
to  open  and  put  together  again  a  pump  which  has 
to  be  taken  out  endwise.  Of  course,  wc  are  told 
that  the  pump  is  so  well  made  that  it  doesn't  have 
to  be  opened  very  often,  but  it  is  not  foreseen  whether 
the  user  will  get  some  chip,  or  nut  or  bolt  in  it;  this 
often  happens  from  new  piping  or  where  some  repair 
is  being  made  to  an  intake.  Several  of  the  manufac- 
turers who  once  made  the  solid  shell  pump,  are  chang- 
ing to  the  horizontally  split. 

There    are    various    difficulties    which    occur    in    the 
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operation  oi  centrifugals,  and  manufacturers  have 
been  working  to  overcome  them,  The  llirsl  trouble 
of  any  importance,  after  the  centrifugal  was  designed 

according     to     scientific     principles,     was     end     thrust. 

This  was  overcome  hydraulically  by  various  methods, 
but  there  is  almost  always  some  unbalanced  thrust 
that  will  cause  trouble  if  it  is  not  cared  for  by  mechan- 
ical means.  The  thing  next,  in  importance  is  l<>\\ 
efficiency.  Every  effort  in  both  design  and  construc- 
tion had  been  given  to  create  pumps  which  will  deliver 
tin-  highest  possible  amount  of  energy  compared  to 
that  put  in.  Large  Strides  have  been  made,  and  new 
ideas  are  described  with  great  claims  for  them.  There 
has  also  been  simplification  of  parts,  so  that  pumps 
can  be  built  as  cheaply  as  possible.  Before  taking 
these  tip  more  in  detail,  I  shall  recall  a  few  of  the 
principles  which  govern  the  design  of  the  centrifugal. 
In  the  first  place,  I  would  like  to  point  out  that 
formulas  have  been  worked  out  for  almost  every 
part  of  every  kind  of  pump.  As  with  the  water  tur- 
bine, the  design  of  the  water  passages,  the  shape  of 
the  vanes  and  the  peripheral  speed  of  the  impeller 
have  to  be  fixed  for  a  definite  amount  of  liquid  against 
a  definite  head.  If  this  amount  of  water  is  changed 
in  any  way  whatever,  the  efficiency  will  drop ;  the 
alteration  of  the  head  will  also  change  all  of  the  di- 
mensions. For  this  reason  many  manufacturers  work 
out  from  operating  pumps  a  set  of  charts  which  they 
follow,  and  the  result  is  that  the  pump  they  deliver 
is  not  perhaps  according  to  the  best  theories  which 
have  been  formulated,  but  will  meet  conditions  which 
the  other  pump  will  not.  Even  at  the  present 
time,  if  one  wants  a  very  flexible  pump  in  regard  to 
capacity  and  head,  the  manufacturers  will  not  guar- 
antee efficiencies  very  closely.  One  may  work  out 
on   the   drafting  table  the  exact  shape  of  the  water 
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channel,  for  instance,  and  any  slight  error  made  in 
the  pattern  shop,  in  the  foundry  or  in  the  machine 
shop  will  alter  the  desired  fine  point  so  much  that  it 
will  be  completely  lost.  After  the  little  alteration 
is  made,  and  even  worked  up  to  the  finished  pump, 
a  slight  change,  such  as  the  pressure  of  the  gland  on 
the  packing  will  more  than  offset  the  advantage  gained. 
For  this  reason,  we  may  aim  more  to  accomplish  what 
is  wanted  in  the  adaptability  of  the  pump  than  to 
gain  a  small  increase  in  efficiency. 

The  size  of  the  pump  is  determined  by  the  amount 
of  liquid  and  the  speed  at  which  it  is  to  be  discharged. 
Usually  a  speed  of   10  to  12  feet  per  second  is  used. 


It.  is  then  simple  to  find  the  pipe  diameter.  Secondly 
we  have  to  determine  the  head  against  which  the  pump 
is  to  discharge.     This  total  head  is  made  up  ol    1 

different  parts  pressure,  suction,  friction,  velocity 
and  orifice  heads.  If  the  inlet  and  outlet  of  the;  pump 
are  the  same,  the  orifice  and  velocity  heads  are 
ured  as  the  suction  head.  The  total  head  then  be- 
comes the  sum  of  the  pressure,  suction  and  frictiofl 
heads.  To  better  understand  how  to  adapt  a  pump 
to  any  total  head,  let  us  consider  what  speed  must 
be  used  to  force  water  up  into  a  very  hi.^h  standpipa 
If  the  water  has  reached  a  standstill  and  nothing  is 
being  discharged,  the  speed  of  the  impeller  must  be 
such  as  to  hold  the  water  against  that  pressure.  It 
can  be  compared  to  a  falling  body,  and  the  v< 
of  the  periphery  of  the  impeller  will  be  the  same  as 
that  of  a  falling  body,  falling  from  that  height  in 
a  vacuum.  We  can  easily  calculate  that  speed 
the  law  of  falling  bodies,  V  =  \/2g/z.  For  the 
pressure  which  the  pump  can  maintain  with  no  dis- 
charge this  law  will  be  exact,  but  when  the  pump 
delivers  water,  there  are  a  large  number  of  other  factors 
to  be  considered.  The  first  factor  is  the  angle  between 
the  vane  in  the  impeller  and  the  tangent  at  the  rim. 
In  a  general  way  the  larger  the  angle,  the  less  the  pres- 
sure will  drop  with  an  increased  delivery  and_  constant 
speed  and  vice  versa.  If  the  angle  mentioned  above 
is  small,  the  pressure  will  drop;  if  it  is  about  30 °, 
it  will  be  almost  constant;  if  45°,  it  will  rise  slightly 
at  first  and  then  drop  with  increased  delivery  and  if 
radial  or  greater  than  90  °,  it  will  rise  almost  its  entire 
length.  For  ordinary  work,  the  different  manufac- 
turers have  a  set  of  curves  which  show  exactly  what 
each  form  of  impeller  will  do.  These  are  obtained 
by  testing  every  pump  they  make  and  tabulating  the 
results  accordingly.  For  the  working  pressure  the 
formula  then  becomes  V  =  n\/2gh,  where 
n  is  dependent  upon  the  angle  between 
the  vane  and  the  tangent  to  the  circle. 
The  amount  discharged  will  also  depend 
upon  the  width  of  the  slot.  If  we  draw  a 
parallelogram  with  the  base  equal  to  the 
peripheral  velocity,  the  angle  between  the 
base  and  the  side  that  of  the  tangent  of 
the  vane  and  the  tangent  of  the  circle 
and  the  altitude  equal  to  the  velocity  of  the 
water  from  the  impeller,  then  the  diagonal 
drawn  from  the  angle  of  discharge  will  be 
the  velocity  head  of  the  water  under  those 
conditions.  Theoretically  the  cross-section  area  of  the 
slot  at  the  rim  should  be  the  same  as  the  suction 
opening  at  the  hub,  but  many  manufacturers  make  it  85 
per  cent,  of  that  area,  increasing  the  speed  of  the  water 
slightly  as  it  passes  through  the  impeller.  From  this,  for 
a  given  discharge  rate  of  flow,  it  is  seen  that  the  width  of 
the  slot  depends  upon  the  diameter  of  the  impeller,  which 
in  turn  depends  upon  the  speed  at  the  periphery  and 
the  working  head.  Many  different  kinds  of  motive 
powers  are  used  and  to  meet  the  speeds  of  these  the 
pump  has  to  be  designed  with  different  impeller  di- 
ameters so  that  the  proper  peripheral  speed  may  be 
obtained  according  to  the  head  and  vane  of  the  im- 
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peller.  Since  the  angle  of  the  vane  controls  the  value 
of  n  in  the  formula  V  =  n\/2gh  many  designers 
keep  that  angle  the  same  at  all  diameters,  so  that 
the  diameter  of  an  impeller  can  be  changed  by  simply 
turning  it  down  on  a  lathe.  A  spiral  having  that 
property  is  a  logarithmic  spiral  having  the  equation 
Log  p  =  60  or  p  =  aeM.  It  will  also  be  noticed  from 
the  law  of  falling  bodies  that  the  head  varies  as  the 
square  of  the  speed.  In  other  words,  if  we  want  to 
double  the  head  we  multiply  the  speed  by  1.414. 
Also,  if  we  increase  the  speed  at  the  rim,  we  increase 
the  speed  of  the  water  through  the  impeller,  so  that 
the  pump  will  discharge  a  much  larger  quantity  of 
water.  The  increased  amount  of  water  which  the 
pump  will  throw  will  depend  upon  the  size  of  the 
suction  opening  and  the  internal  friction  of  the  impeller 
itself.  This  can  be  closely  determined  by  using  a 
constant  for  the  impeller.  This  constant  is  equal 
to  the  quantity  at  any  given  speed,  divided  by  the 
square  root  of  the  head. 
If  then,  we  determine  u  in 
the  formula  V  =  n\/2gh, 
where  n  is  the  ratio  be- 
tween the  working  head 
and  the  shut  off  head,  and 
then   apply  the  above  for- 

Q 

mula  K  =     ,  ,  we  can  easily 
\A 

determine  the  quantity 
which  the  pump  will  dis- 
charge at  the  higher  speed. 

Also,  it  is  shown  that  at 
a  given  peripheral  velocity 
a  small  impeller  run  fast 
is  more  economical  than  a 
large  one  run  slowly,  for 
the  smaller  impeller  has 
much  less  surface,  and 
although  the  friction  in- 
creases with  the  speed  it 
increases  more  rapidly  with 
the  larger  surface.     In  the 

installation  of  the  centrifugal  pump,  the  quantity 
and  the  head  for  which  the  pump  is  designed  should 
be  adhered  to  as  closely  as  possible.  There  will  be 
a  narrow  range  in  which  the  efficiency  of  the  pump 
will  be  the  highest.  Every  effort  is  made  to  make 
that  range  as  wide  as  possible,  for  under  every-day 
working  conditions,  we  cannot  expect  the  pump 
which  will  pump  only  one  quantity  against  one 
head  to  be  satisfactory,  and  the  larger  the  range 
under  which  a  pump  can  be  used,  the  better  it  will 
be  commercially.  Some  of  these  difficulties  can  be 
overcome  by  the  use  of  some  kinds  of  motors  but  they 
will  be  considered  later. 

As  stated  before,  one  of  the  practical  problems  in 
the  design  of  a  centrifugal  pump  is  taking  care  of  the 
end  thrust.  There  have  been  various  ways  of  balanc- 
ing this  hydraulically,  but  the  more  important  ones 
are  those  which  were  devised  by  Jaeger  and  by  the 
Sulzer  Bros,  in  Germany.  With  single  stage  pumps, 
the  one  devised  by  Jaeger  is  used  where  the   pump 


has  an  enclosed  impeller  and  but  one  suction.  The 
idea  consists  in  placing  a  running  ring  on  the  side  of 
the  impeller  opposite  the  suction  and  connecting  the 
chamber  so  made  with  the  interior  of  the  impeller 
by  suitably  placed  holes.  This  and  other  devices 
to  overcome  the  end  thrust  of  single  suction  pumps 
is  very  satisfactory  as  long  as  the  pump  does  not 
wear  beyond  the  point  of  adjustment.  In  double 
suction  pumps  the  pressure  is  hydraulically  equal. 
It  is  better,  however,  to  place  a  small  collar  where 
it  can  take  up  inequalities.  There  are  many  little 
things  within  a  centrifugal  pump  which  might  cause 
thrust,  and  some  of  these  are  utilized  by  different 
manufacturers  to  balance  the  axial  pressures,  but 
the  amount  of  thrust  will  change  with  wear  and  there 
are  usually  troubles  from  this  source.  Besides  the 
single  suction  feature,  thrusts  will  be  caused  by  ribs 
inside  the  casing.  If  there  is  need  for  repair  of  a 
brace  inside  the  casing,   the   rib  or  lug  will  cause  an 
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unequal  flow  on  one  side  of  the  impeller,  and  thrust 
will  result.  Another  cause  is  that  in  the  casting  of 
an  impeller  the  core  is  usually  made  in  two  pieces, 
and  if  these  are  not  placed  properly  the  vane  will 
have  a  diagonal  slant  which  will  cause  unequal  dis- 
charge from  the  rim.  Also  there  will  be  an  oblique 
discharge  from  an  impeller,  the  one  side  of  which  is 
shorter  than  the  other  side,  or,  if  an  impeller  has  a 
piece  knocked  out  of  one  side,  it  must  be  filled  in  very 
accurately  and  carefully,  so  that  there  is  neither  a 
lug  on  the  side  of  the  impeller,  nor  an  open  place  in 
the  rim.  The  best  way  to  remedy  this  difficulty 
is  to  put  a  ring  entirely  around  the  circle,  with  the 
piece  to  fill  the  opening  attached  to  it.  A  large 
number  of  manufacturers  consider  it  an  advantage 
which  increases  the  efficiency  of  a  pump  to  use  diffusion 
vanes.  If  diffusion  vanes  placed  in  the  casing  are 
not  exactly  in  line  with  the  slot  in  the  impeller,  there 
will  be  thrust,  so  that  if  any  are  operating  a  pump 
having  diffusion  vanes  and,  after  it  has  been  assembled, 
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the  bearing  begin  to  run  hot,  it  might  be  from  this 
cause,  There  is  another  way  of  balancing  a  single 
suction  impeller,  and  that  is  i>  u  ing  e  disc  attached 
to   the    .kiit   and  so  located  that  the  pressure  of  the 

dischargi     ii    on  one  side,  and  either  ati pheric  or 

suction  pressure  mi  the  opposite  side.  The  criticism 
ui  this  type  is  that  the  wearing  joint  will  increase 
the  leakage,  and  the  thrust  will  not  then  be  balanced. 

To  increase  the  elliciency,  I  have  mentioned  the 
enclosed  impeller.  The  angle  oJ  the  vane  will  influence 
the  efficiency  lor  the  reason  that  it  will  increase  or 
decrease  the  internal  friction  by  changing  the  length 
and  cross-section  of  the  channel.  Also,  the  smaller 
the  angle  the  lower  is  the  working  pressure  at  the  same 
peripheral  speed.  This  necessitates  running  an  im- 
peller with  the  small  angle  much  faster  than  one  with 
the  larger  to  obtain  the  same  working  head.  This 
creates  more  friction  and  a  lower  efficiency.  Since 
the  angle  of  the  vane  is  determined  by  the  character- 
istic desired,  this  loss  of  efficiency  must  be  balanced 
against  the  advantages  of  the  particular  character- 
istic needed.  One  of  the  chief  losses  in  the  pump 
with  the  enclosed  impeller,  and  the  only  one  which 
will  be  considered,  is  the  back  leakage  from  the  dis- 
charge chamber  to  the  suction  chamber.  This  will 
amount  ordinarily  to  about  5  per  cent.  Different 
devices  have  been  used  to  make  this  a  minimum. 
Some  are  simply  closely  fitting  rings,  while  others 
are  labyrinth  packings.  The  use  of  a  labyrinth, 
however,  necessitates  clear  water  with  no  grit.  An- 
other loss  is  from  eddy  currents  within  the  casing. 
This  has  led  to  the  use  of  diffusion  vanes.  These 
are  vanes  shaped  in  the  casing  to  gradually  direct 
the  water  from  the  rim  of  the  impeller  to  the  discharge 
of  the  pump.  They  are  used  to  prevent  shock  losses. 
There  is  a  discussion  now  between  the  different  manu- 
facturers as  to  the  advantage  of  these  vanes,  each 
one  claiming  the  other  to  be  in  the  wrong.  There 
is  only  one  point  which  is  really  interesting,  and  that 
is  that  the  one  who  does  not  use  diffusion  vanes  com- 
petes upon  an  equal  efficiency  basis  with  the  one  who 
does.  To  still  lower  eddy  currents,  one  manufacturer 
divides  the  casing  opposite  a  radial  discharge  with 
a  vane  so  arranged  that  the  water  must  take  the  shorter 
route  to  the  discharge  opening.  This  pump  seems 
to  show  about  the  same  efficiencies  as  the  others. 
There  has  been  introduced  recently  a  pump  in  which 
the  diffusion  vanes  are  fixed  in  a  ring  that  can  turn 
free  from  the  hub  of  the  impeller.  The  shape  of  the 
vanes  in  this  ring  are  of  course  different  from  those 
in  the  stationary  vane,  and  it  is  claimed  that  this 
revolving  vane  increases  the  efficiency  25  per  cent. 

There  is  always  the  aim  to  use  a  more  simple  de- 
sign to  decrease  the  price.  When  a  manufacturer 
has  to  meet  competition,  he  will  frequently  offer 
a  pump  which  is  simpler,  and  for  which  the  same 
efficiency  is  guaranteed.  It  will  be  seen  on  close 
examination  that  there  is  a  lack  of  one  of  the  chief 
features  desired — either  accessibility,  ruggedness  of 
design,  or  some  such  point.  The  pump  will  have 
but  one  bearing,  and  will  depend  either  upon  a  gland 
for  a  bearing  or  upon  a  rigid  coupling  to  the  motor 


I1.1I1      and    use    the    motor   hearings.      Anothei 

is    to    place    the    armature    oi    the    motor    and    thi 

impeller  of  the  pump  on  the  same  shafl  One  manu- 
facturer has  brought  out  a  line  of  both  horizontally 
and  vertically  split  pumps,  so  that  they  can  i 
sembled  in  single  or  multiple  stages  to  suit  thi 
dition.  The  use  of  the  vertically  split  shell  seems  to 
me  to  be  a  poor  design  for  the  reason  that  just  where 
one  needs  wearing  qualities,  there  is  a  joint  and 
packing.  Also,  the  distance  at  the  running  joint 
depends  somewhat  on  the  packing.  With  the  single 
piece  volute  or  the  horizontally  split  shell,  the  running 
joint  is  always  fixed  when  the  rings  are  made,  and 
the  distance  between  them  is  a  minimum.  I  might 
state  here  that  in  replacing  a  sheet  packing  at  any 
time  in  a  pump,  the  new  packing  should  be  exactly 
the  same  thickness'  as  the  original  packing,  because 
in  machining  the  case,  the  work  is  usually  done  with 
the  packing  in  the  joint,  and  in  order  to  have  the 
casing  the  correct  shape,  the  thickness  of  the  packing 
must  be  the  same. 

When  purchasing  a  pump  from  the  dealers,  the 
details  should  be  most  carefully  examined.  There 
has  always  been  an  impression,  created  by  the  first 
forms  of  the  centrifugal,  that  this  type  of  pump 
must  be  necessarily  cheap.  For  this  reason  there 
are  many  pumps  offered  to-day  which  are  built  en- 
tirely on  the  old  lines.  These  pumps  cost  about 
one-third  of  what  a  good  centrifugal  costs,  and  although 
the  efficiency  might  be  quite  high  at  the  start,  it 
soon  drops.  I  have  tested  new  open  impeller  pumps, 
which  had  an  efficiency  of  18  per  cent.  These  pumps 
are  offered  in  competition  with  the  better  grade, 
and  the  efficiency  is  stated  as  high  or  even  higher. 
Some  have  put  enclosed  impellers  in  old  casings  and 
so  forth.  I  know  of  an  instance  where  a  firm  made 
inquiry  for  a  pump  to  handle  5000  gallons  per  minute 
against  50  foot  head.  One  of  the  firms  who  had  been 
building  pumps  of  the  old  type  had  advertised  very 
widely  a  pump  they  had  just  designed  and  it  was 
thought  advisable  to  give  them  a  chance,  more  par- 
ticularly since  the  size  of  the  pump  advertised  was 
the  size  needed.  They  had  mentioned  an  efficiency 
of  70  per  cent.,  and  other  features  known  to  be  of  ad- 
vantage. When  the  proposal  was  received,  it  was 
the  same  old  design,  with  the  open  impeller,  the  glands 
for  bearings  and  so  forth,  which  they  guaranteed 
to  have  an  efficiency  of  70  per  cent.  They  were  asked 
why  they  had  gone  to  the  trouble  of  designing  and 
advertising  the  other  pump  when  the  old  style  was 
guaranteed  at  the  same  efficiency,  etc.  No  answer 
was  ever  received.  Many  of  the  dealers  in  the  old 
line  advertise  the  same  as  the  more  modern  manu- 
facturers and  when  a  purchaser  sees  that  the  machine 
is  not  up  to  the  guarantee,  they  offer  every  possible 
excuse.  One  of  these  pumps  failed  when  tried  on  the 
work  for  which  it  was  intended.  The  pump  dealer 
said  that  it  was  the  turbine,  and  the  turbine  dealer 
said  it  was  the  pump.  I  have  seen  them  use  motors 
out  of  all  proportion  to  the  efficiency  guaranteed. 
Recently  in  one  of  the  most  modern  plants  in  Detroit, 
I  saw  one  of  these  pumps  with  a  40  horsepower  motor 
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doing  14  horsepower  work,  and  the  motor  was  running 
so  hot  that  the  hands  could  not  be  held  on  the  frame. 
The  pump  was  guaranteed  higher  than  even  the  most 
'  modern  pumps  can  reach,  but  the  motor  pulled  the 
load  and  the  outfit  was  thought  satisfactory.  The 
longer  an  enclosed  impeller  pump  is  operated  the 
smoother  it  becomes  and  the  higher  is  the  efficiency, 
provided  that  the  running  rings  are  not  unduly  worn. 
These  can  be  replaced  at  very  slight  cost  at  any  time, 
and  the  efficiency  will  be  higher  than  when  the  pump 
was  new. 

In  using  one  of  these  pumps  for  chemical  problems, 
there  are  many  things  to  consider  besides  the  efficiency, 
yet  this  should  be  kept  as  high  as  possible.  The  pump 
must  meet  the  conditions,  and  when  the  chemical 
engineer  has  to  pump  liquids  of  different  densities 
from  different  tanks,  at  different  levels  through 
suction  lines  of  different  lengths  to  tanks  similarly 
situated,  the  head  is  by  no  means  constant,  the  gallon- 
age  varies  through  wide  limits,  the  power  required 
varies  sometimes  300  per  cent.,  and  the  dealer  says 
it  cannot  be  done.  Other  manufacturers  think 
they  can  meet  the  problem,  but  it  is  too  wide  and 
varied  for  them  to  understand,  and  the  pump  frequently 
fails.  A  pump  was  purchased  by  the  writer  for  moving 
a  heavy  viscous  liquid  full  of  sediment  from  one  tank 
to  another,  a  firm  having  agreed  to  build  a  special 
pump  at  twice  the  regular  price  of  one  made  for  water. 
It  came  and  was  installed  under  protest  because 
many  parts  seemed  too  light,  the  slot  too  narrow, 
etc.  The  builder  said  to  instal,  and  if  it  did  not  meet 
the  conditions  they  would  repair.  The  pump  lasted 
three  weeks.  The  glands  were  torn  out,  the  sleeves 
on  the  shaft  were  scored  and  cracked,  the  liquid  had 
wormed  its  way  into  the  joint  between  the  impeller 
and  the  shaft  causing  the  runner  to  wobble.  It  was 
torn  beyond  repair,  and  the  running  rings  were  useless. 
The  firm  rebuilt  the  pump,  and  it  is  now  pumping 
water.  We  designed  and  built  our  own  pump  after 
that  trial.  In  the  design  of  that  pump,  we  eliminated 
everything  we  could  and  built  a  very  heavy  design 
throughout. 

In  a  pump  for  chemical  use  where  the  upkeep  is 
considerable  it  seems  to  me  that  simplicity  should 
be  the  first  consideration.  Although  small  clearances 
might  increase  the  efficiency  slightly,  they  should 
be  avoided  except  in  the  running  rings  and  these 
should  be  made  easily  replaceable.  Avoid  a  labyrinth 
packing,  because  it  has  too  close  clearances,  and 
will  wear  excessively.  Use  single  stage  pumps, 
using  two  rather  than  one  double  stage.  In  this 
way  the  use  of  diffusion  vanes  are  avoided,  and  narrow 
passages  are  not  needed  except  in  the  impeller.  At 
the  exit  of  the  impeller,  do  not  make  a  narrow  running 
joint,  but  leave  it  more  like  a  box.  The  efficiency 
may  not  be  as.  high,  but  you  can  then  alter  the  size 
of  the  impeller  at  will,  and  there  are  only  smooth 
surfaces  within  the  casing.  Secondly,  the  chemist's 
pump  must  be  easily  accessible.  For  this  reason, 
we  built  a  horizontally  split  machine.  These  are 
made  by  several  manufacturers,  and  are  very  easily 
opened  to  clean  out  a  choked  impeller,   or  to  renew 


running  rings.  Another  change  which  we  made 
on  the  pump  was  the  separation  of  the  suction  opening 
from  the  volute.  On  most  of  the  pumps  of  this  type, 
unless  they  are  extremely  large,  the  entire  volute 
and  suction  connections  are  made  in  two  pieces, 
but  for  accessibility  and  renewals,  we  separated  the 
casing  into  seven  pieces,  the  upper  half,  and  the  lower 
half,  of  the  volute,  two  pieces  divided  horizontally 
on  each  side,  and  the  two  suction  inlets  were  joined 
by  a  Y  pipe.  The  running  rings  should  be  as  plain 
as  possible,  because  all  edges  will  wear.  If  a  passage 
with  an  angle  in  it  can  be  used  it  will  be  well  to  put 
one  in,  but  each  part  should  be  made  so  that  it  is 
replaceable.  In  all  cases  I  would  recommend  out- 
board bearings.  These  may  rise  from  the  base,  or 
be  located  on  cantilever  supports  from  the  side  of 
the  casing.  This  arrangement  prevents  weight  and 
wear  coming  on  the  glands,  and  they  can  be  oiled 
or  adjusted  at  any  time.  They  should  be  much 
heavier  than  for  water  and  if  precipitates  are  to  be 
handled,  I  would  use  heavy  thrust  collars,  for  a  chunk 
of  material  may  get  into  one  side  of  the  impeller  and 
none  in  the  corresponding  side  before  the  first 
one  is  worn  down  and  forced  through  by  the  liquid. 
The  result  is  end  thrust  which  has  to  be  taken  up 
mechanically,  and  if  it  is  not  cared  for  by  a  thrust 
collar  where  it  can  be  oiled  and  adjusted,  it  will  either 
force  the  shaft  over  against  the  motor,  or  push  the 
impeller  over  to  the  side  of  the  casing.  I  do  not 
think  that  a  marine  thrust  bearing  is  necessary,  but 
a  thrust  collar  will  not  be  useless.  Frequently, 
rivet  heads,  bolts  or  trash  will  get  into  the  chemist's 
pump  from  open  tanks  and  these  will  disturb  the 
hydraulic  balance  of  the  pump.  In  pumping  pre- 
cipitates, a  screen  inserted  in  the  suction  pipe  increases 
the  suction  head  on  the  pump,  and  sometimes  will 
plug  with  the  precipitate.  Before  inserting  such  a 
screen,  the  local  conditions  should  be  very  carefully 
considered. 

The  pump  for  chemical  purposes  should  be  built 
very  heavy  and  rugged.  The  casing  should  be  made 
very  thick.  As  a  general  rule,  it  seems  to  me  to  be 
much  better  to  build  the  casing  very  heavy  than  to 
use  a  thin  casing  and  line  it.  In  pumping  alkalis 
and  some  acids,  the  casing  can  be  of  the  same  material 
as  the  liner,  and  the  outside  skin  of  the  casting  will 
stand  more  than  most  materials  of  which  a  liner  can 
be  made.  There  is  good  reason,  that  of  electrolysis, 
why  a  lining  of  a  different  material  should  not  be  used 
in  a  chemist's  pump.  This  will  be  emphasized  later. 
This  also  applies  to  sleeves  on  shafts.  It  is  better 
it  seems  to  me  to  replace  a  shaft,  if  it  is  of  not  too 
expensive  a  material,  than  to  use  a  sleeve.  There 
is  always  corrosion  at  the  glands,  and  where  there 
might  be  electrolysis  a  sleeve  does  more  harm  than 
good.  With  the  heavy  casing  should  be  used  heavy 
flanges.  These  will  stand  any  pressure  which  might 
be  put  on  them  from  outside.  If  a  pump  plugs 
with  a  precipitate,  the  easiest  way  to  clean  it  out  is 
to  put  high  pressure  water  on  the  pump  and  push 
the  plug  out  or  dissolve  it.  The  heavy  casing  and 
flanges  will  not  give  trouble  under  these  conditions. 
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1  hav<  seen  thin  pumps  break  when  this  was  being 
done.  They  will  also  stand  much  more  water  hammer, 
which  sometimes  occurs  when  a  pump  is  pushing 
the  water  to  the  top  of  a  tower  or  standpipe  and  is 
suddenly  stopped.  1  have  mentioned  the  shaft  and 
glands.  These  should  be  built  heavier  than  for  water 
and  it  is  better  to  so  shape  the  casing  at  the  side 
that  it  protrudes  inwardly  to  the  impeller,  because 
this  method  keeps  the  liquid  or  precipitate  from  the 
shaft.  No  sleeve  need  be  used  with  this  construction, 
and  the  casing  takes  the  wear.  I  have  seen  these 
inwardly    projecting    pieces    chew    down    over    one- 


fourth  of  an  inch  in  eighteen  months.  We  simply 
machined  them  back  a  short  distance,  and  kept  them 
in  service.  Another  point  about  the  gland  piece 
itself  is  the  fact  that  when  there  is  a  liquid  pressure 
on  the  gland,  there  might  be  a  slight  leakage  from 
the  joint  where  the  shaft  enters  it.  It  is  well  to  make 
the  gland  thick,  and  put  a  channel  in  the  outside  of 
the  gland  piece  so  that  there  will  be  no  spray  radially 
from  that  point.  If  there  is,  it  will  be  caught  in  this 
channel  and  from  there  to  suitable  receivers.  The 
impeller  will  wear  away  faster  than  any  other  part. 
This  is  due  to  various  causes,  and  the  only  way  which 


will  really  give  the  best  service,  is  to  build  il 
thick  and  heavy.  For  water,  the  usual  thickness 
is  about  Vie  inch,  but  1  do  not  think  »/,  or  '/j  inch 
too  much.  I  have  seen  east  iron  impellers  of  that 
thickness  wear  out  in  4  months  so  that  the  thinner 
impeller  would  be  almost  useless.  This  means  special 
patterns  for  the  manufacturer  of  water  pumps,  but 
it  more  than  pays.  In  placing  the  impeller  on  the 
shaft,  be  sure  that  the  liquor  will  not  be  able  to  get 
at  either  the  key  or  the  shaft.  If  it  does  it  might 
cause  the  impeller  to  wobble,  with  results  that  are 
obvious.  The  surfaces  should  be  as  smooth  as  possible, 
but  it  is  not  necessary  to  make  them  as  smooth  as 
for  pumping  water.  Most  solutions  will  wear  them 
smooth  very  quickly,  and  will  destroy  any  imper- 
fections rapidly  so  that  an  impeller  which  has  been 
used  for  a  month  will  show  a  very  much  higher  effi- 
ciency than  the  new  one.  I  have  seen  an  impeller 
which  we  did  not  take  the  time  to  polish  have  a  capacity 
of  200  gallons  per  minute  and  an  efficiency  of  25 
per  cent.  Four  months  later  this  same  impeller  had 
a  capacity  of  300  gallons  per  minute  and  an  efficiency 
of  60  per  cent.  The  efficiency  usually  guaranteed  by 
the  manufacturers  of  this  type  of  a  pump  is  between 
45  per  cent,  and  58  per  cent.  In  the  construction 
of  the  chemist's  pump  various  materials  can  be  used. 
For  alkalis  an  all-iron  pump  meets  the  condition 
very  well.  When  the  alkalis  are  full  of 
a  precipitate  a  harder  metal  must  be 
used.  The  running  rings  may  be  made 
of  monel  metal,  or  nickel  steel. 

For  some  solutions,  we  can  build  the 
pump  of  bronze,  monel  metal,  hard  lead, 
or  stoneware.  I  do  not  like  stoneware 
pumps,  as  the  strength  of  the  material 
is  very  low,  and  because  of  this,  slow 
speed  must  be  used.  This  means  that 
the  efficiency  is  low,  and  as  I  have 
never  seen  a  stoneware  enclosed  impeller, 
the  efficiency  will  be  very  low  indeed.  I 
have  never  had  a  stoneware  pump  tested,  but  better 
made  iron  pumps  took  power  out  of  all  proportion  to  the 
work  done.  One  of  the  problems  which  the  chemist  must 
always  face  is  the  speed  of  the  impeller.  With  water, 
and  most  alkalis,  the  impeller  can  be  made  of  monel 
metal  and  the  rim  speed  can  be  most  anything  desired 
or  practical,  but  in  pumping  acids,  it  must  be  very 
carefully  examined.  Many  of  the  metals  and  alloys 
withstand  acids  for  the  reason  that  there  is  formed 
on  the  surface  a  skin  of  oxide  or  a  salt,  which  adheres 
to  the  metal  and  protects  it.  When  this  is  used  in 
a  reciprocating  pump,  the  salt  is  hard  enough  to 
withstand  the  slow  speed,  but  on  the  rim  of  an  impeller 
it  quickly  erodes,  and  the  impeller  is  dissolved  very 
rapidly.  Some  alloys  which  will  resist  acid  for  years 
in  tanks,  etc.,  will  dissolve  in  a  few  hours  when  made 
into  an  impeller.  The  only  way  out  of  the  difficulty, 
is  to  either  use  some  other  form  of  pump,  or  to  use 
several  pumps  in  series,  keeping  the  rim  speed  of 
the  wheels  slow  enough  to  leave  the  protecting  skin 
in  place.  The  multiple  stage  pump  for  chemical 
use  has  too  many  complicated  parts   in   one  casing. 
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Several  single  stage  pumps  in  series  it  seems  to  me 
are  better,  for  then  trouble  can  be  exactly  located 
and  quickly  eliminated. 

Corrosion   also   might   be   from   the  use   of   different 
metals,   causing  electrolysis.      With  a  rapidly  moving 
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surface,  which  is  always  clean  and  bright,  electromotive 
forces  will  do  far  more  than  where  sediment  is  allowed 
to  collect.  I  have  seen  monel  metal  withstand  alkali 
solution  for  months,  even  at  high  speed,  and  I  have 
seen  a  monel  metal  running  ring  worn  out  in  a  month, 
where  a  bronze  ring  was  placed  next  to  it.  Many 
times,  two  metals  such  as  cast  iron  and  mild  steel 
will  have  an  electromotive  force  between  them  suffi- 
cient to  cause  trouble,  and  a  peculiar  fact  is  that  one 
may  be  positive  in  a  dilute  solution  and  the  opposite 
in  a  more  concentrated  solution.  This  is  probably 
due  to  the  fact  that  the  change  in  the  dissociation 
of  impurities  changes  the  real  electrolyte.  Some- 
times it  is  possible,  by  placing  in  the  suction  line 
a  heavy  thick  pipe  made  of  a  metal  which  is  electro- 
positive to  the  material  of 
the  pump,  to  plate  and  keep 
plated  the  inside  of  the 
pump,  so  that  both  the 
pump  and  the  pipe  will  last 
for  a  long  time,  where  the 
pump  alone  would  quickly 
corrode.  This  makes  the 
outfit  practically  of 
one  metal,  all  the  different 
electro-negative  parts  be- 
come polarized,  and  the 
corrosion   ceases. 

When  handling  precipi- 
tates, impellers  erode  very 
rapidly.  As  shown  before, 
the  capacity  and  the 
efficiency  increases,  and 
this  will  continue  until 
the  wheel  will  drop  into 
three  pieces,  the  hub  and 
the  two  sides.     As  it  wears, 


a  peculiar  cutting  action  appears  on  the  under 
side  of  the  impeller  vane.  This  is  more  pronounced 
than  on  the  upper  side,  and  it  cuts  away  the  outer 
edges  faster  than  the  center  leaving  a  ridge.  Not 
only  does  the  slot  become  broader,  but  the  out- 
side of  the  shroud  also  wears  away,  about 
in  proportion  to  the  distance  from  the 
hub.  The  wearing  is  dependent  also 
upon  the  hardness  of  the  material  from 
which  it  is  made.  I  have  not  made 
scleroscope  tests,  but  government  bronze 
in  alkali  solutions  lasts  longer  than  cast 
iron,  monel  will  last  longer  than  govern- 
ment bronze,  and  nickel  steel  the  longest 
of  any  tried.  These  were  pumping 
approximately  the  same  material,  con- 
taining 60  per  cent,  by  volume  of  precipi- 
tated salts.  This  property  of  hardness 
applies  to  all  parts  of  the  pumps,  the 
running  rings  even  more  than  the  impeller. 
In  using  metals  for  the  rings,  however,  the 
selection  must  be  made  so  that  there  will 
be  no  chance  of  one  ring  seizing  the  other. 
I  have  had  this  happen  twice  with  monel 
metal. 

Great  care  should  be  taken  in  providing 
the  stuffing  boxes  with  some  means  of  preventing  any 
possible  leakage  of  air.  When  handling  cold  solutions, 
a  convenient  means  is  to  place  a  grease  cup  in  such 
a  way  that  the  packing  can  be  filled  with  the  grease 
at  any  time.  In  this  way,  the  wear  on  the  shaft 
at  the  packing  is  very  slight,  and  no  air  can  break 
the  suction.  If  hot  liquors  are  being  handled,  a  con- 
nection from  the  volute  to  a  lantern  in  the  stuffing 
box  will  effectually  prevent  trouble,  but  if  there  is 
a  precipitate  in  the  liquor  it  is  sometimes  necessary 
to  use  a  clear  liquor  from  some  outside  source  under 
pressure  to  keep  the  gland  tight.  The  most  trouble- 
some problem  which  I  have  had  with  these  pumps 
has  been  in  pumping  a  heavy  precipitate  with  a  pres- 
sure on  the  suction  of  the  pump.      In  spite  of  a  large 
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stream  running  into  the  stuffing  box  from  an  outside 
source,  the  precipitate  will  force  its  way  into  the 
packim;  and  cut  it  into  pieces  very  quickly.  I  have 
seen  a  -»/,-inch    packing,  6  rings  deep,  cut  to  pieces 

in  one  hour,  by  salt  getting  into  it.  In  pumping 
milk  of  lime,  two  stuffing  boxes  had  to  be  repacked 
twice  a  day  because  there  was  a  pressure  on  the  suc- 
tion of  the  pump.  I  inserted  a  plate  in  the  suction 
line  of  the  pump,  which  reduced  the  pressure  to  one- 
inch  vacuum,  while  the  pump  was  running,  and  the 
box  did  not  have  to  be  packed  for  a  month.  The 
question  of  packing  has  been  a  difficult  one  to  solve. 
I  have  used  asbestos,  which  is  usually  filled  with  some 
cotton.  I  have  also  tried  asbestos  with  phosphor 
bronze  wire,  and  various  kinds  of  metallic  packings, 
but  all  seem  to  cut  the  shafts  quickly.  The  best 
shafts  I  have  used  have  been  of  monel,  although  I  have 
tried  cold  rolled  steel,  government  bronze,  phosphor 
bronze  and  tobin. 

There  is  one  point  to  be  made  in  handling  sludges. 
They   are  naturally   hard   to  pump.     Many   of  us   at 
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first  thought  would  try  to  overcome  this  difficulty 
by  using  one  size  larger  pipe.  In  doing  this  we  would 
make  a  very  gross  error.  We  should  use  one  size 
smaller  pipe,  and  a  pump  which  will  give  enough 
pressure  to  push  the  sludge  through  it.  The  cause 
for  the  precipitate  remaining  in  suspension  is  the 
speed  of  the  liquor.  If  the  pipe  is  large  the  speed 
will  be  slow,  and  the  precipitate  will  tend  to  settle 
out  and  drag  along  the  bottom  of  the  pipe  until  it 
cakes  and  fills  up  the  pipe  to  the  point  where  the 
speed  will  overcome  the  settling  action  of  the  pre- 
cipitates. Therefore,  it  seems  to  me  to  use  the  smaller 
pipe,  using  a  higher  pressure  at  the  pump,  and  move 
what  was  intended  is  better  than  to  use  a  lower  head 
pump,  and  let  the  pipe  fill  up  which  gives  a  rough 
surface,  and  then  one  has  to  pump  whatever  the 
piping  might  allow.  I  have  seen  horizontal  pipes 
which    were    carrying    hot    solutions    so    hot    on    top 


t  li.it   the  hand  could  nol   remain  on  them  at  all,  but 
comparatively  cold  on  the  bottom. 

The  chemical  engineer  has  to  contend  with  a  variable 
viscosity.     This  is  of  far  more;  importance  when  using 

a  centrifugal  pump  than  in  using  a  reciprocating  or 
rotary  device.  The  mechanical  losses  in  the  centrifu- 
gal arise  from  several  causes.  Among  these  are 
mechanical  friction,  liquid  friction,  back  flow,  shock, 
and  eddy  currents.  When  handling  water,  these 
each  assume  some  particular  percentage  of  the  total 
loss.  A  more  viscous  substance  changes  both  the 
total  and  the  different  component  losses.  For  this 
reason,  pump  manufacturers  will  not  guarantee 
efficiency  for  anything  but  water.  In  both  cases  the 
mechanical  friction  will  remain  the  same  for  equal 
loads.  There  will  be  a  much  larger  liquid  friction 
due  to  the  fact  that  the  liquid  will  not  flow  through 
the  impeller  nor  allow  the  impeller  to  revolve  so  easily. 
The  back  flow  will  probably  be  slightly  less  due  to 
the  friction  of  the  slot.  The  shock  and  eddy 
current  losses  will  be  more  for  the  reason  that  the  liquid 
cannot  adjust  itself  so  easily 
to  its  surroundings.  I  have 
been  hoping  to  be  able  to 
give  you  a  curve  which 
would  show  the  relative 
efficiencies  of  the"  pump 
with  which  I  have  been 
working  compared  to  the 
relative  viscosities.  Owing 
to  the  trouble  of  measuring 
the  amount  pumped  and 
the  necessary  alterations 
to  accomplish  this,  I  have 
not  been  able  to  work 
the  data  out  at  this  time. 
We  may  use  larger  piping 
and  slower  speeds  if  the 
viscous  solutions  contain 
no  sediment.  The  impeller 
should  also  be  built  to 
deliver  at  a  very  much 
slower  speed  than  for  water. 
In  this  way,  the  efficiency 
might  be  kept  up  reasonably 
high.  In  using  a  motor  for  this  purpose,  allowance 
should  be  made  for  both  the  higher  specific  gravity 
and  the  lower  efficiency.  When  calculating  pipe 
friction  the  viscosity  will  greatly  alter  the  water 
rating.  When  a  centrifugal  is  pumping  any  liquid, 
if  the  head  changes,  as  in  changing  from  one  tank 
to  a  lower  one,  it  will  not  affect  the  working  of  the 
pump  so  much  as  one  might  think.  Although  the 
pipe  may  be  shorter,  and  the  tank  lower,  an  increased 
amount  of  liquor  will  raise  the  pipe  friction  so  much 
that  the  pump  will  alter  its  load  but  slightly.  This 
may  be  a  more  expensive  way  of  pumping  than  if 
the  pump  were  made  for  the  lower  head  but  it  makes 
the  pump  adaptable  to  both  conditions.  Frequently 
a  pump  can  be  designed  to  pump  a  small  amount 
to  a  much  higher  or  even  a  lower  head  than  the  normal 
rating.  Each  condition  must  be  studied  most  care- 
fully before  installing. 
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There  has  been  developed  a  novel  pump  for  the 
use  of  chemical  engineers  which  has  an  application 
where  other  machines  fail.  The  most  serious  difficulty 
in  handling  acids  is  the  material  of  which  the  pump 
can  be  made.  A  line  of  hard  lead  pumps  designed 
like  those  of  20  years  ago,  has  been  on  the  market 
for  a  long  time.  They  cut  out  very  quickly,  and  most 
of  the  trouble  is  at  the  gland  where  the  sleeves  quickly 
erode  so  that  the  steel  shaft  is  exposed.  This  pump 
overcomes  all  such  troubles  for  the  reason  that  it 
has  no  gland,  nor  packing,  and  can  be  made  on  the 
most  modern  lines.  The  impeller  can  be  either  en- 
closed or  open,  and  it  can  be  built  for  heads  up  to  even 
75  or  80  feet.  The  shaft  is  vertical,  very  heavy  and 
covered  with  a  hard  lead  sleeve.  It  is  supported 
from  two  bearings  placed  from  3  feet  to  6  feet  apart 
according  to  conditions.  The  impeller  is  at  the  lower 
end  of  the  shaft,  overhung  perhaps  6  feet.  Around 
the  impeller,  is  a  suitable  casing  with  discharge  con- 
nections. The  suction  opening  to  the  casing  is  the 
novel  feature.  It  extends  upward  like  an  open 
pipe  for  about  four  feet.  The  liquid  to  be  pumped 
is  simply  fed  into  this  open  pipe,  either  at  the  top, 
or  in  the  side.  The  surface  of  the  liquid  in  this  pipe 
assumes  its  own  form,  but  as  long  as  there  is  any 
in  this  receiver  it  will  be  forced  according  to  the 
speed  and  construction  of  the  pump.  They  can  be 
built  of  any  capacity  or  head  desired. 

In  closing,  I  want  to  mention  an  arrangement  of 
a  centrifugal  pump  with  direct  current  electric  motors. 
We  all  know  how  a  series  wound  motor  will  operate 
under  varying  load.  It  changes  its  speed  running 
faster  as  the  load  decreases.  If  in  pumping  sludges, 
we  use  a  pump  with  a  drooping  characteristic  and 
then  use  a  highly  overcompounded  motor,  the  pitch 
of  the  characteristic  can  be  made  very  steep.  The 
operation  of  a  pump  under  these  conditions  is  such 
that  a  decrease  in  quantity  discharged  decreases  the 
load  on  the  motor,  which  instantly  speeds  up,  creating 
more  pressure  and  removing  a  plug  almost  before  it 
has  formed.  This  same  idea  could  be  applied  to  a 
pump  which  has  a  rounded  characteristic.  As  the 
pressure  tends  to  drop  with  the  quantity  on  very  low 
discharge,  the  horsepower  will  also  drop,  causing  the 
motor  to  speed  up.  The  result  is  that  the  shut  off 
speed  of  the  motor  is  higher  than  the  working  speed, 
and  the  shut  off  pressure  is  accordingly  higher.  If 
we  have  to  pump  into  a  tower,  where  the  starting 
pressure  must  be  higher  than  the  operating  pressure, 
this  motor  will  assist  in  obtaining  that  result  without 
using  the  impeller  with  the  longer  channels.  Many 
times  also,  an  adjustable  speed  motor  will  help  us 
to  obtain  that  flexibility  of  the  steam  pump,  with 
the  advantages  of  the  centrifugal,  with  a  speed  varia- 
tion of  less  than  40  per  cent. 


NEW  FORMS  OF  GAS  ANALYSIS  APPARATUS.1 

By  O.  A.   Burrell 
Received  January   2.  1912. 

The   gas    analysis    apparatus    here    presented    were 

1  Paper  read  before  the  Industrial  Division  of  the  American  Chemical 
Society,  45th  meeting,  Washington,  December,  1911.  By  permission  of  the 
Director  of  the  U    S.  Bureau  of  Mines. 


assembled  by  the  author  for  the  conduction  of  work 
having  to  do  with  the  examination  of  mine  and  natural 
gases.  The  points  of  novelty  involved  lie  in  the 
entire  assemblages.  The  author  took  what  he  con- 
sidered some  of  the  best  features  common  to  some 
other  types  of  apparatus  and  assembled  them  in  the 
apparatus  shown. 

This  particular  apparatus  is  useful  for  a  large  class  of 
analyses  and  quite  precise  work  can  be  performed  with  it. 

The  burette  has  a  capacity  of  ioo  cc.  and  is  gradu- 
ated in  o.io  cc.  Readings  can  be  made  to  0.05  cc. 
The  compensating  attachment  is  similar  to  Hempel's 
adaptation  of  Petterson's  principle.  Mercury  is  used 
both  in  the  burette,  combustion  pipette  and  manometer 
tube  /.  The  gas  sample  is  drawn  into  the  burette 
through  the  3-way  stopcock  g.  The  burette  is  gradu- 
ated from  g  down.  Pipette  a  contains  caustic  potash 
solution  for  absorbing  carbon  dioxide;  b  contains 
fuming  sulfuric  acid  for  absorbing  unsaturated 
hydrocarbons;  c  contains  alkaline  pyrogallate  solution 
for  absorbing  oxygen.  These  three  pipettes  contain 
glass  tubes  (not  shown)  for  increasing  the  absorption 
surface  of  the  solutions  as  in  other  Orsat  pipettes; 
d  and  e  contain  cuprous  chloride  solution  for  absorbing 
carbon  monoxide.  The  pipettes  d  and  e  are  similar 
to  the  pipettes  devised  by  J.  E.  Babb1  and  used  by 
him  for  absorbing  carbon  monoxide  from  a  gas  mix- 
ture by  means  of  cuprous  chloride  solution.  A  side 
view  of  the  pipette  is  shown  at  m.  The  gas  mixture 
as  it  enters  the  pipette  passes  down  through  the  cen- 
tral tube  extending  into  the  pipette.  It  then  bubbles 
up  through  the  solution  and  lodges  in  the  top  of  the 
pipette,  forcing  the  cuprous  chloride  solution  into 
the  reservoir  bulb  of  the  pipette.  To  draw  the  gas 
back  from  the  pipette,  the  stopcock  is  turned  as 
shown  at  m.  Two  pipettes  of  this  character  when 
filled  with  cuprous  chloride  solution  are  sufficient, 
when  one  of  the  solutions  is  kept  quite  fresh,  for  the 
removal  of  carbon  monoxide  from  mixtures,  even 
when  the  former  is  present  in  great  concentration, 
and  for  the  analyses  of  any  of  the  industrial  gases 
now  used  for  heating,  lighting  and  power  purposes; 
/  is  the  slow-combustion  pipette.  The  slow-com- 
bustion method  of  burning  the  combustible  gases 
in  a  mixture,  admits  of  the  use  of  a  larger  quantity 
of  the  residual  gas  for  analysis,  than  when  the  ex- 
plosion method  is  used.  This  is  especially  important 
when  the  mixture  being  analyzed  is  rich  in  com- 
bustible gases,  as  natural  gas,  which  contains,  not 
infrequently,  99%  of  paraffin  hydrocarbons.  Re- 
sidual gas  left  after  the  absorbable  constituents  are 
removed  and  which  is  rich  in  combustiblegases  is  handled 
in  the  following  manner:  The  gas  is  passed  into 
the  slow-combustion  pipette,  and  the  platinum  wire 
therein  heated  to  a  white  heat;  sufficient  oxygen 
is  then  introduced  into  the  pipette,  at  the  rate  of 
10  or  20  cc.  per  minute,  to  completely  burn  the  com- 
bustible gas.  The  slow-combustion  method  pos- 
sesses a  further  advantage  in  that  hydrogen  or  elec- 
trolytic gas  does  not  have  to  be  added  to  a  non-ex- 
plosive mixture  for  the  combustion. 

1  Engineers'  Society  of  Western  Pennsylvania,  20,  421  (1904). 
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For  .1  separate  hydrogen  determination,  the  pal- 
ladium asbestos  tube  shown  attached  to  »  is  inserted 
just  above  the  slow-combustion  pipette  /.  A  small 
alcohol  lamp  mounted  on  ;i  stand  provides  the  neces- 
sary heat,  about  ioo°  C.  for  the  combustion  of  the 
hydrogen. 

Tin  pipette  i  contains  alkaline  pyrogallate  solution. 
Before  a  series  of  analyses,  air  is  introduced 

into     this    pipette    anil     the    oxygen     removed.       Before 

beginning  a  particular  analysis,  a  few  cc.  of  this 
in  are  drawn  through  the  tube  />  into  the  burette 
and  then  discarded  into  the  atmosphere  to  sweep  out 
of  the  tube  p  oxygen  or  other  gases  left  there  from  a 
previous  analysis.  This  procedure  in  conjunction 
with  the  drawing  of  the  gas  sample  into  the  burette 
through    the    3-way   stopcock   g  avoids   the   so-called 


plosion  pipette.  I  on  •  qui  ml  il  can  be  furnished  if 
desired.  The  USUaJ  capillary  error  in  an  appa- 
ratus of  this  type  is  avoided  by  using  the  end  pip<  tte 
for  the  purposes  already  described  and  the  drawing 
of  the  sample  into  the  burette  through  the  3-way 
Stopcock  a.  Duplicate  determinations  should  agm 
wit  hin  10  or  1  5  per  cent. 
APPARATUS     FOR     Till!     ANALYSES     OF     NATURAL     GASES. 

The  apparatus  shown  in  Fig.  3  is  a  modii  1 
of  the  apparatus  shown  in  Fig.  i,  and  is  used  at  the 
bureau  laboratory  in  analyzing  natural  gases.  Nat- 
ural gases  appear  to  consist  of  paraffin  hydrocarbons 
with  carbon  dioxide  and  nitrogen  present  as  impurities. 
Oxygen  seems  to  be  present  in  a  sample  only  as  a 
result  of  faulty  sampling.  Carbon  monoxide,  hydrogen 
and  define  hydrocarbons  have  not  been  found  in  mix- 
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Irig.    1. — Laboratory  form  of    apparatus   for 


ttures  containing  C02.  02,  C2H4,  CO,  Hj,  CH,,   and  N2.     Capacity  of  burette,  100  cc. 
burette  graduated  in  0.1   cc. 


capillary  error  introduced  when  the  gas  sample  is 
drawn  into  the  burette  through  the  end  of  the  capillary 
train,  as  in  the  ordinary  Orsat  apparatus.  For  less 
accurate  work  water  can  be  used  both  in  the  burette 
and  slow-combustion  pipette. 

In  Fig.  2  is  shown  a  portable  apparatus  of  the  type 
just  described.  The  gas  sample  is  taken  into  the 
burette  through  the  3-way  stopcock  a.  Water  is  used 
both  in  the  burette  and  slow-combustion  pipette. 
Some  accuracy  is  of  course  sacrificed  by  the  use  of 
water,  but  the  apparatus  was  built  for  technical 
purposes,  with  the  idea  of  utilizing  the  slow-com- 
bustion pipette  for  burning  methane  and  hydrogen, 
and  the  Babb  pipettes  for  the  carbon  monoxide  de- 
termination.      Some  analysts,  however,  prefer  the  ex- 


tures  thus  far  examined  at  the  Bureau  laboratory. 
The  apparatus  shown  consists  of  the  pipette  a  for 
removing  carbon  dioxide,  the  pipette  b  for  removing 
oxygen,  the  slow-combustion  pipette  c  and  the 
nitrogen  pipette  d.  Mercury  is  used  in  the  burette 
and  the  slow-combustion  pipette;  30  to  50  cc.  of  the 
residual  gas  left  after  the  absorbable  constituents  have 
been  removed  can  be  used  for  the  combustion  analysis. 

MINE    AIR    APPARATUS. 

The  apparatus  shown  in  Fig.  4  is  a  modification 
of  the  apparatus  designed  by  J.  S.  Haldane1  for  the 
analysis  of  mine  air.  The  burette  has  a  capacity  of 
21   cc.   and   is  divided   into  the  ungraduated  bulbs  at 

1  "The  Investigation  of  Mine  Air,"  by  Sir  Clement  Le  Neve  Foster  and 
J.  S.  Haldane,  1905.  p.  101. 
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the  top  having  a  capacity  of  15  cc.  and  the  stem 
graduated  in  0.0 1  cc.  and  having  a  capacity  of  6  cc. 
The  pipette  a  contains  caustic  potash  solution  for 
the  removal  of  carbon  dioxide,  and  the  pipette  c 
alkaline  pyrogallate  solution  for  the  removal  of  oxy- 
gen ;  b  is  the  slow-combustion  pipette.  Mercury 
is  used  both  in  the  burette  and  slow-combustion 
Burette  readings  are  made  against  the 
pressure  of  air  confined  in  the  compensating  tube  by 
bringing  the  caustic  potash  solution  to  the  marks 
m  and  11.  Carbon  dioxide,  methane,  and  oxygen 
can  be  determined  with  an  accuracy  of  0.02%.  Du- 
plicate determinations  usually  check  within  0.01%. 
Carbon  monoxide  and  hydrogen  can  be  just  as  ac- 
curately calculated  from  the  combustion  data  by 
determining  the  oxygen  consumed  in  the  combustion. 
The  apparatus  has  also  been  used  at  the  Bureau  labora- 
tories for  an  accurate  analysis  of  the  constituents 
present  in  flue  gases.  It  can  also  be  used  for  analyti- 
cal work  connected  with  other  ventilation  studies 
than  those  having  to  do  with  mines. 

APPARATUS    FOR    METHANE    DETERMINATION. 

Fig.  5  shows  an  apparatus  constructed  for  the  exact 
determination  of  methane  in  mine  air.  At  a  few 
mines  in  this  country  and  at  many  mines  abroad, 
mine  air  samples  are  daily  collected  from  different 
parts  of  the  mine  and  examined  as  to  their  methane 
content.  Winkler's  titration  method  is  generally 
adopted.  In  Winkler's1  method  the  carbon  dioxide 
formed  by  the  combustion  is  absorbed  in  a  standard 
solution  of  baryta  water.  The  excess  of  baryta  water 
is  then  determined  by  titration  with  a  standard  solu- 
tion of  oxalic  acid.  The  scheme  necessitates  a  pre- 
liminary determination  of  the  carbon  dioxide  origi- 
nally present  in  the  mine  air. 

In  the  use  of  the  apparatus  shown  in  Fig.  5  the 
gas  sample  is  drawn  into  the  burette,  measured  by 
means  of  the  manometer  b  and  compensating  tube  c 
and  then  passed  into  the  slow-combustion  pipette  g. 
The  platinum  spiral  therein  is  electrically  heated  and 
allowed  to  remain  so  for  three  and  one-half  minutes. 
After  burning,  the  pipette  is  allowed  to  cool  and  the 
gas  then  transferred  back  to  the  burette  and  the 
contraction  in  the  volume  due  to  the  burning  of  the 
methane  determined.  This  contraction  in  volume, 
when  divided  by  2  and  calculated  to  a  percentage 
basis,  gives  the  methane  originally  present  in  the 
mine  air.  Mercury  is  used  both  in  the  burette  and 
combustion  pipette.  Water  is  used  in  the  manometer 
A  determination  can  be  made  in  less  than 
10  minutes  with  an'  accuracy  of  0.01%.  Methane 
is  the  combustible  gas  commonly  found  in  coal  mines, 
hence  complications  of  the  combustion  data  because 
of  the  presence  of  other  combustible  gases  need  not 
be  greatly  feared.  Paraffin  hydrocarbons  higher 
than  methane  may  be  occasionally  present,  but  if 
'ally  only  in  traces. 

PORTABLE     FORM     OF     APPARATUS     FOR     DETERMINATION 

OF    METHANE. 

In    Fig.    6    is   shown    portable    apparatus   similar   in 

'"Handbook    of   Technical   Gas  Analyses"  by  Clemens  Winkler,  2nd 
English  edition,  translated  by  George  I.unge.  1902.  p    156. 


» 


ig.  2.— Portable  apparatus  for  mixtures  containing  C02, 
02,  C2H,,  CO,  H...  CH,,  and  N2.  Capacity  of  burette,  100 
cc. ;  burette  graduated  in  0.2  cc. ;  water  to  be  used  in 
the  burette  and  combustion  pipette. 


s-ri^-. 


Fig.  3. — Laboratory  form;  of  apparatus  for 
natural  gas  analysis.  Capacity  of  burette,  100 
cc. ;  burette  graduated  in  0. 1  cc. 
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Fig.  4. — Laboratory  form  of  apparatus  for  the 
exact  analysis  of  mine  air.  Capacity  of  burette, 
21  cc. ;  capacity  of  bulb  of  burette,  IS  cc. ;  capac- 
ity of  stem  of  burette,  6  cc. ;  stem  graduated 
in  0.01  cc. 


Fig.  5. — Laboratory  form  of  apparatus  for  the  exact  deter- 
mination of  methane.  Capacity  of  burette,  21  cc. ;  capacity 
of  stem  of  burette,  6  cc. ;  capacity  of  bulb  of  burette,  15 
cc. ;  stem  of  burette  graduated  in  0.01  cc. 


construction  to  the  one  just  described,  A  storage 
batter]  can  be  used  to  heat  the  platinum  coil,  A 
batter}  which  will  product  a  current  of  6  volts  and  t 
amperes  is  requiri  d 

In  Pig.  7  is  shown  a  portable  apparatus  which  is 
a  very  simple  form  oJ  gas  analysis  apparatus  for  the 
determination  of  methane.  Water  is  used  both  in 
the  burette  and  slow-combustion  pipette,  b  is  the 
slow-combustion  pipette.  It  is  accurate  to  o.  10%. 
This  apparatus  was  devised  for  the  purpose  of  making 
a  quick  determination  of  methane,  for  use  by  mining 
men  who  are  not  chemists.  The  sample  is  measured 
in  the  burette  at  atmospheric  pressure  and  then  passed 
into  the  slow-combustion  pipette  where  the  platinum 
coil  is  heated  to  a  white  heat  for  3V2  minutes.  After 
burning  and  cooling,  the  gas  is  transferred  to  the 
burette  and  the  contraction  in  volume  measured. 
This  contraction  is  divided  by  2  to  find  the  methane. 

PORTABLE    FORM    OF    APPARATUS    FOR    THE    DETERMINA- 
TION   OF    METHANE    AND    CARBON    DIOXIDE. 

In  Fig.  8  is  shown  a  portable  form  of  apparatus 
for  the  accurate  determination  of  carbon  dioxide  and 
methane  in  mine  air.  It  is  a  modification  of  that 
shown  in  Fig.  4:  a  contains  caustic  potash  solution, 
b  is  the  slow-combustion  pipette.  Mercury  is  used 
both  in   the  burette  and  slow  combustion  pipette. 

In  Fig.  9  is  shown  a  portable  form  of  apparatus 
for  the  accurate  determination  of  carbon  dioxide  and 
oxygen  in  the  air  of  public  buildings,  meeting-houses, 
school-houses,  etc.  It  is  meant  to  be  used  in  con- 
nection with  ventilation  studies  having  to  do  with 
those  places,  a  contains  caustic  potash  solution  and 
b  alkaline  pyrogallate  solution.  Mercury  is  used  in 
the  burette. 

In  Fig.  10  is  shown  a  portable  apparatus  for  the 
exact  determination  of  carbon  dioxide  only:  a  is 
the  caustic  potash  pipette.  Mercury  is  used  in  the 
burette.     Water   is   used    in   the    manometer   tube. 

In  Fig.  1 1  is  shown  a  modified  Orsat  apparatus 
used  by  the  author  in  the  analyses  of  mine  fire  gases. 
Considerable  aid  may  be  rendered  in  subduing  mine 
fires  by  analyzing  samples  of  the  atmosphere  taken 
from  behind  stoppings,  in  order  to  determine  whether 
the  latter  are  sufficiently  tight  to  exclude  air,  or 
whether,  by  reason  of  air  in  leakage,  the  embers  are 
liable  to  fan  into  a  blaze  and  make  conditions  worse. 
Analyses  of  the  atmosphere  are  valuable  to  have 
during  the  entire  period  that  the  fire  area  is  sealed, 
and  before   entrances   are   made   to   reopen   the  area. 

The  apparatus  shown  in  Fig.  1 1  consists  of  the 
burette  and  the  following  pipettes:  The  caustic 
potash  pipette  a,  the  alkaline  pyrogallate  pipette  b, 
the  cuprous  chloride  pipette  c  and  the  slow-com- 
bustion pipette  d.  Water  is  used  both  in  the  burette 
and  slow-combustion  pipette.  The  pipettes  a,  b,  and 
c  contain  glass  tubes  (not  shown)  for  the  purpose  of 
increasing  the  absorption  surface  of  the  solutions. 
The   apparatus  is  accurate  to  about   0.20%. 

DETERMINATION    OF    SMALL    AMOUNTS    OF    CARBON    MON- 
OXIDE. 

The  iodic  acid  method  is  used  for  the  determination 
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Fig.  6.— Portable  gas  analysis  apparatus  for  the  exact  deter- 
mination of  methane.  Capacity  of  burette,  20  cc. ;  capacity  of 
bulb  of  burette,  17  cc. ;  capacity  of  stem  of  burette.  3  cc. ;  stem 
graduated  in  0.01  cc. 


Fig.  7. — Portable  apparatus  for 
the  determination  of  methane 
in  mine  air.  Capacity  of  burette. 
100  cc. ;  capacity  of  bulb  of 
burette,  80  cc. ;  capacity  of  stem 
of  burette,  20  cc. ;  stem  grad- 
uated in  0.05  cc. 


Fig.  8.— Portable  gas  analysis  apparatus  for  the  determination  of  carbon 
dioxide  and  methane.  Capacity  of  burette,  20  cc. ;  capacity  of  bulb  of 
burette,  17  cc. ;  capacity  of  stem  of  burette,  3  ce.;stem  of  burette  gradu- 
ated in  0.01  cc. 


Fig.  9. — Portable  apparatus  for  the  determination  of  carbon  dioxide  and 
oxygen.  Capacity  of  burette,'.  15  cc. ;  capacity  of  stem  of  burette,  3.5  cc; 
capacity  of  bulb  of  burette,  1 1.5  cc. ;  stem  graduated  in  0.01  cc. 
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of  very   small   quantities  "f  carbon   monoxide.     The 
carbon  dioxide  formed  by   t  In*  reaction  between   the 


Fig.  10. — Portable  apparatus  for  the  determination  of  carbon 
dioxide  in  mine  air.  Capacity  of  burette,  20  cc. ;  capacity  of  stem 
of  burette,  3  cc. ;  capacity  of  bulb  of  burette,  17  cc. ;  stem  of  burette 
graduated  in  0.01  cc. 

iodine  pentoxide  and  the  carbon  monoxide  is  absorbed 
by  a  standard  solution  of  baryta  water  and  the  excess 
,of  same   titrated  with   standard   oxalic   acid  solution. 


Fig.  11. — Portable  apparatus  used  in  fight- 
ing mine  fires  and  exploring  mines  after 
explosions.  Capacity  of  burette,  100  cc; 
burette  graduated  in  0.1  cc. 

The  apparatus  as  used  differs  from  other  types  in  that 
an  electrically  wound  jacket  is  used  to  heat  the  tube 


containin  ■  the  iodine  pentoxidi     md  a     pecial  burettfl 
has  been  devised  Lor  holding  I  h<   sample 

The  burette  consists  ol    eighl   superimposed 

each  having 'a  capacity    ol    i Thi    constrict  ion 

between  each   bulb  is  calibrated  so  thai 

oi    bulbs    up    to   eight  can    be    used   for  holdin 

sample.  'The  gas  is  measured  in  the  burette  bv 
means  of  a  level  bottle,  in  the  ordinary  manner:  i 
copper-constantine  couple  is  used  for  registering  the 
temperature,  a  hunt  150°  C,  within  the  iodine  pentoxidi 
tube.  These  and  other  devices  designed  at  the  I 
of  Mines  for  examining  gases  will  be  fully  described 
m  a  lorthcoming  bulletin  prepared  by  the  author  and 
his  associate,  F.  M.  Scibcrt. 


AN  IMPROVED  EXTRACTION  APPARATUS. 

By  W.  C.   Blasdale. 

Received  December  18,  1911. 

Many  different  forms  of  extraction  apparatus, 
which  make  it  possible  to  extract  a  number  of  samples 
with  a  low-boiling-point  solvent  simultaneously,  have 
been  described.  A  feature  of  all  the  more  satisfactory 
forms  of  such  apparatus  is  the  use  of  electrical  energy 
in  heating  the  flasks  containing  the  solvent  at  the 
desired  rate.  The  apparatus  here  described-  utilizes 
electrical  energy  obtained  from  a  no-volt  lighting 
circuit;  it  provides  for  five  units,  that  is,  for  five  sepa- 
rate heating  plates  and  condensers.  The  general 
form  of  the  rack  used  to  support  the  extraction  tubes 
and  condensers  is  the  same  as  that  described  by 
Hopkins  (_/.  Am.  Chem.  Soc,  21,  645).  It  differs 
from  the  latter  in  that  the  energy  of  the  current  is 
changed  into  heat  by  passing  through  resistance  wire 


fia 


instead  of  through  incandescent  lamps,  the  heat  thus 
generated  being  imparted  directly  to  the  five  iron 
plates  upon  which  the  flasks  rest.  It  differs  further 
from  any  of  the  forms  with  which  the  writer  is  familiar 
in  that  a  condenser  is  attached  directly  to  the  frame 
of  the  apparatus,  which  condenser  can  be  easily  con- 
nected with  any  or  all  of  the  flasks  while  still  in  posi- 
tion on  the  heating  plates,  thus  rendering  it  possible 
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to  distil  off  and  collect  the  solvent  after  extraction 
has  been  completed  and  obviating  the  need  of  a  sepa- 
rate apparatus  for  this  purpose.  The  details  of  con- 
struction are  represented  in  the  three  accompanying 
draw-figures,  which  represent  transverse,  longitudinal 
and  horizontal  projections  of  the  lower  portion  of 
the  apparatus. 

The  Bed  of  the  Apparatus. — The  bed  (a  of  Fig.  1) 
which  supports  the  five  separate  units  consists  of  a 
board  5  x  3/t  x  24  inches  resting  on  metal  cleats, 
fastened  to  the  vertical  supports  as  shown  in  Fig.  2. 
Two  strips  of  wood  (6  of  Fig.  1)  i^/4  x  t/i x  24 
inches  are  nailed  to  the  extreme  edges  of  this  support, 
and  two  wooden  cleats  (c  of  Fig.  1)  3/tx  */4x.  24 
inches  are  fastened  to  the  base  as  shown  in  Fig.  1. 
The  space  between  the  wooden  cleats  is  covered  with 
a  strip  of  one-sixteenth  inch  asbestos  board,  and  upon 
this  are  placed  the  five  heating  plates,  which  are  held 
in  position  by  screws  passing  into  the  base.  The 
wooden  cleats  support  a  copper  plate  (d  of  Fig.  1) 
5  x  ■/,,  x   24    inches,    which    is    provided    with    five 


circular  openings  of  a  diameter  slightly  greater  than 
that  of  the,  heating  plates.  This  plate  is  not  fastened 
in  place  and  can  be  readily  removed  for  the  purpose  of 
inspecting  or  repairing  the  heating  device. 

The  Heating  Device. — The  heating  plates  were  made 
from  the  caps  used  to  close  the  ends  of  inch  and  a 
half  water  pipes  by  cutting  with  a  hack-saw  to  a  height 
of  a  half  inch.  These  plates  are  heated  by  the  current 
carried  by  a  nichrome  wire  0.01  inch  in  diameter 
which  passes  from  a  switch  attached  to  one  of  the 
vertical  supports  through  a  circuit  which  includes 
three  complete  turns  around  each  of  the  heating 
plates.  The  wire  is  insulated  from  the  plates  by  means 
of  strips  of  mica ;  it  is  held  in  its  proper  position  by 
means  of  brass  clamps  fastened  to  the  bed  of  the 
apparatus,  each  clamp  holding  two  pieces  broken 
from  the  stem  of  a  Rose  crucible,  through  which  the 
wires  are  strung.  The  details  of  the  wiring  are  best 
shown  in  Fig.  3.  The  total  length  of  wire  used  was 
150  inches  and  the  total  resistance  offered  was  calcu- 
lated to  be  72  ohms.  An  actual  measurement  of  the 
current  consumed  gave  one  and  one-half  amperes. 
All  the  plates  were  found  to  be  uniformly  heated 
and  the  heat  generated  was  sufficient  to  cause  ether 
to  boil  violently  after  the  switch  had  been  closed  for 
ten  minutes.  A  high  boiling-point  liquid  in  one  of 
the  flasks  attained  a  temperature  of  1250,  but  no  diffi- 
culty was  experienced  in  reducing  this  temperature 
by  interposing  a  thin  piece  of  asbestos  between  the 
heating  plate  and  flask. 

The  Condensing  Apparatus. — A  strip  of  wood 
(e  of  Fig.  2)  V«  x  '/i*  26  inches,  nailed  to  the  back 
of  the  two  vertical  supports,  sustains  the  condenser. 


The  latter  was  made  of  block-tin  tubing  a  half  inch 
in  external  diameter  and  provided  with  five  lateral 
upright  branches,  each  soldered  in  place  with  pure 
tin.  It  terminates  in  a  worm  condenser,  which  is 
enclosed  in  a  cylinder  of  sheet  copper  three  inches 
in  diameter  placed  at  the  end  of  the  vertical  support. 
Connection  between  the  different  flasks  and  the  lateral 
opposite  them  is  easily  made  by  means  of  a  glass 
tube  fitted  with  cork  stoppers  as  shown  in  Fig,  1. 
The  entire  device  takes  up  but  little  room  and  in  no 
way  interferes  with  the  use  of  the  apparatus  during 
extraction.  Distillation  and  extraction  can  be  carried 
on  simultaneously  on  different  heating  plates  pro- 
vided the  laterals  of  the  condenser  which  are  not  in 
use  are  closed  with  cork  stoppers. 

University  of  California, 
Berkeley. 


NOTES  ON  A  NEW  FORM  OF  EXTRACTION  THIMBLE.1 

By  P.  A.  Boeck. 
Received  January  2,  1912. 

The  following  notes  have  been  collected  from  the 
experiences  of  a  number  of  different  investigators, 
using  the  new  type  of  inorganic  extraction  thimbles 
known  as  "Alundum." 

A  few  words  as  to  the  nature  of  these  thimbles  may 
be  of  interest:  Alundum,  the  material  from  which 
these  articles  are  made,  is  the  product  of  the  fusion 
of  the  mineral  bauxite  (a  natural  hydrate  of  aluminum 
carrying  small  percentages  of  iron  oxide,  silica  and 
titanium  oxide)  in  the  electric  furnace,  in  which  pro- 
cess partial  purification  takes  place  so  that  the  resulting 
product  is  essentially  pure  fused  alumina.  This 
material  has  been  used  quite  extensively  for  abrasive 
purposes,  replacing  emery  and  corundum,  over  which 
it  has  the  advantage  of  being  absolutely  uniform  and 
of  easily  controlled  composition.  It  can  be  made 
to  yield  an  abrasive  higher  in  crystalline  alumina 
and  consequently  of  higher  abrasive  efficiency  than 
any  other  form  of  commercial,  natural  aluminous 
abrasive. 

In  the  manufacture  of  laboratory  articles  of  this 
material,  the  fused  alumina  is  crushed,  graded  to 
uniform  mesh,  mixed  with  a  small  amount  of  a  suit- 
able ceramic  bonding  material  and  burned  at  a  high 
temperature  in  an  ordinary  porcelain  kiln,  where  the 
bond  is  caused  to  vitrify  or  mature,  giving  it  the 
strength  of  an  ordinary  porcelain  body,  and  at  the 
same  time  retaining  its  porous  nature,  which  allows 
the  penetration  and  filtration  of  liquids  and  gases. 

The  porosity  of  the  bodies  can  be  controlled  in 
several  ways,  which  depend,  to  a  certain  extent, 
on  the  other  physical  properties,  such  as  strength, 
thermal  conductivity,  texture,  melting  point,  expan- 
sion due  to  temperature  changes,  shrinkage,  etc., 
which  are  desired.  The  three  methods  most  generally 
used  in  obtaining  bodies  of  different  porosities  are: 
(i)  by  varying  the  size  of  the  grain  or  particles  of 
the  alundum,  thereby  changing  the  size  of  the  voids; 

1  Presented    at    forty-fifth   meeting   of  the  American  Chemical  Society, 
at   Washington,   December.  1911. 
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(2)  bj    ch  tie    kind;    and    (3)    the   amounl    oi 

bonding  tnal    rials  used.     Bj  combining  these  factors, 
suitable  bodies  may  be  obtained  having  any  textun 

orporo  i;     he  penetration  of  liquids  of  any  density. 

oJ  subdivision  oi  the  residue  which  is  to  be 
the  liquid  or  gas  is  of  course  the  final 

Criterion  Oi  the  permissible  size  of  the  voids.  In 
tiic  extraction  work  it  is  particularly  desirable 
to  have  a  porous  medium,  which  gives  the  most 
rapid  filtration  possible  with  the  complete  retention 
of  the  residue. 

Another  feature  of  these  thimbles  is  the  fact  that  no 
blank  extractions  have  to  be  made  to  be  sure  that 
the  materials  are  fat-free,  as  in  the  case  of  paper  or 
other  organic  materials,  as,  being  of  a  refractory  nature, 
they  can  be  readily  cleaned  by  being  ignited  at  a 
temperature  high  enough  to  dispel  any  organic  material. 
This  also  allows  of  their  repeated  and  indefinite  use, 
so  long  as  no  easily  fusible  inorganic  material  is  ignited 
in  them. 

Messrs.  Ross  and  Benner  in  their  work  at  the  Agri- 
cultural Experiment  Station  at  the  University  of 
Arizona,  on  the  nitration  of  soil  solutions  and  the 
separation  of  "black  alkali"  in  certain  characteristic 
western  soils,  showed  that  niters  of  this  material 
not  only  filtered  more  rapidly  without  changing  the 
concentration  of  the  solution  and  absorbed  less  than 
any  other  type  of  filter  on  the  market,  but  required 
less  washing,  were  very  much  more  durable  and  could 
be  cleaned  and  sterilized  by  igniting  at  the  proper 
temperature.  For  further  details,  I  would  refer  you 
to  the  original  paper  which  is  being  read  in  another 
section  of  this  meeting. 

For  the  extraction  and  nitration  of  tanning  materials, 
Mr.  R.  C.  Oberfell  describes  in  the  Journal  of  the 
American  Leather  Chemists'  Association  for  November, 
191 1.  an  ingenious  device  in  which  a  porous  Alundum 
dish  substitutes  the  asbestos  mat,  or  the  mixtures 
of  asbestos  and  kaolin,  for  removing  the  insoluble 
material   in   tanning   materials.     Absolutely  clear   fil- 


'■re  obtained  in  from  »/,  to  2  minutes  without 

the  use  of  any  asbestos  or  kaolin  mixtures  in  then 
dishes  as  against  from  82  to  130  minutes  using  the 
official  method  of  filtration  with  the  mat,  at  a  con* 
sequent  saving  of  about  98  per  cent,  of  the  time  of 
filtration,  the  results  of  the  analyses  in  each  case 
ing  within  the  allowable  error.  Where  the  dish 
alone  was  used,  no  previous  saturation  or  prep, 
of  the  filtering  medium  was  necessary,  as  is  the  case 
in  the  official  method. 

For  organic  extraction  work  on  rubber,  vulcanized 
products,  fats,  waxes,  soaps,  bitumens,  cereals,  etc., 
the  proper  filtering  body  for  any  solvent  can  be  easily 
made  and  is  apparently  limited  only  by  the  texture, 
which  must  be  fine  enough  to  retain  the  residue  and 
prevent  it  from  penetrating  the  pores  of  the  thimble. 
Rapidity  of  flow  and  extraction  can  in  this  way  be 
increased  many  times  over  that  obtained  with  the 
ordinary  extraction  thimble. 

The  chemist  of  a  large  rubber  reclaiming  plant  in  the 
west  has  recently  had  made  an  ingenious  type  of 
thimble  consisting  of  two  thimbles  semi-circular 
in  cross-section  so  made  that  when  fitted  together 
side  by  side,  they  occupy  no  more  room  than  a  single 
thimble,  allowing  two  samples  to  be  extracted  at 
the  same  time  in  the  same  solvent.  This  method 
would  apply,  of  course  only  in  cases  where  the  residues 
only  were  desired,  the  filtrates  from  the  two  samples 
being  mixed.  The  scheme  worked  out  very  well 
at  a  great  saving  of  time  and  solvent,  and  there  is 
no  reason  why  this  idea  could  not  be  followed  out 
further,  and  any  number  of  sectional  extraction  thim- 
bles made  to  fit  one  extraction  tube. 

The  application  of  this  type  of  inorganic  extraction 
thimble  has  not  been  limited  to  liquids,  as  recent 
tests  indicate  that  it  can  be  used  successfully  for  the 
filtration  of  gases  and  the  separation  of  dust  and  fume 
from  air,  smoke,  producer  gas,  etc..  quantitatively. 

Research  Laboratories, 
Norton  Company, 
Worcester,  Mass. 
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FERTILIZER   CHEMISTRY— A  REPORT   OF  PROGRESS.1 

By  Paul  Rudnick. 
Received  January  12,  1912. 

While  it  is  too  early  to  obtain  figures  on  the  con- 
sumption of  fertilizers  in  this  country  for  the  year 
just  passing,  all  indications  justify  the  belief  that 
there  has  been  the  usual  material  increase  over  the 
tonnage  consumed  in  the  previous  year,  which  was 
estimated,  in  round  numbers,  at  about  5,750,000 
tons,  an  increase  of  about  14  per  cent,  over  that  of 
1909.  The  average  increase  in  the  consumption  of 
commercial  fertilizers  in  the  past  decade  has  been 
something  over  11  per  cent,  annually. 

This  material  increase  in  the  consumption  of  com- 
mercial fertilizers  naturally  brings  up  the  question 
of  materials  entering  into  this  commodity. 

1  Chairman's  address  delivered  before  the  Division  of  Fertilizer  Chemists, 
American  Chemical  Society,  December  27,  1911. 


The  production  of  organic  ammoniates,  such  as 
blood,  tankage,  etc.,  cannot,  under  present  condi- 
tions, keep  pace  with  the  greatly  increased  demand 
for  them.  The  consumption  of  nitrate  of  soda  is, 
of  course,  keeping  pace  proportionately  with  the 
increased  consumption  of  commercial  fertilizers  in 
general.  The  consumption  of  cyanamide  in  this 
country  shows  a  decided  growth,  and  a  plant  for  its 
manufacture  is  now  being  operated  in  this  country 
at  Niagara  Falls.  Other  products  of  the  utilization 
of  atmospheric  nitrogen,  such  as  basic  calcium  nitrate, 
do  not  appear  to  have  gained  a  foothold  in  this  country 
as  yet.  While  the  annual  production  of  sulfate  of 
ammonia  has  been  greatly  increased  with  the  increased 
installation  of  retort  coke  ovens,  a  great  deal  more 
of  this  valuable  ammoniate  could  be  assimilated  easily. 
From  the  standpoint  of  conservation  of  our  resources 
the  time  should  be   close  at  hand  when  the  nitrogen 
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in  practically  all  the  coal  consumed  will  be  saved 
and  converted  into  ammonium  sulfate.  It  is  exceed- 
ingly interesting  to  realize  that  practically  all  coals 
contain  sufficient  sulfur  to  combine  with  the  nitrogen 
for  production  of  ammonium  sulfate  and  two  differ- 
ent processes  are  now  operated  commercially  on  this 
plan. 

It  is  a  well  recognized  fact  that  organic  ammoniates 
must  be  used  in  commercial  fertilizers  in  addition  to 
the  inorganic  ammoniates  because  of  the  demand 
for  good  mechanical  condition,  that  is,  a  commercial 
fertilizer  must  work  in  the  seed  drill  or  other  distrib- 
uting apparatus  without  clogging.  It  is  obvious, 
therefore,  that  with  the  increased  consumption  of 
commercial  fertilizers,  there  must  also  be  an  increased 
production  of  organic  ammoniates  to  meet  with  this 
requirement.  Since  the  production  of  organic  ammo- 
niates has  not  been  able  to  keep  pace  with  the  increased 
consumption  of  commercial  fertilizers,  very  careful 
thought  and  study  will  be  required  to  prevent  ex- 
clusion of  suitable  materials  by  arbitrary  methods 
of  analytical  control.  Unless  we  can  expand  our 
supply  of  organic  ammoniates,  the  cost  of  this  very 
necessary  class  of  fertilizer  ingredients,  which  has 
already  increased  by  leaps  and  bounds  owing  to  the 
greatly  increased  demand,  will  soon  become  prohibi- 
tive. From  a  conservation  standpoint,  it  also  becomes 
imperative  to  utilize  any  organic  nitrogenous  material 
which  is  now  going  to  waste,  if  it  can  be  so  treated 
or  produced,  that  it  can  be  shown  to  have  a  proper 
fertilizer  value. 

There  is  another  point  which  may  well  be  brought 
out  in  this  connection,  namely  that  experience  has 
shown  that  varying  availability  in  the  ammoniates 
of  a  complete  commercial  fertilizer  is  highly  desirable, 
so  that  there  shall  be  more  or  less  available  nitrogen 
for  the  plant  during  the  greater  period  of  its  growth 
and  not  only  immediately  after  the  application  of 
the  fertilizer. 

A  great  deal  of  work  has  been  done  on  the  question 
of  making  the  phosphoric  acid  in  phosphate  rock 
available  by  cheaper  and  more  efficient  means  than 
by  acidulation  with  sulfuric  acid.  None  of  the  many 
proposed  processes  for  this  purpose,  however,  has 
as  yet  proved  sufficiently  satisfactory  to  be  operated 
commercially.  Under  existing  conditions,  basic  slag 
is  practically  confined  to  the  Eastern  States.  It  is 
to  be  hoped  that  a  suitable  method  for  producing 
available  phosphoric  acid  from  phosphate  rock,  other 
than  by  acidulation  wi.th  sulfuric  acid,  will  soon  be 
discovered. 

More  experimental  evidence  that  phosphate  rock 
itself  cannot  be  used  profitably  as  a  fertilizer  is  accumu- 
lating right  along.  The  proposal  to  use  a  source  of 
phosphoric  acid  of  little  or  no  availability  is  in  striking 
contrast  to  the  demand  for  high  availability  in  the 
sources  of  nitrogen,  even  if  the  great  difference  in 
unit  cost  is  considered. 

In  this  connection  the  important  role  of  sulfur 
recently  brought  out  by  the  Wisconsin  Agricultural 
Experiment  Station  is  of  the  greatest  interest.  It 
is  stated  that  some   crops  require  even   more  sulfur 


than  phosphoric  acid  and  that  the  superior  results 
obtained  with  acid  phosphates  over  other  phosphates 
may  not  be  due  entirely  to  a  difference  in  availability 
but  to  the  additional  sulfur  supplied  by  acid  phosphate 
in  the  form  of  calcium  sulfate. 

Germany  continues  to  be  practically  the  only 
valuable  source  of  supply  of  potash  salts,  and  the 
German  potash  controversy  is  so  familiar  to  all  that 
it  need  only  be  mentioned  in  passing.  One  of  the 
results  of  this  controversy  has  been  to  stimulate  the 
search  for  sources  of  soluble  potash  salts  in  this  country 
to  the  greatest  activity.  In  spite  of  repeated  denials 
it  appears  certain  that  the  source  of  potash  recently 
announced  in  Maryland  deposits  is  feldspar  and  that 
the  proposed  method  of  treatment  consists  in  heating 
with  salt  and  niter  cake.  The  consensus  of  opinion, 
at  the  present  time,  is  not  favorable  to  the  idea  that 
it  is  possible  to  utilize  feldspar  as  a  profitable  source 
of  potash.  Fusion  or  calcination  with  sodium  or 
calcium  compounds  causes  a  material  reduction  in 
the  percentage  of  potash,  which  is  already  low  enough 
at  best  in  the  feldspar  itself.  The  cost  of  lixiviation 
and  concentration  is  admittedly  prohibitive.  The 
question  of  utilizing  water-insoluble  potash  is  being 
agitated  even  in  Germany.  One  of  the  German 
Agricultural  Experiment  Stations  reports  successful 
results  from  the  use  of  finely  ground  phonolith,  ap- 
parently a  product  of  the  weathering  of  feldspar, 
somewhat  similar  to  the  zeolites  in  its  nature.  Other 
investigators,  however,  were  unable  to  obtain  such 
results  and  insist  that  this  material  is  worthless  as 
a  source  of  available  potash. 

The  report  that  the  Department  of  Agriculture 
had  located  deposits  of  soluble  potash  salts  seems 
to  have  been  premature;  it  is  now  understood  that 
sources,  not  deposits,  were  meant.  It  is  also  announced 
in  this  connection  that  the  U.  S.  Geological  Survey 
has  begun  actual  field  operations  in  the  search  for 
deposits  of  soluble  potash  salts.  A  well  is  being  sunk 
at  Fallon,  Nevada,  and  it  is  to  be  hoped  that  the 
search  will  prove  successful.  A  cooperative  laboratory 
has  been  established  at  Reno,  where  prospector's 
samples  will  be  examined.  The  possibility  of  finding 
commercial  potash  deposits  in  the  arid  regions  of  the 
west  seems  to  be  further  indicated  by  the  fact  that 
potassium  nitrate  is  usually  present  in  considerable 
proportions  in  alkali  soils  and  indeed  the  finding  of 
small  deposits  has  been  repeatedly  reported.  The 
most  recent  report  indicates  that  such  deposits  were 
located  in  Idaho.  So  far  such  deposits  have  been 
very  small  and  of  very  low  potash  content. 

The  functions  of  manganese  and  boron  in  the  soils 
are  of  interest  from  a  fertilizer  standpoint.  The 
results  so  far  reported  seem  to  indicate  that  their 
function  is  a  catalytic  one. 

In  this  connection  it  is  important  to  note  that  the 
A.  O.  A.  C.  at  its  meeting  this  year  adopted  as  a  pro- 
visional method  a  modification  of  the  official  method 
for  determining  water-soluble  potash,  consisting  in 
leaching  out  the  water-soluble  potash  from  the  sample 
with  hot  water  much  in  the  same  manner  that  water- 
soluble  phosphoric  acid  is  removed  in  the  determination 
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ol  insoluble  phosphoric  acid,  Considerable  work 
has  been  done  on  this  subjecl   by  the  Committee  on 

Potash  "I  this  Division  and  t  lie  results  of  the  work 
of  tins  committer  indicate'  that  the  modified  method 
will  give  much  more  nearly  the  actual  proportion  of 
potash   put    into   the  fertilizer  by   the   manufacturer. 

In    the    official    method    an    average    of    0.3    per    cent. 

of  water-soluble  potash  becomes  insoluble  in  the  course 
of  extraction. 

The  theory  of  the  action  of  fertilizers  continues  to 
engage  the  efforts  of  many  research  workers  both  in 
this  country  and  abroad  as  a  part  of  their  work  on  the 
biochemistry  of  soils  and  plants.  It  has  become 
very  evident  that  the  plant  food  theory  is  inadequate. 
Applications  of  commercial  fertilizers  which  produce 
large  and  profitable  increases  in  crops  are  not  nearly 
sufficient  in  all  cases  to  replace  the  elements  removed 
by  the  plants  from  the  soil.  Much  attention  has  been 
attracted  to  the  discoveries  regarding  the  presence 
in  soils  of  protozoa  which  live  on  and  destroy  beneficial 
soil  bacteria,  of  fungi  which  are  harmful  either  directly 
to  the  plants  or  perhaps  to  the  soil  bacteria  and  of 
the  toxic  action  of  certain  constituents  of  the  soil 
which  are  either  excreted  by  the  plant  roots  them- 
selves or  may  be  produced  by  decomposition  in  the 
soil.  It  is  easy  to  believe  that  fertilizers  may  exert 
a  beneficial  action  on  the  soils  to  which  they  are  ap- 
plied by  suppressing  the  activity  or  harmfulness  of 
such  organisms  or  substances,  but  it  does  not  follow 
that  this  constitutes  the  entire  explanation  of  the 
action  of  fertilizers.  The  idea  that  fertilizers  may 
act  in  part  by  rendering  soluble  or  otherwise  releasing 
unavailable  elements  of  plant  food  from  the  soil 
is  plausible,  but  lacks  confirmation  and  cannot  in 
any  event  explain  completely  the  mechanism  of  the 
action  of  fertilizers. 

It  is  more  than  likely  that  the  theory  advanced 
by  Dr.  Cameron  at  our  meeting  a  year  ago,  namely 
that  no  simple  explanation  can  be  hoped  for,  but  that 
the  entire  matter  is  enextricably  bound  up  with  a 
large  number  of  other  modifying  factors  such  as  cli- 
matic and  meteorological  conditions,  tilth,  drainage, 
seed  selection,  etc.,  is  the  best  we  have  at  present. 

It  may  be  well  to  point  out  in  this  connection  another 
possible  partial  factor  in  the  action  of  fertilizers. 
Loeb  (Science,  34,  653  (1911))  recently  announced 
that  the  presence  of  both  potassium  and  calcium  chlo- 
rides in  sea  water  is  necessary  because  they  exert 
a  protective  action  on  the  organisms  with  which  he 
experimented.  These  organisms  die  very  quickly 
in  pure  distilled  water  or  in  a  pure  sodium  chloride 
solution,  as  well  as  in  a  pure  cane  sugar  solution, 
and  somewhat  less  quickly  when  potassium  chloride 
is  present  in  addition  to  sodium  chloride.  When 
both  potassium  and  calcium  chlorides  are  present, 
however,  in  addition  ,to  sodium  chloride,  the  animals 
can  live'  for  several  days.  The  best  proportion  of 
these  three  salts  is  that  existing  in  sea  water  and  it 
is  of  interest  to  note  that  the  relative  proportion 
of  these  salts  in  human  blood  is  the  same  as  in  sea 
water,  although  the  concentration  in  blood  is  much  less.. 

Taking  into  consideration  the  fact  that  practical 
experience  has  shown  complete  fertilizers  to  be  almost 


uniformly  oJ    much    more   proportional   value  in   pro- 
ducing increased  crop  yields  than  incomplete  fertilizers, 

is  it  not  possible  that  at  least  a  part  ol  the  action  of 
complete  fertilizers  mav  consist,  in  a  similar  protective 
.:<  tion  ol  their  soluble  constituents  on  the  cells  of  the 
plant?  That  some  action  of  this  sort  exists  would 
seem  to  be  further  indicated  by  the  results  of  the 
extensive  researches  published  on  the  calcium-magi 
sium  ratio  in  soils. 

With  the  enormous  amount  of  research  work  now 
being  carried  on  in  this  field,  it  seems  quite  likely 
that  we  shall  soon  come  to  a  fairly  comprehensive 
and  clear  understanding  of  the  more  important  phases 
of  the  mechanism  of  the  action  of  fertilizers  in  pro 
ducing  crop  increases,  so  that  the  most  efficient 
manner  of  application  may  be  determined  with  a 
reasonable  degree  of  accuracy  by  scientific  methods. 
This  is  a  problem  in  which  producer  and  consumer 
alike  are  interested  and  its  solution  will  constitute  an 
important  chapter  in  the  conservation  of  our  resources. 

Efficiency  has  come  to  be  an  important  watchword 
in  our  every-day  life,  and  much  has  been  accomplished 
in  this  direction  in  agriculture  by  the  use  of  improved 
farm  machinery.  President  Taft,  in  his  address  on 
"Conservation  of  the  Soil,"  before  the  National 
Conservation  Congress,  at  Kansas  City,  last  September, 
quoting  from  the  Yearbook  of  the  Department  of 
Agriculture  for  1898,  pointed  out  that  between  the 
years  1855  and  1894,  the  time  of  human  labor  required 
to  produce  1  bushel  of  corn  declined  on  an  average 
from  4  hours  and  34  minutes  to  41  minutes,  and  the 
cost  of  the  human  labor  required  to  produce  this 
bushel  declined  from  353/<  cents  to  10V2  cents. 
Between  1830  and  1896  the  time  of  human  labor  re- 
quired for  the  production  of  a  bushel  of  wheat  was 
reduced  from  3  hours  to  10  minutes,  while  the  price 
of  the  labor  required  for  this  purpose  declined  from 
17V4  cents  to  3V3  cents.  Between  i860  and  1894, 
the  time  of  human  labor  required  for  the  production 
of  a  ton  of  hay  was  reduced  from  35V2  hours  to 
1 1  hours  and  34  minutes,  and  the  cost  of  labor  per 
ton  was  reduced  from  $3.06  to  $1.29.  In  1899  the 
calculation  made  with  respect  to  the  reduction  in  the 
cost  of  labor  for  the  production  of  seven  crops  of  that 
year  over  the  old-time  number  of  production  in  the 
fifties  and  sixties  shows  it  to  have  been  $681,000,000 
for  one  year.  But  while  it  is  possible  to  say  that  in 
the  future  there  may  be  improvements  in  machinery 
which  will  reduce  the  number  of  necessary  hands 
on  the  farm,  it  is  quite  certain  that  in  this  regard 
the  prospect  of  economy  in  labor  for  the  future  is 
not  to  be  compared  with  that  which  has  been  effected 
in  the  last  30  years. 

To  these  words  of  President  Taft  I  wish  to  add  that 
much  profitable  progress  has  also  been  made  in  the 
selection  of  seeds  and  in  the  material  and  profitable 
increases  of  crop  yields  from  the  use  of  commercial 
fertilizers.  While  the  use  of  commercial  fertilizers 
commonly  shows  a  material  profit,  there  is  doubtless 
much  fertilizer  used  wastefully  because  unscientifically. 
Greater  efficiency  in  this  respect  can  be  developed 
only  on  the  basis  of  a  scientifically  accurate  theory 
of  the  action  of  fertilizers. 
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PROGRESS  OF  THE  CHEMISTRY  OF  PAPERMAKING. 

Arthur  D.  Little  presented  a  full  report  on  this  subject  at 
the  Thirty-fifth  Annual  Meeting  of  the  American  Paper  and 
Pulp  Association,  February  15,  1912  (see  Paper  6,  No.  10, 
p.  25),  from  which  the  following  material  is  taken. 

As  in  a  number  of  other  industries — e.  g.,  in  glass  manufacture 
— paper-making  in  the  United  States  is  still  too  frequently 
regarded  as  a  hereditary  art,  while  in  Germany  it  has  become 
a  science.  The  extent  to  which  the  industry  has  established 
itself  upon  a  scientific  basis  is  evidenced  in  the  special  number 
of  the  Papicrjabrikant,  published  in  June,  191 1,  and  "the  pub- 
lication as  a  whole  cannot  fail  to  impress  any  thoughtful  American 
paper-maker  with  the  seriousness  of  the  competition  which  he 
will  ultimately  be  called  upon  to  meet."  Further  evidence  of 
the  status  of  paper-making  in  Germany  is  had  from  the  191 1 
Proceedings  oj  the  \'erein  der  Zclhtoff  und  Papier  Chemiker, 
wherein  abstracts  of  305  scientific  studies  covering  almost  the 
whole  field  of  pulp-  and  paper-making  are  given,  and  "at  least  one 
other  volume  will  be  required  to  complete  the  record  for  the  year." 
The  report  of  William  Raitt,  cellulose  expert  to  the  India 
Provinces  Exhibition  of  1910,  published  in  1911,  contains  re- 
sults of  studies  on  about  forty  specimens  of  wood  to  determine 
their  suitability  for  pulp-making.  These  investigations  included 
trial  cooks  by  the  standard  chemical  processes,  and  Riatt  found 
the  sulphate  process  most  generally  effective.  Riatt  concluded 
that  the  following  species  offer  the  most  promising  fields  for 
further  investigation:  Picea  morinda  (spruce);  Abies  pindrow 
•(silver  fir);  Bombax  malabaricum;  Trcwia  nudiflora;  Salix 
tetrasperma  (willow);  and  Butca  jrmidosa.  His  study  of  the 
Indian  grasses  shows  that  several  of  these  are  available  in  large 
quantity  and  furnish  excellent  sources  of  paper  stock;  and  he 
also  found  that  the  sulphate  process,  at  any  rate  with  certain 
species,  is  adapted  for  the  reduction  of  bamboo,  yielding  pulp 
of  such  good  color  that  it  is  immediately  available  for  half- 
bleached  papers.  The  subject  of  bamboo  as  a  substitute  for 
wood  is  to  be  exhaustively  studied  at  the  Indian  Forest  Research 
Institute,  Dehra  Doon.  This  is  of  especial  interest  to  Americans 
in  that  Richmond  has  called  attention  to  Philippine  bamboo 
as  one  of  the  most  promising  substitutes  for  wood  for  paper- 
making.  Richmond  prefers  the  soda  process  for  its  treatment 
and  reports  the  yield  to  be  45  per  cent. 

The  straw  paper  industry,  which  is  highly  developed  in  France, 
has  been  described  by  Abadie.  Many  different  kinds  of  paper 
are  produced  from  straw,  and  in  the  Limousin  paper  is  made 
from  this  material  without  cooking.  Manufacturers  in  the 
southwest  of  France  cook  the  straw  in  rotary  digesters  for  about 
four  hours  with  milk  of  lime. 

American  paper-makers  have  been  urged  to  give  a  more  gen- 
eral consideration  of  esparto,  which,  according  to  the  experience 
of  English  paper-makers,  stands  in  a  class  by  itself  as  a  raw  mate- 
rial for  the  manufacture  of  high-grade  book  papers.  Great 
quantities  of  esparto  remain  untouched  in  Algeria  for  lack  of 
a  market.  The  fiber  from  the  inner  bark  of  the  baobab  or 
monkeybread  tree  is  also  "deserving  of  more  general  utiliza- 
tion." Among  other  materials,  eottonwood  is  said  to  yield 
about  43  per  cent,  of  absolutely  dry  fiber  by  the  sulphite  process. 

The  most  important  development  of  191 1  in  connection  with 
paper-making  is  considered  to  be  the  prospect  opened  out  by 
the  new  Simmons  sugar  process  of  obtaining  bagasse  or  waste 
sugar  cane  fiber  in  great  quantities  and  in  a  form  particularly 
available  as  a  raw  material  for  paper-making.  The  large 
supply  of  waste  fiber  obtained  under  the  new  process  is.  substan- 
tially free  from  pith,  is  reduced  very  easily  by  the  soda  process, 
and  yields  a  pulp  suitable  for  the  manufacture  of  book  and  printing 


papers.  Cornstalk  or  maize-  fiber  is  said  to  still  haw  its  advocates. 
The  year  marks  no  notable  technical  advance  in  the,  manu- 
facture of  sulphite  fiber,  but  nevertheless  considerable  attention 
has  been  given  to  the  problem  of  the  utilization  of  waste  sulphite 
liquors.  The  most  important  development  in  this  direction 
is  a  process  introduced  in  Sweden  wherein  an  impure  grade  of 
ethyl  alcohol  is  produced  by  fermentation  of  the  waste  liquor 
after  neutralization  with  lime.  However,  this  process  holds 
out  no  hope  of  avoiding  the  nuisance  created  by  the  waste  liquors, 
since  distillery-slop  is  far  more  objectionable  than  the  original 
waste  liquor,  owing  to  the  presence  in  it  of  large  quantities  of 
dead  yeast.  In  Germany,  attempts  are  being  made  to  utilize 
concentrated  lyes,  after  eliminating  the  sulphurous  acid,  for 
cattle  feed,  but  such  utilization  has  not  so  far  been  found  profit- 
able. The  employment  of  a  concentrated  liquor  for  tanning 
in  connection  with  tannin  extracts  continues  to  a  certain  ex- 
tent. A  method  of  utilization  entitled  to  careful  study  is  that 
of  Vogel,  who  recommended  that  the  waste  liquor  be  evaporated, 
mixed  with  coal,  and  then  burned.  "Saduyn,"  prepared  from  the 
waste  lyes  of  sulphite  mills,  treated  at  about  100 °  C.  with  sodium 
chloride,  is  said  to  be  used  in  the  form  of  a  solution  for  saturating 
porous  material  for  the  absorption  of  the  vapors  of  acrolein  and 
other  gases  in  the  exhaust  of  motor  cars.  Two  kg.  of  the  powder 
is  stated  to  be  sufficient  for  a  motor  vehicle  run  of  600  km. 

The  chemistry  of  the  sulphate  process  was  discussed  by  Klason 
and  Segerfelt  {Papierfabrikant,  September,  191 1).  These  authors 
point  out  that  the  yields  of  fiber  by  the  sulphate  method  are  about 
50  per  cent.,  while  those  by  the  soda  process  are  3  7  per  cent.  With 
regard  to  the  formation  of  mercaptan  in  the  sulphate  process,  it  has 
been  proposed  that  this  compound  be  destroyed  by  nitrous  gases. 
At  Skutskar,  Sweden,  the  Rinman  soda  process  is  in  use; 
soda  is  recovered  by  precipitating  the  organic  matter  from  the 
waste  liquor  by  means  of  carbon  dioxide  in  the  presence  of  so- 
dium chloride,  and  the  precipitated  material  is  distilled  for  the 
production  of  acetone  and  wood  alcohol. 

It  has  been  proposed  that  Epsom  salt  be  substituted  for  alum 
in  rosin  sizing.  Pauli  and  also  Klemm  conclude  that,  although 
magnesium  sulphate  is  not  to  be  regarded  as  a  complete  sub- 
stitute for  alum,  it  may  replace  a  considerable  proportion  of 
the  alum  used  when  used  concurrently  therewith.  Little 
points  out  in  this  connection  that  in  most  mills  much  more  alum 
than  is  necessary  is  commonly  used. 

In  coloring,  indanthrene  blue  has  been  introduced  as  a 
substitute  for  ultramarine.  When  this  dye  is  employed,  it  is 
said  to  be  possible  to  obtain  a  back  water  free  from  color. 

It  has  been  pointed  out  by  Lehman  that  the  waste  water 
loss  from  paper  mills  frequently  amounts  to  10  per  cent,  of  the 
materials  used,  and  that  of  this  loss  fully  90  per  cent,  is  re- 
coverable, even  by  simple  sedimentation  methods. 

Little  urges  the  establishment  of  a  school  of  paper-making 
in  this  country.  It  is  stated  that  the  matter  has  been  taken 
up  by  the  Boston  Paper  Trade  Association. 


RECENT  INVESTIGATIONS  ON  ALLOYS. 

Advance  proofs  of  papers  to  be  presented  before  the  Institute 
of  Metals,  issued  January,  191 2,  contain  much  of  interest  to 
the  industrial  chemist.     Abstracts  of  several  of  these  follow. 

Rosenhain,  in  a  discussion  on  the  "Nomenclature  of  Alloys," 
directs  attention  to  the  confusion  which  exists  at  present  in 
the  naming  of  alloys,  especially  in  the  use  of  the  terms  "brass" 
and  "bronze,"  which  are  sometimes  employed  in  contradiction. 
A  system  is  suggested  in  which  the  class  name  "brass"  includes 
all  alloys  whose  principal  constituents  are  copper  and  zinc, 
unci  "bronze"  those  containing  copper  and  tin;  and  when  other 
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metals  are  present,  each  particulai  alloy  is  distinguished  by  a 
prefixed  addition  to  the  class  name,  for  example,  the  so-called 
"Aich  metal"  would  be  termed  "iron  brass"  and  "manganese 
bronze"  would  be  known  as  "manganese  brass." 

Bengough,  in  a  paper  on  the  "Properties  oi  Alloys  at  High 
Temperatures,"  gives  determinations,  through  ranges  of  tempera 
tnic  uji  t» >  their  melting-points,  of  the  influence  of  temperature 
on  the  breaking  tensile  stress  and  elongation  of  copper  and  alumi 
num,  alloys  consisting  of  a  single,  simple,  solid  solution  (copper- 
nickel,  70  :  30  brass),  and  alloys  consisting  of  two  solid  solu- 
tions or  other  phases  (Muntz  metal;  low-copper  brass).  In 
every  instance  the  author  finds  that  the  tensile  Strength  dimin- 
ishes as  the  temperature  rises,  although  there  is  generally  a 
change  of  direction  in  the  curve  representing  this,  most  marked 
in  the  pure  metals  (copper,  650"  C. :  aluminum,  395  °  C).  Above 
these  temperatures  the  metals  resemble  very  viscous  fluids, 
possessing  little  strength,  being  very  ductile,  and  greatly  in- 
fluenced in  their  tensile  strength  by  the  duration  of  the  applica- 
tion of  stress.  Stress  also  causes  them  to  emit  a  cry  like  "tin- 
cry."  There  are  no  thermal  critical  points  at  these  tempera- 
tures, and  Bengough  suggests  that  in  a  pure  metal  the  crystals 
are  normally  held  together  by  Beilby's  "amorphous  material," 
stronger  than  themselves,  in  a  more  or  less  continuous  sheet 
or  cellwork,  and  that  above  the  "temperature  of  recuperation" 
this  is  no  longer  capable  of  existing,  and  the  crystals  accord- 
ingly come  in  contact  with  one  another.  Fracture  now  occurs, 
no  longer  through  the  crystals,  but  along  the  crystal  faces. 
When  a  metal  is  worked  at  a  temperature  above  the  point  of 
recuperation,  "amorphous  material,"  if  formed,  cannot  exist 
permanently,  and  no  effect  is  produced  on  the  mechanical 
properties  of  the  metal:  this  is  "hot  work."  "Cold  work," 
conducted  wholly  or  partially  below  this  temperature,  produces 
"amorphous  material"  and  strengthens  the  metal.  Bengough 
shows  the  difference  between  rolled  and  cast  material  in  strength 
by  diagrams,  and  it  is  seen  to  vanish  at  the  temperature  of  re- 
cuperation. In  the  case  of  pure  metals,  the  elongation  may 
increase,  diminish,  or  remain  almost  constant,  up  to  the  point 
of  recuperation,  but  there  it  greatly  increases,  and  remains 
high  until  near  the  melting  point. 

Turner  presents  a  study  of  the  "Behavior  of  Certain  Alloys 
when  Heated  in  vacuo."  He  has  found  that  zinc  and  other 
metals  are  entirely  removed  from  brass  and  other  copper-zinc 
alloys  when  the  latter  are  heated  in  a  vacuum.  With  brass, 
the  separation  of  the  zinc  is  quantitative  provided  the  tempera- 
ture does  not  exceed  12000  C.  and  the  heating  is  not  too  pro- 
longed. A  sample  of  "poisoned"  brass  was  subjected  to  this 
treatment,  and  it  was  found  that  all  the  zinc,  lead  and  arsenic, 
and  a  little  of  the  tin,  were  removed  at  12000  C.  Zinc  was 
readily  volatilized  from  60/40  and  70/30  brass  at  temperatures 
of  5200  and  5500  C,  respectively;  and  when  "hard  zinc,"  the 
residue  from  galvanizing  baths,  containing  about  5  per  cent, 
of  iron,  was  heated  to  500°  C,  in  a  vacuum,  the  zinc  was  com- 
pletely volatilized,  the  iron  remaining_  entirely  in  the  residue. 
This  paper  is  of  great  importance  on  account  of  the  suggested 
application  of  the  principle  to  the  refining  of  crude  copper, 
brass  scrap,  hard  zinc,  etc.  • 


SILOXIDE 


"Siloxide"  is  a  name  which  has  been  given  to  products  pre- 
pared by  fusing  pure  anhydrous  silica  with  oxides  of  elements 
of  the  silicon-carbon  group,  as  titanium  dioxide  or  zirconium 
oxide.  The  new  glass  is  said  to  be  formed  by  the  solution  of 
these  refractory  oxides  of  an  acid  character  in  silicic  acid,  and 
it  is  stated  to  be  more  easily  worked  than  pure  quartz  glass — 
in  fact,  it  can  be  worked  by  the  ordinary  methods  employed 
in   glass   manufacture    (see    French   Patent  432,786,    July   31, 


H)ii,    of    Wolf  Iiiirekhanlt    and     Hon  hers).      Z  siloxide,   or    zir- 
COnium   glass,  and  T  siloxide,  or  titanium  glass,  are  now  being 

manufactured  at  Frankfurt  a/M,  Germany, 

While  Z  siloxide  and  T  siloxide  are  said  to  lack  the  silky 
luster  of  quartz  glass  ("vitreosil"),  yet  it  is  stated  I'l'lioinas, 
(  In  in.  /.tg.,  36,  25  (1912)]  that  they  possess  distinct  advantages 
over  the  latter  with  respect  to  strength,  resistance  to  devitrifi- 
cation, and  resistance  to  the  action  of  alkalies. 

'flic  lust  Z  siloxide  with  respect  to  strength  is  said  to  contain 
1  per  cent,  of  zirconia,  while  that  containing  0.5  per  cent,  has 
the  most  satisfactory  thermal  properties.  It  is  said  that  zircon- 
ium glass  has  a  softening  point  not  much  different  from  that  of 
quartz  glass,  but  that  it  resists  deformation  better  at  high 
temperatures  because  of  its  greater  viscosity.  The  manufac- 
turers state  that  zirconium  glass  crucibles  are  far  superior  to 
those  made  of  quartz  material  in  their  ability  to  resist  the  action 
of  "oxide-bearing  metals"  during  smelting  operations;  that 
zirconium  glass  can  be  used  five  or  six  times;  and  that  it  displays 
only  in  a  very  small  degree  the  disagreeable  property,  insepa- 
rable from  quartz  material,  of  devitrifying  at  temperatures 
exceeding  13000  C.  It  is  supplied  in  the  form  of  tubes,  slabs, 
concentrating  vessels,  crucibles,  flasks,  boxes,  muffles,  arched- 
tubes,  balls,  calottes,  etc. 

The  titanium  glasses  (o.  1  to  2  per  cent,  of  titanium)  are  said 
to  have  a  somewhat  lower  resistance  to  compression  than 
quartz  glass,  but  to  resist  transverse  fracture  better  than  the 
latter.  The  T-siloxide  now  being  marketed  is  said  to  be  superior 
to  even  Z-siloxide  with  respect  to  thermal  properties — to  be 
more  satisfactory  when  temperatures  up  to  15000  C-  are  to  be 
used.  Its  properties  are  said  to  be  otherwise  the  same  as 
those  of  Z-siloxide.  While  it  is  stated  by  the  manufacturers 
that  zirconium  glass  may  be  had  either  transparent  or  opaque, 
no  information  on  this  point  as  to  titanium  glass  was  secured. 


EXTRACTION  WITH  NAPHTHALENE. 

Naphthalene  has  been  known  for  some  time  as  a  solvent  for 
gums  and  resins  (see,  for  example,  English  Patent,  14,554, 
June  30,  1903,  to  Terrisse),  and  as  a  substitute  for  benzine  and 
benzene,  and  similar  solvents,  for  spreading  purposes  in  the 
manufacture  of  rubber  goods  (see  French  Patent,  393,186, 
August  10,  1908,  of  the  Riitgerswerke-Akt.).  Quite  recently, 
a  Magdeburg-Sudenburg,  Germany,  firm  has  placed  on  the  market 
a  plant  for  the  extraction  of  bones,  plants,  fish  residues,  asphalt, 
etc.,  with  naphthalene. 

As  is  well-known,  naphthalene  is  volatilized  by  means  of 
steam;  it  is  this  property,  in  fact,  which  makes  it  advantageous 
as  an  extractive  medium.  Temperatures  from  the  melting 
point,  80 °  C,  to  almost  the  boiling  point,  nearly  2i8°C, 
are  said  to  be  applicable;  and  if  this  is  correct,  it  is  possible 
to  work  within  wide  limits.  Further  advantages  are  said  to 
be  that  the  solvent  can  be  recovered  from  the  solutions  at 
relatively  low  temperatures  in  comparison  with  other  solvents 
with  similar  boiling  points ;  that  it  is  not  necessary  to  employ 
closed  vessels  with  reflux  condensers;  and  that  the  use  of  pressure, 
generally  necessary  for  dissolving  copals,  may  be  dispensed  with 
in  the  apparatus. 

The  naphthalene  extraction  process  is  said  to  be  particularly 
applicable  for  the  extraction  of  bitumen,  as  "larger  quantities 
of  a  product  of  higher  melting  point  are  extracted  by  naphthalene 
from  asphalt-sand  or  Montan-wax  than  if  one  of  the  ordinarily 
known  extraction  substances  is  used."  In  one  test,  90  per  cent, 
benzene  was  used,  and  19  per  cent,  of  bitumen  with  a  softening 
point  of  70 °  was  obtained;  while  with  the  naphthalene  process, 
23  per  cent,  of  bitumen  with  a  softening  point  of  8 1  °  was  obtained 
from  the  same  material  in  a  shorter  period.  It  is  said  that  for 
the  extraction  of  asphalt,  the  low  price  of  the  raw  material  is 
a  consideration.     In  addition,   it  is  stated  that  no  losses  are 
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incurred  and  that  it  is  not  necessary  to  resort  to  such  high 
temperatures  that  a  partial  decomposition  of  the  product  occurs, 
in  order  to  effect  the  separation  of  the  solvent  from  the  asphalt. 
The  naphthalene  process  is  reported  to  be  of  particular  value 
if  the  bituminous  rock,  bones,  plants,  etc.,  are  mixed  with  about 
one-half  their  weight  of  naphthalene  and  then  extracted  by 
heating.  For  this  purpose,  impure  naphthalene  may  be  used; 
it  is  afterwards  recovered  as  pure  naphthalene  by  treatment 
with  steam. 


FIRE  EXTINCTION. 

The  use  of  frothy  mixtures  for  fire  extinction  has  recently 
been  investigated  at  Wilhelmsburg,  near  Hamburg,  Germany, 
in  the  presence  of  officials  representing  the  Prussian  Fire  Brigade 
(see  Preuss.  Feuerwehr-Beirat,  Drucksache,  No.  4,  191 1;  Engi- 
neering, January  12,  1912,  52.  A  solution  of  sodium  hydroxide, 
containing  froth-forming  ingredients,  and  a  solution  containing 
alum  and  other  chemicals,  are  mixed  together  by  means  of 
carbon  dioxide,  which  results  in  the  production  of  a  foam  con- 
sisting of  bubbles  filled  with  carbon  dioxide;  the  foam  is  then 


directed  on  to  the  surface  of  burning  petroleum,  tar,  etc.  It 
is  reported  that  2  I.  of  the  mixed  liquids,  when  directed  on  to 
light  petroleum  spirit,  gave  13  1.  of  foam,  the  volume  of  which 
diminished  by  5  per  cent,  in  5  minutes,  14  per  cent,  in  10  minutes, 
47  per  cent,  in  30  minutes,  and  76  per  cent,  in  1  hour.  In  one 
series  of  tests,  the  plant  employed  comprised  two  reservoirs 
each  of  5  cm.  capacity,  from  which  the  solutions  were  delivered 
to  the  mixer  by  two  duplex  feed  pumps  at  the  rate  of  about 
160  1.  per  minute.  The  foam  was  discharged  from  the  mixer 
through  a  pipe  of  80  mm.  diameter,  which  branched  into  two 
pipes  of  52  mm.  diameter.  Fifteen  tons  of  crude  petroleum 
benzine  were  ignited  in  a  brickwork  tank  of  10  m.  diameter, 
and  after  the  fire  had  burned  for  5  minutes  in  a  strong  wind, 
the  foam  was  applied  under  a  pressure  of  2  atmospheres.  The 
fire  was  soon  stifled  except  for  isolated  jets  of  flame  near  the 
edge  of  the  tank,  and  completely  extinguished  in  6  minutes; 
after  10  minutes,  on  removing  the  layer  of  foam,  the  benzine 
could  be  immediately  relighted.  About  1800  1.  of  the  mixed 
liquids  were  consumed.  The  results  seemed  to  demonstrate 
that  it  was  advantageous  to  apply  the  foam  under  a  low  pressure 
in  order  that  it  might  spread  quietly  over  the  burning  surface. 
Another  test  was  made  on  burning  tar  with  satisfactory  results. 


NOTES  AND  CORRESPONDENCE. 


THE  CENTENARY  OF   THE  INTRODUCTION  OF  GAS. 

The  100th  anniversary  of  the  introduction  of  the  use  of  gas 
as  an  illuminant  will  be  celebrated  in  Philadelphia  on  Thurs- 
day and  Friday,  April  18th  and  19th,  1912.  The  exercises  will 
be  held  in  the  Hall  of  the  Franklin  Institute,  15  South  7th 
vStreet,  and  will  take  the  form  of  a  symposium  under  the  auspices 
of  The  American  Philosophical  Society,  The  Franklin  Institute, 
The  American  Chemical  Society  and  The  American  Gas  Institute. 

PROGRAM. 

Thursday:  "By-products  in  Gas  Manufacture,"  by  Chas. 
E.  Munroe,  at  8  p.m. 

Friday:  "The  Commercial  and  Financial  Aspects  of  the 
Gas  Industry,"  by  George  B.  Cortelyou,  at  10  a.m. 

"The  Technic  of  Gas  Manufacture,"  by  Alfred  E.  Forstall, 
at  11  a.m. 

"Gas  as  an  Illuminant,"  by  Van  Rensselaer  Lansingh,  at 

2   P.M. 

"The  Use  of  Gas  for  Heat  and  Power;  the  Testing  of  Gas," 
by  Edward  B.  Rosa,  at  3  p.m. 

These  lectures  will  constitute  an  interesting  and  valuable 
review  of  the  development  of  the  use  of  gas  as  an  illuminant, 
and  as  a  source  of  heat  and  power.  Persons  interested  in  the 
manufacture  and  use  of  gas  from  all  parts  of  the  country,  mem- 
bers of  the  societies  named,  and  the  general  public,  including 
ladies,  are  cordially  invited  to  attend  the  sessions. 

An  effort  will  be  made  to  bring  together  as  many  as  possible 
of  the  pioneers  in  the  gas  industry,  those  who  have  been  engaged 
in  the  industry  thirty  years  or  more.  All  such  are  requested 
to  send  their  names  to  the  acting  secretary. 

A  temporary  Loan  Exhibition  will  be  held  in  the  Hall  of  the 
Franklin  Institute,  of  articles,  models,  appliances,  books  or 
pictures,  that  have  an  historical  interest.  Any  one  who  knows 
of  such  articles  should  communicate  at  once  with  the  Acting 
Secretary,  William  J.  Serrill,  1401  Arch  Street,  Philadelphia. 


AMERICAN  ELECTROCHEMICAL  SOCIETY,  TWENTY-FIRST 

GENERAL  MEETING,  BOSTON,  APRIL  18th  to  20th. 

program. 

The  Effect  of  Addition  Substances  in  Lead^Plating  Baths.     By 

F.  C.  Mathers  and  O.  R.  Overman. 


Uniformity    and    Simplicity    in    Electrochemical    Calculations. 

By  Carl  Hering. 
Effects  of  the  Variations  of  Thermal  Resistivities  with  the  Temper- 
ature.    By  Carl  Hering. 
Experiments  on  Heat  Insulation.     By  F.  A.  J.  FitzGerald. 
An  Electrolytic  Method  for  the  Reduction  of  Blue  Powder.     By 

Warren  F.  BlEEcker. 
Tensile  Strength  of  Electrolytic  Copper  on  a  Rotating  Cathode. 

By  C.  W.  Bennett. 
The  Regeneration  of  Sulphated  Storage  Cells.     By  C.  W.  Bennett 

and  D.  S.  Cole. 
A  Rotating  Cathode.     By  C.  W.  Bennett. 
Electrical  Endosmose.     By  W.   D.  Bancroft. 
On  the  Nature  of  Zinc  Cementizing  (Sherardizing).     By  Arden 

R.  Johnson  and  Willis  R.  Woolrich. 
Smee's  Theory  of  Electrolytic  Deposits.     By  W.  D.  Bancroft. 
Power  Supply  to  Electric  Furnaces  for  Refining  Iron  and  Steel. 

By  W.  Sykes. 
Furnace  Electrodes  Practically  Considered.     By  R.  Turnbull. 
On  the  Volatility  of  Zinc  Oxide.     By  O.  L.  Kowalke. 
High  Tension  Equipment  for  Electrometallurgical  Plants.     By 

J.  R.  Wilson. 
The  Influence  of  Diffusion  on  the  Electromotive  Force  Produced 

in  Solutions  by  Centrifugal  Action.     By  W.  Lash  Miller. 
Vacuum  Furnace  Metallurgy.     By  C.  G.  Fink. 
Temperatures  of  the  Carborundum  Furnace.     By  L.  E.  Saunders. 
Gas   Circulation  in  Electrical   Reduction  Furnaces.     By  J.   W. 

Richards. 
Potential    Differences    at    the   Junction    of    Unmiscible    Phases. 

By  R.  Beutner. 
Performance  of  Dry  Cells.     By  C.  Hambuechen. 
Report  of  the  Committee  on  Dry  Cell  Tests. 


AMERICAN  COMMISSION    ON   ORGANIC   NOMENCLATURE. 

An  American  Commission  on  Organic  Nomenclature  has  been 
appointed,  consisting  of  the  following: 

M.  T.  Bogert,  Columbia  University,  Chairman;  Ira  Remsen, 
Johns  Hopkins  University;  W.  A.  Noyes,  Univeristy  of  Illinois; 
T.  B.  Johnson,  Yale  University;  M.  Gomberg,  University  of 
Michigan;  J.  F.  Norris,  Simmons  College;  J.  B.  Tingle,  McMastcr 
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I  Diversity;  C.  H.  Hudson,  Bureau  of  Chemistry,  Washington, 

i  hi  commission  will  cooperate  with  similar  National  bodies 
in  othei  countries  in  the  revision  of  the  Nomenclature  oi  Organic 
Compounds. 

Suggestions  as  to  the  general  plan  to  be  pursued  in  under- 
taking iliis  work,  or  concerning  special  groups  of  compounds, 
will  in'  welcomed,  and  should  be  sent  to  the  Chairman  at  Columbia 
i  liiiversity. 


EIGHTH  INTERNATIONAL  CONGRESS  OF  APPLIED 
CHEMISTRY. 

Abstract  of  Announcement  No.  3. 

This  announcement  includes  the  following  of  special  interest 
and  importance: 

Indies'  Committee,  Committees  on  Internal  Transportation, 
Entertainment,  Finance,  Papers  and  Publications,  Trans- Atlantic 
Transportation,  Factory  Inspection. 

Rules  on  Papers,  their  Presentation,  Discussion  and  Publi- 
cation.— Papers  and  their  abstracts,  both  in  duplicate,  must 
be  in  the  hands  of  the  American  Committee  not  later  than 
June  30,  1912,  in  order  to  assure  their  inclusion,  if  accepted, 
in  their  respective  Sectional  Volumes  for  distribution  at  or 
before  the  opening  of  the  Congress. 

The  Congress  obligates  itself  to  have  its  final  Reports  and 
Proceedings,  including  subject  and  author  index,  completed 
and  ready  for  distribution  on  or  before  December  31,  191 2. 

Rejected  manuscripts  are  to  be  returned  to  their  authors 
and  all  correspondence  concerning  them  is  to  be  regarded  as 
strictly  secret  and  confidential. 

How  to  Obtain  Membership  in  this  Congress. — Membership 
in  this  Congress  is  open  to  individuals,  corporations,  societies, 
associations,  institutions  and  the  like. 

Persons  contemplating  membership  in  the  Congress  can  ob- 
tain membership  tickets  from  the  Treasurer  of  the  Congress, 
Wm.  J.  Matheson,  182  Front  .Street,  New  York  City,  by  for- 
warding to  him  an  application  for  membership  and  the  member- 
ship fee,  which  is  $5.00.  Membership  tickets  can  also  be  ob- 
tained from  Prof.  M.  O.  Forster,  84  Cornwall  Gardens,  London, 
S.  W.,  England;  M.  F.  Dupont,  6  Place  Malesherbes,  Paris, 
France;  Dr.  B.  Rassow,  Stephanstrasse  8,  Leipzig,  Germany; 
Prof.  Rosario  Spalling,  Via  Panisperna,  89  bis,  Rome,  Italy. 

Membership  of  Congress  Committees  does  not  constitute 
membership  in  the  Congress. 

All  memberships  received  after  July  15,  1912,  by  the  American 
Committee,  are  accepted  on  the  condition  that  delivery  of 
printed  reports  cannot  be  guaranteed  to  such  members. 

Entertainment  of  Ladies. — The  arrangements  herefor  are  in 
the  hands  of  the  Ladies'  Committee,  and  everything  will  be 
provided  by  them  to  insure  the  comfort,  convenience  and 
entertainment  of  all  ladies  attending  the  Congress.  Appli- 
cations for  Ladies'  Tickets,  together  with  the  fee  therefor,  $3.00, 
should  be  sent  to  William  J.  Matheson,  182  Front  Street,  New 
York  City. 

Program  of  Meetings. — The  general  lectures  are  to  be  given 
by  (1)  George  M.  Beiley,  of  Glasgow,  Scotland,  "Some  Phys;eal 
Aspects  of  Molecular  Aggregation  in  Solids;"  (2)  Gabriel  Ber- 
trand,  of  Paris,  France,  "The  Role  of  Very  Small  Amounts  of 
Chemical  Substances  in  Biochemistry;"  (3)  Carl  Duisberg,  of 
Elberfeld,  Germany,  "The  Latest  Achievements  and  Problems 
of  the  Chemical  Industry;"  (4)  Giacomo  Ciamician,  of  Bologna, 
Italy,  "Photochemistry  of  the  Future;"  (5)  Ira  Remsen,  of  Balti- 
more, Md.,  U.  S.  A.  (subject  to  be  announced  later). 

General   lectures  and  general  meetings  will  be  held  in  the 


Cicat  Hall  of  the  College  ol  the  City  ol  New  York;  Sectional 
meetings  at  Columbia  University.  The  Columbia  University 
Gymnasium  will  be  headquarters  for  Registration,  Distribution 
of  Papers,  Distribution  and  Sale  of  Tickets,  Information  Bureau, 
Telephone,  Messenger,  Telegraph  and  Cable  Services,  and  post 
Office  Express  and  Baggage  Facilities. 

Columbia  University  furnishes  not  only  places  of  m  •  1 1 1 1  ■. ■ 
and  other  conveniences  as  noted  above,  but  also  has  placed  at 
the  disposal  of  attending  members  living  outside  of  New  York 
the  use  of  certain  of  its  Residence  Halls  from  August  31,  1912 
to  10  a.m.,  Friday,  September  13,  1912.  Applications  for 
quarters  in  these  Halls  should  be  addressed  to  the  Eighth 
International  Congress  of  Applied  Chemistry,  Residence  Hall 
Committee,  25  Broad  Street,  New  York  City. 

A  list  of  selected  hotels  and  suggestions  for  accommodation  of 
parties. 

Information  concerning  excursions  and  visits  to  works. 

Excursions. — Arrangements  in  this  direction  are  tentative 
and  very  incomplete  and  the  excursions  finally  selected  will 
depend  upon  the  number  of  members  indicating  their  desire 
to  join  the  respective  excursions.  The  itineraries  of  eight 
different  routes  ranging  in  cost  from  $11.70  to  $435.00  and  in 
duration  from  7  days  to  44  days  are  submitted.  All  of  these 
prices  are  based  upon  parties  of  not  less  than  100  and  do  not 
include  hotel  charges  nor  transportation  to  and  from  hotels. 
A  map  inserted  at  the  end  of  the  pamphlet  shows  the  routes 
contemplated. 

Special  Notice. — For  the  accommodation  of  those  who  wish 
to  visit  Yellowstone  Park,  a  special  tour  has  been  provided  for, 
leaving  New  York  not  earlier  than  August  10th,  and  not  later 
than  August  15th,  and  requiring  about  thirteen  days  with  no 
factory  inspection.  Members  intending  to  take  this  tour  must 
notify  the  Transportation  Committee  not  later  than  May  15, 
19 1 2.  Members  intending  to  take  part  in  any  of  the  other 
trips,  must  notify  the  Transportation  Committee  not  later 
than  June  15,  191 2.  All  communications  in  relation  to  tours 
should  be  directed  to  "Transportation  Committee,  Eighth 
International  Congress  of  Applied  Chemistry,  P.  O.  Box  1625, 
Philadelphia,  Pa." 

Visits  to  Works. — The  list  comprises  321  different  establish- 
ments, located  in  144  different  cities,  and  representing  139 
different  industries  or  branches  thereof.  It  will,  of  course, 
be  impossible  for  the  Congress  to  visit  all  of  these  on  excursions 
or  set  trips.  Individual  members  or  small  parties  of  members 
will  be  granted  permission  to  visit,  by  any  of  the  works  on  the 
list  and  not  visited  by  the  Congress  on  excursions  or  set  trips, 
on  presentation  of  the  Treasurer's  receipt   for  membership  dues. 

Rules  governing  admission  to  factories  are  very  strict  es- 
pecially as  to  visits  by  competitors.  Some  works  will  admit 
competitors  but  negotiations  for  such  inspection  must  be  made 
by  and  through  Prof.  M.  C.  Whitaker,  Chairman,  Factory  Visits 
Committee,  Columbia  Univeristy,  New  York  City. 

Special  Steamship  Accommodations  and  Rates. — The  European 
participants  in  the  Congress  are  urged  to  reserve  their  accommo- 
dations for  the  westward  trip  at  the  earliest  possible  moment, 
since  the  steamships  are  apt  to  be  very  crowded  at  that  season 
of  the  year. 


CORRECTION. 


A  CONVENIENT  FILTERING  APPARATUS. 


In  the  issue  of  This  Journal  for  March,  1912,  page  222, 
under  the  article  whose  title  is  given  above,  the  name  of  the 
author  was  given  as  C.  S.  Williams,  Jr.,  instead  of  C.  S.  William- 
son, Jr. 
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THE^BUSINESS  ASPECT  OF  THE  KELP  PROPOSITION. 

By  Frederic  P.  Dewey. 
Received  February  17,  1912. 

It  is  thoroughly  well  established  that  the  giant  kelps  of  the 
Pacific  provide  an  enormous  store  of  KG.  Various  papers 
have  appeared  upon  the  broad,  general  aspect  of  the  question, 
but  for  the  most  part  they  have  dealt  in  glittering  generalities 
and  many  of  them  have  started  in  the  middle  of  the  proposition. 
Many  writers  neglect  or  slur  over  the  gathering  and  preliminary 
drying  of  the  kelp,  and  base  their  real  consideration  of  the  sub- 
ject upon  the  air-dried  material.  This  is  very  attractive  and 
easy  to  do,  but  the  cost  of  the  air-dried  kelp  is  a  most  serious 
business  consideration. 

There  are  various  technical  and  business  problems  connected 
with  the  matter.  Without  in  the  least  doubting  the  eventual 
solution  of  these  problems,  it  may  be  said  with  entire  safety 
that  their  solution  with  financial  profit  will  require  the  expendi- 
ture of  much  time  and  money,  under  the  best  technical  and 
business  direction,  and  that  it  must  be  several  years  before 
KC1  from  kelp  can  become  a  commercial  commodity,  if  it  ever 
does. 

The  consideration  of  the  subject  divides  itself  naturally  under 
the  following  heads : 

Harvesting  the  kelp. 
Air-drying. 
Oven-drying. 
Distillation. 
Crystallizing  KC1. 
Marketing. 

To  start  with  the  growing  kelp.  How  can  it  be  harvested? 
It  will  be  an  entirely  new  industry  and  manifestly  various 
machines  of  different  types  will  have  to  be  constructed  and 
subjected  to  actual  practical  tests  before  an  efficient  and  econom- 
ical machine  is  secured.  Dr.  Cameron1  has  suggested  1,000,000 
tons  of  KC1  as  a  conservative  annual  yield.  This  would  mean  the 
harvesting  of  approximately  30,000,000  tons  of  kelp.  This 
harvesting  cannot  extend  over  the  whole  year.  Just  how  long 
it  may  last  cannot  yet  be  definitely  known,  but  in  any  event 
the  vast  machinery  required  to  harvest  30,000,000  tons  in  a 
short  season  must  stand  idle  a  good  part  of  the  year  at  a  heavy 
interest  charge  against  the  product. 

Having  brought  the  kelp  to  shore  it  must  be  dried.  To  pro- 
duce a  ton  of  KG,  approximately  27  tons  of  water  must  be 
evaporated.  Clearly  the  most  inexpensive  natural  means  for 
drying  must  be  adopted,  but  even  this  would  require  the  con- 
struction of  drying  sheds  covering  an  enormous  area  and  the 
building  of  especially  designed  machinery  to  distribute  the  wet 
kelp  on  the  drying  shelves  and  to  gather  up  the  dried  stuff. 
As  with  the  harvesting  machinery,  these  sheds  and  machinery 
must  remain  unemployed  a  good  part  of  the  year. 

There  is,  however,  a  limit  to  the  extent  that  natural  drying 
in  open  sheds  can  be  carried.  When  about  25  tons  of  our  27 
tons  of  water  have  been  evaporated,  provision  must  be  made 
to  protect  the  efflorescing  KG  which  will  soon  be  produced 
on  further  drying.  This  will  require  the  application  of  artificial 
heat.  It  may  possibly  be  assumed  that  this  can  be  obtained 
from  the  kelp  itself  in  a  subsequent  operation.  By  proper 
oven-drying  it  is  possible  to  recover  40-50  per  cent,  of  the  KG 
as  effloresced  salt  by  simply  shaking  it  off  from  the  dried  kelp. 
The  recovery  of  the  balance  of  the  KG  from  the  dried  and 
shaken  kelp  requires  the  breaking  up  of  the  organic  matter  of 
the  kelp  body  and  this  must  be  done  with  as  full  as  possible 
utilization  of  its  value.  Simple  burning  with  the  utilization 
of  its  heat  value  only  will  not  be  sufficient,  even  if  we  now  had 
a  furnace  adapted  to  avoid  enclosing  unburned  material  in  the 
inorganic  salts  by  sintering  and  to  avoid  undue  loss  of  KG 
by  volatilization. 

1  This  Journal,  4,  77. 


At  present,  there  dues  not  seem  to  be  any  method  available 
for  this  pait  of  the  work  except  destructive  distillation  with 
the  recovery  of  the  condensable  by-products  and  the  utilization 
of  the  gas,  first  to  heat  the  retorts,  and  secondly,  for  the  oven- 
drying  of  the  kelp  as  far  as  may  be.  Probably  there  are  no 
technical  difficulties  in  this  operation,  but  it  must  be  remembered 
that  only  about  half  of  the  weight,  including  the  effloresced 
KG,  of  the  oven-dried  kelp  is  organic  matter.  In  other  words, 
broadly  speaking,  in  the  production  of  one  ton  of  KG  only  one 
ton  of  organic  matter  is  available  for  the  production  of  by- 
products of  distillation.  On  the  other  band,  the  total  produc- 
tion of  such  by-products  in  the  recovery  of  1,000,000  tons  of 
KG  would  be  so  large  that  much  of  them  would  have  to  be 
transported  long  distances  to  find  a  market  and  therefore  the 
profit  of  the  operation  would  largely  depend  upon  freight  con- 
ditions. 

Undoubtedly  a  limited  amount  of  the  residue  from  the  re- 
torts could  find  direct  application  as  a  fertilizer  within  a  certain 
radius,  but  the  real  market  for  KG  is  on  the  Atlantic  coast, 
and  under  the  present  freight  conditions  of  80  cents  per  100 
lbs.  the  KG  must  be  dissolved  and  recrystallized.  Upon  the 
opening  of  the  Panama  Canal  and  the  expected  halving  of  the 
freight  rates,  the  distillation  residue  might  possibly  better  be 
shipped  direct. 

The  mother  liquors  from  the  recrystallizing  of  the  KG  will 
contain  iodine  and  when  sufficiently  enriched  they  may  be 
treated  for  the  recovery  of  this  element. 

It  would  be  a  liberal  estimate  to  assume  that  the  by-products 
recovered  including  the  iodine,  would  have  a  value  sufficient 
to  pay  for  all  of  the  operations  upon  the  air-dried  kelp.  If 
we  do  this  and  also  assume  that  after  sufficient  trial  and  de- 
velopment of  the  necessary  machinery  the  kelp  can  be  harvested 
for  25  cents  per  ton  and  air-dried  for  15  cents  per  ton  more, 
a  ton  of  KG  laid  down  on  the  Atlantic  coast  would  cost  $28  as 
follows : 

Harvesting  30  tons  at  25  cents $7 .50 

Air-drying  30  tons  at  15  cents 4.50 

Freight  1  ton  at  80  cents  per  100  lbs 16.00 

S28.00 

On  the  completion  of  the  Panama  Canal  it  is  expected  that 
the  freight  will  come  down  to  $8  per  ton,  but  the  present  prices 
of  KG  must  be  very  profitable  to  the  German  Potash  Syndicate 
and  if  actually  faced  with  the  possible  loss  of  its  American 
trade  the  prices  would  undoubtedly  be  reduced.  This  reduc- 
tion might  even  wipe  out  the  advantage  of  the  low  water-freight. 

In  conclusion  it  would  appear  that  the  feldspars  have  not 
yet  been  displaced  by  the  kelps  as  a  possible  source  of  potash. 

Washington,  D.  C, 
February  16,  1912. 


IMPORTATIONS  OF  ACETIC   ANHYDRIDE. 

The  importation  of  acetic  anhydride,  which  for  some  years 
has  been  steadily  on  the  increase,  is  showing  since  last  March 
a  very  rapid  decline,  according  to  the  figures  published  by  the 
quarterly  report  of  the  Department  of  Commerce  and  Labor 
on  Imported  Merchandise  Entered  for  Consumption  in  the 
United  States.  The  amounts  in  pounds  imported  during  the 
quarters  ending  at  dates  given  and  their  valuations  are  as 
follows : 

Sept.  30,  1910,  202,227  lbs.,  $38,531;  Dec.  31,  1910,  266,204 
lbs.,  $50,838;  March  31,  191 1,  504,536  lbs.,  $93,501;  June  30, 
1911,  197,518  lbs.,  $35,806;  Sept.  30,  191 1,  117,093  lbs.,  $20,842. 

This  sharp  decline  in  the  consumption  of  acetic  anhydride 
is  probably  due  to  the  abandonment  of  the  manufacture  of 
cellulose  acetate  films  for  photographic  purposes. 
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CONSULAR  AND  TRADE  NOTL5 


ENGLISH  MUNICIPAL   GAS  WORKS. 
Consul   Edward  B.  Walker,  Burslem,  advises  that  the  report 
for  the  year  ended  March  31,  1911,  of  the  gas  department  of 
Stafford,  population  25,000,  contains  some  interesting  informs 

tion  and  figures.  The  gas  works  have  been  in  the  possession 
of  the  municipal  corporation  for  33  years,  during  which  time  the 
bonded  indebtedness  lias  been  reduced  from  8550,673  to $182,189, 

a  reserve  fund  has  been  provided,  and  municipal  taxes  have 
been  reduced  $286,019.  The  price  of  lighting  gas  is  $0.65  per 
1,000  feet,  with  discounts  up  to  IO  per  cent,  according  to  eon- 
sumption,  and  $0.48  per  1,000  feet  for  power,  with  discounts 
up  to  25  per  cent.,  reducing  the  price  all  around  to  about  $0.37. 

The  gross  receipts  during  the  year  in  question  were  $162,899 
and  the  expenditures  $93,930,  leaving  a  gross  profit  of  $68,969. 
Loans  repaid,  interest,  etc.,  amounted  to  $31,447,  and  the  net 
balance  was  distributed  as  follows:  District  fund  in  reduction 
of  taxes,  $17,033;  free  library,  $243;  suspense  account,  $6,083; 
reserve  fund,  $9,755;  carried  forward,  $4,408.  The  town  had 
a  profit-sharing  scheme  under  which  the  workmen  received  a 
bonus  of  over  10  per  cent,  of  their  wages.  The  amount  of  gas 
sent  out  was  211,852,000  feet,  of  which  4,358,630  feet  was 
unaccounted  for,  or  leakage.  The  coal  used  was  Staffordshire 
"washed  beans,"  costing  about  $2.68  per  ton. 

The  gas  business  is  managed  and  treated  as  a  separate  under- 
taking. All  salaries  of  officials  and  expenses  of  management 
and  operation  arc  included  in  the  balance  sheet,  and  the  corpora- 
tion pays  taxes  as  would  an  ordinary  company. 


UTILIZATION  OF  NATURAL  GAS  IN  HUNGARY. 

Consul-General  Paul  Nash,  Budapest,  advises  that  it  is  not 
known  exactly  what  are  the  intentions  of  the  Hungarian  Minister 
of  Finance  as  to  the  utilization  of  the  natural  gas  in  Transyl- 
vania, several  million  cubic  yards  of  which  have  already  escaped, 
but  it  is  likely  that  before  the  end  of  the  year  the  gas  will  be 
in  use  in  one  or  more  of  the  towns  and  industrial  plants  in  the 
immediate  vicinity  of  the  wells.  The  gas-producing  region 
comprises  some  5,800  square  miles,  and  the  Government  has 
so  far  put  in  over  20  wells,  varying  in  depth  from  1,000  to  3,300 
feet.  It  is  thought  that  the  supply  of  gas  will  last  for  at  least 
50  years. 

Eventually  the  gas  will  be  brought  to  Budapest,  although 
probably  not  for  a  few  years.  In  any  case,  as  soon  as  it  appears 
that  the  public  isTto  have  natural  gas  placed  at  its  disposal, 
there  will  be  an  immediate  demand  for  meters,  purifiers,  pipes, 
valves,  stoves,  burners — in  short,  everything  used  in  the  exploita- 
tion of  natural  gas.  There  is  no  reason  why  American  manu- 
facturers, if  they  employ  the  proper  methods,  should  not  have 
the  bulk  of  this  business,  as  the  American  preeminence  in  this 
line  of  manufacture  is  generally  recognized  in  this  country. 
Everything  points  to  the  development  of  a  large  business. 
Manufacturers  should  send  representatives  to  study  the  field 
and  personally  choose  agents. 


SWEDISH  COAL  SITUATION. 

Consul  Stuart  J.  Fuller,  Gothenburg,  reports  that  the 
threatened  scarcity  of  imported  coal,  due  to  the  labor  troubles 
in  England  and  the  augmented  demand  owing  to  the  lack  of 
water}  for  power,  is  bringing  about  increased  activity  in  the 
Swedish  mines  in  Skane,  in  the  south  of  the  Kingdom.  The 
Skane  coal  is  not  suited  for  coke  and  is  of  inferior  quality.  It 
is  conceivable  that  the  labor  troubles  in  England  might  affect 
the  situation  to  an  extent  such  that  Sweden  would  have  to  look 


elsewhere    lor    its    supply,    thus    giving    a    possible    opportunity 

for  the  introduction  of  American  coal, 

c'oid  constitutes  marly  10  per  cent,  of  the  total  imports  into 
Sweden.  About  one-fifth  of  this  fuel  is  entered  at  Gothenburg) 
which  port  and  Stockholm  are  the  principal  imporl  placi 
Malum  and  Gefie  coming  next.  The  total  import  for  the  last 
three  years  for  which  figures  are  available  has  been,  in  tons 
In  1907,  4,146,785;  in  1908,  4,427,507;  in  1909,  4,084,055.  It 
was  practically  all  from  Great  Britain.  The  kinds  in  [god 
were,  in  tons:  Anthracite,  146,162;  gas  and  coking,  263,749; 
smithy  and  nut,  300,258;  steam  coal,  3,352,943;  miscellaneous, 
20,943. 

The  production  of  coal  in  Sweden  is  less  than  7  per  cent, 
of  the  consumption  of  the  country,  the  output  in  19 10  being 
302,800  tons. 


CORK  TRADE  OF  THE   UNITED  STATES. 

The  cork-growing  industry  is  being  introduced  experimentally 
into  the  United  States  by  the  Department  of  Agriculture. 
At  Chico,  Cal.,  the  Bureau  of  Plant  Industry  has  growing  quite 
a  number  of  cork-oak  trees  of  various  species  that  were  secured 
by  David  Fairchild,  the  Department's  agricultural  explorer. 
The  Bureau  of  Forestry  is  also  conducting  experiments  near 
Pensacola,  Fla.,  where  the  Cork-oak  acorns  have  beeft  planted, 
some  of  which  are  growing  in  the  second  year  successfully. 

Lacking  a  native  supply,  the  United  States  purchases  abroad 
nearly  $6,000,000  worth  of  raw  and  manufactured  cork,  official 
statistics  for  the  calendar  year  191 1  showing  imports  of  un- 
manufactured cork  wood  or  bark,  valued  at  $3,819,651,  and  of 
cork  manufactures  worth  $2,070,672,  a  slight  decrease  from 
the  respective  totals  of  $3,908,533  and  $2,191,563  in  1910. 


MALAYSIAN  TIN  EXPORTS. 

The  Federated  Malay  States  Government  Gazette  gives  the 
following  table  to  show  the  weight  of  tin  (tin  exported  in  the 
form  of  ore  having  been  taken  at  70  per  cent,  of  the  gross  weight 
of  the  ore)  exported  from  the  Federated  Malay  States  during 
1910  and  191 1  (picul  =  1 33 1/3  pounds) : 


1910. 


1911. 


Tin  contained  Tin  contained 

Tin.       in  tin  ore.     Total.  Tin.     in  tin  ore.  Total. 

States.            Piculs.       Piculs.       Piculs.  Piculs.      Piculs.  Piculs. 

Perak 109,867     311,468     421,335  97,835     339.504  437,339 

Selangor 43,397      196,795      240.192  54.215      176.960  231,175 

Negri   Sembilan             121        34.576       34.697  90        29.140  29,230 

Pahang 12,930       27,744       40,674  15.281        28.673  43.954 

Total 166,315     570,583     736,898  167,421      574,277  741.698 


SHARK'S  LIVER  OIL  INDUSTRY  PROPOSED. 
Vice-Consul  General  D.  Milton  Figart,  Singapore,  Straits 
Settlements,  states  that  it  has  been  proposed  to  start  in  Malaysia 
a  small  export  trade  in  shark's  liver  oil.  This  oil  is  refined 
in  Europe  and  sold  as  cod-liver  oil.  In  October  the  ocean  sharks 
come  into  the  lagoon,  between  the  barrier  reef  and  the  atolls, 
to  pair.  At  this  time  they  can  be  speared  in  large  number 
by  people  skilled  in  catching  them.  There  are  several  species 
of  these  sharks  and  they  ordinarily  run  from  7  to  15  feet  in  length. 
The  girth  of  an  ordinary  shark  is  the  same  as  its  length,  and  an 
1 1 -foot  shark  would  be  11  feet  around  the  body.  The  liver  of  a 
shark  of  this  size  gives  about  5  gallons  of  oil.  The  oil  brings 
$73  a  ton.  The  sharks  are  found  in  pairs  and  the  harpooners 
try  to  kill  the  male  first,  in  which  ease  they  are  able  to  also 
spear  the  female,  as  it  does  not  desert  its  mate. 
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BOOK  REVIEWS 


Transactions  of  the  Ameiican  Institute  of  Chemical  Engineers. 
Vol.  Ill  (19 10).  8vo.,  411  pages.  D.  Van  Nostrand  Co., 
New  York,  1911.     $6.00. 

Contents:  Evolution  of  Portland  Cement  Processes,  Chas- 
F.  McKenna.  Study  of  Materials  in  Chemical  Engineering 
Chas.  F.  McKenna.  Reports  of  the  Committee  on  Chemical 
Engineering  Education,  F.  W.  Frerichs.  Remarks  on  Chemical 
Engineering  Education,  F.  W.  Frerichs.  Development  of  the 
Chemist  as  an  Engineer,  F.  W.  Atkinson.  The  Training  of 
Chemical  Engineers  which  Meets  the  Requirements  of  Manu- 
facturers, M.  C.  Whitaker.  Teaching  Industrial  Chemistry, 
A.  H.  Sabin.  Commercial  Manipulation  of  Refractory  Ele- 
ments for  Incandescent  Lamp  Purposes,  Ralph  E.  Myers.  The 
Manufacture  and  Industrial  Applications  of  Ozone,  Oscar 
Linder.  The  Changes  in  Industrial  Chemistry  Caused  by  Elec- 
tricity, E.  R.  Taylor.  Notes  on  the  Corrosion  of  Iron  and  Steel 
and  its  Prevention,  G.  W.  Thompson.  Protal;  a  New  Product 
for  Use  in  the  Arts,  F.  G.  Wicchmann.  Chemical  Industries 
of  Canada,  J.  C.  De  Cew.  Underground  Waters  for  Manufac- 
turing Purposes,  Wm.  M.  Booth.  Loss  in  Coal  Due  to  Storage, 
A.  Bement.  Nitric  and  Mixed  Acids,  Schuyler  Frazier.  Plant 
Design,  Wm.  M.  Grosvenor.  The  Fitzgibbon  Boiler,  J.  Alex- 
ander. Manufacture  of  Hydrated  Lime,  R.  K.  Meade.  Bleach- 
ing Oils  with  Fuller's  Earth,  David  Wesson.  Symposium  on 
Sewage  Disposal.  Principles  of  Sewage  Disposal,  G.  C. 
Whipple.  Sewage  Disposal  in  Europe,  Rudolph  Hering.  Sew- 
age Disposal  in  New  York  City  and  Vicinity,  G.  A.  Soper.  Sani- 
tary Conditions  in  their  Relations  to  Water  Supplies  in  the 
Vicinity  of  New  York,  N.  S.  Hill,  Jr.  Unsolved  Problems  of 
Sewage  Disposal,  C.  E.-A.  Winslow. 

It  speaks  well  for  the  activity  of  our  youngest  chemical  society, 
that  in  the  third  year  of  its  existence,  it  can  produce  such  an 
imposing  array  of  papers  as  the  table  of  contents  shows. 

The  volume,  which  shows  the  usual  excellent  work  of  the 
publishers,  as  well  as  evidence  of  careful  proof-reading,  contains 
much  to  interest  not  only  the  chemical  engineer,  but  also  the 
chemist  who  is  not  an  engineer.  The  teacher  of  chemistry 
and  the  civil  and  the  sanitary  engineer  will  find  much  to  interest 
them. 

Aside  from  the  papers  on  Chemical  Engineering  Education 
and  allied  subjects,  all  of  which  are  of  intense  interest,  the 
following  are  especially  worthy  of  note: 

Evolution  of  Portland  Cement  Processes,  by  Chas.  F.  Mc- 
Kenna. 

The  Manufacture  and  Industrial  Applications  of  Ozone,  by 
Oscar  Linder. 

Plant  Layout,  by  W.  M.  Grosvenor  and  the  Symposium 
on  Sewage  Disposal.  D.  D.  Berolzheimer. 


The  Technology  of  Bread-Making,  including  the  Chemistry 
and  Analytical  and  Practical  Testing  of  Wheat,  Flour  and 
Other  Materials  Employed  in  Bread-making  and  Confec- 
tionery. By  William  Jago,  F.I.C.,  F.C.S.,  and  William 
C.  Jago.  American  Edition,  Bakers'  Helper  Company, 
Chicago.     908  pages;  123  figs. 

The  present  volume,  as  stated  by  the  senior  author  in  his 
preface,  is  a  development  of  his  previous  works  on  the  same 
subject  which  appeared  in  1886  and  1895.  The  large  amount 
of  research  in  the  field  of  bread -making  since  1895  has  caused 
the  authors  to  make  a  complete  revision  of  the  earlier  editions. 
The  general  scope  of  the  new  volume  and  the  relative  im- 
portance which  has  been  placed  upon  separate  subjects  are 
indicated  in  the  following  brief  synopsis  of  the  33  chapters: 


An  elementary  treatise  upon  inorganic  and  organic  chemistry 
with  special  reference  to  ash,  fat,  carbohydrates,  and  proteids, 
120  pages. 

Enzymes,  fermentation  and  the  technology  of  yeast,  130 
pages. 

The  chemistry  of  wheat,  flour,  and  milling  products,  150 
pages. 

The  chemistry  of  bread  and  bread -making,  125  pages. 

Nutritive  value  of  bread  and  laws  governing  its  sale,  50  pages. 

Bake-house  design  and  baking  machinery,  100  pages. 

Methods  for  analysis  of  flour,  bread,  confectioners'  raw  mate- 
rials, etc.,  220  pages. 

Index,  15  pages. 

In  addition  to  the  results  of  their  own  researches  and  experi- 
ence, the  authors  have  collected  a  wealth  of  material  hitherto 
scattered  in  scientific  journals,  experiment  station  bulletins, 
court  records,  etc.,  of  different  countries  and  have  added  to  this 
a  great  deal  of  information  gathered  from  private  sources. 
In  reviewing  the  recent  work  in  their  field,  the  authors  have 
prepared  brief  abstracts  of  all  original  articles  which  they  have 
supplemented  by  a  critical  review.  This  method  of  treatment 
is  particularly  commendable  and  though  the  reader  may  not, 
in  all  cases,  agree  fully  with  the  opinion  of  the  authors  upon  some 
disputed  points,  he  will  find  the  arguments  pro  and  con  pre- 
sented with  equal  fairness  and  fulness  of  detail. 

In  addition  to  its  value  to  those  specially  interested  in  the 
bread-making  industry  this  new  volume  will  be  of  great  service 
to  the  food  chemist  and  public  analyst.  The  chemist  in  pre- 
paring testimony  for  a  court  will  find  valuable  assistance  in 
the  discussion  of  such  topics  as  bread  improvers,  faulty  bread, 
alum  baking-powders,  bleached  flour,  and  scores  of  other  sub- 
jects which  might  be  mentioned. 

The  description  of  chemical  methods  is  upon  the  whole  very 
complete  although  the  reader  may,  in  certain  cases,  wish  that 
in  naming  the  author  of  a  particular  method  the  reference  to 
the  original  publication  had  always  been  given  for  his  guidance. 
The  quartz  wedge  saccharimeter  is  used  at  present  more  ex- 
tensively than  the  polarimeter  in  the  analysis  of  food  products 
and  a  short  description  of  this  instrument  should  have  been 
included  in  the  polariscopic  methods  of  analysis. 

The  book  is  well  printed  and  the  cuts  and  photographs 
clear  and  distinct.  C.  A.  Browne. 

Die    Chemie   der  trocknenden  Oele.     By   Wilhelm    Fahrion. 

8vo.,  pp.  viii  +  298.     Berlin,  Julius  Springer,   191 1.     Price, 

10  M.;  cloth,  11  M. 

The  author  calls  attention  to  the  fact  that  the  greater  impor- 
tance of  diying  oils  over  all  other  forms  of  fatty  bodies  is  indi- 
cated by  the  publication  in  1867  of  J.  G.  Mulder's  work  on 
"Die  Chemie  der  Austrocknenden  Oele"  before  the  publication 
of  any  works  devoted  to  the  general  chemistry  of  fats  and  oils. 

The  present  work  is  a  comprehensive  review  of  the  chemistry 
of  drying  oils  brought  well  up  to  date.  The  principal  part 
of  the  text  is  devoted  to  linseed  oil,  the  other  drying  oils  being 
very  briefly  treated. 

In  the  present  work,  the  literature  of  the  subject  appears 
to  have  been  gone  over  very  thoroughly,  at  least  so  far  as  it 
has  been  published  in  German  or  English,  and  reference  is  made 
throughout  to  the  original  papers.  The  subject  is  treated 
principally  from  the  standpoint  of  the  analyst,  comparatively 
little  material  having  been  introduced  from  descriptions  of 
manufacturing  processes  unconnected  with  analytical  processes. 
To  the  analyst  this  work  will  be  a  convenient  book  of  reference. 

Parker  C.  McIlhiney. 


3'-» 


THE  JOl  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  <  HEMISTRY. 


April,  [91a 


NEW  PUBLICATIONS 


It y    I).    I)     IliiKcii ./iiiiimrk.   Librarian,  Chemists'  Clul).  New  York. 


Analysis,     Rapid     Methods    of     .     By     N,     SamTBR.     L.  8vo., 

237  pp.     $2.50.     Halle,  191 1.     (German.) 
Bread,    The    Chemistry    of  -     Making.     By    J.    Ghaut.     8vo. 

London,  1912. 
Cellulose,  The   Chemistry  of     ,  with  Special   Reference  to   the 

Textile  and  Similar  Industries.     By  C.  G.  SchwalbE.     I..  8vo., 

680  pp.     $6.25.     Berlin,  1912.     (German.) 
Chemical  Works,  Their  Design,  Erection  and  Equipment.     By 

S.  S.  Dyson  and  S.  S.  Clarkson.     Roy.  8vo.,  220  pp.    $5.50. 

Scott,  Greenwood  &  Son,  London. 
Chemistry,     Contemporary.     By     E-     E.     Fournier     ij'Albe. 

8vo.,  188  pp.     $1.25.     D.  Van  Nostrand  Co.,  New  York. 
Chemistry,  Triumphs  and  Wonders  of  Modern — .     By  Geoffrey 

Martin.     8vo.,    378    pp.     $2.00.     D.    Van    Nostrand    Co., 

New  York. 
Colloids,  The —  in  Biologie  and   Medicine.     By  H.  Bechhold. 

8vo.     $4.00.     Theodor  Steinkopff,   Dresden.     (German.) 
Coloring,  The  Industry  of  the  Organic —  Materials.     By  AndrE 

Wahl.     8vo.,  387  pp.     $1.00.     Octave   Doin  et  Fils,  Paris. 

(French.) 
Colors,   Coal-Tar — ■  Used  in  Food  Products.     By  Bernhard  C. 

Hesse.     8vo.,  228  pp.     U.  S.   Dept.  of  Agriculture,  Bureau 

of  Chemistry,  Bulletin  147. 
Dictionary  of  Applied  Chemistry,  Vol.  I.     By  Edward  Thorpe. 

Revised.     L.  8vo.,    758    pp.     $11.50.     Longmans,    Green    & 

Co.,  London. 
Dyes,   The    Mineral,   Vegetable   and   Coal   Tar — .     By   H.   Th. 

Bucherer.     8vo.     $1.25.     Veit  &  Co.,  Leipzig.     (German.) 
Dyes,  Organic — .     H.  Wichelhaus.     L.  8vo.,   150  pp.     $1.25. 

Th.  Steinkopff,  Dresden.     (German.) 
Dyes,  The  Sulfur — ,  their  Manufacture  and  Use.     By  O.  Lange. 

8vo.,     $6.00.     Otto  Spamer,  Leipzig.     (German.) 
Dyestuffs,  The  Sulfur — ,   their    Manufacture  and   Use.     By  O. 

Lange.     L.  8vo.,  497  pp.     $5.50.     Leipzig,  191 2.     (German.) 
Essential  Oils,  Scientific  and  Industrial  Bulletin  of  Roure-Ber- 

trand   Fils,    October,    1911.     8vo.,    142    pp.     Roure-Bertrand 

Fils,  Grasse. 
Explosives,     Investigations    of —     Used    in     Coal     Mines.     By 

Clarence  Hall,  W.  O.  Snelling  and  S.  P.  Howell.     8vo., 

197  pp.     U.  S.  Bureau  of  Mines,  Bulletin  15. 
Fuse,  The  Rate  of  Burning  of —  as  Influenced  by  Temperature 

and    Pressure.     By    Walter    O.    Snelling    and    Willard 

C.  Cope.     8vo.,   28  pp.     U.  S.   Bureau  of  Mines,  Technical 

Paper  6. 
Fuse,  Investigations  of —  and    Miners'   Squibs.     By  Clarence 

Hall  and  Spencer  P.  Howell.     8vo.,  19  pp.     U.  S.  Bureau 

of  Mines,  Technical  Paper  7. 
Gas,  Proceedings  of  the  German  Society  of —  and  Water  Engi- 
neers.    8vo.,  808  pp.     R.  Oldenbourg,  Munich.     (German.) 
Glass,  The   Manufacture  of — .     By  R.  Dralle.     Vol  II.     8vo. 

$11.00.     R.  Oldenbourg,  Munich.     (German.) 
Lime,   Cements  and  Plasters.     By  E.  Leduc  and  G.  Chenu. 

i2mo.,  252  pp.     $1.25.     Ch.  Beranger,  Paris.     (French.) 
Metallurgy,   Vol.   I.     By   H.    Lang.     8vo.     $3.50.     Hill   Pub- 
lishing Co.,  London. 
Oils,  Vegetable —  and  Fats.     By  G.  Halphen.     8vo.,  498  pp. 

$1.60.     Ch.  Bdranger,  Paris.     (French.) 
Pharmacopeia,    Digest   of    Comments   of   the —   of   the    United 

States.     By  Murray  Galt  Motter  and  Martin  I.  Wilbert. 
'  8vo.,  730  pp.     Public  Health  and  Marine  Hospital  Service, 

Hygienic  Laboratory,  Bulletin  79. 
Photochemical     Experimentation.     By     J.     Plotnikow.      8vo. 

Akademische  Verlagsgesellschaft,  Leipzig.     (German.) 


Proteins,  The  Physical  Chemistry  of  the   -.     By  T.    B.    Koiskkt- 

SON.     L.  8vo.,  447  pp.     $3.50.     Dresden,  1912.     (Gi  1 
Refrigeration,    Cold    Storage    and   Ice- Making.     By    A.    J.    W. 

Taylor.     3d     Ed.     8vo.,    656    pp.     $2.75.     C.     Lockwood, 

London. 
Silk,    Artificial     ,    Its   Production,   Qualities   and    Use.     By    K. 

SuEVERN.     3d  Ed.     8vo.,     631      pp.     $4. .so.     Berlin,      u)ij. 

(German.) 
Steel,  The  Metallurgy  of — ■.     F.  W.  Harbord  and  J.  W.  II  \u.. 

Vol.  II.,  4th  Ed.     8vo.,  994  pp.     $9.00.     G.  Griffin  &  Co., 

London. 
Sugar,     Stohmann's     Handbook     of —     Manufacture. 

Schander.     5th  Ed.     L.  8vo.,     $6.50.     Berlin,  191 2. 

man.) 
Technology,    Lectures    on    Chemical — .     By    H.    Wichelhaus. 

3d  Ed.     L.  8vo.,  884  pp.     $5.50.     Th.  Steinkopff,   Dresden. 

(German.) 
Textile,  Use  of  Fats  in  the —  Industry.     By  F.  Erban.     L.  8vo., 

364  pp.     $4.50.     Halle,  1911.     (German.) 


RECENT  JOURNAL  ARTICLES  OF  INTEREST  TO  THE 

INDUSTRIAL  CHEMIST. 

Dyes,  The  Relative  Adsorption  of —  by  Sand  and  Natural  Fibers. 

By    W.    P.    Dreaper.     Journal   of   the   Society   of    Cliemical 

Industry,  Vol.  31,  1912,  No.  3,  pp.  100-103. 
Essential  Oils,   Development  of  the  Industry  of  Olfactory  Sub- 
stances.    By    Albert    Hesse.     Zeitschrift    fuer    angewandte 

Chemie,  Vol.  25,  1912,  No.  8,  pp.  337-365. 
Lake    Bases:  Their    Composition   and    Uses.     By   Francis  H. 

JENNISON.     Oil  and   Color   Trades'   Journal,  Vol.    41,    1912, 

No.  696,  pp.  594-596. 
Oil,  Turkey  Red — :     Its  Composition  and  Analysis.     By  F.  W. 

Richardson  and  Wm.  K.  Walton.     Journal  of  the  Society 

of  Chemical  Industry,  Vol.  31,  1912,  No.  3,  pp.  105-108. 
Paper,    Tests    for    Mechanical    Wood    Pulp    in — .     By    Eugen 

Merz  and  Hans  Wrede.     Paper,  Vol.  6,  19 12,  No.  10,  pp. 

19-21. 
Refractories.     By   Francis   A.   J.    FitzGerald.     Metallurgical 

and  Chemical  Engineering,  Vol.  10,  1912,  No.  3,  pp.  129-132. 
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RECENT  INVENTIONS 


Reported  by   C.   L.   Parker,  Solicitor  of  Chemical   Patents,  McGill   Building,  Washington,   D.  C. 


ELECTROLYTIC  APPARATUS. 

U.  S.  Patent  No.  1,007,897,  to  G.  0.  Seward  and  F.  von  Kugelgen, 
Virginia. 

This  invention  relates  to  an  electrolytic  cell  or  vessel  for  the 
production  of  metals  lighter  than  their  electrolytes. 

In  the  production  by  electrolysis  of  those  metals  and  alloys 
which  have  a  less  specific  gravity  than  the  molten  electrolytes 
from  which  they  are  separated,  a  source  of  difficulty  is  the  col- 
lection of  the  metals  in  such  a  way  that  they  cannot  come  in 
contact  with  the  gases  set  free  at  the  anode,  with  which  they 
would  otherwise  combine. 

The  present  apparatus  is  designed  to  render  possible  and 
easy  isolation  of  the  separated  metal  or  alloy  by  providing 
a  combination  of  a  cathode  projecting  up  from  the  bottom  of 
the  electrolytic  vessel  through  the  electrolyte,  and  a  chilled 
salt-incrustcd  collecting  partition  located  above  the  cathode 
in  such  a  way  that  the  metal  is  confined  as  soon  as  separated 
and  can  be  allowed  to  collect  within  the  chamber  or  space 
bounded  by  such  partition,  from  which  it  may  be  removed 
as  convenient. 


In  the  production  of  sodium,  which  remains  fluid  at  the 
temperature  of  the  electrolyte,  difficulty  is  presented  in  dis- 
charging the  metal  from  the  cathode  chamber  into  a  suitable 
receiving  vessel,  by  reason  of  the  congealing  of  the  metal  upon 
the  walls  of  the  conduit  which  becomes  clogged  thereby. 

The  invention  provides  for  the  ready  discharge  of  such  fluid 
metal  by  providing  a  vertical  conduit  into  which  the  metal 
flows  from  the  cathode  chamber  over  a  spout  or  lip  which  causes 
it  to  fall  freely  through  the  conduit  without  touching  its  walls, 
or  touching  only  those  portions  of  its  walls  which  are  adequately 
heated.  This  conduit  is  preferably  formed  integral  with  the 
cathode  by  making  the  latter  hollow. 

MANUFACTURE  OF  FERRIC  OXIDE. 

U.  S.  Patent  No.  1,008,321,  to  John  Gill,  England. 

This  invention  is  based  on  the  fact  that  calcium  carbonate 
can  be  changed  into  a  soluble  calcium  bicarbonate  and  in  the 


presence  of  a  solution  of  ferrous  chloride  precipitates  the  iron 
contained  in  the  liquor  as  ferrous  carbonate  which  is  capable 
of  being  oxidized  into  ferric  hydrate. 

The  invention  consists  essentially  in  treating  waste  or  other 
liquors  containing  ferrous  chloride  with  carbonate  of  lime  and 
carbon  dioxide  and  air  to  precipitate  into  ferric  hydrate  and 
subsequently  calcining  the  ferric  hydrate  to  drive  off  the  water 
and  obtain  a  pure  or  high-class  oxide  of  iron. 


The  accompanying  illustration  shows  apparatus  in  which 
the  process  can  be  advantageously  carried  out. 

PROCESS   FOR    CONVERSION  OF  LOWER   OXIDS    OF    NI- 
TROGEN TO  HIGHER  OXIDS  OF  NITROGEN. 

U.  S.  Patent  No.  1,008,383,  to  Fin  Sparee,  Wilmington,  Delaware. 
Assignor  to  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 

This  is  a  method  of  treating  oxides  of  nitrogen  in  solution 
to  increase  their  oxygen  content,  which  consists  in  passing 
a  current  of  electricity  through  said  oxides  of  nitrogen  solution 
and    acidulated    water,    between    electrodes    in    the  respective 


solutions,  the  current  density  on  the  electrode  in  the  oxides 
of  nitrogen  solution  being  above  one  hundred  amperes  to  the 
sq.  cm.  and  the  current  density  on  the  electrode  in  the  acidulated 
water  below  ten  amperes  to  the  sq.  cm. 

The    accompanying   illustration    shows    apparatus    in    which 
the  process  can  be  advantageously  carried  out. 


MAKMvICT   KICI  »(  )RT. 


AVERAGE    WHOLESALE    PRICES   OS   STANDARD 
ORGANIC  CHEMICALS. 

A.vtanilicl Lb.  -•()>/,  @         23 

V. :toni   (drums)  Lb.  141/,  @        15 

Alcohol,  grain  (188  proof) Gal.  2.56      @    2.58 

Alcohol,  wood  (95  per  <*»*•)••• -Gal-  50      @       52 

Alcohol,  denatured  (i8p proof).. Gal.  40      @       42 

Amyl  Acetate  Gal.  2.90      @    3.00 

Acetic  Acid  (28  per  cent.) C.  i.87'/2@    2.o2'/2 

Aniline  Oil Lb.  io3/4  @        u1/, 

Benzoic  Acid Lb.  231/,  @        28 

Carbon  Tetrachloride  (drums)..  .Lb.  9V4  @        12 

Carbon  Bisulphide Lb.  nominal 

Chloroform Lb.  20       @        30 

Carbolic  Acid  (drums) Lb.  18       @         19 

Citric  Acid  (domestic),  crystals.  .Lb.  38'/.,  @        39 

Camphor  (refined  in  bulk) Lb.  —      ©44 

Dextrine  (imported  potato) Lb.  5V2  @        53A 

Dextrine  (corn) C.  2.95       @     3.31 

Ether  (U.  S.  P.,  1900) Lb.  14       @        20 

Formaldehyde Lb.  8'/2  @          9V2 

Glycerine  (dynamite) Lb.  H3A  @         15 

Oxalic  Acid Lb.  7lA  @          77/s 

Pyrogallic  Acid  (bulk) Lb.  1.35       @     1 .  45 

Salicylic  Acid Lb.  32       @        34 

Starch  (corn) C.  2.20       @    2.50 

Starch  (potato) Lb.  5       @          5>/4 

Tannic  Acid  (commercial) Lb.  35       @        35'/;, 

Tartaric  Acid,  crystals Lb.  30 '/2  @        31 

INORGANIC  CHEMICALS. 

Acetate  of  Lime  (gray) C.  2.25       @    2.30 

Acetate  of  Lead  (brown,  broken)Lb  73/„  @          8 

Alum  (lump) C.  1.75       @    2.00 

Ammonium  Carbonate,  domestic  Lb.  8       @           8'/4 

Ammonium  Chloride,  gray..  ...  .Lb.  6'     @          6>/4 

Aluminum  Sulphate C.  90       @     1.75 

Aqua  Ammonia  (drums)  160.  .  .  .Lb.  2'/4  @          2'/2 

Arsenic,  white .  Lb.  3'A  @          33A 

Brimstone  (crude,  domestic)  .  .  .  .Ton  22.00       @  22.50 

Barium  Chloride C.  1.45       @     1.60 

Barium  Nitrate Lb.  43A  @          5 

Borax,  crystals  (bags) ..Lb.  3V2  @          4 

Boric  Acid,  crystals  (powd.).  ..  .Lb.  7       @          7'/2 

Bromine,  bulk • Lb.  25       @        30 

Bleaching  Powder  (35  per  cent.)   C.  1.25       @     1 .30 

Barytes  (prime  white,  foreign) . . .  Ton  18 .  50       @  22  .  50 

Blue  Vitriol Lb.  4.90       @          sV4 

Calcium  Chloride C.  65       @        90 

Chalk  (light  precipitated) Lb.  4V2  @          6 

China  Clay  (imported) ..  . Ton  11.50       @  18.00 

Feldspar Ton  7.00       @    9.00 

Fuller's  Earth,  powdered C.  80       @        85 

Green  Vitriol  (bulk) . . C.  55       @        60 

Hydrochloric  Acid  (18 °) C.  1.15       @     1.55 

Iodine  (resublimed) Lb.  2  .  60       @    2.65 

Lead  Nitrate Lb.  8'/s  @          8s/8 

Lithium  Carbonate Lb.  67       @        70 

Magnesite  (raw)   Ton  7  .  50       @    8 .  50 

Nitric  Acid,  36 ° Lb.  37/8  ®          4'A 

Phosphorus Lb.  35       @        90 

Phosphoric  Acid,  sp.  gr.  1.75. . .  .Lb.  22       @        26 

Plaster  of  Paris Bbl.  1 .  50       @     1 .  70 

Potassium  Bromide Lb.  31       @        34 

Potassium  Permanganate  (bulk)  Lb.  g'/t  @        10 
Potassium  Cyanide  (bulk)  98- 

99  per  cent Lb.  i9'/2  @        21 

Potassium  Iodide  (bulk) Lb.  2.10       @    2.15 

Potassium  Chlorate,  crystals.  . .  .Lb.  8'/4  @          9V2 

Potassium  Nitrate  (crude) Lb.  43A  @          5 

Potassium  Bichromate,  500 Lb.  6'/8  @          7 

Quicksilver Flask    46.00       @  48.00 

Salt  Cake  (glass-makers') C.  55       @        65 


I  I  MM  u    \!,s,    ETC.,     I'OU    MONTH    OV    MARCH. 

Silver  Nitrate Oz.  37        @         39 

Soapstone  in  bags Ton   10.00      @  12.00 

Sodium  Acetate Lb.  4'/,  @         5 

Sodium  Chlorate Lb.  8'/4  (3)         9'/, 

Sodium  Bicarbonate  (English). .  .Lb.  23/4  @         3 

Sodium  Bichromate Lb.  5      @         5V4 

Sodium  Hydroxide,  60  per  cent.  C.  1.70      @    1.75 

Sodium  Hyposulfite C.  1.30      @    1.60 

Sodium    Nitrate,    95    per    cent., 

spot C.  2.20       @     2.221/, 

Sodium  Silicate  (liquid) C.  '65       @     1 .50 

Strontium  Nitrate Lb.  6'/,  @          7'/.  , 

Sulphur,  Roll C.  1 .85       @    2.15 

Sulphur,  Flowers  (sublimed) C.  2.20       @    2.60 

Sulphuric  Acid,  6o°  B C.  85       @     1.00 

Talc  (American) Ton    15.00       @  20.00 

Terra  Alba  (American),  No.  1 .  .  .C.  75       @        80 

Tin  Bichloride  (50°) Lb.  i23/4  @         13 

Tin  Oxide Lb.  47       @        51 

Zinc  Chloride  (granulated) Lb.  4'/,  @          4'/, 

Zinc  Sulphate Lb.  2'/,  @          2'/2 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb.  40       @        45 

Black  Mineral  Oil,  29  gravity ...  Gal.  12       @        12'/, 

Castor  Oil  (No.  3) Lb.  9'/2  @         io'/2 

Ceresin  (yellow) .Lb.  8       @         14 

Corn  Oil C.  5.20       @    5.50 

Cottonseed   Oil   (crude),   f.   o.   b. 

mill Gal.  34       @        3-5 

Cylinder  Oil  (light,  filtered) Gal.  19V2  @        20 

Japan  Wax Lb.  gl/t  @          9'/, 

Lard  Oil  (prime  winter) Gal.  80       @        85 

Linseed  Oil  (double-boiled) Gal.  72       @        75 

Paraffine  Oil  (high  viscosity). ..  .Gal.  231/.,  @        24 
Paraffine     (crude     120    &      122 

m.  p.) Lb.  3       @          31/, 

Rosin  Oil  (first  run) Gal.  38       @        40 

Spindle  Oil,  No.  1 Gal.  14       @         i4'/2 

Sperm  Oil  (bleached  winter)  38 °. Gal.  76       @        78 

Stearic  Acid  (double-pressed).  .  .Lb.  8%  @          91/, 

Tallow  (acidless) Gal.  63       @        65 

Tar  Oil  (distilled) Gal.  30       @        31 

METALS. 

Aluminum  (No.  1  ingots) Lb.  i9'/4  @        19V2 

Antimony  (Hallet's) Lb.  73/s  @          7V2 

Bismuth  (New  York) Lb.  2.10       @    2.15 

Copper  (electrolytic) Lb.  14.60       ©14.65 

Copper  (lake) Lb.  14.65       ©14.75 

Lead,  N.  Y Lb.  —         @    4.05 

Nickel Lb.  40       @        45 

Platinum  (refined) Oz.  45.50       ©46.00 

Silver Oz.  583/4  @        593/s 

Tin Lb.  42  */8  @        43 

Zinc Lb.  6.85       @    — 

FERTILIZER  MATERIALS. 

Ammonium  Sulphate C.  —          @     3.30 

Fish  Scrap,  domestic,  dried Unit  3.25       @  10 

Blood,  dried Unit  2  .  85       @    — 

Tankage,  high  grade Unit  2  .  70       @  10 

Bone,  4'/2  &  50,  ground,  raw Ton  27  .00       @    — 

Potassium,    "muriate,"    basis   80 

per  cent Ton  38 .05       @    — 

Phosphate,  acid,  16  per  cent.  . .  .Ton  7.50       @    7.75 
Phosphate  rock;  f.  o.  b.  mine: 

Florida    land    pebble    68    per 

cent Ton  3.70       @    3.80 

Tennessee,  68-72  per  cent.  ..  .Ton  4.25       @    4.50 

Pyrites,  furnace  size,  imported.  .Unit  0.13       @    0.13'/, 

Castor  meal Unit  2.95       @    3- 10     &  10 

Mowrah  meal Ton  8.50       @    9-OQ 
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EDITORIALS 


THE  UNITED  STATES  PATENT  SYSTEM. 

Questions  concerning  "our  patent,  system"  are 
being  discussed  bj  the  country  as  never  before  in  its 
history.  Always  an  inventive  people,  the  number  of 
our  granted  patents  has  exceeded  i  million;  three 
oJ  the  last  live  years  our  exports  exceeded  our  im- 
ports, and  our  industries  have  attained  such  magnitude 
that  manufacturers  exceed  imports  fifteen  to  one.  For 
a  large  measure  of  this  development  we  know  and 
Emperor  William  of  Germany  assured  the  late  W.  F. 
Draper  thai   our  wise  patent  system  is  responsible. 

In  the  Constitution  of  the  United  States,  Art.  i, 
Sec.  8,  Clause  8,  we  find  that  "Congress  shall  have  the 
power — to  promote  the  progress  of  science  and  the 
useful  arts  by  securing  for  limited  times,  to  authors 
and  inventors,  the  exclusive  right  to  their  respective 
writings  and  discoveries."  Pursuant  to  this  con- 
stitution-authority the  Federal  Congress  at  once 
adopted  patent  laws.  These  were  amplified  in  1836, 
somewhat  revised  in  1870  and  consolidated  with  the 
revised  statutes  in  1874,  since  when  theyr  have  been  in 
operation  substantially  unchanged. 

The  underlying  principles  of  these  laws  are: 

1.  A  man's  thought,  his  conception,  his  invention, 
belongs  primarily  and  necessarily  to  him.  It  may  be 
kept  a  secret  monopoly  for  generations  and  may  be 
ultimately  lost  to  the  world. 

J2.  The  people  desire  to  profit  by  new  and  valuable 
inventions;  primarily  by  the  inspiration  and  sug- 
gestive value  in  the  publication  of  every  new  idea; 
secondarily  by  the  birth  and  development  of  new 
industries,  to  preserve  the  discovery  from  loss,  and 
ultimately  to  secure  to  the  public  the  free  use  of  the 
improvement. 

3.  Theoretically  the  people  should  not,  and  prac- 
t  ically  they  cannot,  take  a  man's  idea,  as  by  con- 
demnation, without  giving  a  fair  return  for  its  value. 
But,  with  the  tender  of  a  fair  return,  the  people's 
right  to  secure  the  good  of  the  community  then 
justifies  any  means  of  penalizing  a  man's  failure  to 
give  the  public  the  benefit  of  the  invention. 

In  harmony  with  these  theories,  first,  the  private 
property  of  the  inventor  is  not  attacked,  is  subject 
to  no  restrictions  of  working  or  compulsory'  license 
and  should  be  protected  by  all  the  power  of  the  law 
available  in  the  protection  of  any  other  personal 
property.  It  is  not  in  any  sense  a  government  granted 
monopoly;  it  was  originally  and  might  have  remained 
the  exclusive  and  private  property  of  the  inventor. 

On  the  contrary,  it  is  a  revelation  and  inspiring 
suggestion  on  his  part  which  he  must  be  induced  to 
make  public  for  the  inspiration  and  benefit  of  his 
fellow  countrymen.  Civilization  cannot  afford  to 
lose  the  impetus  which  every  invention  gives  to 
thousands  of  improvements,  immediately  following 
its  publication.  The  benefit  to  the  community  of 
such  prompt  disclosure  seems  almost  too  obvious  to 
require  argument,  though  there  may  be  here  and  there 


blind     men     who    cannot    see.        Will     modern    capital 
undertake  the  di  nl   of   a  new  industry  under 

existing  commercial  conditions,  requiring  stn 
effort  and  expense-  without  assurance  of  a  fair  si 
in  its  reward  ?  No  experienced  manufacturer  needs 
arguments  to  convince  him  that  a  real  pron 
large  profit  is  required  to  induce  him  to  expi 
with  his  own  fortune  and  his  own  business,  to  ab 
established  methods  and  set  sail  upon  the  uncharted 
ocean  of  experiment.  No  unprejudiced  student  of 
commercial  history  will  question  the  enormous  value- 
to  industrial  progress  of  these  voyages  of  discovery. 
Compare  Holland  and  Switzerland  when  they  had  no 
patent  system  with  the  adjacent  countries,  Germany, 
France  and  Belgium  having  patent  systems.  Con- 
sider Siemens'  failure  to  get  a  patent  in  Germany 
and  his  success  in  Fngland  that  placed  England  a 
decade  ahead  of  Germany  in  the  steel  business.  The 
adoption  by  Switzerland  of  these  methods  and  the 
industrial  rejuvenation  which  followed,  are  insuper- 
able facts.  The  industrial  progress  of  a  nation  is 
proportionate  to  the  completeness  with  -  which  it 
protects  its  inventors.  The  United  States  offers  the 
most  perfect  protection  and  has  therefore  made  the 
most  remarkable  progress.  Foreign  countries,  in 
modifying  their  systems  as  the  results  of  experience, 
approximate  ever  more  closely  that  of  the  United 
States.  And,  in  the  end,  inventions  must  be  pre- 
served for  free  use  of  the  public.  It  is  contrary  to 
intelligence  to  permit  the  entire  loss  of  valuable  arts, 
such  as  the  manufacture  of  malleable  glass  by  the 
Egyptians  and  the  hard  tempering  of  copper. 
History  has  shown  that  these  are  no  mere  arguments 
but  actual  conditions:  causes  and  effects  traced 
through  centuries  of  experience. 

But  how  may  the  people  make  a  fair  return  in  ex- 
change for  an  idea?  Our  forefathers  wisely  recognized 
the  enormous  importance  to  the  nation  of  securing  its 
publication  immediately.  Mindful  of  centuries  of 
experience  under  William  Rufus  and  the  early  English 
kings,  they  shrewdly  .selected  the  only  inducement 
which  would  lead  the  inventor  to  publish  his  in- 
ventions, would  recompense  him  in  proportion  to  the 
value  of  the  property  made  public,  would  lead  capital 
to  assume  the  burden  of  exploitation,  and  yet  would 
not  only  preserve  the  invention  from  being  lost  but 
tend  to  prevent  indefinite  secret  monopoly  and  secure 
an  early  freedom  of  public  use.  So  the  people  offered, 
as  an  adequate  return  for  prompt  and  complete  dis- 
closure and  for  final  appropriation  of  the  invention  as 
public  property,  to  recognize  the  first  inventor's  ex- 
clusive right  for  a  limited  period. 

The  people  of  these  United  States,  therefore,  in 
their  own  interest  came  to  the  inventor  with  a  pro- 
posal. As  soon  as  the  invention  is  completed,  a  full, 
clear  and  exact  description  such  as  will  enable  any  one 
skilled  in  the  art  to  carry  out  the  invention,  and 
exact  claims  of  what  is  new  and  patentable  together 
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(with  an  oath  that  he  is  the  first  inventor,  shall  be 
Isubmitted  to  the  proper  governmental  department 
(Patent  Office)  together  with  a  moderate  fee  for 
service  in  examination  and  publication.  Alter  care- 
ful examination  by  government  experts  and  proper 
modification  of  statement  so  that  the  patent  shall 
define  the  novelty  and  limitations  of  the  invention, 
nt  shall  be  granted  therefor,  certifying  the  in- 
ventor's title,  which  patent  to  be  constitutional  should 
"secure  to  him  the  exclusive  right  to  his  discovery" 
and  protect  him  before  the  courts  in  the  exclusive 
right  to  make  use  of  and  sell  his  invention  for  seven- 
teen years  after  which  it  shall  become  public  property. 
Observe,  it  is  his,  but  after  reasonable  recompense 
it  is  opened  for  public  use.  And  if  he  use  it  secretly 
lor  an  unreasonable  period,  or  does  not  show  due 
diligence  in  perfecting  it  and  placing  it  before  the 
public  the  people  refuse  to  recognize  his  right  in  it; 
another  may  step  in  with  the  same  invention,  patent 
it,  and  compel  the  first  inventor  to  pay  royalty.  Or 
if  he  publicly  uses  and  sells  it  for  two  years  without 
filing  his  patent  application,  the  people  refuse  to  recog- 
nize his  special  proprietary  right  and  the  invention  be- 
comes public  property.  This  is  certainly  equivalent  to 
condemnation.  Thoughtless  and  ignorant  people  call 
a  patent  a  government  created  monopoly.  This  is 
like  some  one's  definition  of  a  lobster  as  "a  red  fish 
that  crawls  backward,"  to  which  some  wit  replied 
"an  excellent  definition  except  that  it  is  not  a  fish, 
it  is  not  red,  and  does  not  crawl  backward."  A 
patent  is  not  a  monopoly  in  the  ordinary  sense  but  a 
limited  recognition  of  ownership,  the  government  did 
not  create  it  (the  inventor  created  it  of  the  stuff  that 
dreams  are  made  of)  and  what  the  government  is 
doing  is  arranging  to  equitably  terminate  the  private 
1  ownership  without  discouraging  the  inventor. 

This  proposal  of  contract  is  very  simple  and  virtuous 
in  its  simplicity.  On  the  one  hand  it  is  based  on  the 
truth  of  the  oath  of  the  application  and  the  novelty 
ol  the  subject  matter.  On  the  other  hand  the  fair 
oiler  is  based  on  the  fundamental  wisdom  of  rewarding 
creative  ingenuity,  preserving  progress  and  fostering 
ndustry.  On  the  one  hand  it  may  be  set  aside  by 
any  proven  falsity  of  oath  of  application  by  incom- 
plete inaccurate  statement  and  wholly  or  in  part  by 
lack  of  novelty.  On  the  other  hand  everything  that 
human  ingenuity  can  devise  to  perfect  and  simplify 
procedure  and  eliminate  needless  expense  in  securing 
and  maintaining  patents  for  real  inventions  should 
be  done,  not  merely  "for  the  inventor"  but  more 
particularly  for  the  nation — for  ourselves.  Consider 
the  industrial  stimulus  to  the  nation,  and  the  reduced 
cost  to  the  consumer  if  we  could  make  a  patent  ab- 
solutely certain  for  every  true  invention,  and  un- 
questionable when  issued.  Hundreds  of  inventions 
that  are  now  poorly  protected  and  therefore  worthless 
to  any  one  in  particular  would  be  developed  into 
industries.  Hundreds  more  that  are  still-born  in  the 
struggle  of  poverty  would  be  added  to  the  sum  of 
individual  achievement  and  national  prosperity. 

You  may  lead  a  horse  to  water  but  you  cannot 
make  him  drink.     It  may  be  true  that  "the  inventor 


is  an  eccentric  individual  who  cannot  help  inventing" 
but  the  experience  of  centuries  has  shown  that  he  is 
quite  capable  of  secreting  his  invention,  of  letting  it 
die  with  him  if  necessary  rather  than  giving  it  to  the 
public.  The  prosperity  of  a  nation  consists  chiefly 
in  the  profitable  employment  ol  its  labor  to  better 
productive  advantage  than  thai  ol  other  countries. 
This  prosperity  is  based  upon  the  stimulation  of  that 
productive  effort  we  may  call  invention,  *'.  e.,  the 
discovery  of  new  and  valuable  products  and  better 
machines  and  processes  for  the  creation  of  value. 
To  this  end  we  must  oiler  the  inventor  no  mean  or 
uncertain  inducement  to  insure  the  disclosure  of  his 
invention,  and  the  capitalist  a  fair  security  for  in- 
vestment and  time  for  its  proper  development. 

Having  made  such  a  bargain  it  is  to  the  vital  interest 
of  every  one  of  us  to  see  that  the  public  side  of  this 
contract  is  adequately  carried  out.  In  the  fullest 
sense  of  the  word,  every  attack  upon  the  title  of  the 
inventor  is  a  retro-active  attack  upon  ourselves. 
Every  stumbling  block  placed  by  public  practice  in 
his  path  is  a  stumbling  block  to  our  own  success. 
I  lis  patent  must  have  value  to  him  and  to  d< 
must  have  a  money  value  to  .the  manufacturer. 
Limitation  of  the  right  which  has  wisely  been  granted 
him  is  not  so  much  a  shameful  breach  of  faith  on  the 
part  of  his  countrymen  as  a  piece  of  arrant  stupidity 
that  kills  the  goose  that  lays  the  golden  eggs.  The 
simple  logic  which  induced  and  created  the  original 
contract,  commands  us  to  maintain  the  wise  policy 
and  to  see  that  it  is  equitably  and  justly  enforced, 
with  the  least  possible  delay,  error  and  expense. 

What  we  need  is  not  new  patent  laws.  Those  we 
t  have  are  admirable — perhaps  the  best  in  the  world — 
incomparably  better  than  numerous  misbegotten  bills, 
conceived  in  ignorance  and  sired  by  demagogery,  offered 
to  Congress  with  the  hope  of  catching  the  socialistic 
vote  by  a  flimsy  pretense  that  such  bills  are  "anti- 
monopoly"  or  "anti-trust,"  whereas  they  are  in  fact 
recklessly  destructive  of  our  best  socialistic  laws, 
our  most  anti-monopolistic  laws — the  patent  laws. 
The  private  monopoly  of  inventive  creation  can  be 
overcome  only  by  just  reward.  What  we  need  is  better 
administration  of  the  very  excellent  laws  we  now 
have,  better  provision  for  the  service  that  is  paid  for 
in  the  Patent  Office  instead  of  misapplication  of  these 
funds  to  other  uses,  more  study  of  the  good  principles 
we  have  instead  of  carping  criticism  of  the  evil  results 
of  our  own  cherished  administration  of  fundamentally 
good  laws.  We  need  a  court  that  shall  apply  our 
laws  consistently  instead  of  bandying  these  seeds  of 
our  national  prosperity  from  district  to  district  across 
the  land  to  drop  them  sterile  in  the  stony  places  of 
litigation — a  court  that  shall  be  competent  to  sift 
and  judge  the  issues  involved  instead  of  confessedly 
drawing  lots — ignorance  in  one  hand  and  bewilder- 
ment in  the  other.  And  after  such,  amendment  of  our 
procedure,  after  due  consideration,  possibly  some 
cautious  strengthening  of  our  present  law  the  better 
to  secure  for  the  nation  the  fullest  inventive  service 
by  better  securing  to  the  inventor  his  temporary 
reward. 
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Ami  this  is  distinctly  yoiit  .1 11  a ir.  You  suffer  by  the 
md  uncertainty  of  industrial  progress  and  you 
pay  the  bill,  These  are  the  absolute  certainties  in 
LSe.  Your  life  is  shortened  by  delaying  the 
world's  progress  while  you  live.  If  the  inventor  of  a 
new  plastic  is  delayed  in  establishing  his  rights  in 
certain  fields,  little  or  no  money  will  be  spent  in  those 
fields  until  the  doubt  is  cleared  up.  If  patents  on  a 
protective  coating  for  concrete  can  be  fought  through 
one  district  after  another  for  years  the  money  re- 
quired for  new  plant  to  meet  your  demand  or  inform 
you  of  its  usefulness  will  not  be  invested  on  an  un- 
certainty until  the  first  law  of  self-defense  is  satisfied. 
If  the  patents  on  a  new  way  of  making  sulphuric  acid, 
after  having  been  secretly  operated  for  ten  years, 
are  so  issued  to  opposing  interests  that  they  overlap 
and  the  manufacturers  have  to  spend  years  in  fighting 
out  questions  of  title,  you  have  to  wait  for  the  progress 
of  the  industry  and  all  its  numerous  dependencies. 
If  enormous  capital  is  permitted  to  drag  out  inter- 
ference and  infringement  suits,  whether  justified  or 
not,  to  the  impoverishment  of  the  independent  in- 
ventors and  competitors,  you  not  only  have  to  get 
along  without  the  improvements  and  economical 
devices  but  you  jjay  the  bill.  It  all  goes  into  the 
selling  price  whether  it  sneaks  in  through  the  back 
door  of  manufacturing  cost  or  boldly  marches  in  the 
front  door  of  patent  account  written  off.  If  it  costs 
one  inventor  $60,000  to  fight  his  interference  suits, 
it  costs  the  other  side  about  as  much  and  whichever 
wins,  you  pay  the  bill  as  soon  as  he  can  make  you— 
lucky  if  you  don 't  have  to  pay  the  loser's  expenses  too, 
either  on  the  next  thing  he  succeeds  in  making  or  by 
the  way  of  the  bankruptcy  court.  And  you  pay 
every  moment  of  the  day.  Bed-springs,  bath-tubs, 
soap,  safety  razors,  wash-cloths,  underwear,  toilet 
articles,  shirts,  collar  buttons,  breakfast  foods  and  dishes, 


carriages,  automobiles,  tram  and  car  sen  ■ 
vices,  elevators,  office  fixtures,  typewriters  and  copying 
machines,  stationery,  pencils,  pens  and  printing 
methods;  everj  convenience  01  economy  of  the  busi- 
ness day  and  every  evening  amusement  brings  you  its 
little  bill  augmented  by  this  cost  of  litigation  and  d 

Vou  can  help  correct  the  loose  and  wasteful  ad- 
imiiii.i  ration  of  a  wise  policy.  You  can  give  a  little 
tin*  and  thought  and  above  all  enthusiasm  and 
purpose  to  the  spreading  movement  for  correction. 
You  can  call  the  attention  of  manufacturers,  purchas- 
ing agents,  proprietors,  or  stockholders  to  the  move- 
ment ,  giving  them  the  articles  published  in  this  issue 
of  This  Journal.  Make  them  write  to  their 
congressmen.  Certainly  you  can  write  a  note  to 
the  congressman  from  your  district  and  to  each 
of  the  Senators  from  your  state,  "putting  it  up  to  him 
hard"  that  the  patent  law  we  have  is  of  inestimable 
value  to  the  country — its  best  bulwark  against  mere 
money  power  or  ordinary  monopoly,  that  subversive 
changes  of  the  law  must  not  be  tolerated  but  that  the 
practice  should  be  simplified  and  clarified  so  that  the 
law  itself  stands  clearly  forth.  Tell  him  how  many 
thousands  of  dollars  worth  of  patented  goods  you 
make,  or  use,  or  sell  per  year  (and  you  will  be  amazed 
if  you  figure  it  out)  and  tell  him  how  many  people 
you  employ  who  are  dependent  for  their  livelihood  on 
this  work.  And  you  can  bring  the  matter  before 
your  business  or  technical  associations  and  pass  resolu- 
tions to  the  President. 

The  average  citizen  feels  that  this  patent  situation 
is  not  a  matter  of  concern  to  him,  but  a  careful  analysis 
of  the  underlying  principles  and  conditions  shows  that 
it  is  a  matter  of  vital  interest  to  the  inventor,  the 
manufacturer  and  the  consumer — to  every  man,  woman 
and  child  in  every  quarter  of  the  nation. 

W.   M.   Grosvenor. 


PATENT  SYMPOSIUM 


THE  INVENTOR,  THE  PUBLIC  AND  THE  LAW.1 
By  Walter  F.   Rogers. 

I  am  here  to-night,  not  officially,  but  as  a  member 
of  the  patent  bar  of  Washington  and  New  York. 
Your  managers  believe  that  my  professional  views 
are  modified  and  in  a  measure  directed  by  associa- 
tion work.  My  own  idea  is  that  generally  the  patent 
lawyers  are  doing  representative  work,  and  that  on 
the  whole  they  candidly  urge  the  views  of  all — the 
inventor,  the  mechanic,  the  manufacturer,  the  com- 
bination, the  public.  As  there  are  comparatively 
few  combinations,  the  majority  of  us  speak  for  the 
individual,  but  we  do  not  condemn  unheard  the  com- 
binations, because  we  expect  or  desire  them  to  be 
controlled  and  utilized  in  the  interest  of  the  public 
without  interference  with  their  right  to  a  fair 
profit. 

I  am  told  that  all  these  classes  of  men  are  here  or 
represented  here  to-night,   and  in  what  I  shall  have 

1  Paper  presented  at  the  joint  meeting  of  the  Am.  Chem.  Soc.,  Am. 
Electrochemical  Soc,  and  the  Soc.  of  Chem.  Ind.,  New  York,  April  19,  1912. 


to  say  I  follow  the  hint  of  some  of  your  committee. 
They  tell  me  that  one-third  know  all  about  patents 
and  that  two-thirds  do  not. 

Having  in  mind  also  the  "remnant,"  the  one-third. 
I  propose  to  discuss  not  only  the  relations  of  the  in- 
ventor and  the  public  and  the  law  to  each  other  from 
an  experience  and  study,  covering  some  thirty  years — 
in  the  Patent  office,  the  law  school  and  in  practice, 
but  also  to  put  it  before  you  as  I  see  it  colored  by 
the  vital  problems  of  to-day. 

For  a  year  or  two  the  hundreds  and  thousands 
of  individuals,  of  small  and  medium  shops  and  plants 
based  on  patents,  have  been  forgotten  in  the  fierce 
discussion  of  the  few  great  corporations,  combina- 
tions and  trusts  owning  patents,  and  the  many  are 
now  endangered  by  the  swarm  of  ill-considered  and 
hastily  devised  remedies  intended  for  the  few.  The 
truth  is  that  the  problems  of  to-day  are  in  their  broad 
aspects,  though  in  other  forms,  the  same  problems 
which  England  dealt  with  nearly  three  hundred  years 
ago.     Let  us  see  what  relation  the  inventor  and  the 


May,  1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


3*1 


public  then  bore  to  each  other — and  to  monopolies — 
and  what  is  their  relation  to-day. 

The  patent  system  of  the  United  States  is  a  de- 
velopment of  the  older  system  of  Great  Britain,  with, 
however,  fundamental  differences. 

The  British  system  arose  from  a  negative  provision 
in  the  Statute  of  Monopolies,  21  Jac.  1  (1624),  based 
upon  common  law  precedents,  especially  excepting 
from  a  sweeping  prohibition  of  monopolies  those 
granted  for  a  term  of  years  to  the  importers  of  a  new 
art  or  trade  and  those  granted  to  the  "first  inven- 
tor" of  "new  manufactures"  for  a  term  of  fourteen 
years.  The  patent  system  of  the  United  States 
rests  upon  a  positive  provision  of  the  Constitution, 
having  a  broader  aim  and  a  markedly  different  origin 
and  expression  of  method. 

There  is  in  the  books  and  in  the  minds  of  many 
historians  a  certain  misapprehension  of  the  origin  of 
the  British  patent  law.  It  was  Parliament  which 
first  endeavored  to  sustain  monopolies— the  trade 
monopolies  of  the  town  guilds.  The  concentrated 
power  of  the  guilds  controlled  Parliament  through 
their  representatives.  The  Crown,  in  the  first  in- 
stance, granted  monopolies  under  a  salutary  principle. 
The  privileges  and  charters  and  patents  were  then 
granted  by  the  Crown  for  the  purpose  of  introducing 
new  arts  and  trades  from  abroad  into  the  country, 
so  that  the  workmen  who  could  not  get  employment 
in  the  trades  because  they  were  not  members  of  the 
Guilds  might  receive  employment  under  the  new 
arts  and  crafts,  and  the  new  trades.  The  result, 
however,  was  such  an  extension  of  the  privileges 
granted  by  the  Crown  that  they  soon  became  abuses, 
far  greater  abuses  than  were  the  Guilds.  They  were 
made  the  basis  for  extortion  and  shameless  revenue- 
producing  trickery.  The  common  law  courts  con- 
stantly strove  to  hold  even  the  scales  of  justice  be- 
tween the  royal  privilege  and  Parliament  as  repre- 
senting the  Guilds.  It  is  to  their  eternal  credit  that 
the  courts  evolved  and  bravely  maintained,  as  far  as 
possible,  the  doctrine  which  holds  to-day  as  the  true  one. 

It  is  not  necessary  in  an  assemblage  of  this  sort 
to  detail  the  rising  of  the  English  people  against  this 
oppression  of  privilege  of  the  "system."  At  the 
beginning  of  the  17th  century  Elizabeth  realized  that 
the  matter  had  reached  the  danger  point.  She  issued 
her  famous  proclamation,  and  her  Secretary,  Cecil, 
wrote  the  Parliament  in  words  so  aptly  descriptive 
of  the  times  and  thoughts  of  men  that  a  part  of  his 
letter  needs  to  be  quoted: 

"I  dare  assure  you  from  henceforth  there  shall  be  no  more 
granted,  they  shall  all  be  revoked.  And  because  you  may  eat 
your  meat  more  savoury  than  you  have  done,  every  man  shall 
have  salt  as  good  and  cheap  as  he  can  buy  it  or  make  it  without 
danger  of  that  patent  which  shall  presently  be  revoked.  The 
like  benefit  shall  they  have  who  have  cold  stomachs  both  for 
aqua  vitae  and  aqua  composita,  and  the  like;  and  they  that 
have  weak  stomachs,  for  their  satisfaction,  shall  have  vinegar 
and  alegar,  and  the  like,  set  at  liberty.  Train  oil  shall  go 
the  same  way,  oil  of  blubber  shall  march  in  equal  rank;  brushes 
and  bottles  endure  the  like  judgment.  The  patent  for  pouldavy 
(sail  cloth)  if  it  be  not  called  in,  it  shall  be.  Woade,  which, 
as  I  take  it,  is  not  restrained  either  by  law  or  statute,  but  only 


by  proclamation  (I  mean  from  the  former  sowing)  though 
for  the  saving  thereof  it  might  receive  good  disputation,  yet 
for  your  satisfaction  the  Queen's  pleasure  is  to  revoke  that 
proclamation;  only  she  prayeth  thus  much,  that  when  she 
cometh  on  progress  to  see  you  in  your  counties,  she  be  not 
driven  out  of  your  towns  by  suffering  it  to  infect  the  air  too 
near  them.  They  that  desire  to  go  sprucely  in  their  ruffs  may, 
at  less  charge  than  accustomed,  obtain  their  wish.  The  patent 
for  starch  which  hath  been  so  prosecuted  shall  now  be  repealed." 

The  House,  filled  with  joy,  sent  a  committee  to 
call  upon  the  Queen  and  express  their  thanks,  and  on 
November  30,  i6or,  the  leader  of  all  feminists  made 
her  celebrated  "Golden  Speech"  in  which  occurred, 
among  many  other  similar  statements,  the  following: 

"Mr.  Speaker,  you  give  me  thanks,  but  I  am  more  to  thank 
you,  and  charge  you  to  thank  them  of  the  Lower  House  from 
me;  for  had  I  received  knowledge  from  you,  I  might  a'f alien 
into  the  lapse  of  an  error,  only  for  want  of  true  information. 

"Since  I  was  Queen,  yet  did  I  never  put  my  pen  to  any  grant 
but  upon  pretext  and  semblance  made  me,  that  it  was  for  the 
good  and  avail  of  my  subjects  generally,  though  a  private  profit 
to  some  of  my  ancient  servants,  who  have  deserved  well;  but 
that  my  grants  shall  be  made  grievances  to  my  people,  and 
oppressions,  to  be  privileged  under  color  of  our  patents,  our 
princely  dignity  shall  not  suffer  it. 

"When  I  heard  it,  I  could  give  no  rest  unto  my  thoughts  until 
I  had  reformed  it,  and  those  varlets,  lewd  persons,  abusers 
of  my  bounty,  shall  know  I  will  not  suffer  it." 

The  Queen's  bench  soon  had  an  opportunity  to 
pass  upon  the  principle.  The  leading  and  familiar 
case  is  Darcy  v.  Allein,  1 1  Coke,  84  b.  Abridged,  1 
Brodix  Patent  Cases,  r.  (See  also  Darcy  v.  Allin, 
1   Web.   P.   C.) 

The  arguments  of  counsel  in  that  case  is  given  in 
Noy,  173. 

"Now,  therefore,  I  will  show  you  how  the  judges  have  here- 
tofore allowed  of  monopoly— patents — which  is  that  when 
any  man  by  his  own  charge  and  industry,  or  by  his  own  wit 
or  invention  doth  bring  any  new  trade  into  the  realm,  or  any 
engine  tending  to  the  furtherance  of  a  trade  that  never  was 
used  before;  and  that  for  the  good  of  the  realm;  that  in  such 
cases  the  kings  may  grant  to  him  a  monopoly — patent  for  some 
reasonable  time,  until  the  subjects  may  learn  the  same,  in 
consideration  of  the  good  that  he  doth  bring  by  his  invention 
to  the  commonwealth,  otherwise  not." 

It  will  be  seen  that  the  common  law  had  thus  pro- 
vided an  adequate  remedy  against  monopolies.  It 
classed  as  unlawful,  monopolies  of  existing  arts  and 
trades  but  recognized  the  propriety  of  purchasing  the 
introduction  of  new  trades  and  manufactures  by 
granting  a  monopoly  for  a  limited  term.  Though 
legislation  subsequently  became  necessary,  it  was  not 
to  supply  a  deficiency  in  the  law,  but  to  reassert 
the  law  which  was  being  evaded  and  defied. 

You  all,  of  course,  whether  lawyers  or  not,  know 
that  the  great  name  in  law  of  those  days  is  Coke. 
Sir  Edward  Coke  had  been  the  law  officer  in  the  cited 
playing-card  monopoly  case  of  Darcy  v.  Allein.  He 
defines  "monopoly"  in  terms  which  have  been  sig- 
nificantly paraphrased  in  recent  decisions  of  the  courts 
of  the  United  States,  nearly  three  hundred  years 
later.     In  his  famous  Institutes  (3,  181)  he  says: 

"A  monopoly  is  an  institution  or  allowance  by  the  King; 
by  his  grant,  commission,  or  otherwise,  to  any  person  or  persons, 
bodies  politic  or  corporate,  of    or  for  the  sole  buying,  selling, 
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making,   working,  "i    using  of  anything  whereby  any   person 
"i   persons,  bodies  politic,  "i   corporate,  are  sought   to  bi    n 
strained  oi   anj    freedom  or  libertj    thai   they  had  before,  01 
hindered  in  theii  lawful  trade." 

h  is  probable  thai  il  Elizabeth  had  been  succeeded 
bj  one  "i  equal  capa<  it )  and  ol  the  same  intense 
pride  in  her  people  the  matter  mighl  have  been  con 
eluded,  hut  as  ever  with  the  King  and  the  commoner 
alike,  the  necessities  of  the  exchequer  drove  James 
and  Charles  to  permit  and  even  encourage  excesses 
under  their  primarily  praiseworthy  endeavors  to 
follow  Elizabeth  in  giving  a  national  character  to  the 

various  trades. 

Keeping  in  mind  how  hitter  was  the  fight,  how  bit- 
ter the  pretest  and  the  sense  of  personal  and  national 
outrage  engendered  by  these  monopolies,  it  is  of  prime 
significance  that  Parliament,  when  it  enacted  the 
Statute  against  Monopolies  in  1624,  made  that  nota- 
ble exception  in  Section  5  in  favor  of  the  introduction 
of  a  new  trade  and  that  pregnant  exception  in  Sec- 
tion 6,  in  favor  of  new  inventions.  Let  us  once  more 
read  Section  6,  keeping  in  mind  the  fact  that  the 
whole  nation  was  aroused  against  monopolies  and  that 
nevertheless  the  nation  realized  the  necessity  of  main- 
taining two  forms  of  monopolies  which  they  under- 
stood could  best  serve  to  check  the  general  monopo- 
lies. Now  this  is  the  way  the  statute  read  upon  which 
the  patent  and  trade  laws  of  Great  Britain  have 
rested  from  that  time  to  this,  the  patent  law  remain- 
ing without  amendment  until  1835. 

"Provided  also  and  be  it  declared  and  enacted,  that  any 
declaration  before  mentioned  shall  not  extend  to  any  letters- 
patent  and  grants  of  privilege  for  the  term  of  fourteen  years 
or  under,  hereafter  to  be  made,  of  the  sole  making  or  working 
of  any  manner  of  new  manufactures  within  this  Realm,  to  the 
true  and  first  inventor  or  inventors  of  such  manufactures,  which 
others,  at  the  time  of  making  such  letters-patent  shall  not  use, 
so  also  they  be  not  contrary  to  law  or  mischievous  to  the  State, 
by  raising  prices  of  commodities  at  home,  or  hurt  to  trade, 
or  generally  inconvenient;  the  said  fourteen  years  to  be  ac- 
counted from  the  date  of  the  first  letters-patent  or  grant  of  such 
privilege  hereafter  to  be  made;  but  that  the  same  shall  be  of 
such  force  as  they  should  be,  if  this  act  had  never  been  made, 
and  of  none  other." 

Observe  the  purpose,  not  so  much  to  encourage 
and  protect  the  original  inventor,  as  to  encourage 
the  introduction  of  the  new  manufacture  into  the 
realm,  and  that  the  granting  of  the  patent  remained 
an  exception,  and  was  and  is  by  the  favor  of  the 
Crown. 

Hapless  Charles  I.,  driven  by  his  money  necessi- 
ties, went  himself  into  business  on  a  reckless  scale. 
The  result  was  the  creation  of  the  infamous  national 
monopolies  of  glass,  starch,  salt,  cloth-finishing, 
alum,  soap,  etc. 

The  licenses  and  holders  of  charters  and  benefits 
and  their  inspectors  were  vehemently  and  on  every 
hand  charged  with  extortion  and  blackmailing,  the 
most  offensive  form  of  house-searching  and  exac- 
tions, and  with  bringing  malicious  suits  and  causing 
ruinous  delays  for  the  purpose  of  squeezing  the  "con- 
sumer." 

Clarendon,    in  his   History  of  the   Rebellion,   states 


the     resull .     the     prai  I  ice    and     the     failure,     briefly 
t  hus: 

"Projects  of  all  kinds,   many  ridiculous,   many  scandalous 

all   very  grievous,   were  set    on   foot;  the  envy  and   reproach  of 
"hull  came  to  1 1 1« -  kin:;,  the  profit  to  .,ili<  1  nun,  insomuch  :is 
drawn  from  the  subjects  by  these  ways  in  a  year, 
scarce   (  1,500  came  to  the  king's  use  and  account." 

Finally,  Pym  in  his  immortal  speech  in   Parlia 
in    1640,   condensed  the  complaint  against    thi 
by    the  court   of   the   favors  of   the   Crown    and 
the    monopolies    first    on    his    list    of    gricvan<  1 
was    in    this    debate    that    Colepepper    is    credited    with 
the  following  speech   relating  to   the  practices  oi    the 
inspectors  and  licensees  when   enforcing  the  charters 
and  grants  of  the  Crown,  a  speech  commended  as  a 
pointer  to  certain  legislators  and  editors. 

"These  men,  like  the  frogs  of  Egypt,  have  gotten  possession 
of  our  dwellings,  and  we  have  scarce  a  room  free  from  them. 
They  sup  in  our  cup,  they  dip  in  our  dish,  they  sit  by  our  fire; 
we  find  them  in  our  dye-vat,  washbowl,  and  powdering-tub; 
they  share  with  the  butler  in  his  box,  they  have  marked  and 
sealed  us  from  head  to  foot.  They  have  a  vizard  to  hide  the 
brand  made  by  that  good  law  in  the  last  Parliament  of  King 
James,  they  shelter  themselves  under  the  name  of  a  Corpora- 
tion; they  make  bye-laws  which  serve  their  turns  to  squeeze 
us  and  fill  their  purses." 

Then  when  the  common  law  had  been  evaded  and 
defied  and  when  the  statute  accepted  by  the  ruler  had 
been  rendered  practically  nugatory  by  the  abuse  of 
the  royal  privilege,  came  the  revolution  which  for  all 
time  confirmed  both  the  letter  and  the  spirit  of  the 
statute. 

The  Statute  of  James  I.,  the  Statute  of  Monopolies, 
came  over  in  the  Mayflower  with  the  pilgrims,  and  the 
patents  granted  by  the  General  Court  of  Massachu- 
setts first  recognized  the  principle  of  originality,  for 
they  granted  the  monopoly  for  certain  inventions  for- 
bidding others  to  use  such  articles  unless  they  were 
different  from  those  of  the  patentee. 

I  think  no  one  can  look  upon  a  waving  field  of  wheat 
or  a  meadow  of  rustling  grass  without  picturing  the 
reaper  swinging  his  scythe  in  the  sun.  To  "patent" 
men  this  brings  to  memory  John  Jenks,  who  in  1646 
received  a  patent  in  Massachusetts  for  the  improve- 
ment over  the  short,  thick,  straight  English  scythe, 
of  the  longer,  thinner,  curved  implement  with  stiff- 
ened back,  still  in  use,  and  which  for  so  many  genera- 
tions cut  and  gathered  the  grains  in  the  fields  of  our 
forefathers. 

This  idea  of  granting  patents  for  new  inventions 
prevailed  in  that  and  other  colonies.  When  the  Con- 
stitutional Convention  met,  they  had  before  them  and 
under  consideration  the  English  idea  and  a  sugges- 
tion of  a  different  idea  in  the  practice  of  the  colonies. 
The  English  idea  had  been  to  encourage  monopolies 
so  that  the  introduction  of  a  new  trade  or  a  new  art 
was  the  essence  of  the  law.  The  constitutional  idea, 
however,  was  that  of  encouraging  domestic  invention, 
and  in  the  first  patent  law  of  1790,  and  in  all  the  sub- 
sequent amendments  of  that  law,  the  basic  idea  has 
been  to  encourage  original  invention.  The  introduc- 
tion of  those  inventions    into    use   was  wisely  left  to 
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he  incentive  of  business  enterprise.  The  intention 
fas  to  encourage  inventive  thought,  to  secure  a  dis- 
[qpure  of  the  inventive  thought  as  promptly  as  pos- 
ible.  Evidently,  it  was  not  deemed  wise  to  require 
lat  the  inventive  thought,  which  might  be  years  in 
dvance  of  the  day,  should  be  withheld  until  the 
iventor  had  hern  able  to  make  provision  for  actually 
ltroducing  the  manufacture.  The  sooner  the  inven- 
iught  was  disclosed  the  sooner  it  became  pub- 
c  property.  The  sooner  the  inventive  thought  was 
1  the  sooner  it  would  be  an  incentive  to 
thers  to  improve  upon  that  inventive  thought.  It  was 
itended  to  offer  the  strongest  incentive  for  a 
rompt  application  and  disclosure.  Inventors  were 
)  be  made  to  feel  the  necessity  of  promptly  completing 
ieir  inventions  and  this  they  could  do  either  by  ac- 
rally  reducing  to  practice  the  invention  or  by  riling 
lication  for  a  patent.  They  need  not  pro- 
Mr.  in  advance,  for  the  manufacture,  or  the  trading. 

When  it  is  conceived  that  the  essential  spirit  of 
le  constitution  and  the  patent  law  is  to  benefit  the 
ublic  by  securing  a  disclosure,  it  is  clear  that  the  dis- 
osure  should  be  prompt  and  complete. 

When  the  inventor  has  disclosed  his  invention, 
lat  is  to  say,  when  the  patent  is  granted  and  the 
isclosure  is  given  to  the  public,  he  has  done  all  that 
j  is  required  to  do.  He  has  completed  his  bargain, 
his  it  is  which  has  distinguished  the  laws  of  the 
nited  States  for  over  one  hundred  and  twenty  years 
om  the  majority  of  other  patent  laws,  and  it  is  this 
lirit  which  has  been  recognized  by  all  the  world  as 
le  ideal  spirit  of  patent  law.  All  provisions  of 
orking,  taxation,  compulsory  license  have  an  es- 
ntially  different  purpose.  Primarily  they  were 
ther  revenue  provisions,  or  the  equivalent  of  tariff 
•ovisions.  The  consistent  history  of  the  English 
itent  law  has  been  that  of  a  trade  law,  and  all  her 
strictive  provisions  have  been,  in  effect,  tariff 
■ovisions.  The  same  is  true  of  Canada,  where  the 
ajority  of  applications  are  filed  by  our  citizens, 
i  the  continental  countries  of  Europe  such  provi- 
:>ns  of  law  have  been  written  with  an  eye  to  revenue 
id  are  now  maintained  under  vigorous  protest 
■imarily  by  a  class  of  interested  people  who  have  in 
ind  the  additional  fees. 

The  English  law,  while  primarily  a  trade  law,  served 
interpretation  to  foster  and  encourage  inven- 

m.  All  things  considered,  there  is  no  more  impar- 
al  tribute  than  that  of  Bentham  m  "Rationale  of 
Is,"  p.  92. 

"It  is  an  instance  of  a  reward  peculiarly  adapted  to  the  nature 
the  service  and  adapts  itself  with  the  utmost  nicety  to  those 

les  of  proportion  to  which  it  is  most  difficult  for  reward,  arti- 
ially   instituted    by   the    legislature,    to   confer.     If   confined, 

j  it  ought  to  be,  to  the  precise  point  in  which  the  originality 

1  the  invention  consists,  it  is  conferred  with  the  least  possible 
iste  of  expense.  It  causes  a  service  to  be  rendered,  which, 
ithout  it,  a  man  would  not  have  a  motive  for  rendering;  and 
at  only  by  forbidding  others  from  doing  that  which,  were 
not  for  that  service,  it  would  not  have  been  possible  for  them 
have  done.  Even  with  regard  to  such  invention,  for  such 
ire  will  be,  when  others  besides  him  who  possess  the  reward 

>vc  scent  of  the  invention,   it  is  still  of  use  by  stimulating 


all  parties  and  sitting  them  to  strive  which  shall  first  bring  the 
discovery  to  bear.  With  all  this  it  unites  every  property  that 
can  be  wished  for  in  a  reward.  It  is  variable,  equable,  com- 
mensurable,  characteristic,  exemplary,  frugal,  promotive  of 
perseverance,  subservient  CO  compensation,  popular  and  reason- 
able." 

(Quoted  by  Godbolt,  252,  and  Coryton,  p.  37.) 
Our   patent    laws   express    in    the    form   of   statutes 
the  purpose  of   the   legislators   when    dealing   with   a 
form  of  property  of  which  the  striking  feature  is,  that 
the  public  is  to  be  the  legatee. 

All  law  is  complicated  by  the  bewildering  variety 
of  facts  and  conditions,  by  the  difficulty  of  getting  at 
the  truth;  but  the  patent  law  is  in  its  fundamentals 
clear  and  simple. 

There  must  be  first  the  disclosure  of  a  new  idea 
of  a  means  or  method  useful  in  a  practical  art  and 
not  obvious  even  to  those  skilled  in  the  art.  The  dis- 
closure is  by  means  of  an  application,  and  the  utility 
and  novelty  are  determined  by  an  examination  in 
which  the  application  must  run  the  gauntlet  of  all 
prior  knowledge  or  prior  use  in  this  country,  and  all 
prior  patents  and  publications,  of  any  domestic 
public  use  or  any  publication  more  than  two  years 
prior  to  the  application ;  and  the  possibility  of  meet- 
ing a  rival  who  has  already  occupied  the  field,  or  of 
being  stopped  by  the  applicant's  previous  negligence 
or  concealment  or  by  a  foreign  patent  dating  back 
more  than  twelve  months. 

When  the  application  is  allowed  he  has  a  period  of 
six  months  in  which  to  pay  the  final  fee  or  he  may 
let  his  application  become  forfeited  and  then  renew 
within  two  years,  subject,  however,  under  a  recent 
ruling,  to  have  his  right  to  renew  taken  away  by  the 
activity  of  some  rival  who  enters  the  field  in  that  time. 
Moreover,  the  principle  of  this  rule  obtains  now  in 
the  courts  in  the  consideration  of  a  patent.  Then 
after  the  patent  is  granted  it  is  still  open  to  question. 
It  is  only  prima  facie  valid.  The  patentee  has  little 
hope  of  ever  securing  damages,  but  if  he  has  a  good 
patent  is  practically  certain  of  enjoining  an  infringer, 
provided  he  has  the  capital  to  conduct  the  suit. 

The  law  provides  also  that  the  patentee  may,  un- 
der conditions  precedent  of  the  statutes,  amend  his 
patent  to  more  accurately  describe  the  illustrated 
invention  or  to  limit  his  claim,  and  may  even  reissue 
to  enlarge  his  claim  to  include  the  idea  of  means  or 
method  which  he  had  illustrated  and  described  and 
which  he  had  intended  to  claim,  provided  he  estab- 
lished these  propositions  and  provided  he  has  been 
reasonably  diligent  in  applying  for  the  reissue  and  is 
not  held  to  have  expressly  or  by  circumstances  dedi- 
cated to  the  public  the  matter  not  claimed  in  the 
original  patent. 

The  patentee  may  hold  as  infringers  all  who  em- 
ploy substantially  his  idea  of  means  or  method,  if 
the  claim  of  his  patent  be  broad  enough  to  cover  the 
idea  and  if  he  is  entitled  to  such  a  claim.  Thus  is  the 
limited  grant  of  exclusion  offered  the  inventor,  nicely 
balanced  by  the  many  obstacles  and  restrictions. 
But  there   are   additional    features   which   seem   to   tip 
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the  scale  down   far  toward   the  public's   e  Belfish 

interest. 

As  the  law  now  stands,  it  a  patentee  has  maintained 

Ins    patent    m    eighl    circuits   of   the    United    States   and 

one  circuil  should  find  liis  patent  invalid  or  should 
find  thai  some  one  manufacturing  a  similar  devio 
is  nol  an  infringer,  then  ins  rival  may  make  the  tiling 
in  that  circuit  and  sell  it  in  all  the  other  eight  circuits. 

It  is  obvious  that  a  great  combination  whose  work 
is  based  largely  upon  patents  may  easily  prosecute 
its  applications  in  the  most  approved  manner,  make 
validity  searches  and  carry  through  elaborate  and 
expensive  interferences  and  infringement  suits.  It 
may  also  easily  comply  with  any  requirements  which 
demand  expenditure  of  capital  or  effort. 

Because  some  of  these  combinations  do,  as  thousands 
of  individuals  are  obliged  to  do,  put  into  their  safes 
some  of  the  patents  they  have  and  decline  to  manu- 
facture, it  is  proposed  to  provide  compulsory  license 
and  compulsory  working  and  taxation  and  various 
other  burdensome  requirements  which  can  so  easily 
and  readily7  be  met  by  these  combinations,  and  which 
it  would  be  most  difficult  for  the  average  inventor 
to  meet. 

The  average  inventor  loses  a  large  part  of  the  life 
of  his  patent  because  he  is  in  advance  of  the  time, 
because  he  cannot  interest  the  public,  or  because  he 
finds  it  difficult  to  secure  the  necessary  capital,  and 
sometimes  from  sheer  negligence  or  inertia. 

What  is  the  contract  with  the  patentee?  What  are 
his  rights? 

There  has  never  been  any  doubt  in  the  minds  of 
the  courts  of  the  property  right  of  a  patentee.  Chief 
Justice  Taney,  speaking  for  the  Supreme  Court  in 
Bloomer  v.  McQuewan,  14  How.  539,  549,  said: 

"The  franchise  which  the  patent  grants  consists  altogether 
in  the  right  to  exclude  every  one  from  making,  using  or  vending 
the  thing  patented,  without  the  permission  of  the  patentee. 
This  is  all  that  he  obtains  by  the  patent." 

Again  Mr.  Justice  Peckham  in  Bement  v.  National 
Harrow  Company,  186  U.  S.  70;  46  L.  Ed.  1058,  speak- 
ing for  the  Supreme  Court,  said: 

"It  was,  therefore,  the  owner  of. a  monopoly  recognized  by 
the  Constitution  and  by  the  statutes  of  Congress.  An  owner 
of  a  patent  has  the  right  to  sell  it  or  keep  it;  to  manufacture 
the  article  himself  or  to  license  others  to  manufacture  it;  to  sell 
such  articles  himself  or  to  authorize  others  to  sell  it.  As  stated 
by  Mr.  Justice  Nelson,  in  Wilson  v.  Rousseau,  (4  How.  646,  674), 
in  speaking  of  a  patent : 

"The  law  has  thus  impressed  upon  it  all  the  qualities  and 
characteristics  of  property  for  the  specified  period;  and  has 
enabled  him  to  hold  and  deal  with  it  the  same  as  in  the  case 
of  any  other  description  of  property  belonging  to  him,  and  on 
his  death  it  passes,  with  his  personal  estate,  to  his  legal  rep- 
resentative, and  becomes  part  of  the  assets.'  " 

One  of  the  older  cases  is  Grant  v.  Raymond,  6  Pet. 
218,  241,  in  which  the  Court  said: 

"And  it  cannot  be  doubted  that  the  settled  purpose  of  the 
United  States  has  ever  been,  and  continues  to  be,  to  confer 
on  the  authors  of  useful  inventions  an  exclusive  right  to  their 
inventions  for  the  time  mentioned  in  their  patents.  It  is  the 
reward  stipulated  for  the  advantage  derived  by  the  public  for 
the  exertions  of  the  individual,  and  is  intended  as  a  stimulus 


l.i    those   exertions.      The   laws   which   :m     |>a    ■!']    to  give  effect') 
to  this  purpose  ought,  we  think,  to  be  construed  in  tin 
in   which   they  have  been   made;  and   to  execute   the  contract 
fairly  on   the  part  of  the   United  States,  where   the   lull   benefit 
has  been  actually  received ;  il  this  can  be  done  without  tran  ii  1  ad 
ing  the   intention  of   the  statute,  or  countenancing  acts  which 
arc   fraudulent  or  may   prove   mischievous.     The   puhlii 
nothing  which  it  has  not  agreed  to  yield;  it  receives  all  which 
it   has  contracted  to  receive.     The  full  benefit  of  the  discovery 
after  its  enjoyment  by  the  discoverer  for  fourteen  year 
served;  and  for  his  exclusive  enjoyment  of  it  during  that  time 
the  public  faith  is  pledged." 

Again  in    United  States  v.   American  Bell  Telephone^ 
Co.,  167  U.  S.  224;  42  L.  Ed.  144,  the  Court  said: 

"The  only  effect  of  it  was  to  restrain  others  from  manu- 
facturing and  using  that  which  he  invented.  After  his  invention 
he  could  have  kept  the  discovery  secret  to  himself.  Hi  nee 
not  have  disclosed  it  to  any  one.  Hut  in  order  to  induce  him 
to  make  that  invention  public,  to  give  all  a  share  in  the  benefits 
resulting  from  such  an  invention,  Congress,  by  its  legislation, 
made  in  pursuance  of  the  Constitution,  has  guaranteed  to  him 
an  exclusive  right  to  it  for  a  limited  time;  and  the  purpose  of 
the  patent  is  to  protect  him  in  this  monopoly,  not  to  give  him 
a  use  which,  save  for  the  patent,  he  did  not  have  before,  but 
only  to  separate  to  him  an  exclusive  use.  The  Government 
parted  with  nothing  by  the  patent.  It  lost  no  property.  Its 
possessions  were  not  diminished.  The  patentee,  so  far  as  a 
personal  use  is  concerned,  received  nothing  which  he  did  not 
have  without  the  patent,  and  the  monopoly  which  he  did  re- 1 
ceive  was  only  for  a  few  years." 

In    the    comparatively    recent    case    of    Continental 
Paper  Bag  Company  v.  Eastern  Paper  Bag  Con 
210  U.  S.  405,  Mr.  Justice  McKenna  quoted  the  above 
case  as  follows: 

"Counsel  seem  to  argue  that  one  who  has  made  an  invention 
and  thereupon  applies  for  a  patent  therefor  occupies,  as  it  were, 
the  position  of  a  quasi-trustee  for  the  public;  that  he  is  under 
a  sort  of  moral  obligation  to  see  that  the  public  acquires  the 
right  to  the  free  use  of  that  invention  as  soon  as  is  conveniently 
possible.  We  dissent  entirely  from  the  thought  thus  urged. 
The  inventor  is  one  who  has  discovered  something  of  value 
It  is  his  absolute  property.  He  may  withhold  a  knowledge 
of  it  from  the  public,  and  he  may  insist  upon  all  the  advantages 
and  benefits  which  the  statute  promises  to  him  who  discloses 
to  the  public  his  invention." 

Mr.  Justice  McKenna  then  continued: 
"And  the  same  relative  rights  of  the  patentee  and  the  public 
were  expressed  in  prior  cases,  and  we  cite  them  because  there 
is  something  more  than  the  repetition  of  the  same  thought  by 
doing  so.  It  shows  that  whenever  this  Court  has  had  occasion 
to  speak  it  has  decided  that  an  inventor  receives  from  a  patent 
the  right  to  exclude  others  from  its  use  for  the  time  prescribed 
in  the  statute.  'And  for  his  exclusive  enjoyment  of  it  during 
that  time  the  public  faith  is  forever  pledged.'  (Chief  Justice 
Marshall  in  Grant  v.  Raymond,  6  Pet.  243,  p.  242.)" 

Many  circuit  courts  of  appeals  have  spoken  to  th 
same    effect.     One    which    cites  numerous  authorities 
is  Rubber  Tire  Wheel  Co.  v.  Milwaukee  Rubber  Works  Co. 
(C.  C.  A.),  154  Fed.  Rep.  358. 

"Under  its  constitutional  right  to  legislate  for  the  promotion 
of  the  useful  arts,  Congress  passed  the  patent  statutes.  The 
public  policy  thereby  declared  is  this:  Inventive  minds  may 
fail  to  produce  many  useful  things  that  they  would  product 
if  stimulated  by  the  promise  of  a  substantial  reward;  whal 
is  produced  is  the  property  of  the  inventor;  he  and  his  heir- 
and  assigns  may  hold  it  as  a  secret  till  the  end  of  time;  the  public 
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would  be  largely  benefited  by  obtaining  conveyances  of  these 
new  properties;  so  the  people  through  their  representatives 
say  to  the  inventor:  Deed  us  your  property,  possession  to  be 
yielded  at  the  end  of  17  years,  and  in  the  meantime  we  will 
protect  you  absolutely  in  the  right  to  exclude  every  one  from 
making,  using  or  vending  the  thing  patented,  without  your 
aermission." 

Note  that  the  right  granted  the  inventor  is  not  the 
right  to  make,  use  and  sell  the  invention.  He  had 
that  at  common  law.  It  is  the  right  to  exclude  others 
:rom  making,  using  or  selling  for  the  limited  term  of 
lis  monopoly.  But  now  it  is  proposed  to  permit 
my  one  who  looks  with  a  longing  eye  upon  the  inven- 
tion to  insist  upon  a  license  however  hurtful  or  ruin- 
dus — and  to  clip  and  trim  the  already  limited  grant 
■){  exclusion  by  requirements  impossible  of  perform- 
mce  by  the  average  patentee,  however  energetic  or 
earnest.  The  great  majority  of  patentees  want 
lOthing  so  much  as  to  see  their  inventions  in  use. 

By  these  proposals,  if  they  should  become  law,  no 
natter  how  near  the  goal,  he  may  see  all  his  hopes 
dip  away  into  the  hands  of  rivals  who  have  given 
lothing  to  the  public,  into  the  hands  of  the  very  com- 
binations his  invention  would  ultimately  have  checked. 
tt  is  not  the  Constitution  we  followed.  It  is  not  the 
aw  we  adopted.  It  is  not  the  bargain  we  made.  It 
s  not  the  policy  which  has  studded  every  county, 
awn  and  hamlet  with  thriving  independent  shops 
ind  plants — with  industries  which  never  could  have 
jegun  or  lived  but  for  the  protection  of  the  patent 
aw.  The  effect  of  such  laws,  if  adopted,  will  be  to 
benefit  the  very  combinations  at  which  the  bills  are 
limed.  They  may  easily  follow  the  onerous  provi- 
;ions— and  may  harass  every  individual,  under  the 
protection  of  the  law. 

The  inventor  will  then  find  it  still  harder  to  secure 
apital.  As  it  is  now,  the  law  enables  him  to  get  his 
>atent  in  advance  even  of  the  demand.  He  seldom 
an  interest  capital  until  he  has  his  patent;  but  under 
uch  provisions  the  most  friendly  capital  will  not 
ake  the  risk  of  having  to  meet  the  burdensome  and 
arassing  litigation  certain  to  be  thus  imposed.  The 
tigation  now  required  to  maintain  a  patent  is  cer- 
ainly  sufficient  without  imposing  this  most  vexa- 
ious  of  all  forms  of  litigation. 
In  addition  to  the  general  objections  which  have 
een  suggested  there  are  many  specific  objections, 
or  example,  the  proposed  bills  do  not  take  into  ac- 
ount  the  endless  and  burdensome  outlay  put  upon 
lanufacturers  who  have  numerous  alternate  struc- 
-tres  devised  by  various  inventors  employed  at  high 
jilaries.  They  do  not  take  into  account  the  effect 
f  the  certainty  of  a  reduction  in  the  number  of  in- 
entions  produced  and  patented.  They  do  not  take 
lto  account  the  probable  confusion  of  the  rights 
co-workers,  licensees,  territorial  grantees,  etc. 
hey  do  not  take  into  account  the  entirely  incommen- 
jirate  relation  of  the  penalty  to  the  offense.  They 
p  not  take  into  account  in  referring  to  foreign  countries 
he  countries  which  provide  for  far  greater  protection 
rider  their  patents  than  does  the  United  States, 
irotecting  substitute  structures  as  well  as  the  main 
ie,  a  provision  not  practicable  nor  wise  in  this  country. 


They  do  not  take  into  account  the  fact,  that  the  prac- 
tical application  of  compulsory  license  and  working 
clauses  has  been  a  constant  source  of  friction  and 
oppression  in  foreign  countries,  nor  that  the  actual 
working  ol  these  clauses  has  resulted  in  benefits  to 
the  privileged  classes  in  foreign  countries  and  has 
made  the  patent  laws  a  smaller  factor  in  the  industrial 
progress  of  those  countries  than  they  have  been  in 
this  country. 

The  citation  of  other  countries  is  no  argument. 
Even  if  it  could  be  shown  that  similar  laws  had  been 
of  some  advantage  to  those  countries,  the  conditions 
are  not  the  same- — the  purpose  is  not  the  same.  We 
have  no  centralized,  compact,  trading  country.  We 
are  a  far-flung  democracy  with  a  tremendous  inter- 
state and  interstate  commerce.  We  have  no  special 
classes  to  serve  — and  no  near  and  more  powerful 
neighbor  to  fight  that  can  not  be  met  by  our  tariff 
laws. 

I  know  of  no  more  amazing  instance  than  this  pro- 
ject of  men  who  are  fighting  the  tariff,  and  special 
interests  and  monopolies;  than  these  proposals,  whose 
inevitable  result  must  be  to  cripple  and  bind  the  very 
concerns,  the  individuals  and  the  independent  shops, 
who,  protected  by  their  patents,  are  enabled  to  exist 
and  thrive  to  the  benefit  of  the  public  and  in  the  face 
of  the  combinations. 

But  for  the  patent  laws  there  would,  probably,  be 
but  one  printing  press  company,  but  one  typewriter 
company,  but  one  electric  company,  but  one  adding 
machine  company — but  one  of  many  now  listed  in  the 
thousands.  Where  there  is  now  one  combination 
there  would  be  scores. 

Thus,  historically  and  traditionally  and  by  the  in- 
terpretation of  the  courts,  the  spirit  of  our  patent 
laws  is  that  of  an  untrammeled  grant  of  exclusion. 
It  is  that  spirit  which  has  informed  our  laws  and  has 
made  them  so  successful  in  practice.  It  would  be  an 
archaic  and  reactionary  step  to  inject  into  such  a  sys- 
tem the  mere  trade  principle  of  compulsory  license 
or  compulsory  working.  There  is,  however,  a  further 
objection,  inherent  in  the  nature  of  the  property  and 
in  the  essence  of  the  property  right. 

The  inventor  has  something  which  he  may  keep 
secret.  He  need  not  divulge  his  secret.  He  may, 
if  he  chooses,  employ  his  invention  In  some  practical 
art.  But  no  one,  no  law,  can  force  him  to  make,  use 
or  sell  the  thing  which  is  the  subject  matter  of  his 
invention.  He  is,  however,  at  the  mercy  of  any  one 
who  discovers  his  secret  and  therefore  is  generally ' 
willing  to  accept  the  proposition  of  the  Government 
that  he  shall  divulge  his  secret,  that  he  shall  disclose 
it  by  means  of  a  patent.  When  he  is  asked  to  dis- 
close this  invention  he  is  promised  a  reward.  He  is 
not  promised  that  he  shall  have  a  right  to  make,  use 
or  sell  the  invention.  He  has  that  always.  He  had 
that  by  the  common  law.  He  had  that  as  a  natural 
right.  .  The  bargain  is,  as  I  have  said,  that  he  shall 
have  the  right  to  exclude  others  from  making,  using 
or  selling  the  invention.  There  can  be  no  possible 
limitation  upon  the  grant  of  exclusion  within  the  terms 
of  our  laws  and  within  the  spirit  of  the  Constitution. 


326 


THE   JOl  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


Viewed  in  any  way,  bhe  enactment  of  such  laws  will 
11  simplj  this,  that  the  term  of  the  patent  will 
be  limited;  thai  is,  when  the  governmenl  savs  to 
the  inventor  at  the  end  oi  two  or  three  or  four 
years,   you   must  grant  a   license  to  any  one  who  asks 

\\  horn  a  bureau  official  or  a   court 

thinks  should  have  it,  or  you  must  work  your  in- 
vention or  lose  the  patent,  that  is  simply,  in  effect, 
limiting  the  term  of  the  patent  to  .that  time  and 
putting  a  ruinous  burden  on  all,  excepting  those  favored 
few  who  with  great  <<t/'ital  are  enabled  to  in  some  manner 
\  many  patents  and  to  vigorously  contest  all  applica- 
tions jar  licenses. 

Such  a  provision  is  also,  on  its  face,  a  temptation 
to  oppression,  a  temptation  to  perjury,  and  in  its 
practical  workings  would  put  into  the  hands  of  the 
bureau  official  with  no  experience  whatever  in  the 
property  rights  involved  in  patents,  the  settlement 
and  disposition  of  those  property  rights;  and  if  the 
jurisdiction  be  given  a  court  invites  additional  litiga- 
tion,  which   will  be  only  a  guessing  contest. 

I  have  spoken  hitherto  of  some  of  the  difficulties 
of  securing  and  maintaining  a  patent.  The  Com- 
missioner of  Patents  has  to  do  only  with  that 
side  of  the  matter  which  relates  to  the  grant  of  the 
patent.  The  far  greater  field  is  in  the  consideration 
of  the  patent  as  property  and  with  relation  to  in- 
fringers with  which  the  Patent  Office  has  nothing  to 
do  and  of  which,  as  at  present  organized,  the  com- 
missioner and  his  assistants  have  no  experience. 
Now  it  is  the  custom  of  the  courts  when  they  propose 
to  amend  procedure  or  practice  in  the  interest  of  the 
public  to  turn  to  the  officers  of  the  court,  to  the  coun- 
sel who  represent  the  public,  for  advice.  The  Supreme 
Court  of  the  United  States  has  to-day  a  committee 
organized  to  devise  methods  of  equity  practice  which 
shall  facilitate  the  trial  of  causes,  a  matter  which  is 
peculiarly  important  to  all  patent  men.  That  court 
has  appointed  sub-committees  in  all  of  the  nine  cir- 
cuits of  the  United  States  and  the  judges  and  the  bar 
of  all  these  nine  circuits  have  joined  in  studying  the 
matter  and  presenting  recommendations.  All  the 
bar  associations  having  to  do  with  the  federal  courts 
know  of  the  matter  and  have  had  ample  time  to  con- 
sider and  discuss  it.  The  widest  publicity  has  been 
given  to  the  suggestion  before  any  definite  proposal 
has  been  made.  When  the  definite  proposals  are 
put  in  their  first  form  they  are  to  go  out  again  to  all 
these  committees  and  to  the  whole  bar  for  final  criti- 
cism and  suggestion. 

The  Patent  Law  Association  of  Washington,  when 
any  matter  relating  to  the  patent  law  is  proposed, 
discusses  the  reasons  pro  and  con  as  far  as  they  may  be 
known,  and  sends  them  out  to  hundreds  of  interested 
organizations  and  individuals,  reaching  many  thousands 
of  interested  people,  and  then  collates  and  digests  the 
hundreds  of  answers  received  before  endeavoring  to 
reach  any  conclusion.  Such  is  the  obvious,  the  wise 
procedure  in  any  matter  thus  affecting  the  public. 

It  has  remained  for  the  Commissioner  of  Patents 
to  follow  a  different  course,  and  without  consul- 
tation with  the  patent  bar  or  the  manufacturers  or 


inventors   01    an;      part   Ol    the    public,    SO   tar   as   can    be 

ascertained       lie    has    wit  hin    t  fie    briel    tim< 

inee   the   Dick   Mimeograph  ease  was  d 
on   March    n,    re-]  »,  added  restrictive  and   opp 
sections   to  a    previous   rough   draft    ol      arious  provi- 
sions  and    has   embodied    these   all    in    a    proposed 
plcx  codification  of  some  ol    the    patent    law.      < 

examined,     it     appears  that   this  codifii   il h 

bedded  in  it  some  provisions  ol  a  special  in 
to  the  head  of  the  Patent  Office  ami  with  it  th 
visions  of  compulsory  license,  etc.,  which  hitherto  the 
I'atent  Office  has  publicly  agreed  are  inimical  to  the 
patent  system.  These  matters  of  license,  restric- 
tion, etc.,  were,  however,  considered  of  the  first  im- 
portance by  some  oi  the  committeemen  in  Cot 
so  that  we  now  find  them  embodied  in  the  hill 
presented  by  the  chairman  of  the  House  I 
but,  in  the  public  press,  and  under  circumst; 
which  suggest  inspiration,  credited  generally  to 
the  Commissioner  of  Patents.  The  Commissioner 
of  Patents,  therefore,  appears  as  the  author  of  this 
bill,  which  in  the  main  is  taken  up  with  matters 
with  which  he  has  no  experience  and  with  which 
his  official  duties  are  not  connected  in  any  way.  He 
has,  therefore,  assumed  to  endorse  provisions  of  law 
affecting  your  property.  There  never  was,  in  fact, 
a  bill  better  designed  in  the  interest  of  the  trusts  and 
combinations  than  this  bill.  It  evidences  a  lack 
of  knowledge  of  the  principles  which  govern  patent 
property,  but,  however  that  may  be,  I  submit  that 
important  property  matters  of  this  sort  should  not 
receive  official  endorsement  before  they  have  been 
even  presented  to  the  people  most  vitally  inter-  I 
ested.  If  the  opinions  of  the  Commissioner  of  Pat- 
ents were  gaged  as  they  should  be  with  reference 
solely  to  the  individual  opinion  of  one  man  without 
special  experience  in  these  lines  of  work,  then  that 
would  be  a  matter  of  small  concern,  but  unfor- 
tunately the  impression  of  many  of  the  Repre- 
sentatives and  Senators  who  frankly  confess  they 
have  no  knowledge  of  patent  law  at  all  (and 
jokingly  say  that  for  that  reason  they  were  put 
upon  the  patent  committees),  is  that  the  Patent 
Office  endorses  such  a  proposition  because  it  voices 
the  opinion  of  those  who  are  well  informed  in  such 
matters. 

I   have  no   merely  personal   criticism   to   mak 
principle  is  at  stake  and    it    is  necessary  to  illustrate 
to  give  point  to  the  objection. 

I  know  that  the  patent  lawyers  of  the  countr 
have  been  at  fault  for  years  in  not  keeping  in  closer 
touch  with  the  trend  of  public  sentiment  and  with 
the  necessity  of  meeting  a  carefully  fostered  opposi- 
tion to  the  patent  laws.  I  know  too  that  you,  as 
inventors  and  managers  of  important  enterprises, 
have  been  at  fault  in  not  more  closely  studying  these 
matters.  But  the  essential  and  dangerous  mistake 
is  in  the  method  of  forcing  legislation.  On  the  whole, 
we  have  fared  well  with  Congress  because,  however 
mistaken  the  occasional  reports  by  committees, 
students  of  the  patent  laws  and  the  patent  system  havt 
succeeded    in    preventing    such    proposals    from    bein:,' 
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embodied  in  law,  and  they  have,  on  the  other  hand, 
succeeded  in  amending  the  law  in  some  essential 
ppints  because  the  men  in  Congress  want  to  do  the 
right  thins,'.  But  in  the  political  situation  which 
now  exists,  the  exception  is  magnified  into  a  rule, 
and  without  any  careful  preliminary  study  or  consulta- 
tion, measures  are  proposed  which  must  be  passed 
upon  by  gentlemen,  some  of  whom  have  not  had  an 
unity  to  read  the  patent  laws  and  the  majority 
of  whom  confess  to  not  having  studied  the  patent 
laws  or  the  patent  system.  We  must  protest  against 
thus  pushing  through  important  provisions,  the 
ity  of  which  are  known  even  by  title  to  but 
a  small  fraction  of  that  part  of  the  public  most  inter- 
ested. For  the  most  of  these  provisions  there  is  no 
public  demand.  There  is  only  a  carefully  cultivated 
demand  backed  by  some  specific  interest  which  is 
ed  to  the  general  interest. 

We  are  not  unmindful  of  mistakes  which  have 
occasionally  arisen  in  the  administration  of  the  patent 
nl  some  of  these  mistakes  we  have  been  care- 
iullv  studying.  We  have  done  more  than  study 
them.  It  is  the  influence  and  advice  of  the  patent 
bar  helped  by  many  of  you  which  has  done  away 
with  many  modes  of  doing  business  by  clients  happen- 
ing to  own  patents,  and  laxity  in  the  trial  of  patent 
:auses.  We  are  to-day  engaged  in  a  careful  investiga- 
tion of  the  whole  matter  and  an  attempt  to  get  at  what 
may  be  done  to  improve  procedure  and  what  is  really 
the  complaint  of  the  inventors — that  is,  of  the  average 
inventors.  The  result  so  far  has  been  the  expression 
-){  a  practical  unanimity  of  desire  to  have  the  equity 
practice  so  modified  as  to  reduce  the  burden  of  litiga- 
:ion,  to  have  some  single  court  whose  final  decision 
shall  cover  all  the  circuits,  and  to  have  some  direct 
neans  of  reaching  the  wilful  infringer,  that  is,  of  se- 
:uring  damages  commensurate  with  the  damage  done 
>y  such  infringement. 

There  is  also  a  practically  universal  desire  that  the 
^reat  mass  of  information  obtained  by  the  Patent 
)ffice  shall  be  made  available,  and  that  the  intricate 
nterference  motion  practice  shall  be  modified.  That 
he  search  by  the  Office  shall  be  more  thorough  and 
he  rule  of  infringement  in  the  courts  more  drastic; 
to  say,  that  there  shall  be  reforms  in  the 
ourt  procedure  and  in  the  Patent  Office  procedure. 
t  will  be  observed  that  these  do  not  require  changes 
n  the  fundamental  patent  laws.  No  one  can  study 
[he  patent  laws  without  admiration  for  the  complete- 
ly ss  with  which  they  cover  the  theory  of  the  system. 
;Ve  do  not  say  that  some  amendment  from  time  to 
inie  may  not  be  advantageous.  Such  amendments 
ire  now  suggested,  but  unfortunately  with  nearly 
tty  proposed  bills,  many  of  which  it  is  desired  to 
ass  simply  for  the  sake  of  doing  something,  it  is 
npossible  to  get  the  proper  attention  for  the  few 
onstnn  impositions   we   hope   to   advance.      Our 

ime  and  energy  is  taken  up  by  meeting  the  attacks 
1  those  w-ho,  for  want  of  information,  are  inimical 
b  the  patent  system,  ami  especially  is  this  necessary 
I'hen  they  are  assisted  by  counsel  and  advice  given 
'ithout  proper  reflection  or  disregard  of  the  conse- 
uences  involved. 


The  changes  which  we  have  advocated  and  which 
I  have  suggi  ted  rould  oJ  themselves  go  a  long  way 
toward  clearing  up  these  matters.  Those  which 
have  been  seized  upon  and  urged  as  vital  are,  at  their 
best,  productive  of  minor  improvement  and,  at  their 
worst,  are  destructive  oi   tin-  patenl  system. 

Two  things  can  be  done  by  patent  men,  by  the 
inventors  and  manufacturers — the  men  interested 
in  the  patent  system.  The  real  merits  of  the  patent 
system  should  be  evidenced  by  hundreds  of  concrete 
examples  of  invention  which  have  created  new  plants 
and  new  industries.  We  should  make  the  public 
understand  how  prices  are  lowered,  wages  raised  and 
the  drudgery  of  labor  lessened  by  the  work  of  the 
scientist  and  the  inventor.  There  should  be  then 
a  determined  effort  to  get  a  specific  citation  of  injury 
done  by  means  of  patents.  The  mere  reference  to 
corporations  which  own  patents  and  which,  happening 
to  own  patents,  are  unfair  in  their  business  methods 
is  not  in  point.  All  combinations  which  come  within 
the  Sherman  Act  do  so  whether  they  own  patents  or 
not.  The  patents  have  nothing  to  do  with  the  matter, 
as  has  been  decided  by  the  Supreme  Court  of  the 
United  States  and  recently  in  the  well  known  Bath- 
Tub  Case. 

Make  no  mistake  about  the  place  of  invention  in 
our  social  economy.  Nothing  is  more  easily  proved 
than  its  vitality  and  force.  It  is  proved  not  only  by 
all  statistics,  but  by  the  every-day  experience  of 
such  men  as  you  and  by  your  advisers,  your  counsel. 
We  know  that  the  influence  of  patented  inventions 
upon  industries  is  evidenced  not  only  in  the  production 
of  new  inventions,  but  in  the  actual  creation  of  new 
industries  within  this  generation.  The  electric  light, 
the  electric  car  and  motor,  electric  railways,  the  tele- 
phone, the  bicycle,  with  all  its  allied  features,  the  gas 
engine  in  its  varied  commercial  forms,  the  typewriter, 
amateur  photograph,  cash  registers,  cash  carriers, 
basic  steel,  the  manufacture  of  aluminum,  the  grapho- 
phone,  the  kinetoscope,  the  half-tone  process  of  photo- 
engraving, the  chrome-tanning  process,  smokeless 
powder  and  other  high  explosives,  acetylene  gas, 
linotype  machines,  automatic  weighing  machines, 
tabulating  machines,  adding  machines,  flying  machines, 
and  the  whole  realm  of  electro-chemistry,  all  are 
productions  of  this  generation  and  all  are  directly 
traceable  to  the  impulse  given  invention  by  the  hopes 
of  reward  from  the  limited  monopoly  of  a  patent. 

If  in  some  occasional  cases  there  have  been  attempts 
to  utilize  patents  to  cover  more  than  the  contract 
warranted,  on  the  other  hand,  in  many  cases,  patents 
have  broken  up  or  prevented  commercial  monopolies 
by  opening  new  fields,  and  the  disclosures  presented 
through  tii-  1  mi enis  constitute  an  almost  inexhaustible 
field  oi  practical  value  upon  which  many  of  these 
industries  have  been  established  after  the  expiration 
of  the  patents,  and  in  many  cases,  unfortunately, 
alter  the  inventor  or  the  patentee  h.-ul  failed  in  re- 
ceiving his  due  reward. 

This  is  what  the  public  must  know.  We  must 
teach  it,  preach  it.  To  some  the  arguments — to  some 
the  statistics — to  some  the  argumentum  ad  hominem 
and     to    some    the    old-fashioned    and    still    effective 
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rhetori<        Vnd  I  ma]  be  pardoned  for  concluding  with  that  in  the  number  of  inventions  made  and  pat 

a  specimen  oi  thai  rhetoric,  the    chemical    industry    is    not    surpassed    j|    h 

No  one  has  better  summarized  the  worl    oi  science  equaled   b     anj   other  bran               inufacture, 

nventioninthi   pi    I    entur    than  Macaulaj  This  is  true  very  largely  also  of  the  United 

lengthened  life;  it  lias  mitigated  pain;  lias  In  the  careful  and  instructive  study  prepared  b; 

extinguished    diseases-;    lias    increased    the    fertility   of  p,.    Ladd   and   published  by  the   U.   S.   i 

oil;  given  new  security  to  the  mariner;  furnished  under    the    title    "Patents    in    Relation    to    Man 

new   arms   to   the   warrior;  spanned   greal    rivers  and  turers"  ["Census  of  Manufacturers,"  4,  776  (1902)]  itig 

estuaries  with  bridges  of  form  unknown  to  our  fathers;  stated  that  up  to  the  time  of  publication    (1902;  the 

it  has  guided  the  thunderbolt  innocuously  from  heaven  following  number  of    U.    S.    Patents   had  beer 

to   earth;    it    has   lighted    up   the   night   with    splendor  jn  the  principal  branches  of  chemical  manufacture: 
of  the  day;  it  has  extended  the  range  of  human  vision; 

it  has  multiplied    the   power  of  the  human    muscles;  chemicals."                                     2'395 

it   has  accelerated  motion;  it  has  annihilated  distance;  Fertilizers 72s 

it     has     facilitated     intercourse,     correspondence,     all  Medicinal  compounds 1,746 

friendly  offices,  all  dispatch  of  business;  it  has  enabled  it  will  be  seen  that  these  patents  do  not  co< 
man  to  descend  to  the  depths  of  the  sea,  to  soar  into  Df  the  numerous  branches  of  the  chemical  industry, 
the  air,  to  penetrate  securely  into  the  noxious  recesses  The  classification  followed  by  the  Patent  Office  devised 
of  the  earth;  to  traverse  the  land  in  cars  which  whirl  to  satisfy  its  special  requirements,  distributes  chemical 
along  without  horses;  to  cross  the  ocean  in  ships  which  inventions  over  a  wide  range  of  divisions  and  sub- 
run  many  knots  an  hour  against  the  wind.  These  divisions  of  which  the  principal  ones  can  be  seen  from 
are  but  a  part  of  its  fruits,  and  of  its  first  fruits,  for  Table  1.  This  table,  which  was  prepared  from 
it  is  a  philosophy  which  never  rests,  which  is  never  the  original  files  of  the  Patent  Office,  covers  all  the 
perfect.  Its  law  is  progress.  A  point  which  yester-  chemical  inventions  protected  by  U.  S.  Patents  in 
day  was  invisible  is  its  goal  to-day,  and  will  be  its  the  lines  indicated  for  the  decade  1900-19 10,  but 
starting  point  tomorrow."  should  not  by  any  means  be  regarded   as  including 

those  patents  relating  to  the  chemical  industry  which 

PATENTS  AND  CHEMICAL  INDUSTRY  IN  THE  UNITED  are    classified    under    other    divisions    or    subdivisions. 

STATES.1  The  table  further  divides  the  patents   issued  during 

By  b.  herstein.  the  decade  according  to  the  nationality  of  the  patentee 

Patents  are  intended  to  protect  intellectual  prop-  and  the  status  of  ownership  at  the  time  of  issue,  as 

erty   in   the   industrial   field.     The   close   interrelation  far  as  the  records  go,   showing  whether  the  patents 

between    patents    and    the    development    of    modern  were    still    the    individual   property   of   the   applicant 

industry   is    a   subject   receiving   sufficient   considera-  or  had  already  been  assigned  to  other  interests.     The 

tion  on  the  part  of  economists,  so  that  in  this  place  latter  may,  in  some  slight  measure,  be  regarded  as  an 

only  those  features  need  be  dwelt  on  which  charac-  indication    of    the    immediate    industrial   applicability 

terize  the  specific  relation  of  patents  to  the  chemical  of  the  inventions,  because  in  the  majority  of  cases  it 

industry  and  their  economic  bearing  upon  this  indus-  denotes     an     invention    made    within     an     industrial 

try  in  the  United  States  as  illustrated  in  the  patent  establishment    and    for    this    reason    possesses    more 

statistics  of  this  country.     A  chemical  patent  differs  chances   of   practicability   and   of   being   tried   out  in 

essentially  in   one  respect  from   all   other  patents   in  practice.     This  feature  cannot  readily  be  established 

that  the  finished  product  in  most  instances  does  not  m  any  other  way. 

carry  any  characteristic  peculiar  to  the  process  used  The  total  number  of  patents  issued  in  the  United 
in  this  manufacture,  by  which  the  latter  could  be  States  between  1900  and  19 10  for  the  classes  given  in 
identified  and  by  which  infringement  could  be  estab-  Table  I  was  4068,  of  which  3509  fell  in  Division  VI, 
lished  directly.  This  is  the  reason  for  the  many  secret  which  embraces  chemicals  almost  exclusively.  By 
and  supposedly  secret  processes  prevailing  in  many  far  the  larger  percentage,  as  is  readily  seen,  covers 
chemical  establishments  here  and  abroad,  a  condi-  inventions  in  organic  chemistry,  carbon  dyes  and 
tion  which  is  only  partially  overcome  in  this  country  carbon  compounds  alone  furnishing  1547  patents, 
by  the  possibility  of  obtaining  patent  protection  for  or  38  per  cent,  of  the  total  number.  The  same  per- 
the  product  itself  if  the  same  be  new.  Some  manu-  centage  of  the  patents  issued,  namely  38,  and  in  abso- 
facturers  therefore  prefer  to  take  the  inconvenience  lute  number  1552,  were  taken  out  by  Americans,  the 
and  risk  resulting  from  the  attempt  to  keep  pro-  balance  of  2516  patents,  or  62  per  cent,  of  all  pat- 
cesses  secret,  a  risk  especially  great  in  large  establish-  ented  inventions  enumerated  in  the  table,  were  ob- 
ments  with  a  constantly  fluctuating  working  force,  tained  by  inventors  domiciled  abroad.  Of  these  2516 
rather  than  to  make  them  even  partially  known  to  patents,  German  inventors  took  out  the  bulk,  namely 
the  interested  public.  Nevertheless,  it  may  be  said  1754,  or  69.5  per  cent.,  Swiss  citizens  coming  next 
that,  taken  as  a  whole,  the  progress  of  industrial  chem-  with  167  inventions,  or  6.6  per  cent.  The  following 
istry  in  recent  years  is  recorded  in  the  literature  comparison  is  of  interest:  The  total  number  of  all 
(patent)  from  the  patent  offices  of  the  world,  and  patents  issued  in  the  United  States  between  1900 
,  _                 .  .    .  ..     ,                      t  ..     .      _.        „       .  and    1910    was    240,000 — average    per    year    30,910— 

1  Paper  presented  at  the  joint  meeting  of  the  Am.  Chem.  Soc.,  Am,  /                         .                                     ■j--ijC«m1 

Electrochemical  Soc.,  and  the  Soe.  of  Chem.  Ind..  New  York,  April  19,  1912.  of   which    those    issued    to    foreigners    domiciled   abroad 
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-Patents   Relating   to    Principal   Chemical     Manufactures    Taken   Out   in   the   United   States  Iduking.^1900-1910,   According   to 
Nationality  of  Patentee  and  Ownership  of  Patents. 

United 
Totals.  Total,     America.    Kingdom. 


France.        Germany.    Switzerland. 


Europe,       Foreign, 
all  other,    all  other. 


—   .0    _ 


2      I 


_   &       — 


Grand  totals 4068  2087  2516  1552  524  212  46   178  29   1754   1324  167    146   162 

Division  III. 

Class     204;     Electrochemistry:     Sub- 
classes: 

Alkalies  and   chlorine 115  41  45  70  30         13         1 

Hleaching  and  disinfecting  liquors  ..  .  30  14  20  10  8          4        1 

Chlorates 11  4  7  4  1           1      ..             : 

Dyes  and  pigments 22  13  3  19  11 

Carbides 73  42  14  58  39          3      .  .             : 

Tanning 5  3  ..  5  3          3 


Total. 


Division  VI. 

Class  8;  Bleaching  and  dyeing:  Sub- 
classes: 

Carbon  dyes 

Bleaching 

Dyeing  processes 

Dyes 

Mercerizing 

Mordants 


Total 

Class  23;  Chemicals:  Subclasses: 

Acids,  mineral 

Fire-extinguishing  compounds. . . 

Catalytic  bodies 

Metalloids 

Packing  chemicals 

Apparatus 

Salines 

Ammonia 

Soda  and  potash 

Carbon  compounds 


Total . 


Class  52;  Explosives:  Subclass: 

Nitro  compounds 

Class  167;  Medicines:  Subclasses: 

Hair  dyes  and   tonics 

Extracts 

Internal  remedies 

Topical  remedies 

Insecticides 

Disinfectants 


Total 

Division  XV. 

Class  106;  Plastic  Compositions:  Sub- 
classes: 

Pyroxylins 

Viscose  and  cellulose 


Total. 


Class  18;   Plastics:   Subclass: 
Pyroxylin 


Division  XXXI. 
Class  87  ;  Oils,  Fats  and  Glue:  Sub- 
class: 
Glue 

Class    134;    Liquid    coating    composi- 
tions: Subclasses: 

Treating  lead  salts 

Painl  rubber 

Rubber 

Iron  salts 

Lampblack 

Its 

Ultramarine 

Zinc  salts 

Pyroxylin 


Total. 


Class  203 ;  Ammonia,  water  and  wood 

distillation:  Subclasses 

Ammonia,  including  turpentine 

Turpentine  processes 

Turpentine  apparatus 

Total .' 


939        1049 


1*7 


19 

9 

11 

5 

11 

4 

701 

685 

115 

113 

5 

3   .... 

20 

5 

8 

3 

17 

11 

2 

31 

10 

8 

1 

9 

3 

79 

56 

14 

22 

5 

3 

3 

1 

10 

9 

24 

4 

11 

1 

3 

1 

10 

1 

5 

22 

5 

2 

1 

3 

13 

6 

3 

138 

38 

43 

8 

32 

9 

830 

768 

115 

113 

29 

3    ..   .. 

116 

41 

8 

3 

6 

62* 

32 

1 

1 

21 

5 

1 

1 

1 

4 

4 

1 

5 

2 

1 

10 

7 

1 

55 

23 

5 

9 

14 

5 

2 

10 

5 

1 

1 

2 

1 

40 

10 

7 

1 

10 

3 

146 

51 

43 

15 

16 

2 

98 

50 

3 

21 

10   .. 

6 

1 

1 

5 

1 

27 

7 

4 

24 

7 

1 

3 

9 

5 

1 

3 

130 

51 

18 

3 

38 

10 

450 

359 

32 

25 

16 

537 

192 

92 

27 

76 

13 

686 

470 

37 

26 

72 

17   .. 

97 

55 

14 

1 

8 

28 

5 

8 

5  2 

4  1  .  .  2 
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wen-  38,930  in  number     average  per  yeai  1       or 

11    1    per  cenl       In   the  chemical   industry,  according 
to  Table   I,  the  percentage  of    patents  issued   for  in- 
ventions   made    and    to    patentees    domiciled    abroad 
I  nan  five  times  a:    jreat,  namelj  6  ■  per  cenl . 
Pable   II   gives  the  average    number  of  patents  is- 
sued   in    the    United    States   yearly   during    njoo   and 
[910,  average  number  and  percentage  quota   oJ 
ents  relating  to  chemicals  only,  granted  according   to 
nationality     and     domicile     of     patentees.     Patentees 
1  birth  residing  in  the  United  States,  whether 
or  not    citizens   of   this   country,    are    included    among 
American  patentees. 

TABLl      II  VVE8.M11      \l\IIUR    Ol     TulAI.    AND    CHEMICAL    PATENTS    ISSUED 

to  Foreigners  hiking  1900-1910. 

Percentage 

Average  number     Average  of  chemical 

of  all  patents       number  of  patents  is- 

issued  between      chemical  sued  to 

To  citizens  of             1900  and  1910.      patents.  citizens  of 

United  States 27,375                 1S5  0.5 

Germany 1,043                  175  16.8 

Great  Britain 900                     21  2.3 

France '323                     IS  5.7 

Switzerland 87                     17  2.0 

The  low  percentage  of  chemical  patents  taken  out 
by  citizens  of  the  United  States  is  of  course  due  to  the 
great  number  of  patents  granted  to  American  citizens 
in  other  industries  and  as  such  would  be  without  any 
special  significance,  were  it  not  for  the  fact  that  the 
absolute  number  of  chemical  patents  taken  out  by 
citizens  of  the  United  States  in  their  own  country  is 
considerably  smaller  than  the  number  of  patents 
issued  in  the  U.  S.  to  foreigners  collectively  and  even 
smaller  than  the  number  of  patents  issued  in  the 
U.  S.  to  Germans  only.  This  preponderance  of  in- 
ventors residing  abroad,  especially  German,  in  the 
chemical  industry,  applying  for  United  States  patents, 
has  been  pointed  out  already  in  the  Census  study 
referred  to  above  (Loc.  cit.,  p.  759),  the  result  being  as 
follows: 

During  the  decade  of  1 890-1 900  there  were  granted 
in  the  United  States  622  patents  for  "Carbon  Dyes" 
and  312  patents  for  "Carbon  Compounds,"  other  than 
dyes.  Of  these,  609,  or  97.9  per  cent.,  and  281,  or 
90  per  cent.,  respectively,  were  issued  to  foreigners 
abroad,  principally  Germans.  Table  III,  summa- 
rizing the  salient  features  of  Table  I,  shows  that  dur- 
ing the  decade  following  this  proportion  had  changed 
very  little,  if  at  all. 

Table  III. — Summary  of  ChemicalPatents  Issued  in  the  U.  S.  between 
1900  and  1910,  by  Character  of  Patent  and  Domicile  of  Pat- 
entee. 

Patents  for  car- 
bon compounds 
and  bleaching 
and  dyeing  All  other 

All  patents.  processes.  patents. 

Issued.  Assigned.  Issued.  Assigned.  Issued.  Assigned. 

Total 4068          2087  1738  1353          2330          734 

American 1552            524  200  75          1352          449 

German 1754          1324  1247  1111            507          213 

Foreign,         all 

other 762     239  291  167     471     72 

This  table  shows  that  the  total  number  of  patents 
issued   during   the   period   under   consideration,    i.    e., 


4068,    only    [ 552,    or   38    per   cent.,    were    taken    out   by 

resident    Americans.     Germans    residing    in    German] 
obtained    17s!  patents,  or  over  43  per  cenl  ,  and  76a 

patents,  or  little  less  than    1 1/  per  cent.,  were   issued  to 

other  foreigners  residing  abroad,      In  the  groups, 

bon  Compounds,  Bleaching  and  I  >■■  1  m\   Processes,"  1738 

patents  were  issued,  of  which  only  200,  or   m 

cent.,    were    applied    for    by    American    citizens.      This 
nl  ly    indicates  a   slight   pr<  . 

ceding  decade;  yet  such  a  condition  must  be  adn 
to  be  far  from  satisfactory  considered  from  an 

of   view  and   least  satisfactory   when    1  rial   loss 

arising   from   such   a  situation   is  computed,   sin 
groups  mentioned  constitute  probably  the  most  profit- 
able branches  of  the  chemical  industry. 

The  statement  has  been  made  therefore  thai 
fact  that  a  patent  was  assigned  prior  to  its  is 
to  some  degree  a  measure  of  its  immediate  industrial 
utilization,  and  this  is,  for  obvious  reasons,  even  more 
true  in  the  case  of  foreign  applicants.  The  number 
of  patent  assignments  given  in  Table  I  specifically 
for  each  country,  and  in  a  summary  wayr  in  Table  III, 
is  therefore  of  some  significance.  Expressed  in  per- 
centage for  the  whole  of  the  field  covered  by  this 
table  they  are  as  follows: 

Percentage  of  U.  S. 
chemical  patents 
Assignee  residing  in:  assigned  before  issue. 

United  States 38.8 

Per  cent. 

United  Kingdom 21.2 

France 16.3 

Germany 75  .5 

Switzerland 87  .4 

Patents  issued  to  Swiss  citizens  cover  almost  ex- 
clusively Carbon  Dyes  and  other  carbon  compounds, 
both  industries  being  highly  developed  in  that  coun- 
try and  carried  on  by  large  corporations  almost  ex- 
clusively in  the  district  of  Basle.  The  proximity  to 
Germany  and  a  patent  legislation — since  changed — 
which  permitted  the  infringement  of  foreign  patents, 
are  largely  responsible  for  the  growth  of  these  manu- 
facturers in  Switzerland. 

Table  III  gives  the  number  of  all  patents  issued  to 
Germans  living  in  Germany  during  the  period  cov- 
ered at  1754,  of  which  1324,  or  75.5%,  were  assigned 
before  issue.  The  highest  ratio  of  these  assignments 
is  reached  in  inventions  relating  to  Carbon  Dyes, 
namely  685  out  of  801,  or  about  98  per  cent.  One  ad- 
ditional point  as  brought  out  in  this  table  deserves 
emphasis.  Of  the  1754  patents  issued  for  German 
inventions,  1247,  or  a  little  over  71  per  cent.,  related 
to  carbon  Dyes  and  compounds  and  bleaching  and 
dyeing  processes,  in  all  only  5  subdivisions  out  of 
more  than  40  accounted  for  in  Table  I.  The  number 
of  the  assigned  inventions  was  11  n  out  of  1247,  or 
practically  90  per  cent.,  and  of  these,  as  is  shown  in 
Table  IV,  844  inventions,  or  68  per  cent.,  were 
assigned  to  only  four  companies,  who  in  connection 
with  one  other  company  by  an  interchange  of  stock 
and  division  of  profits  under  an  agreement  to  last 
50  years  from  1904,  work  on  a  "community  of  inter- 
est"   plan,    as   revealed   by   their   own    reports.      (H. 
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Schultze,  Entwicklung  der  diem.  Industrie,  Halle,  1908,  tion  of  improved  manufacturing  processes  as  applied 

p.  786.)  to  specific  products  covered  by  patents. 

Table   IV.— American    Patents    Assigned   to   Specific   German    Com-  In    the    earlier    times    of  Our    industrial  development, 

panies,  between  1900  and  1910.  sucn  a   provision  of  law  may  have  had  its  justifica- 

ing  and  tion.     Inventions  were  then  largely  due  to  the  efforts 

Carbon    dyeing  of  single  individuals  working  along  certain  lines  with 

com-      pro-       Carbon  little  fear  of  interference.     The  inventions  wanted  in 

Name  of  company.                           pounds,    cesses.          Dyes.            Total.  .                     . 

„    ,_  ■>    <■••      t-    u  complexitv,    their   value   could   be   more  easilv  appre- 

Aktiengescllschaft     fur     I'arben,  .                                                                                                      . 

Berlin 91              48              58  ciatcd,    the   utilization    was    more    immediate,    the   re- 

h adische  Aniiin  Fabrik. .. . . —      34          34            188            256  suiL    m0re   direct.     The   progress   of   science   and   the 

af^                                           104           19            217            340  interdependence  of  its  several  branches  have  changed 

Mcister  Lucius  &  Bruening 58           17             115             190  these    conditions    entirely.      Only     in     rare     instances 

can  one  single  man  overlook  the  entire  field  of  work 

Total 205              71                 568                844  .               6. 

Total  patents  issued  to  Germans.    450          96            701           1247  m  which   he  is  engaged.       The  personal  element,   pre- 
viously so  large  a  factor,   has  gradually  been  elimina- 
A    patent    is    essentially    a    monopoly,    maintained  ted   to    a   great   extent   and    the   noteworthy   achieve- 
with   the  consent   and  enforced   with   the  help   of  the  ments   of   to-day   in   science,  and  in  industry   as   well, 
government.     Its  prime  object  and  recognized  social  are  tne  results  of  many  brains  focused  upon  the  same 
value  consists  in  promoting  the  material  development  object,    sometimes    working    together,    often    working 
of  industry  in  the  country  of  issue.     Viewed  from  this  independently,    but    always    influencing  ■  one    another, 
t,  it  seems  that  the  development  of  the  chemical  It  ;s  tne  collective  product  of  the  mass  and  not  the 
industry    in    the    United    States    has    not    kept    pace  individual  product  of  the  unit.      In  no  branch  of  in- 
with  the  number  of  patents  issued.      Our  patent  laws  dustrial   and   scientific    activity   perhaps   is   this   prin- 
are  stringent  as  to  novelty  and  lenient  to  the  inventor  ciple  0f  cooperation  better  illustrated  than  in  chemis- 
or  his   assignees.     These   practically   certify   the   first  try  and  nowhere  has  it  been   accompanied  by  more 
and  give  far-reaching  protection  to  the  latter— much  beneficent  results  for  society-at-large.       The  industrial 
more  protection  than  in  any  other  country— because  anci  scientific  progress  of  chemistry  is  to-day  carried 
the  American  law  recognizes  the  patentability  of  the  on   jn   huge  establishments  by  any  army  of'  workers 
product  as  such,  so  that  no  other  process  or  improve-  each  contributing  his  share  towards  the  whole.     This 
ment  thereof  can  touch  it  during  the  life  of  the  patent  results  daily  in  the  discovery  of  many  new  products, 
in  the  United  States  except  with  the  consent  of  the  some   0f    immediate,    others    of   potential   commercial 
original  inventor  or  his  assignees.  value,   and  for  this  reason  the  practice  of  protecting 
This    feature    permitting    a    product    patent    and  all  new  discoveries  by  patents  has  become  universal. 
specific  only  of  the  American  patent  law  presents  a  But  in  most  industrial  countries,  the  patent  protects 
serious  problem  especially  in  its  relation  to  the  chem-  the  process  only  and  for  their  own  protection  the  in- 
ical    industry.     In    this    industry    the    product    is    of  ventor  and  his   assignees  are  therefore  compelled   to 
paramount  importance.      The  process  by  which  a  given  experiment    in    all   possible    directions   that   may   con- 
product   is   obtained   is   not   absolutely   characteristic  ceivably  lead  to  the  same  product  in  order  to  insure 
thereof,   because  the  same  product  may  be  obtained  for  themselves  the  reward  coming  from  its  manufac- 
in  different  ways,   varying  only  little  or  none  at  all  ture.      If,    on    the    other    hand,    the    material    reward 
in    the    degree    of    commercial    feasibility.     But    it    is  arising   from  a  certain  specific  chemical  manufacture 
self-evident  that  under  the    American  law  the  owner  be  sufficiently  large,  competitors  will  be  drawn  to  it 
of  a  product   patent   can    prevent   the   manufacturer  and   these    will   bend   their   energies   toward   devising 
of  this  product  by  others,  even  if  their  process  were  new  processes  in  order  to  be  able  to  take  up  this  manu- 
entirely  new  and  not  merely  an  improvement  on  the  facture    without     infringing    upon    existing    patents, 
original    process,  and   though    this   new   process   were  The  result    is  doubly  beneficent,  not  only  because  it 
preferable    materially,   or    otherwise    offered    induce-  stimulates    legitimate    rivalry,  but    more   so  perhaps 
i   ments  for  its   adoption.     In   the   end,   such   a  policy  because   work   along   such   lines   is   bound  to   lead   to 
,  works  against  industrial  progress  or  against  the  basic  discoveries    often    entirely    unforeseen    and    pre-emi- 
j  purpose  of  all  patent  legislation.  nently    useful.      But    where    the    patent    covers    the 
The  liberal  intention  of  the  law  to  give  the  original  product,    irrespective    of   the    process   for   its    manufac- 
'•  inventor  as  much   opportunity  as  possible  to  derive  ture  as  in  the  U.  S.,  the  tendency  will  be,  for  obvious 
material  benefit  from  his  invention  may  be  considered  reasons,    toward    stagnation.     This    feature    is    borne 
commendable    if    the    interests    of    the    inventor   were  out    statistically,    though,    of   course,    only    in    a    very 
!  the   sole   factor   to   be   looked    after.     This,    however,  inconclusive  way,  for  want  of  adequate  data,  as  follows: 
[  is    not   the    case'.     A    patent    is    a    contract    between  Table  IV  shows  that  the   four   German  companies 
the  patentee  and    society-at-large,  a  quid  pro  quo,  in  there  mentioned  had  secured  on  an  average  about  8o 
which  the  interests  of  the  state  are  entitled  to  at  least  patents  per  year  in  the  United  States.     These  same 
equal  consideration  with  those  of  the  inventor.      It   is  four  companies  have  taken  out  in  1907,  which  if  any- 
a  debatable  question  whether  these  interests  are  suffi-  thing  was  rather  an  off-year  in  Germany,  181  patents. 
<  iently  protected  where  an  individual,   single  or  cor-  (James  Baron,  "Chemical  Industries  on  the  Continent," 
rate,   possesses  legal  power  to  prevent  the  utiliza-  1909). 
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Thei  1  i  ■  ' ■!  another  importanl  feal ure  to  the  CJ,  S. 
patenl  laws,  tiol  found  in  mosl  othej  industrial  coun- 
tries, which  in  the  opinion  oi  competent  observers 
is  not  calculated  to  promote  industry  and  by  which 
the  chemical  industries  especially,  owing  to  their 
peculiar  nature,  are  negativelj  affected. 

Contrary  to  the  requirements  of  the  patent  laws  of 
most  other  industrial  countries,  the  Unites  Stale 
does  not  specify  compulsory  working  of  the  patent 
issued,  but  permits  the  patentee,  and  him  only,  to 
import  his  products  into  the  United  States  from 
whatever  place  he  chooses,  giving  him  a  monopoly 
of  the  market  without  imposing  upon  him- any  obli- 
gation or  demanding  of  him  any  equivalent  except 
the  minimum  fee  paid  originally  to  the  Patent  Office. 
In  the  case  of  the  American  inventor  such  a  situation 
will  develop  only  under  exceptional  circumstances; 
with  the  foreigner,  however,  it  is  for  obvious  reasons 
the  rule,  in  the  chemical  industry  especially.  The 
American  market  is  the  most  valuable  in  the  world 
and  the  foreign  inventor  or  his  foreign  assignees 
naturally  take  all  the  advantage  that  the  law  gives 
them  to  exploit  this  market  as  profitably  as  they  can. 
This  very  largely  accounts  for  the  tardiness  with  which 
the  chemical  industry  develops  in  the  United  States, 
especially  in  those  branches  which  depend  prepon- 
deratingly  upon  inventions  and  therefore  cannot  be 
gaged  by  any  tariff  legislation  under  the  theory  of 
cost  equalization  or  under  any  other  theory. 

Up  to  1907  the  English  patent  laws  did  not  require 
compulsory  working  in  England  of  patents  issued 
there,  but  the  situation  became  so  unbearable  that 
the  law  was  changed  and  the  compulsory  working 
feature  established  with  the  result  that,  according  to 
a  report  in  the  London  Times  (March  23,1911)  up  to  1911 
50  foreign  firms  had  begun,  or  were  about  to  begin, 
manufacturing  in  England,  involving  an  investment  of 
about  $4,000,000  and  the  employment  of  nearly  7,000 
wage  earners,  with  a  weekly  pay  roll  of  $40,000. 
This  did  not  include  the  large  number  of  licenses 
granted  by  the  patentees  to  English  manufacturers 
under  the  best  conditions  obtainable,  choosing  this 
alternative  rather  than  suffer  the  threatened  repeal 
of  the  patent.  German  and  American  interests  were 
particularly  affected  by  this  change  in  the  law  and 
the  manufactures  introduced  were  those  of  filaments 
for  electric  lamps,  photographic  films  especially  for 
the  cinematograph,  anilin  dyes,  medicines,  glazes, 
oxygen,  etc.,  all  practically  chemical  manufactures, 
besides  processes  for  making  mercerized  cotton,  and 
food  products  (which  are  related  chemical  indus- 
tries). 

With  reference  to  France,  it  has  been  stated  on 
good  authority  that  many  firms  engaged  in  the  chem- 
ical industry  in  that  country  are  controlled  by  for- 
eigners, and  this  also  is  largely  due  to  the  compulsory 
working  feature  of  the  French  patent  laws.  Ger- 
many imposes  the  same  obligation,  though  it  is  waived 
in  favor  of  American  patentees.  In  the  United  States, 
practically  single  in  this  respect  among  the  indus- 
trial nations  of  the  world,  the  progress  of  the  chem- 
ical industry  as  reflected  by  the  patents  issued  must 


be  traced  not   by  the  broadening  ol   the  domestic  p 
duction  but  in   the   imports  only. 

What  has  been  said  above  is  to  be  considered  as  an 
atti  mp1  to  point  out  anew  those  fundamental  charac- 
teristics of  our  patent  legislation  which,  in  their  bear- 
ing upon  the  chemical  industry  at  least,  are  calculi : 
to  retard  rather  than  to  promote  the  development  of 
manufactures  in  the  United  States.  It  must  be 
recognized  that  chemical  manufactures  arc:  but  a  small, 
even  if  a  very  important  part  of  our  industrial  struc- 
ture. Expressed  in  the  number  of  patents  taken  out, 
the  figures  quoted  before  show  that  scarcely  more 
than  one  per  cent,  of  patents  issued  cover  inventions 
properly  called  chemical.  Thus,  even  if  admitting 
that  this  small  percentage  is  in  a  large  measure  the 
result  of  a  retarded  development  and  should  there- 
fore the  readier  call  for  corrective,  it  is  obvious  that 
from  the  viewpoint  of  national  economy  no  legisla- 
tive remedial  measures  may  be  expected  unless  it 
can  be  demonstrated  that  the  interests  affected  ad- 
versely are  considerably  greater  than  indicated,  or 
that  correction  can  be  applied  without  prejudice  to 
the  many  other  complex  questions  involved. 

As  American  chemists,  however,  working  in  the 
United  States,  and  virtually  affected  by  the  status 
of  the  chemical  industry  here,  we  are  preeminently 
interested,  and  it  is  our  duty  to  see  that  the  proper 
conditions  for  the  natural  development  of  our  indus- 
try be  maintained  and  all  barriers  affecting  it  nega- 
tively be  removed.  No  one  at  all  acquainted  with 
the  subject  will  deny,  and  a  study  of  the  foreign 
trade  statistics  will  immediately  show,  that  the  build- 
ing up  of  the  chemical  industry  in  this  country  has 
been  extremely  one-sided.  The  manufacture  of  heavy 
chemicals,  on  the  one  hand,  is  in  most  respects  on  an 
equality  with  the  best  anywhere,  and  the  same  is 
true  of  the  staple  organic  and  medicinal  chemicals. 
The  manufacture  of  so-called  fine  chemicals,  however, 
and  especially  of  coal  tar  and  coal  tar  products,  is 
sorely  inadequate,  retarded  or  even  dwarfed  if  you 
will.  And  this  is  not  for  want  of  raw  materials  or 
other  primary  elements  essential  for  the  existence  of 
such  manufactures,  but  more  so  because  both  tariff 
and  patent  legislation  have  created  a  situation  forc- 
ing enterprise  in  one  direction  and  preventing  it  be- 
coming engaged  in  the  other.  Unlike  the  heavy 
chemical  industry,  the  manufacture  of  fine  chemicals 
and  of  coal  tar  products  derives  its  profitableness 
exclusively  from  patents.  The  greatest  material 
gain  comes  during  the  life  of  the  patent,  owing  to  the 
monopolistic  character  of  the  latter,  and  naturally 
the  profit  is  not  lessened  or  otherwise  interfered  with 
however  high  the  duty  may  be  put,  so  long  as  domes- 
tic production  is  made  impossible  and  imports  are 
permitted,  as  is  the  case  in  the  U.  S.  Here,  if  any- 
where, the  consumer  pays  the  full  duty.  After  the 
patent  has  expired  the  specific  product  may  have  gone 
largely  or  entirely  out  of  use,  or  the  owner  of  the  pat- 
ent will  have  gained  so  much  experience  that  he  can 
lessen  very  materially  the  cost  of  production  and  con- 
sequently also  the  selling  price  without  affecting 
much   the   rate   of  profit,   or  he  will  have   developed 
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some  new  manufactures  along  the  same  line,  obtain 
patent  protection  for  them  and  the  profit  from  these 
will  be  sufficient  to  compensate  him  for  the  dimin- 
lales  and  profits  on  the  original  product.  Com- 
petitors who  take  up  the  manufacture  of  article's, patents 
on  which  are  about  to  expire,  expect  to  live,  so  to 
on  the  gleanings  left  on  the  field  after  a  rich 
harvest.  In  the  United  States,  with  reference  to  chem- 
ical manufactures  especially,  the  government  is  ex- 
pected to  equalize  by  tariff  legislation  conditions  which 
have  become  unequal  in  time  and  the  economic  handicap 
cannot,  therefore,  be  eliminated  without  putting 
serious  burdens  directly  or  indirectly  on  the  consumer. 
That  industries  can  be  legitimately  and  should  be 
deliberately  promoted  by  judicious  tariff  legislation 
is  not  open  to  much  controversy  in  this  country,  but 
tariff  legislation  is  but  one  out  of  the  many  factors 
influencing  our  enormously  complex  industrial  life, 
and  as  far  at  least  as  chemical  manufactures  are  con- 
cerned, judicious  patent  legislation  is  undoubtedly 
of  equal  importance  with  the  former.  It  was  the  pur- 
pose of  this  paper  to  point  out  and  to  emphasize  this 
importance,  and  the  extent  to  which  this  has  been 
accomplished  will  express  the  degree  of  justification 
for  its  having  been  presented  before  this  society. 


THE  ABUSES  OF  OUR  PATENT  SYSTEM.1 
By  L.  H.  Baekeland. 
Received  April  10,  1912. 

A  recent  decision  of  the  Supreme  Court  (Sidney 
Henry,  el.  al.,  vs.  A.  B.  Dick  Co.,  March  n,  191 2. 
No.  20,  October  Term,  191 1)  upholding  the  right 
of  patentees  to  dictate  under  what  conditions  a 
patented  article  shall  be  sold,  or  shall  be  licensed, 
has  become  the  object  of  much  criticism.  One  of 
our  newspapers  repeats  the  comment,  that  this  deci- 
sion could  be  interpreted  to  its  extreme  limits  so  as 
to  mean  that  "it  would  enable  the  patentee  of  a  win- 
dow frame  to  dictate  that  all  the  material  of  a  house 
!n  which  the  frame  was  to  be  used  must  be  procured 
>y  him."  But  that  argument  overlooks  the  fact 
hat  nobody  is  compelled  to  buy  that  particular 
>a tented  window  and  that  the  publie-at-large  can 
mrchase  any  other  window  frame  not  patented,  or 
if  which  the  possession  is  not  submitted  to  any  re- 
strictions. The  Supreme  Court  decision  simply  means 
hat  the  owner  of  a  patent,  in  selling  or  licensing 
mder  it,  has  the  same  privileges  that  the  owner  of 
my  other  private  property  has.  For  instance,  the 
Toprietor  of  a  lot  can  sell  it  with  the  restriction  that 
I  any  house  is  to  be  built' on  it,  the  materials  for  this 
iuilding  shall  be  purchased  from  him.  It  all  depends 
vhether  the  purchaser  is  willing  to  submit  to  these 
erms  or  prefers  to  forego  acquisition  under  such  re- 
jtnetions.  To  assail  this  decision  of  the  Supreme 
tourt,  is  to  deny,  the  elementary  rights  of  private 
roperty,  or  to  deny  that  a  patent  is  private  property. 
Justice  Lurton,  in  expressing  the  majority  opinion  of 
he  Supreme  Court,  very  correctly  says:  "When  the 
■atent  expires,  the  public  will  be  free  to  use  the  inven- 
ion  without  compensation  or  restriction." 

1  Paper  presented  at  the  joint  meeting  of  the  Am.  Chem.  Soc,    Am. 
lectrochem.  Soc,  and  the  Soc.  of  Chem.  Ind..  New  York,  April  19.  1912. 


Outside  of  tins  limitation,  why  should  restrictions  be 
put  upon  ownership  of  patents,  which  do  not  exist  for 
other  forms  of  private  property?  An  invention  is  the 
creation  of  something  which  did  not  exist  before.  Is 
the  creator  of  this  invention  not  entitled  to  undisturbed 
ownership,  at  least  for  a  short  period  of  17  years,  when 
the  ownership  of  real  tate,  or  other  private  property 
is  undisturbed  and  continues  forever? 

And  yet,  real  estate  always  existed  long  before  it  got 
in  the  hands  of  private  owners.  Its  mere  possession 
does  not  imply  any  special  merit,  nor  does  the  private 
ownership  of  real  estate  confer  any  benefit  upon  the 
community.  Nevertheless,  real  estate  can  be  left  idle 
at  the  whim  of  the  owner,  who  in  the  meantime 
benefits  by  the  enhanced  value,  the  unearned  increment, 
conferred  upon  his  property  through  the  enterprise  of 
the  community  at  large,  and  more  especially  by  the 
enterprise  of  his  immediate  neighbors,  who  take  the 
trouble  and  the  risk  to  develop  their  own  real  estate, 
while  he  just  remains  inactive. 

So  that,  in  this  and  many  other  ways,  the  owner  of 
real  estate,  or  other  private  property,  has  an  incom- 
parably greater  scope  of  unquestioned  property  rights 
than  a  patentee.  Furthermore,  these  rights  do  not 
cease  after  17  years,  but  continue  forever. 

It  is  a  significant  fact  that  in  many  cases,  the  persons 
who  object  most  to  patent  rights  are  just  those  who 
have  lived  in  surroundings  where  industrial  or  in- 
tellectual development  is  least  apparent. 

In  some  parts  of  the  country,  the  word  "patent"  is 
scarcely  known,  and  the  conception  of  a  higher  class 
of  property  than  that  which  is  merely  acquired  by  in- 
heritance or  money  purchase  is  difficult  to  understand. 
On  the  other  hand,  the  conception  of  intellectual 
property  rights  is  one  of  the  symptoms  of  a  higher 
state  of  civilization. 

I  may  point  out  on  this  occasion  that  the  little  state 
of  Connecticut  takes  out  more  patents  than  all  the 
Southern  states  together. 

Most  people  imagine  that  patent  laws  are  for  the 
exclusive  benefit  of  inventors,  and  this  regrettable 
mistake  leads  to  many  misunderstandings.  Were 
this  opinion  correct,  patent  laws  would  mean  class 
legislation,  and  would  be  as  unfair,  as  undemocratic, 
as  unwholesome,  and  as  dangerous  as  any  other  class 
legislation. 

But  the  patent  laws,  as  framed  under  the  Consti- 
tution of  the  United  States,  are  primarily  conceived 
for  the  benefit  of  the  nation.  No  country  has  bene- 
fited more  by  its  patent  system  than  the  United  States. 
Compare  the  tremendous  industrial  development  of 
such  nations  which  have  liberal  patent  laws,  like 
the  United  States,  Germany  and  England,  with  that 
of  the  Latin  countries,  where  patent  laws  are  less 
favorable  to  the  inventor. 

There  is  one  civilized  country,  Holland,  which  until 
recently  had  no  patent  law  whatever,  and  allowed  the 
unrestricted  use  of  any  invention.  This  ought  to 
have  been  the  Paradise  of  Infringers ;  it  was  easy  enough 
to  use  freely  in  Holland  processes  patented  in  other 
countries,  and  to  distribute  from  there,  infringing 
goods   to  all   the  countries  of  the   world.     Yet  what 
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was  the  result?  Holland,  with  her  highlj  developed 
commerce,  hei  abundanl  money  supply,  with  a  race 
i.i  1 1 1 1 ■  Higi  n1  and  enterprising  men,  remained  indus- 
trially undeveloped,  and  still  ranks  as  one  o!  the  least 
industrial  among  the  countries  oi  the  world.  Why? 
nise    there    was    no    incentive    to    saddle    oneself 

with  all  the  risks  and  outlays  of  starting  a  new  enter- 
prise or  "i  improving  methods  for  manufacture,  know- 
ing beforehand,  that  in  ease  of  success,  one's  neighbor 
could  simply  do  the  same  thin;;  without  any  restric- 
tion whatsoever, 

The     I'aet     that     g I     patent     legislation     is     for    the 

benefit  of  the  whole  nation  is  too  often  lost  sight  of, 
and  it  behooves  every  good  citizen  of  this  country 
to  help  improve  our  patent  laws  and  the  administra- 
tion thereof.  A  patent  is  simply  a  contract  between 
the  nation  and  an  individual,  the  inventor.  by  that 
contract  the  inventor  discloses  to  the  community-at- 
large  the  results  of  his  intellectual  work;  by  doing  so, 
he  enables  others  to  get  acquainted  with  his  work, 
and  to  improve  thereon,  and  this  stimulates  further 
research,  invention  and  enterprise.  You  will  find 
that  newly  disclosed  patents  are  usually  followed  in 
rapid  succession  by  several  improvements  thereon, 
conceived  by  others,  but  patterned  on  the  original 
invention.  The  inventor,  in  disclosing  his  secrets, 
confers  a  benefit  on  the  nation,  and  the  nation,  in  re- 
turn, gives  him  for  a  rather  short  number  of  years 
the  sole  use  of  his  invention — followed  immediately 
afterwards  by  absolute  confiscation  in  favor  of  the 
public.  The  period  of  this  limited  monopoly  is  none 
too  long  if  we  take  into  consideration  the  time  it  takes 
to  develop  an  invention  into  commercial  shape;  in 
many  cases,  inventions  reach  the  money-earning 
stage  only  after  the  patents  on  which  they  are  based 
have  expired.  In  the  meantime,  the  disclosures 
made  by  the  inventor  stimulate  enterprise  and  further 
invention,  and  induce  the  ideal  form  of  competition 
by  improvement  most  advantageous  for  the  consumer 
— competition  by  improvement.  So  that,  practically, 
the  granting  of  a  patent  is  simply  a  business  contract 
between  two  interested  parties:  the  nation  and  the 
inventor. 

Up  to  this  point  everything  goes  well  enough.  Our 
patent  laws,  although  not  perfect,  are  generally  con- 
sidered as  a  model  of  good  patent  legislation;  they 
were  conceived  in  a  broad  and  fair  spirit,  and  the  best 
answer  to  those  who  find  too  much  fault  with  them  is, 
that  in  all  foreign  countries,  including  Germany, 
whenever  a  modification  has  been  made  in  their 
patent  laws,  the  change  has  always  brought  them 
a  step  nearer  to  the  American  patent  system. 

The  real  trouble  begins  when  this  business  con- 
tract between  the  nation  and  the  inventor  has  to  be 
enforced.  It  is  there  that  the  patentee  does  not  get 
"a  square  deal."  After  the  inventor  has  faithfully 
performed  his  part  of  the  contract,  and  has  disclosed 
his  invention  to  the  nation,  the  nation  hands  him  a 
"gold  brick." 

Woe,  indeed,  to  the  poor  inventor  who  tries  to  en- 
force his  rights  against  wealthy  infringers,  aided  by 
skilful    lawyers.       His    well    engraved    United    States 


patent    | larchmenl    maj     then    becorm 

i >i  ent ranee  to  tin    pooi    house,  or  to  th(    lunat 

him.       All    this   tends   to  d  invention 

dependent    individuals    and    paralyzes    the    stimuJu 
t  ion    of    invent  ion    our   Constil  ut  ion    intended    I  • 
in.  ite  bj   i  he  |  latent  law. 

In    other    words,    although    the    patent    law    of    the 

1   1  States  is  about  as  line  a  piece  ol    good    pi 

sive  legislation  as  was  ever  conceived,  its   ei 
in  the   United  States  courts  is  subject  to  so  ma 
certainties,  complications,    delays,    and    to    such 
ble    expenses,    that    the    man    with    limited    n 
is  at  an  inexpressible  disadvantage 

If  any  one  asks  my  advice,  whether  he  should  take 
out  a  patent  or  not,  my  invariable   answer  ii 
you   find   the   money   to   defend   your   right   in   court'' 
It   not,  do  not  waste  any  time  or  money-  on  a  patent." 

Here,  then,  is  an  instance  of  a  beneficent  are 
planned  law,  meant  to  be  fair  to  everybody,  and  which 
through  absurd  rules  of  practice  and  procedure,  as 
sanctioned  by  American  courts,  has  entirely  deviated 
from  its  purposes.  Meant  to  stimulate  research  and 
industrial  development,  it  has  merely  become  a  pre- 
text of  playing  bluff  against  bluff,  trick  against  trick, 
by  skilful  acrobats  of  the  profession  of  law. 

As  our  patent  law  is  used  now,  it  is  certainly  a 
Godsend  for  large  corporations,  lawyers  and  experts. 

About  three  years  ago,  one  of  the  most  successful 
law  practitioners,  a  candid  man,  declared  publicly 
before  the  N.  Y.  Section  of  the  American  Chemical 
Society  [This  Journal,  i,  201  (1909)]  that  as  he 
was  about  to  retire  from  business  he  had  no 
further  hesitation  in  stating  that  in  the  many 
patent  cases  he  had  won  for  his  clients,  the  latter 
seldom,  if  ever,  got  any  settlements  for  damages, 
and  if  they  did,  it  was  a  mere  fraction  of  the  fees  he 
had  collected  from  them  for  defending  their  case;  he 
took  the  occasion  to  ridicule  the  absurd  conditions 
prevailing  in  our  courts,  which  make  this  possible. 
Some  experts  reap  just  as  golden  a  harvest  by  this 
state  of  affairs.  Not  so  long  ago  I  overheard  a  chem- 
ist, whose  specialty  is  to  testify  in  patent  cases,  dis- 
cussing with  an  opposing  expert  a  patent  case  in  which 
he  was  retained;  his  conversation  was  boisterous 
enough  that  any  one  present  could  hear  it:  "This 
is  the  most  interesting  patent  we  ever  had  in  that 
line,"  he  said.  "Do  you  realize  the  fact  that  this 
means  for  you  and  me -at  least  five  thousand  dollars 
a  year  for  at  least  five  years  and.  .  .  .",  he  significantly 
added,  "this  will  give  us  an  opportunity  to  learn  much 
organic  chemistry?" 

This,  indeed,  is  the  way  some  experts  get  their 
knowledge  of  chemistry:  their  clients  pay  for  their 
tuition. 

As  for  wealthy  corporations,  it  has  become  obvious 
that  the  skilful  handling  of  patent  cases  places  them 
at  an  untold  advantage  against  their  smaller  competi- 
tors. For  them,  a  well  organized  patent  department 
is  a  reliable  machine,  where  money  is  the  lubricant. 
This  machine,  in  its  slow-but-sure  grinding  way,  can 
reduce  to  pulp  any  of  the  smaller  competitors.  For 
large  corporations,  the  maintenance  of  such  a  machine 
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with  a  staff  of  lawyers  ami  experts,  is  merely  a  small 

pense.      By  its  aid,  they  can  bluff  their  <■ 
competitors    into    quick    submission.      If    tins    is    not 
successful,  they  can  drag  ou1  a  patent  suit  indefinitely, 
until   the  weaker  opponent,  unable  to  bear  the  ever- 
increasing  expenses,  collapses  and  withdraws. 

■  tactics  are  we'll  known  and  have  been  played 
;fully,    whether    it    was    to    uphold    a    worthless 
patent,  or  to  obtain  immunity  in  case  of  infringement. 
In  every  case,   the  wealthy  corporation  is  sure  of  the 
te  of  the  game  and   plays   "  Heads   I   win,   tails 
>e." 
Although  these  facts  are  sufficiently  known  by  all 
who    have   practical    acquaintance   with   patent   litiga- 
tion, the  public-at -large  is  ignorant  thereof,  and  cheer- 
fullv  imagines  that  the  inventor  has  a  sure  thing  and 
\  erything    comes     his     way.      We     hear     fairy 
i     the   fabulous   wealth   of    inventors.      I    know 
inventors,  and  very,  very  few  of  them  ever  ob- 
any  important  sum  of  money  by  their  inven- 
tions, as  such.      If  some  have  become  rich,  it  was  as 
manufacturers    or   as    business    men,    and    not    merely 
by  selling  inventions.      Most  patents  sold  as  such,  do 
not  even  repay  the  expenses  involved  in    the   prelimi- 
nary work  connected  with  them. 

As  matters  stand  now,  the  public  does  not  get  the 
ol    our  patent  laws;  and  the  law  thus  misses 
its  highest   purpose.      Our  degenerated  rules  of  prac- 
1  procedure  simply  serve  to  strengthen  the  rich 
and    mighty,    who   apparently   disburse   the   funds   for 
litigation,    but    in    the    end    make    the    consumer,    the 
public,    pay    the    bill.      But    the    consumer    does    not 
know  this,   and  in  his  cheerful  ignorance  believes,   in 
antime,  that  he  has  nothing  to  do  with  patent 
rid  patent  litigation,  so  the  matter  does  not  inter- 
est  him.      On    the   other   hand,    many    public-spirited 
,    disregarding  narrow-minded   professional   in- 
have  spared  no  pains  to  expose  this  condition 
of  affairs  and  have  urged  reforms. 

Why,    then,    should   this   state   of   affairs   have   per- 
10  long?     Why  should  our  otherwise    excellent 
laws   have  become   so   perverted   in    their   ap- 
plications?    Simply  again  through  the  sheer  indiffer- 
the    directly    interested    parties — the    public 
and  the  inventor. 

As  to  the  inventor,  he   is   most   to  blame.      I    have 
ew    inventors   who,  when  asked    for    a    remedy, 
did  not  come  out  right  away  with  impractical  or  far- 
fetched cures.      Most  of  them  want  to  make  a  radical 
change    in    every    department    of    our    patent    system, 
forgetting  that  it  is  easier  to  break  down  than  to  build 
'thcrs   suggest   pet    remedies   of   their   own,    but 
orst  of  all  is  that  no  two  inventors  can  agree  on 
■  the   subject.     In    justice    to    the    inventors,    I    should 
'  mention  that  most  of  the  lawyers  I   have  met  are  in 
''  the    same    predicament.      In    the    meantime,    the    real 
fact  is  that  very  few  reforms  are  necessary  in    order  to 
the  absurd  conditions  of  our  patent  system, 
1  and  these   reforms   can   easily  be   accomplished    if   we 
can  only  agree,  on  them.      This  I  shall  try  to   explain: 
Formerly,  all  patent  cases,  on  appeal,  went  by  right, 
from  the  lower  courts  to  the  Supreme  Court  of  the 


I  nited  States.  The  latter  court  not  onlj  rendered 
final  decisions,  but,  what  is  more  important,  saw  to  it 
that  the  proper  rules  oi  practice  and  procedure  were 
observed  in  the  lower  courts.  The  Supreme  Courl 
acted  practically  as  a  supervising  body  <>n  our  patent 
system,  and  lent  considerable  prestige  to  it,  but  through 
the  rapidly  increasing  development  of  this  country, 
the  cases  before  the  Supreme  Court  became  so  numer- 
ous that  finally  it  to  ,1  three  to  tour  years,  after  an 
appeal  was  filed,  before  a  case  could  be  heard.  This 
amounted  practically  to  a  denial  of  justice,  because 
some  of  the  patents  expired  before  their  case  was 
reached. 

So,  in  i.Sqi,  a  remedy  was  inflicted  which  has 
proved  to  be  much  worse  than  the  ailment.  Nine 
Circuit  Courts  of  Appeal  were  organized,  and  each 
court,  independently,  can  give  final  decision  in  patent 
cases.  This  has  brought  us  into  an  intolerable  condi- 
tion of  affairs.  Indeed,  each  Circuit  Court  of  Appeals 
can  adjudicate  only  for  its  own  circuit,  and  being  in- 
dependent of  control  by  any  other  Circuit  Court  of 
Appeals,  each  court  makes  decisions  as  it  thinks  right, 
based  upon  the  evidence  submitted  and  in  accordance 
with  its  own  view  of  the  law.  So  that  we  have  now 
the  absurd  condition  that  some  patents  are  valid  in 
some  parts  of  the  country  and  invalid  in  others.  Any 
litigant  with  much  money,  who  has  been  beaten  in 
one  circuit  can  carry  on  his  infringements  with  im- 
punity in  an  adjacent  circuit  or  drag  on  new  suits 
forever  and  a  day.  While  doing  so,  he  knows  very 
well  that  he  can  postpone  a  final  decision  as  long  as  he 
is  willing  to  pay  his  lawyers.  But  this  is  not  the 
worst  of  the  situation.  Since  the  Supreme  Court  of 
the  United  States  is  no  longer  by  right  the  final  arbi- 
trator in  case  of  appeal,  our  whole  patent  system  has 
lost  the  prestige  and  correcting  influence  of  a  final 
court, that  supervises  the  faithful  observance  of  proper 
rules  of  practice  and  procedure. 

I  am  told  that  we  have  some  good  rules  of  practice, 
formulated  long  ago  by  the  Supreme  Court,  but  that 
since  the  practical  elimination  of  this  court  in  patent 
cases,  lawyers  and  experts,  for  reasons  of  their  own, 
have  acquired  the  habit  of  disregarding  these  rules 
or  "waiving  them  by  courtesy"  for  reasons  of  their 
own.  I  am  even  told  that  if  these  rules  were  hon- 
estly adhered  to,  the  testimony  of  any  patent  suit 
could  be  ready  for  the  court  at  the  end  of  six  months. 

A  bill  for  a  court  of  Patent  Appeals  has  been  pend- 
ing now  before  Congress  from  year  to  year,  and  seems 
to  meet  with  almost  unanimous  approval,  even  from 
lawyers.  The  only  serious  opposition  seems  to  be 
on  the  part  of  some  politicians,  who  do  not  like  the 
idea  of  new  judgeships  being  created  while  their  polit- 
ical opponents  are  in  power.  If  this  argument  is 
kept  up,  the  bill  will  never  pass,  unless  we  unite  our 
voices  to  demand  it. 

Give  us  a  Court  of  Patent  Appeals  which  will  ren- 
der final  decisions  by  which  we  can  abide,  instead  of 
the  absurd  condition  of  affairs  where  one  Circuit  Court 
of  Appeals  can  oppose  its  decision  to  that  of  another. 
Give  us  a  Court  of  Patent  Appeals  which  shall  formu- 
late   and    maintain    common-sense    rules    of    practice 
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and   procedure     md    itop   bhe  abominable  custom   of 

taking    unrestricted    testimony    without    a    presiding 

judge.     Let   us  exclude  all  testimonj  which  has  noth 

to  'I"  with   the  case,  but  which   is  entered  as  a 

prolong    litigation    indefinitely;   as  a  pretext 

to  pad   the  records,  as  a   technical  dodge  to  drag  on 

ase,  and  to  defer  judgment;  as'a  means  of  saddling 

rer  opponent  with  ever-increasing    expenses 

until  he  staggers  under  the  load  and  is  ready  to  give 
up  the  fight,  it   in   the  meantime  the  term  for  which 

the   patent    lias   been    granted    has   not    expired.1 

Let  testimony  be  taken  in  open  court  as  it  is  done 
in  Germany,  in  England,  and  by  other  nations,  where 
cases  are  tried  and  settled  at  relatively  small  expense 
and  in  a  short  time,  instead  of  taking  many,  many 
years,  as  happens  here.  In  Germany  and  in  Eng- 
land, patent  infringements  are  treated  just  like  any 
other  violation  of  property  rights;  with  the  same 
severity  as  though  somebody  had  stolen  or  damaged 
another  man's  property. 

While  we  are  about  it,  let  me  mention  the  urgent 
need  of  a  new  patent  office  building.  That  awkward 
Greek  temple  in  F  street  was  acceptable  enough  when 
our  country  was  so  much  smaller.  It  now  has  be- 
come a  conjested,  cumbersome,  impractical  fire-trap  in 
in  which,  some  day,  all  the  valuable  records  of  pend- 
ing and  allowed  patent  cases  will  be  destroyed.  When- 
ever this  occurs,  and  it  may  happen  to-morrow,  it 
will  prove  a  real  calamity  for  those  of  our  manufac- 
turers whose  business  is  dependent  on  patents.  That 
fire  will  give  unusually  unfair  opportunties  of   mak- 

1  Judge  Hough,  in  giving  his  opinion  in  the  famous  Seldon  case,  where 
36  huge  volumes  of  printed  testimony  were  submitted,  took  occasion  to 
denounce  our  absurd  methods  of  patent  litigation,  as  follows: 

"It  is  a  duty  not  to  let  pass  this  opportunity  of  protesting  against  the 
methods  of  taking  and  printing  testimony  in  equity,  current  in  this  circuit 
(and  probably  others),  excused  if  not  justified  by  the  rules  of  the  Supreme 
Court,  especially  to  be  found  in  patent  cases,  and  flagrantly  exemplified  in 
this  litigation.  As  long  as  the  bar  prefers  to  adduce  evidence  by  written 
deposition,  rather  than  viva  voce,  before  an  authoritative  judicial  officer,  I 
fear  antiquated  rules  will  remain  unchanged  and  expensive  prolixity  re- 
main the  best  known  characteristic  of  equity. 

"But  reforms  sometimes  begin  with  the  contemplation  of  horrible  exam- 
ples, and  it  is,  therefore,  noted  that  the  records  in  these  cases,  as  printed, 
bound  and  submitted,  comprise  36  large  octavo  volumes,  of  which  more 
than  one-half  contain  only  repeated  matter — i.  e.,  identical  depositions 
with  changed  captions  and  exhibits  offered  in  more  than  one  case.  In 
reading  the  testimony  of  one  side  in  one  set  of  cases  there  were  counted  over 
100  printed  pages  recording  squabbles  (not  unaccompanied  with  apparent 
personal  rancor)  concerning  adjournments — and  after  arriving  at  this  num- 
ber it  seemed  unnecessary  to  count  further.  In  many  parts  of  the  record 
there  are  not  five  consecutive  pages  of  testimony  to  be  found  without  en- 
countering objections  stated  at  outrageous  length,  which  may  serve  to  an- 
noy and  disconcert  the  witness,  but  are  not  of  enough  vitality  to  merit  dis- 
cussion in  2000  pages  of  briefs.  Naturally  tempers  give  way  under  such 
ill-arranged  procedure,  and  this  record  contains  language,  uncalled  for 
and  unjustifiable,  from  the  retort  discourteous  to  the  lie  direct.  All  this 
lumbers  up  the  court  room,  while  clients  pay  for  it. 

"Even  when  the  evidence  in  equity  was  taken  up  by  written  answers  to 
carefully  drawn  interrogatories,  the  practice  was  not  marked  by  economy 
or  celerity;  but  stenography  and  typewriting,  the  phonograph  and  lino- 
type, have  become  common  since  our  rules  were  framed,  have  made  com- 
pression and  brevity  old-fashioned,  increased  expense,  and  often  swamped 
bench  and  bar  alike  by  the  quantity  rather  than  the  quality  of  material 
offered  for  consideration. 

"Motions  to  expunge  and  limit  cross-examination  should ^have  been 
made  in  these  cases,  though  they  are  feeble  remedies  exposing  counsel  to 
personal  reproach,  and  rendering  judges  afraid  of  keeping  out  of  evidence 
what  they  cannot  (on  motion  at  all  events)  understand.  But  the  radical 
difficulty  of  which  this  case  is  a  striking  {though  not  singular)  example  will 
remain  as  long  as  testimony  is  taken  without  any  authoritative  judicial  officer 
present  and  responsible  for  the  maintenance  of  discipline  and  the  reception 
or  exclusion  of  testimony," 


in"    monej    to   those   who  live  and   thrive  on    patent 

hi  I'm  I  i.  .ii 

I'll"  patentees  ol    the   United  States  have  paid,  up 
to  date,   to   Uncle  Sam,  about,  seven   million  dollars  in 
excess  over  expense  of  the  Patent.  Office.     Tin.  fund 
has  now  accumulated  to  the  credit  of  the  Patent 
Why  should  it  not  be  used  to  construcl  a  well-equipped 
modern   business  building,    where  our  patent    rei 
which   you   and    1    have   paid    lor,   are   kept   in    (in 
rooms?     Such    a    building    should    be    provided 
all    the    equipment    necessary    for   a    thorough 
Many    important    literature    references    are    not    avail- 
able  in   the   Patent   Office.      It  seems   incredible,    but 
complete  copies   of   patents   issued   in   some    countries 
like    Belgium,    France    and    Canada    are    lacking.     If 
these  lacking  records  had  been  available  to  the  Ex- 
aminers,  many  invalid  patents  would  not  have  been 
issued  through  sheer  want  of  means  of  obtaining  full 
information   as  to  prior  published  disclosures.     It  is 
truly    astonishing    that    under    such    handicaps,    our 
overworked  patent  examiners  have  been  able  to  fur- 
nish   so    much    good    work.     An    up-to-date    patent 
building   should   possess   also   a   complete   laboratory, 
where  simple  chemical  and  physical  questions  can  be 
demonstrated  promptly  and  easily. 

A  very  desirable  reform  in  the  practice  of  the 
Patent  Office  would  be  the  introduction  of  the  Ger- 
man system  of  public  objection  to  an  "allowed" 
patent,  before  it  is  definitely  "issued."  In  Germany, 
in  Austria,  and  in  England,  after  a  patent  has  been 
examined  and  allowed  by  the  Examiner,  the  title  and 
the  claims  are  published  and  copies  of  the  text  can  be 
obtained  from  the  Patent  Office.  Then,  during  a 
period  of  two  or  three  months,  objections  to  the  issue 
of  the  patent  can  be  filed  in  writing  by  anybody. 
Copy  of  the  filed  objections  are  forwarded  to  the  ap- 
plicant, who  then  has  a  few  months  to  file  an  answer. 
In  this  way,  the  examiner  has  the  benefit  of  a  thor- 
ough public  discussion  of  the  subject  before  that 
patent  is  definitely  issued.  This  involves  a  delay  of 
several  months  in  the  issue  of  a  valid  patent,  but  this 
is  a  very  small  hardship,  indeed,  if  one  takes  into 
consideration  the  fact  that  a  patent  issued  after 
severe  public  contestation  gains  much  in  value  by 
its  record.  Furthermore,  this  procedure  is  now  suc- 
cessfully used  in  the  U.  S.  Patent  Office  for  the  regis- 
tration of  trade-marks. 

Some  other  useful  reforms  have  been  suggested,  re- 
ducing the  needlessly  large  number  of  appeals  in  ease 
of  interference. 

Our  interference  rules  may  appear  very  logical  in 
accordance  with  the  conception  that  in  the  United 
States,  a  patent  belongs  to  the  first  diligent  inventor, 
independently  whether  he  be  the  first  patent  applicant 
or  not,  as  long  as  his  invention  has  not  been  in  com- 
mercial use  before  that  period.  To  the  uninitiated, 
this  may  seem  an  excellent  safeguard  to  insure  that 
the  first  inventor  should  receive  the  reward  of  his 
intellectual  work.  Unfortunately,  any  poor  inventor, 
who  has  been  through  interference  cases,  knows  that 
without  much  money,  an  interference  case  becomes 
almost  a  hopeless  proposition  if  he  has  to  deal  with 
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u< ia It  liy  antagonists.  Indeed,  I  know  of  an  interference 
case  which  has  been  going  on  for  the  last  six  or  seven 
years,  and  which  has  already  cost  one  of  the  contest- 
ants over  $60,000.  Even  after  the  interference  case  is 
decided  in  one's  favor,  one  has  to  take  all  the  ordinary 
chances  of  further  expensive  infringement  suits.  Is 
tins  to  Hir  benefit  of  the  public,  for  whom  primarily, 
our  laws  are  created?  Let  us  see:  The  public  wants 
S  early  as  possible  a  disclosure  of  any  invention,  and 
with  that  end  in  view,  the  patent  law  stimulates  such 
disclosures  by  offering,  as  reward,  17  years  of  patent 
monopoly.  Yet  everybody  knows  that  our  interference 
system  hopelessly  delays  the  publication  of  an  inven- 
tion. Furthermore,  our  interference  rules  are  in  many 
ways  a  terrifying  menace  to  the  industries  of  the 
country. 

For  instance,  a  man  applies  for  a  patent.  The 
patent  is  allowed  and  published.  On  the  strength  of 
this  patent,  a  company  is  formed,  which  goes  ahead, 
builds  an  expensive  factory,  and  starts  operations. 
Then,  it  has  frequently  happened  that  an  interfering 
patent  application,  which  was  not  known  to  exist  at 
the  time  the  company  was  organized,  embodies  identi- 
cal claims,  and  is  put  forward  in  objection  to  the 
published  patent.  This  may  invalidate  the  patent  on 
which  the  company  was  formed,  and  thus  stop  and 
annihilate  an  enterprise  which  was  begun  entirely  in 
good  faith,  and  on  a  sound  basis.  Such  a  thing  is 
impossible  with  the  German  system,  where  the  first 
applicant,  unless  his  application  is  based  on  fraud  or 
theft,  gets  the  patent,  as  long  as  no  one  else  can  prove 
prior  use  or  prior  public  disclosure.  Rigid  examina- 
tion, followed,  after  allowance,  by  a  short  period  for 
public  objection,  make  the  German  proceedings  rel- 
atively inexpensive,  and  give  added  value  and  prestige 
to  patents  issued  under  this  system. 

It  may  be  objected  to  this  system  that  it  induces 
filing  an  application  before  the  invention  is  sufficiently 
ripe,  but  even  with  our  system,  the  same  objection 
holds  good.  Furthermore,  with  our  current  methods, 
it  is  possible  to  file  patents  and  let  them  pend  for 
many,  many  years,  and  use  these  pending  applications 
as  a  drag-net  in  which  to  catch  any  other  patents 
which  may  be  applied  for  by  others,  and  by  which  to 
get  the  benefit  of  any  practical  developments  or  im- 
provements which  go  on  in  the  meantime;  this  was 
clearly  demonstrated  in  the  famous  Seldon  case. 

For  deciding  priority  in  purely  scientific  publications, 
it  has  been  accepted,  since  the  time  of  Humphrey 
Davy,  that  "priority  of  publication,  unless  in  case  of 
fraud,  means  priority  of  conception."  This  simple 
'rule,  if  applied  to  the  Patent  Office  system,  would 
sweep  away  the  most  complicated  and  most  expensive 
part  of  our  Patent  Office  methods.  At  the  same  time, 
|it  would  stop  an  interpretation  of  our  patent  law, 
(which  is  decidedly  dangerous  and  unfair  to  the  un- 
suspecting public,  and  has  no  advantage  to  the  inven- 
tor, unless  he  be  rich,  or  unless  he  be  propped  by 
[wealthy  backers. 

All  these  reforms,  or  improvements,  whatever  you 
want  to  call  them,  are  relatively  simple  and  might 
have   been   obtained    long   ago,    if   the   real    interested 


parties,  the  public  and  the  inventors,  had  demanded 
them.  If  we  unite  in  our  demands  we  can  surely 
obtain  then, 

'In  the  honor  "f  the  better  class  of  lawyers,  let  me 
mention  that  the  Patent  Law  Association  of  Washing- 
ton is  doing  good  work  to  accomplish  some  much  needed 
reforms.  Lately,  in  conjunction  with  the  American 
Institute  of  Chemical  Engineers,  and  the  Inventors' 
Guild,  a  start  has  been  made  towards  awakening 
the  interest  of  our  national  engineering  societies. 
Let  us  all  join  in  this  movement.  Let  us  not  overlook 
the  fact  that  out  legislators  need  as  much  education 
on  this  subject  as  the  public-at-large.  But  if  we  try 
to  suggest  reforms,  let  us  be  practical  and  first  con- 
centrate our  efforts  on  those  reforms  upon  which  we 
can  all  agree.  Let  us  avoid  theorizing  or  dreaming. 
A  perfect  patent  law  will  never  exist,  except  perhaps 
in  heaven,  where  all  men  are  angels.  Then  patent 
laws,  as  well  as  other  laws,  can  be  dispensed  with — 
but  we  are  still  on  the  earth  and  for  a  long  time. 

Remember  that  if  there  is  much  to  criticize  in  our 
patent  system,  there  exists  the  same  chaos  in  our 
civil  and  criminal  laws,  which  badly  need  a  general 
overhauling. 

We  chemists  or  engineers  are  apt  to  forget  that  if 
Science,  Engineering,  and  all  achievements  based  on 
exact  knowledge  and  sound  reason,  have  made  im- 
mense progress  in  late  years,  our  laws  and  the  ad- 
ministration thereof,  have  advanced  little  beyond 
what  they  were  two  or  three  thousand  years  ago, 
so  that  they  are  now  an  anachronism  ill  adapted  to 
our  modern  conditions  of  life.  But  most  judges  and 
lawyers,  when  they  talk  about  dispensing  justice, 
have  acquired,  like  the  Chinese  Empire,  the  habit 
of  looking  backwards  for  "precedents,"  which  for 
them  still  remain  the  most  respectable  and  the  most 
imposing  arguments. 

At  this  time,  the  immediate  danger  for  our  patent 
system  is  that  some  congressmen  or  senators,  ignorant  of 
the  real  situation  but  anxious  to  advertise  that  they  want 
"to  fight  the  trusts,"  will  rush  through  bills  which  will 
work  untold  harm  to  our  patent  system  and  to  the  in- 
dustrial progress  of  our  country.  Some  of  the  many 
patent  bills  now  before  Congress  sadly  illustrate  the 
unpreparedness  of  their  happy-go-lucky  originators. 
Our  congressmen  and  senators  should  know  that  the 
best  anti-trust  remedies  are  those  which  stimulate 
individualism  and  private  enterprise  and  nothing 
works  so  strongly  to  that  effect  as  liberal  patent  laws, 
provided  such  laws  can  be  enforced  by  the  patentee 
of  moderate  means  instead  of  securing  only  the  in- 
terests of  wealthy  corporations. 

Why  could  this  intricate  subject  of  patent  reform 
not  be  submitted  to  a  competent  commission  created 
by  the. president?  This  commission,  before  suggesting 
or  endorsing  reforms,  should  consult  with  represen- 
tatives of  our  national  technical  and  engineering 
societies,  as  well  as  with  manufacturers,  business  men, 
representatives  of  the  Patent  Office  and  lawyers.  A 
resolution  to  that  effect  has  recently  been  addressed 
to  the  President  of  the  United  States  by  the  Inven- 
tors' Guild. 
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SOME  RECENT  DEVELOPMENTS  IN  WOOD  DISTILLATION.1 

By   Tikis.    W     I'kitciiakd. 

In  taking  up  the  subject  of  wood  distillation,  I 
wish  to  say  in  the  beginning  that,  like  every  oneelse, 

I    am    subject    to   correction    and    am    anxious    to   profit 

by  the  experience  of  others.  It  is  only  by  so  doing 
thai  we  accomplish  anything.  There  have  been 
many  improvements  in  the  art  of  wood  distillation 
since  1  firsl  began  the  work,  and  I  know  of  no  industry 
which,  in  so  short  a  time,  has  made  such  marked 
strides  and  which  merits  so  much  investigation  and 
criticism. 

In  i  ijo4  1  prepared  a  paper  for  the  Scientific  American 
Supplement,  in  which  I  gave  credit  for  the  first  com- 
mercial work  in  the  distillation  of  Pine  Wood  to  James 
Stanley,  who  built  a  small  commercial  plant  in  Wil- 
mington, N.  C,  in  1872.  This  plant  was  not  a  suc- 
cess in  the  hands  of  Stanley,  and  was  shortly  after 
taken  over  by  two  gentlemen  of  Danish  birth,  who 
were  somewhat  familiar  with  similar  work  which 
was  being  carried  on  in  their  Motherland.  One  of 
these  men  is  still  living  and  is  actively  engaged  in 
the  work  to-day.  I  speak  of  Mr.  L.  Hanson,  who 
is  President  of  the  Spirittine  Chemical  Company,  of 
Wilmington,  N.  C. 

It  is  rather  a  striking  coincidence  that  the  first, 
and  I  may  say  the  last  plant,  has  been  built  in  Wil- 
mington, and  the  last  one  within  a  few  feet  of  the 
former  location  of  James  Stanley's  plant.  This  last 
plant,  which  is  by  my  process,  I  shall  describe  later. 

The  process,  as  started  by  Stanley  and  carried  out 
by  Mr.  Hanson,  was  the  old  crude  method  of  Destruc- 
tive Distillation,  which  consisted  of  a  series  of  retorts 
with  condensers  attached,  set  up  in  brick  work  with 
furnaces  beneath.  The  wood  was  placed  in  the  retorts 
and  the  doors  closed,  fires  were  started  in  the  furnaces 
and  kept  up  until  distillation  ceased;  the  retorts  were 
then  allowed  to  cool  and  the  charge  was  withdrawn. 
No  attempt  was  made  to  control  the  temperature 
during  distillation  and  it  was  not  until  years  later 
that  the  possibilities  of  varying  products,  depending 
on  the  temperatures,  were  thought  of.  By  this  old 
method,  many  different  degrees  of  heat  existed  in 
the  retort  at  the  same  time,  and  it  was  a  noticeable 
fact  that  the  top  of  the  retort  was  many  degrees 
hotter  than  the  bottom  or  sides;  the  loss  of  heat  was 
very  great  as  it  was  necessary  to  heat  up  the  brick- 
work before  distillation  started.  There  was  no  at- 
tempt at  first  to  refine  or  separate  these  products; 
they  were  pumped  into  storage  tanks  and  used  for 
the  preservation  of  timber,  a  creosoting  plant  having 
been  built  nearby,  and  the  creosoting  of  timber  was 
a  part  of  the  Company's  business. 

I  do  not  believe  that  any  one,  at  this  time,  even 
thought  of  the  possibilities  of  there  being  turpentine 
in  the  products  of  distillation.  I  can  well  recall  the 
time  when  such  a  theory  would  have  been  hooted  at. 

1  Read  before  the  New  York  .Section  of  the  Society  of  Chemical  Industry, 
March  22.  1912. 


I   believe  thai    we  can  safely  give  credit  to  th< 
process   people   for  the   possibilities  ol    the   turpi 
extraction    from   fat   pine   wood,      I    do  nol    rem 
its  production   prior  to  their  activities,  and   certainlj 
not   of    good    quality    and    in    commercial    quari 
This  steam   process  with   its   variation   held   out 
possibilities  to  us  all  at  first,  but  I   regret  to  say  that, 
from  my  own  observation,  it.  has  not  proved  >  o 
cially  successful,  save  in  a  few  cases. 

Within  the  last  few  years  still  another  proa 
been  evolved,  which,  while  not  new,  still,  as  a 
to    the    extraction    of    the    products    from    pirn 
was  novel.     I  refer  to  the  solvent  process,  for  which 
great  things  are  claimed. 

By  this  process  the  wood  to  be  treated  is  first 
shredded,  or  hogged,  as  it  is  called,  and  then  subjected 
to  the  solvent  action  of  naphtha  or  some  other  volatile 
solvent.  The  solvent  combines  with  the  resinous 
extracts  and  the  resultant  liquid  is  then  drawn  off 
and  subjected  to  a  fractional  distillation.  The  sol- 
vent is  recovered  and  the  products  are  then  refined. 
The  solvent  process  is  claimed  by  many-  to  be  the 
most  profitable,  and  I  know  that  large  sums  are  being 
spent  for  the  erection  of  plants  using  this  process. 
I  have  always  held,  however,  that  there  is  but  one 
method  for  the  utilization  of  wood  waste  in  the  form 
of  fat  light  wood ;  and  that  is  to  completely  utilize 
the  raw  material.  In  no  other  industry  would  we 
find  such  a  condition  as  exists  where  the  steam  ] 
and  the  solvent  process  are  in  operation. 

The  taking  of  a  raw  material  and  the  extraction 
of  but  a  proportionately  small  part  of  its  valuable 
contents  and  then  throwing  the  remainder  away, 
is  a  poor  proposition,  no  matter  how  you  look  at  it. 
I  believe  that  every  man  who  has  ever  turned  his- 
attention  to  this  art,  has  realized  from  the  beginning 
that  the  one  great  essential  to  be  sought  was  tem- 
perature control  during  all  times  of  the  distillation 
Many  methods  have  been  tried  to  solve  this  question 
and  I  feel  reasonably  sure  that  it  has  at  last  beei 
successfully  worked  out. 

I  refer  now  to  the  plant  I  have  just  completed  fo 
the  National  Wood  Distilling  Company,  of  which 
am  an  officer.  In  describing  this  plant  and  the  methe 
used,  I  ask  that  I  be  allowed  to  indicate  the  weak  point 
in  the  other  processes,  as  each  of  these  was  of  assist 
ance  to  me  in  developing  the  new  and  successfu 
process  we  have. 

Let  us  take  up  the  old  destructive  process  and  se< 
how  it  bears  a  rigid  analysis:  First,  for  its  goo< 
points  (and  1  wish  to  say  here  that  nearly  every  plan 
that  has  been  a  financial  success  has  been  of  this  type^ 
the  destructive  process  does  utilize  the  raw  materir 
and  it  does  produce  far  greater  yields  than  any  otht 
process,  the  average  production  from  a  cord  of  goo 
wood  by  the  old  destructive  process  being  approx 
mately  twenty  gallons  of  turpentine,  ten  gallons  i 
light  oil  and  seventy  gallons  of  heavy  oil,  with  a  residu 
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.  >l  twenty-five  bushels  of  charcoal  to  the  cord.  I  do 
not  include  either  alcohol  or  acetic  acid,  as  their  value 
is  slight  and  varied,  and  I  may  say  that  very  few  plants 
distilling  resinous  woods  have  found  it  of  advantage 
to  utilize  these  products. 

The  first  cost  of  this  style  of  plant  is  not  great  in 
comparison  with  others,  and  the  expense  and  diffi- 
culty of  hogging  wood  is  not  a  factor. 

The  weak  points  in  this  process  are,  however,  serious 
defects:  First,  the  lack  of  temperature  control  in 
the  retort  results  in  the  formation  of  all  sorts  of  com- 
pounds   which    distil    with    the    turpentine    and     con- 


In  summing  up  the  good  and  bad  points  we  may 
saj  that  the  old  style  destructive  process  gives  us 
good  yields  at  comparatively  low  cost,  but  the  prod- 
ucts are  of  inferior  quality,  the  cost  of  maintenance 
high  and  the  fire  risk  great.  In  addition  to  this  is 
the  factor  of  time,  as  it  takes  very  much  longer  t<> 
handle  a  quantity  of  wood  by  this  process  than  by 
others. 

In  considering  the  steam  process,  we  must  give  it 
credit  for  the  quality  of  turpentine  produced,  and  for 
the  essential  idea  in  wood  distillation,  the  temperature 
control.     We  must,  however,  admit  that  a  weak  point 


Commercial   Fi.ant  —Retort. 


taminate  it;  and  this  same  lack  of  heat  control  results 
in  a  large  percentage  of  the  heavy  products  being 
burned  in  the  retort.  Any  one  who  has  ever  operated 
a  plant  of  this  type  will  readily  recall  the  deposit  of 
carbonized  matter  which  has  to  be  cut  out  of  the 
retort  after  a  short  tisage.  Secondly,  the  very  high 
temperatures  to  which  the  average  destructive  planl 
is  subject  means  a  comparatively  quick  wear-out  and 
very  heavy  up-keep,  as  well  as  an  enormous  waste 
of  fuel.  Third,  the  fire  risk  in  this  style  of  planl  is 
'  at,  so  high  in  fact,  that  no  insurance  company 
will  accept  a  plant  of  this  type  as  a  risk. 


in  this  process  is  the  very  small  proportionate  yield 
of  products;  secondly,  that  -  it  does  not  utilize  the 
raw  material  to  the  fullest  extent,  as  a  major  part  of 
the  products  of  the  wood  are  not  extracted,  thus 
necessitating  the  use  of  an  enormous  quantity  of  raw 
material  to  accomplish  any  great  results. 

There  have  been  all  sorts  of  claims  as  to  the  quanti- 
ties produced  by  this  process,  but  after  very  careful 
investigation,  based  on  the  report  of  men  who  are 
en  raged  in  this  line  of  work,  I  am  forced  to  the  con- 
clusion that  from  six  to  fifteen  gallons  of  turpentine, 
and  from  two  to  four  gallons  of  pine  oil  is  the  minimum 
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and  maximum  yield  foi  .1  cord  ol  fa1  wood,  the  varia- 

h  in"  due  to  the  difference  in  quality 
and  trr.it  menl . 

The  expert  products  m    by    t  he  steam    i  u 

.    tin-    waste   <if   raw    material    is   enormous   and 

without    re. is. .11      We    may,  therefore,    granl     t"    the 

s  .hi  excellent   quality  oi   products,  with 

.  .I    .  iperatinii   so  far  as  lire  is  concerned,  and  at 

the  same  time  we  must  condemn  it  for  the  poor  vie  Ids, 

cost  of  operation  and  waste  of  raw  material. 

Within   tin-  last    lew  years  still  another  process  has 
been    evolved.     I    refer   to    the    Solvent    Process,    for 


maximum  yield  oi   products;  Third,  produi  ts  musl  be 

oi    I    qualil    ,    Pi >urth,  0 »s1    oi    oj »era1  ion    must  he 

comparative!;     low;  and    Pifth,  the  (ire  risk   must    he 
minimized  as  fai   as  is  possible 

[  am  going  to  ti     to  describe  a  planl  which  wi 
recently  built  in  Wilmington,  \'.  C,  within  a  fi 

Of   tile  original   plant   Ol    Jaines  Stanley. 

When     I     In    l     began     work    on     wood    distillation,     i 

realized   that    temperature  control   was  the  om 
issue.     I  tried  experimenl  after  experimenl  to  achieve 
this,   and  at  last  discovered   that  by  utilizing  the  old 
chemical    process    of    the    oil    bath,    I    could    get    very 


Commercial  Plant — Showing  Storage  Tank  Condensers.   Etc. 


which  great  things  are  claimed.  I  am  inclined  to 
think  from  what  I  can  learn  that  the  solvent  process 
possesses  considerable  advantages  over  the  steam 
process  in  quantity  of  production.  I  also'believe  that 
the  quality  of  the  turpentine  is  equally  as  good,  and 
this  process  also  produces  a  good  yield  of  rosin.  There 
is  still,  however,  the  objectionable  feature  of  a  very 
high  fire  risk,  comparatively  high  cost  of  operation 
and  failure  to  completely  utilize  the  raw  material. 

The  ideal  process  for  the  distillation  of  wood,  we 
may  then  admit,  must  possess  the  following  essential 
features:  First,  definite  control  of  the  temperature 
during    the    entire   process    of    distillation;    Second,  a 


definite  temperature  control  at  comparatively  high 
temperatures.  I  had  great  difficulty  for  a  long  time 
in  getting  an  oil  which  would  stand  repeated  heating 
without  cracking.  I  finally  found,  however,  a  very 
high  fire-test  petroleum  cylinder  stock,  which  could 
by  heated  to  six  or  seven  hundred  degrees  F.,  without 
trouble,  provided  air  was  exchtded.  With  this  fact 
as  a  starter  I  developed  our  present  process,  which 
I  will  now  try  to  describe. 

I  can  best  do  this  perhaps,  by  first  describing  a 
miniature  plant  complete,  which  I  had  built  last 
year,  and  in  which  I  ran  continuously  ninety-six 
charges.      In   the   construction   of   this   small   plant,    I 
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used  two  pieces  of  i1']"-':  the  inner  shell  was  eight 
inches  in  diameter  by  twenty -four  inches  in  length; 
the  outer  shell  enclosed  this,  leaving  an  intermediary 
of  one-half  inch.  The  ends  of  this  space,  of 
course,  were  tightly  closed.  From  the  inner  shell 
an  outlet  pipe  passed  through  the  space  and  through 
the  outer  shell  and  connected  with  an  ordinary  worm, 
the  condenser.  Into  the  bottom  of  the  outer  shell 
end  entered  a  half-inch  pipe,  with  the  take-off 
at  the  bottom  at  the  other  end.  Connected  with  this 
entrance  pipe  was  a  small  gas  hot-water  heater,  and 
from  the  bottom  of  this  hot-water  heater,  a  pipe  led 
to  a  small  rotary  pump,  and  from  the  pump  to  a  small 
steel  storage  tank.  The  outlet  pipe  from  the  bottom 
of  the  outer  shell  opposite  end  of  the  inlet  pipe  led 
directly  to  the  top  of  this  storage  tank,  which  was 
enclosed.  By  means  of  the  small  rotary  pump,  the 
bath  oil  contained  in  the  storage  tank  was  forced 
through  the  gas  hot-water  heater,  taking  the  place 
that  would  originally  be  oe<  upied  by  the  water  in  the 
same,  and  from  there  went  into  the  intermediary 
space  entering  at  the  h'  ctom,  and  was  circulated 
around  the  inner  retort,  t.nding  its  outlet  at  the  bot- 
tom of  the  outer  shell  farthest  away  from  the  inlet, 
from  there  passing  back  to  the  storage  tank  through 
the  pump  around  the  retort  and  so  on,  thus  keeping 
a  continual  circulation.  Between  the  inlet  pipe  and 
outlet  pipe  I  had  a  pipe  of  similar  size  connected  with 
suitable  valves,  so  that  the  oil  could  be  by-passed  and 
the  retort  circulation  completely  cut  off.  I  also  had 
a  reserve  tank  filled  with  cold  oil,  which  allowed  me 
to  introduce  cool  oil  into  the  circulation  at  any  time. 
By  means  of  increasing  or  decreasing  the  speed  of  the 
pump,  opening  or  closing  the  valves  used  by  passing 
or  introducing  cold  oil  into  the  circulation,  I  found 
it  entirely  practicable  to  control  the  temperature 
absolutely. 

We  used  in  this  small  retort  twenty  pounds  of  wood 
at  a  charge,  and  estimating  the  weight  of  a  cord  of 
good  rich  wood  at  four  thousand  pounds,  we  had  no 
trouble  in  getting  a  pretty  accurate  approximate 
average  of  the  production  by  this  process.  I  must 
confess  that  the  results  of  this  exp  rimental  plant 
were  far  beyond  our  most  sanguine  expectations. 
We  kept  a  record  of  every  charge  and  our  average 
for  fifty  charges  was  thirty-six  and  a  fraction  gallons 
of  water  white  turpentine,  ten  gallons  of  light  oil,  and 
one    hundred    and    twenty-five    gallons    of    heavy    oil. 

I  have  with  me  one  or  two  of  these  record  sheets 
which  I  shall  be  glad  to  show.  We  found  that  we 
had  no  trouble  whatsoever  in  getting  complete  and 
uniform  carbonization,  so  complete,  in  fact,  was  the 
heat  distribution  by  this  method  that  a  solid  stick 
of  timber  eight  inches  in  diameter  and  of  the  length 
of  the  inner  shell  was  charred  through  and  through. 

In  operating  this  model  we  discovered  that  by 
varying  the  temperatures,  we  could  produce  varying 
1 -.  We  also  discovered  that  by  drawing  off 
uid  contents  of  the  retort  after  the  turpentine 
had  been  distilled  we  could  produce  large  quantities 
of  an  excellent  grade  of  rosin.  In  fact,  one  of  the 
main  features  of  this  process  is  its  extreme  flexibility. 


Our  commercial  plant,  which  we  have  just  com- 
pleted and  which  is  now  in  daily  operation,  is  an  exact 
duplicate  of  the  model,  except  for  the  fact  that  the 
space  for  the  bath  oil  is  proportionately  about  three 
times  as  great.  The  large  retort  has  an  outside  di- 
ameter ot  five  feet,  with  an  inner  shell  of  three  and  a 
hah  feet,  and  a  length  of  twenty-eight  feet.  This 
gives  us  nine  inches  of  oil  space  between  the  inner  and 
outer  shells. 

For  heating  the  oil  bath  we  use  a  continuous  coil 
of  electrically  welded  pipe,  containing  350  lineal  feet. 
This  pipe  is  set  in  a  specially  constructed  furnace  so 
that  while  not  in  direct  contact  with  the  fire,  it  yet 
gets  a  maximum  amount  of  the  heat.  The  results 
of  this  large  retort  have  checked  absolutely  with  the 
model,  and  we  see  no  reason  why  it  should  not  con- 
tinue to  do  so  indefinitely.  I  used  the  same  oil  bath 
in  the  model  for  ninety-six  continuous  charges,  and, 
so  far  as  we  arc  able  to  tell,  the  bath  oil  is  in  exactly 
the  condition  to-day  as  when  first  put  into  service. 
The  low  cost  of  this  oil  and  its  long  service  make  it 
an  ideal  menstruum  for  conveying  the  heat. 

In  operating  this  plant,  we  run  the  wood  into  the 
inner  shell  of  the  retort  on  cars,  the  doors  are  closed, 
and  a  steam  jet  is  opened  with  leads  into  the  inner 
shell.  This  is  done  to  force  out  the  cold  air  and  so 
hasten  the  heating.  The  oil  bath  is  then  circulated 
from  the  storage  tank  by  means  of  a  low  pressure 
pump  through  the  heating  coil,  and  so  to  the  retort 
where  it  fills  completely  the  space  between  the  inner 
and  outer  shells  forming  a  blanket  of  hot  oil  with  a 
uniform  temperature,  passing  out  at  the  bottom  of 
the  retort  and  back  to  the  storage  tank.  We  control 
the  temperature  so  that  the  inside  heat  shall  not 
exceed  450  degrees  F.,  until  we  have  distilled  off  all 
the  turpentine  and  pine  oil ;  we  then  allow  the  tempera- 
ture to  slowly  rise  until  we  have  fractionated  the 
light  oil,  and  it  is  just  at  this  point  that  destructive 
distillation  begins  and  fractional  distillation  ceases. 
We  find  that  at  approximately  480  degrees  F.  we  begin 
to  get  the  distillates  with  the  distinctive  empyreu- 
matic  odors.  The  temperature  is  held  below  525 
degrees  F.  until  all  the  light  oil  is  over  and  then 
allowed  to  increase  as  fast  as  possible.  We  find  that 
at  a  maximum  temperature  of  610  degrees  F.  in  the 
nmer  shell,  we  can  get  complete  distillation  of  all  the 
products,  leaving  us  dry  charcoal  of  excellent  quality. 
At  this  temperature  we  find  that  our  bath  oil  is  at  a 
temperature  of  650  degrees  F.,  which  is  as  high  as  we 
generally  carry  it,  though  we  have  gone  as  high  as 
750  degrees  F.,  without  trouble.  I  do  not  hesitate 
to  say  that  this  process  is  the  most  accurate,  and  the 
apparatus  the  most  scientific  ever  evolved  for  this 
work,  and  the  results  prove  it. 

At  no  stage  of  the  process  is  it  not  under  perfect 
control  and  the  temperature  can  be  raised  or  lowered 
at  will.  We  have  found  by  actual  tests  that  we  can 
hold  the  temperature  of  the  oil  bath  at  any  given 
degree  as  long  as  may  be  desired.  The  time  con- 
sumed in  running  a  charge  by  this  process  is  compara- 
tively shorter  than  1>\  any  other;  it  takes  longer  than 
a  steam  process  plant,  but  when  the  difference  in  the 
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■  account,    this  comparison  is 

in  01  W  ■    actuallj    begin  distillation  as  s 

as  i;-  I       -      into  the  retort,  as  the  oil  bath   is 

,  irried    to  aboul    three   hundred  and   fifty  before  the 

■ I   are  run    in,     After  the  charge  is  over, 

instead  ol  having  to  wail  many  hours  for  the  retorl 
to  cool,  we  mechanically  assist  the  cooling  by  pumping 
cold  "il  t lin iugh  1  he  heal ing  chamber. 

The  fire  risk  is  also  a  slight  danger  by  this  process, 
and  1  may  say  righl  here  thai  an  examiner  for  one  oi 
the  leading  companies  in  America  has  classed  our 
plant  as  a  comparatively  sate  risk,  and  is  willing  to 
write  us  at  a  very  lair  rate  of  insurance.  In  regard 
to  the  quantity  and  quality  of  the  prodticts  produced 
by  this  method,  let  me  say  that  both  the  turpentine 
and  oils  are  of  a  very  high  grade  as  the  samples  I  have 
with  me  show,  The  analysis  of  the  turpentine  shows 
it  to  be  of  remarkable  quality.  The  production  is 
far  greater  than  by  any  other  process  with  which  I 
am  familiar.  This  is  best  shown  by  the  records  of 
charges  which  show  not  only  the  yield  but  the 
temperature  at  which  each  product  was  distilled. 

This  daily  record  gives  an  absolutely  accurate 
record  of  the  varying  temperatures,  both  of  the  oil 
bath  and  the  inner  shell  or  distilling  space.  We  also 
get  the  exact  periods  and  temperatures  at  which  the 
distillates  change  in  nature.  We  may,  therefore, 
grant  that  we  have  accomplished:  first,  temperature 
control;  second,  the  complete  utilization  of  the  wood; 
third,  a  maximum  amount  of  products. 

This  being  granted,  let  us  see  what  the  quality  is, 
and  also  consider  the  cost  of  production.  In  taking 
up  the  question  of  quality,  I  wish  to  say  that  it  is 
hardly  a  fair  comparison  to  consider  the  products 
made  by  this  process  against  the  old  destructive  ones, 
as  they  seem  distinctly  different.  The  turpentine 
as  the  following  analysis  shows  is  very  close  to  the 
very  best  gum  turpentine,  so  close,  in,  fact,  that 
but  for  one  feature  it  would  be  indistinguishable; 
I  refer  now  to  the  pine  oil  contents  which  I  may  say 
is  the  one  means  of  classifying  wood  turpentine  as 
against  gum  turpentine.  The  presence  of  this  product, 
even  in  very  small  quantities,  raises  the  average  of 
the  boiling  points  in  fractionation.  I  believe  I  am 
correct  when  I  say  that  this  is  the  one  distinction  in 
even  the  very  best  wood  turpentine.  I  am  glad  to 
say  that  I  am  now  working  on  a  method  of  refining 
which  seems  to  promise  an  easy  and  economical 
method  of  extracting  even  the  slightest  quantity  of 
pine  oil  from  refined  turpentine.  If  this  can  be  ac- 
complished, I  do  not  believe  it  will  be  possible  to 
distinguish  good  wood  turpentine  from  that  distilled 
from  the  crude  gum  turpentines. 

The  following  analysis  of  our  unrefined  product  was 
made  by  J.  E.  Teeple,  of  New  York  City: 
Color — slightly  yellow. 
Leaves  no  stain  on  paper. 
Specific  gravity  at  16  °  C. — 0.865. 
Distillation  50  per  cent,  at  i6o°C. 
Distillation  80  per  cent,  at  1630  C. 
Distillation  85  per  cent,  at  1640  C. 
Distillation  90  per  cent,  at  165. 5  °  C. 


I  )ist  1ll.1l  ion   95   per  cent  .  at    1  7  ■      I 

Non-volatile  matter  at  ioo°C     0.0.;  percent. 

Plash   point       10S.  5'    I 

1 1]  11  iluble  in  sulphuric  .acid  2.5  per  1 

<  )dor     Contain!  a  n<  >1  iceabli   1  >dor  foreign  to  ti 
tine  and  very  similar  to  creosote.     This  odor  is  usually 
o  in. ived  by  shaking      ith  dilute  alkali, 

The  turpentine   is  slightly   acid   but   thii 

easily  removed  by  shaking  with  dilute  alkali. 

Iodine  absorpt  ion   Xo.   375. 

In  comparing  the  oils  produced  by  this  process,  I 
cannol  do  better  than  to  show  samples  ol  each 
distillates,  both  in  crude  form  and  as  we  refini 
It  will  be  noticed  that  the  heavy  and  light  oils  are  very 
much  brighter  in  color,  and  have  a  much  milder  odor 
than  the  ordinary  destructive  distillates.  This  is  due 
in  part  to  the  fact  that  they  are  not  burned,  and  are 
taken  from  the  retort  at  their  normal  distilling  tem- 
peratures. I  have  many  times  seen  oils  made  by  the 
old  destructive  process  so  black  in  color  and  si 
in  odor  that  they  were  hardly  worth  marketing,  and 
this  was  unquestionably  caused  by  exposure  to  ex- 
cessive temperatures.  I  want  especially  to  call  your 
attention  to  the  samples  marked  "X",  "XX,"  and 
"XXX"  oils,  also  the  one  marked  "XL."  These 
oils  are  the  products  of  special  processes  of  refining 
which  we  have  worked  out,  and  they  seem  to  compare 
very  favorably  with  the  better  grades  of  rosin  oil. 
They  do  not,  however,  analyze  as  such.  We  have 
had  these  oils  tested  out  for  the  commercial  purposes 
that  rosin  oils  are  used  for,  and  they  seem  to  serve 
admirably.     They  can  be  produced  at  much  less  cost. 

The  oil  marked  "XL"  is  worthy  of  notice  because 
of  the  fact  that  it  is  practically  odorless.  In  addition 
to  this,  it  seems  to  have  rather  remarkable  drying 
properties,  and  made  into  paint  shows  excellent  wear. 
We  have  had  paint  samples  in  service  for  seven  months 
or  more,  and  the  results  as  compared  with  pure  linseed 
are  very  favorable  indeed.  Only  the  darker  shades 
could  be  produced,  however,  as  the  oil  darkens  any 
light  pigments.  There  is  no  question  but  that  this 
oil  will  be  of  great  value  in  making  up  a  cheaper  grade 
of  paints  for  such  purposes  as  freight  cars  and  rough 
work  generally. 

In  speaking  of  the  refining  of  the  oils  produced  from 
the  distillation  of  pine  woods,  I  would  like  to  say 
that  hardly  anything  has  been  done.  I  have  per- 
haps gone  as  far  along  this,  line  as  any  one,  and  have 
made,  perhaps,  as  many  as  seventy-five  distillates. 
I  believe  that  this  work  alone  offers  a  wonderful  field 
for  the  research  chemist,  and  it  has  always  been  a 
matter  of  wonder  to  me  that  some  of  our  men  who 
have  the  time  and  means  to  take  this  up,  have  not 
done  so.  I  feel  sure  that  no  field  before  us  to-day 
offers  greater  opportunities  for  discovery.  The  sub- 
ject is  so  vast  in  scope  that  it  is  with  great  difficulty 
that  I  have  been  able  to  limit  my  paper  to  a  reason- 
able time. 

I  feel  that  I  cannot  close  without  saying  just  a  few 
words  relative  to  the  possibilities  of  the  distillation  of 
pine  wood.  There  are  to-day  millions  of  cords  of 
wood  lying  on  the  ground  rotting,  and  there  is  a  money 
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value  of  approximately  twenty-five  dollars  in  each 
and  every  cord  of  this  wood.  There  are  every  day 
thousands  of  cords  of  rich  pine-  wood  burned  at  saw- 
mills that  have  an  equal  money  value. 

The  distillation  of  pine  wood  is  not  an  industry 
which  requires  large  capital.  Plants  may  be  built 
for  comparatively  small  amounts  that  will  pay  good 
dividends.  There  is  an  unlimited  demand  for  all  the 
products  and  at  prices  which  will  pay  handsomely. 
Man}-  plants  have  failed,  it  is  true,  but  every  failure 
can  be  safely  attributed  to  lack  of  knowledge  of  the 
industry,  lack  of  capital  or  a  poor  process.  Many 
men  have  'gone  into  the  business  thinking  that  they 
could  get  fancy  prices  for  the  products  and  have  been 
disappointed.  A  steady  sale  at  a  reasonable  profit 
is  all  that  can  be  expected.  There  is,  however,  a 
steady  demand  for  all  of  the  distillates  now,  and  this 
demand  is  growing  daily.  The  question  of  timber 
preservation  has  become  a  vital  one,  and  when  the 
fact  that  the  heavy  wood  oil  is  even  more  valuable 
than  dead  oil  of  coal  tar  for  this  purpose  becomes 
generally  known,  there  will  be  an  unlimited  demand 
for  this  product. 

I  have  had  offers  from  users  of  timber  preservatives 
for  very  large  quantities  of  the  heavy  wood  oil,  pro- 
vided it  could  be  furnished  in  sufficient  quantity  and 
at  a  low  price.  So  far  this  has  been  out  of  the  question, 
as  one  large  R.  R.  System  could  take  all  the  oil  made 
in  this  country.  There  is  one  feature  of  the  industry 
which  has  done  more  to  militate  against  it  than  any- 
thing else.  I  refer  now  to  the  lack  of  cooperation 
among  the  men  engaged  in  the  work.  Every  one 
thinks  that  he  has  a  little  bit  more  knowledge  than 
any  one  else,  and  is  jealous  of  it. 

An  association  which  would  allow  of  an  exchange 
of  ideas  and  promote  a  spirit  of  helpfulness  would 
do  more  for  the  art  than  any  other  one  thing.  Trade 
secrets  need  not  be  divulged,  but  matters  of  moment 
for  the  good  of  all  could  be  promoted  by  such  an 
organization,  and  only  by  such. 

Typical  Experimental  Tests. 

Charge  No.  19 — April  25,  1911. 
20  lbs.  wood  (good). 

Inside.  Outside. 

7.30   A.M.  Fire  started 

8.30      '  Turps,  started 380°  510°] 

9  00      "  395  477 

10.00       "  413  480  32°ZS- 

11.00      "  451  556  tUrpS- 

12.00   M.  484  567     ] 

1  .00   p.m.  Turps,  stopped 

Light  oil  started 494  578    "I     9V4  ozs. 

2  00       '  508  590     j     light  oil 
3.00      "             Light  oil  stopped 

Heavy  oil  started 572  675  1 

415       '  581  666  I     50  oz. 

500      '  597  690  \    heavy  oil 

6  00       "  595  675  J 

Calculated  to  Cord  Basis. 

Charcoal 30  bushels 

Residue 20  gals. 

Crude  turps 50.0    gals. 

light  oil 15.23     " 

heavy  oil 78.12     "   .. 


7.40  A.M 
8.40  " 
9.00  " 
10.00  " 
11.00  " 
12.00  M. 
1.00   p.m. 


4.00 
5.00 


Charge  No.  26— May  3rd,  191  1. 

20  lbs.  wood. 

Inside.  Outside. 

Fire  started 

Turps,  started 380°  510°] 

387  507 

420  510          25°ZS- 

428  522          tUIPS- 

467  565     J 

Turps,  stopped 

Light  oil  started 490  578     \    6  Y,  ozs. 

J     light  oil 

Light  oil  stopped 

Heavy  oil  started 536  641     ] 

57(1  678 

596  678          f  °ZS-   ., 

594  674     I     heavy<»l 

592  680    J 

Calculated  to  Cord  Basis. 

Charcoal 25  bushels 

Residue 30  gals. 

Crude  turps 38 .  06  gals. 

light  oil 10.15     " 

"       heavy  oil 106.25     " 


Charge  No.  11 — April  15,  1911. 


20  lbs. 

wood  (good). 
Inside. 

Outside 

9.30 

A.M. 

Fire  started 

10.00 

" 

270° 

430° 

10.30 

" 

Spirits  started. 

345 

525 

11.00 

" 

374 

489 

12.00 

M. 

378 

436 

1.00 

P.M. 

384 

435 

24  ozs. 

2.00 

" 

385 

430 

spirits 

3.00 

" 

392 

432 

3.25 

" 

387 

(Rosin 
2V«  lbs.) 

3.55 

« 

395 

4.00 

" 

408 

508 

5.00 

" 

520 

615 

5.10 

" 

Stop  fire 

528 

628 

8.10    A.M. 

9.00  " 
10.00  " 
11.30  " 
12.00   M. 

1.00   P.M. 

1.15      " 


Calculated  to  Cord  Basis. 
7  oz.  light  oil  on  cooling  down: 

Wood  left 12.0    lbs. 

Residue 4.0    ozs. 

Crude  turps 37  .44  gals. 

"       light  oil 

Rosin 500.0    lbs. 


Charge  No.  15 — April  20,  1911. 
20  lbs.  wood  (good). 

Inside.  Out! 

Fire  started 

Spirits  started 372°  500 c 

408  484 

435  535 

452  550 

500  600    ' 

Spirits  stopped 

Light  oil  started 508  623    > 

540  650    > 

Light  oil  stopped 

Heavy  oil  started 550  662     1 

574  677 

595  680     \ 

607  692 

605  690 


24  Va  ozs. 
spirits 


.    '  .'   ozs. 

light  oil 


60  ozs. 
heavy  oil 


Calculated  to  Cord  Basis. 

Charcoal 28  bushels 

Residue 20  gals 

Crude  turps 38 . 2  gals. 

light  oil 117      ■' 

"       heavy  oil 93 .6     " 


3  i  i 
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(  b  ii  Was   I  I,  1911. 

n I 

in  tide         

tartcd                  (i  i  I  " 

36 1  173         I  ■ 

190     '     turp 

413  ist 
I,,, 

12.45   p.M                                                         502  598     j     "  ozs. 

i    00                                                                 508  60 !          lighl  oil 

535  620     I 

575  661     ]     67  ozs. 

4  mi      •■                                                      610  670     I     hea\  \  oil 

5  00      "                                                          608  660 

5    |0       "                                                            600  650     I 

Calculated  t>>  Cord  Basis. 

Charcoal 28  bushels 

Residue 20  gals. 

Crude  turps 30.46  gals. 

light  oil 9.37     " 

"       heavy  oil 104  68    " 

Charge  No.  40— May  19.  1911. 


7.15   A.M. 

8.30  " 

9  30  " 

10.30  " 

11.30  " 

12.30  P.M. 

1.30  " 

2.30  " 

3  00  " 


5.00 
5.30 


20  lbs.  wood. 

Inside.  Outsil 

Fire  started 

Turps,  started 376°  485c 

430  520 

465  526 

476  544 

485  541 

512  583 

550  640 

580  672 

596  675 

612  674 

610  670 


20  M  ozs. 
turps. 


10  ozs. 
light  oil 
67  ozs. 
heavy  oil 


Calculated  to  Cord  Basis. 

Charcoal 28  bushels 

Residue 15  gals. 

Crude  light  oil 15  .62  gals. 

Crude  turps 32  .  03     " 


7 

00 

A.M 

8 

15 

" 

9 

00 

" 

10 
11 

00 
00 

.. 

12 

00 

M. 

1 

00 

p  u 

Crude  heavy  oil 104  .68 

Charge  No.  47— May  27,  1911. 

20  lbs.  wood. 

Inside.  Outside. 

Fire  started 

Turps,  started 400°  480°  j 

429  508          „.. 

460  525          27A°ZS- 

492  565          tUrpS- 

502  596    J 

545  622     |     5  'A  ozs. 

562  642     J     light  oil 

573  637     I     62  y2  ozs. 

605  685     I     .               ., 
,_,          heavy  oil 

600  676     J 

Calculated  to  Cord  Basis. 

Charcoal 28  bushels 

Residue  drawn  off 40  gals. 

Crude  turps 42  .96  gals. 

Crude  light  oil 8  .59     " 

Crude  heavy  oil .'  97  65 

Charge  No.  50— May  31,  1911. 


20  lbs.  wood. 

7.00 

A.M. 

Fire  s 

tarted 

8.05 

Turps 

started 

388 

9.00 

425 

10.00 

" 

455 

11.00 

" 

481 

12   00 

M. 

501 

12.20 

P.M. 

515 

1.00 

532 

1  .30 

" 

543 

2.00 

" 

572 

3.00 

" 

610 

3   30 

" 

614 

508° 

520 

540 

32  ozs. 

571 

turps. 

583 

600    1 

7  ozs. 

611      J 

light  oil 

643 

655 

65  ozs. 

684 

heavy  oil 

675     ' 

.'  ii.  .i  i..  Cord  i  ■ 

i  hari  o  il  10  bushels 

Residue  drawn  ..n  20 

Crude  turpi I 

lighl  oil _            10.93    " 

heavy  oil '. .       101    i6 


Charge  No.  58     June  9,  1911. 

20  lbs.  wood 

Inside.  I  lutsidi 
h  lo  a.m.         Fire  started 

9    !0                      [Sups    started 374°  500°  j 

Ki  00       "                                                              436  543     | 

11  00       "                                                              476  566     > 

12  00    M.                                                               517  607      I 
12.30    P.M                                                             526  617     J 

1    mi                                                                     540  632     1 

1.30       "                                                              552  641      | 

2.00      "                                                          563  648 

3.00       "                                                              600  677 

4 .  00       "                                                              608  680 

4  30       "                                                              600  670 
Calculated  to  Cord  Basis. 

Charcoal 28  bushels 

Residue  drawn  off 20  gals. 

Crude  turps 36  . 7 1  gals. 

light  oil 10.93     " 

"       heavy  oil 103.12     " 


23  'A  ozs. 

turps. 


7  ozs. 
light  oil 


66  ozs. 
heavy  oil 


Charge  No.  79— July  5,  1911. 


20  lbs 

wood. 

Inside 

Outside. 

7.30 

A.M.           Fire  started 

...      385° 

508° 

9.00 

411 

522 

-     ' 

10.00 

449 

536 

28  M  ozs. 

11.00 

474 

556 

turps. 

11. 5S 

" 

497 

591 

12.57 

P.M. 

546 

636    \    6V4  ozs. 

2.00 

" 

590 

677 

light  oil 

3.00 

598 

681  \     72  ozs. 

682  /    heavy  oil 

3.35 

" 

600 

Calculated  to  Cord  B 

asis. 

4  M  lbs. 

2H    " 

1 1 . 54     " 

112.50     " 

Charge  No 

82- 

—July  10, 

1911. 

20  lbs. 

wood. 

Inside. 

Outside. 

7    10 

a.m.           Fire  started 

8.20 

Turps,  started. 

.      384° 

495°  I 

9  00 

409 

512     J  33  ozs. 'turps. 

10.00 

" 

448 

551     1  29  ozs.  water 

11  .00 

" 

477 

560    > 

11.40 

498 

593     I  9  ozs.  light  oil 

1  .00 

P.M. 

542 

630     I  10  !4  ozs.  water 

1  .10 

" 

546 

631     > 

2.00 

" 

575 

667     1  50  ozs.  heavy  oil 

3.00 

" 

584 

661      |  26  ozs.  water 

4  00 

" 

579 

644     J 

Calculated  to  Cord  Basis. 

30  bushels 

35  gals. 

51.56  gals. 

.  .      14.06     " 

.  .      78.12     " 

Charge  No 

90 — Aug.  12, 

1911. 

20  lbs. 

Western  wood 

Inside. 

Outside. 

8.25 

A.M.           Fire  started 

10.08 

"             Turps,  started. 

.      397° 

473°  |  Fuse  burnt  out 

11  .00 

" 

414 

477     \  38l/4  ozs.  turps. 

12.00 

M. 

439 

495     > 

1    00 

P.M. 

459 

511     I  27  ozs.  water 

2.00 

" 

486 

562     |  10  ozs.  light  oil 

3.00 

" 

551 

622    '  5  '  i  ozs.  water 

4.00 

" 

606 

702     | 

5.00 

» 

637 

682     >  90  ozs.  heavy  oil 

5.30 

" 

631 

686    J  32 

ozs.  acid 
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Refined  Products. 

\V.  \V.  turpentine 

Second  turpentine 

Light  oil 

Light  product.  No.  1 

Light  product,  No.  2 

Heavy  oil 

Refined  to  extra  heavy  oil 


Gala 

40.0 


Charge  No.  2 — Continued. 

Temperature. 


Calculated  to  Cord  Basis. 

Charcoal 950  ll>s. 

Residue 138     " 


Crude  turps 

"       light  oil. . 
"       heavy  oil. 


Time. 

50     A.M. 


If  00 
11.00 


12.01-    M. 
1.17    P.M. 


Oals. 

M)  39 
15  62 

140.62 


Tests  on  Commercial    I'  ant 
Charge  No.  1— March  19,  191 4 

4653  lbs.  wo  ,  J       Temper- Hire. 


Time. 

Changes. 

Ret.rt 

Oil 

OutpL 

5.15 

A.M. 

Pumps  started 

6.30 

" 

Steam  turned  in  retort 

6.43 

" 

226' 

8.00 

" 

Oil  turned  in  retort  below 

.       260 

8.00 

" 

217 

8.17 

" 

.      217 

9.15 

" 

2KS 

10  07 

" 

225 

272g 

33  gals. 

turps. 

11.05 

■ 

255 

315 

12.00 

M. 

276 

345 

1.00 

P.M. 

309 

393 

2.00 

" 

332 

440 

3.00 

" 

366 

477 

4.00 

" 

380 

520 

5.00 

" 

425 

549 

5.20 
6.12 
6.30 

« 

445 
480 
486 

559 
587 
596 

20  gals, 
light  oil 

8.34 

" 

502 

605 

9.35 

" 

550 

631 

10.33 

" 

563 

646 

11.34 

12.33 

1.35 

A.M. 

575 
562 
558 

649 
646 
643 

86  gals, 
heavy  0 

2.22 

559 

643 

3.30 

" 

555 

645 

3.55 

" 

557 

645 

Charge  No.  2 — March  21,  1912. 
1-cord  slabs — 5076  lbs. 

Temperature. 


Changes, 
oil  and  steam  on 
Steam  cut  off. . .  . 


Retort.     Oil.        Output. 


Dist.  started. 


6  00      " 

7.00      " 

8.00       " 

9  00       " 

10.00      " 

11.00      " 

12.03   a.m. 

1.00      " 

2.00      " 

3.00      " 

4.00      " 

4.35       " 

Dist.  changed 

5.00      " 

6.00       " 

7.00      " 

Dist.  changed 

2104 

1X1 

191 

226 

262 

286 

283 

290 

300 

285 

296 

300 

325 

377 

389 

402 

405 

411 

415 

422 

431 

437 

448 

457 

465 

480 

498 

502 


259 
272 
326 
356 
377 
384 
415 
423 
430 
442 
455 
467 
478 
488 
495 
500 
500 
507 
511 
516 
527 
535 
541 
542 
555 
563 
568 


33  gals. 
crude  turps. 


10  gals, 
light  oil 


Time. 

Changes. 

Retort. 

o.l. 

Output. 

9.00    A.M. 

.  504 

576 

10.00       " 

504 

587 

79.29  gal 

11.00       " 

512 

599 

heavy  oil 

12.00    M. 

504 

604 

1.'   45    i-  \i 

Charge  stopped,  lea 

Icy  pipe 

47.21  gals,  pitch 
Charge  No  3  —March  25,  1912. 
1-cord  slabs — 4508  lb! 


Temperature. 


Time. 

6.30 

A.M 

6.33 

" 

7.00 

" 

8.00 

" 

9.00 

" 

10.00 

" 

10.30 

" 

11.00 

" 

12.00 

M. 

1.00 

P.M 

2.00 

" 

3.00 

" 

4.00 

" 

5.00 

" 

6.00 

" 

7.00 

" 

8.00 

" 

9  00 

" 

10.05 

" 

10.30 

" 

11.00 

" 

12.00 

M. 

1.00 

P.M 

2.30 


Changes.  Retort. 

Steam  on  for  3  min 

Oil  started  in  retort 218° 

175 
218 
240 
268 

Dist.  started 294 

306 
321 
335 
348 
394 
409 
428 
451 
469 
483 

Dist.  changed 500 

525 

Dist.  changed 533 

540 
549 
556 
559 


26  gals. 

crude 

turps. 


Oil.       Output. 

300° 
295 
318 
347 
368 
377 
382 
400 
427 
455  I 
477  I 
•492  I 
513  I 
532  J 
543    ] 

56 1      I  7  'A  gals. 
570     J-  crude 
589     j  light  oil 
595    J 
606    ] 

616     (  44  gals. 
627     f  heavy  oil 
648     j 


42.38  gals,  pitch 
National  Wood  Distilling  Co., 

Wilmington,  N.  C. 


SOME    PROBLEMS    IN    CHEMICAL  ENGINEERING 
PRACTICE. ' 

THE  MANUFACTURE  OF  CHLOROFORM  FROM  BLEACHING 
POWDER  AND  ETHYL  ALCOHOL. 

By  F.  W.   Frekichs. 
Received  January  5,  1912. 

As  an  example  of  improving  an  established  process 
of  manufacture,  I  have  selected  some  work  which  I 
did  about  thirty  years  ago  in  connection  with  the 
manufacture  of  chloroform.  At  that  time  chloroform 
was  made  from  tax-paid  alcohol  and  bleaching  pow- 
der. The  acetone  process  was  then  little  known  but 
was  developed  about  five  years  later  superseding  the 
alcohol  process  on  account  of  its  greater  cheapness. 
But  since  we  now  have  tax-free  alcohol  for  manufac- 
turing purposes,  the  old  process  has  gained  interest 
again,  and  this  is  one  of  the  reasons  why  I  have  looked 
up  old  records  in  order  to  show  what  can  be  done  with 
the  alcohol  process. 

In  the  year  1883  I  was  in  charge  of  a  chloroform 
plant,  comprising  six  cylindrical  stills  standing  on 
end,  each  still  being  6  feet  in  diameter  and  8  feet  high. 
Each  still  was  connected  with  a  condenser  consisting 
of  a  lead  coil  and  a  receiver  to  catch  the  resulting 
chloroform.  A  flat  iron  box,  to  mix  the  bleaching 
powder  with  water,  was  over  each  pair  of  chloroform 
stills.  The  general  arrangement  of  the  apparatus 
was  as  given  in  Fig.   1. 

1  Address   read    at  the  Annual   Meeting  of  the   American  Institute  of 
Chemical  Engineers,  in  Washington,  D.  C,  December,    1911. 
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The  apparatus  was  operated  in  the  following  man- 
ner: 

looo  lbs  of  bleach  having  35  per  cent  available  chlorine,  01 
its  equivalent,  were  dissolved  in  the  square  box  A  (Fig.  1)  in 
sufficienl  watei  to  make  al>out   25  cu.  ft.,  ami  the  solution  was 


run  (iff  into  still  B,  a  small  quantity  of  water  being  used  to 
wash  the  box.  Eight  gallons  of  94  per  cent,  alcohol  by  volume 
were  added,  whereupon  the  still  was  closed  and  left  to  stand 

over  night. 

List  of  Abbreviations. 

The  word  "bleach"  is  used  for  bleaching  powder,  and  the  term  "bleach 
35  per  cent  "  designates  bleaching  powder  containing  35  per  cent,  available 
chlorine. 

The  word  "alcohol"  designates  ethyl  alcohol  and  the  term  "alcohol 
94  per  cent."  designates  alcohol  containing  94  per  cent.  CH3CH2OH  by 
volume  or  188  proof. 

The  atomic  weights  used  in  the  calculations  are  rounded  off  to  the 
nearest  half  unit,  viz.:  C  =   12;  Ca  =  40;  CI  =  35  5  ;  H  =   1  ;  O  =   16. 

In  some  instances,  particularly  in  warm  weather, 
the  reaction  would  start  spontaneously,  which  could 
be  observed  by  the  stills  warming  up.  In  most  cases, 
however,  it  was  necessary  to  start  the  reaction  the 
next  morning  by  admitting  steam  direct  to  the  stills. 
Care  was  taken  to  admit  steam  very  gradually,  other- 
wise the  reaction  would  become  very  violent  and  the 
contents  of  the  stills  would  boil  over.  The  reaction 
having  taken  place,  more  steam  was  admitted,  until 
all  of  the  chloroform  was  distilled  over.  The  distilla- 
tion was  continued  until  the  distillate  did  not  taste 
of  alcohol  or  chloroform.  The  distillate  coming  after 
the  chloroform  (5  to  10  gallons)  would  be  added  to 
the  next  charge  in  the  stills,  and  would  be  counted  as 
alcohol,  its  alcoholic  content  being  ascertained  by  the 
hydrometer.  The  chloroform  was  separated  from  the 
distillate  and  purified  as  described  later  on. 

When  I  took  charge  of  the  plant,  I  conducted  a 
series  of  operations  in  the  same  manner  as  they  had 
been  conducted  for  years,  making  the  following  ob- 
servations: 

I.  934  lbs.  bleach,  35.8  per  cent.;  enough  water  to  make  25 
cu.  ft.;  7.7  gallons  alcohol,  94  per  cent.,  were  charged  into  still 
B  at  5.0  p.m.,  the  charge  occupying  less  than  1  ft.  in  the  8-ft. 
still.  The  reaction  commenced  at  10  p.m.,  slow  distillation 
taking  place  from  10  p.m.  to  12.30  a.m.  the  following  day. 
At  7  a.m.  steam  was  admitted  gradually,  and  63  lbs.  of  crude 
chloroform  of  1.40  specific  gravity  were  distilled  off.  50  ec. 
of  this  crude  chloroform,  shaken  with  50  cc.  water,  left  44  cc. 
washed  chloroform  of  1 .48  sp.  gr.  The  total  product  of  63  lbs. 
crude  chloroform  made  58.6  lbs.  of  1.48  sp.  gr.,  after  washing 
with  water;  0.4  gallon  alcohol,  94  per  cent.,  was  recovered 
in  the  after-distillate,  and  0.7  gallon  alcohol,  94  per  cent.,  was 
recovered  from  crude  chloroform  by  washing  with  water. 


II.  971  lbs.  bleach,  <;  0  per  Cent.,  enough  water  to  make 
2,5  cu.  ft.,  6.9  gallons  alcohol,  01  pel  cenl  ,  were  charged  into 
still  /•'  at  5  p.m.  'flu-  reaction  began  at  midnight,  continued  to 
3  a.m.,  and  di  lbs.  crude  chloroform  of  1.46  sp.  gr.  were  with 
drawn  from  the  receiver  the  next  morning;  50  ee.  crude  chloro- 
form, 1  .46  sp.  gr.,  shaken  with  50  cc.  water,  made  47  cc.  washed 
chloroform,  1.48  sp.  gr.,  and  the  61  lbs.  crude  chloroform 
made  58.5  lbs.  washed  chloroform,  1.48  sp.  gr.;  0.3  gallon 
alcohol,  94  per  cent.,  was  recovered  in  the  after-distillate,  and 
0.4  gallon  alcohol,  94  per  cent.,  was  obtained  from  the  crude 
chloroform  by  washing  with  water. 

III.  988  lbs.  bleach,  33.7  per  cent.,  enough  water  to  make 
25  cu.  ft.,  7.  1  gallons  alcohol,  94  per  cent.,  were  charged  into 
still  B  at  5  p.m.  The  reaction  did  not  commence  during  the 
night.  Upon  admitting  steam  slowly  the  next  morning,  the  re- 
action commenced  suddenly  and  the  contents  of  the  apparatus 
boiled  over;  53.5  lbs.  crude  chloroform  of  1.46  sp.  gr.  were 
obtained;  50  cc.  of  this  chloroform,  shaken  with  50  cc.  water, 
made  47  cc.  washed  chloroform,  1 .48  sp.  gr.,  and  the  53.5  lbs. 
crude  chloroform  made  51.3  lbs.  washed  chloroform  of  1.48 
sp.  gr.;  0.6  gallon  alcohol,  94  per  cent.,  was  recovered  in  the 
after-distillate  and  0.4  gallon  alcohol,  94  per  cent.,  was  recov- 
ered from  the  crude  chloroform  by  washing  with  water.  The 
residue  remaining  in  still  B  after  the  distillation  contained  some 
free  chlorine  or  its  equivalent. 

IV.  959  lbs.  bleach,  33.2  per  cent.,  enough  water  to  make 
25  cu.  ft.,  7.0  gallons  alcohol,  94  per  cent.,  charged  into  still 
B  at  6  p.m.,  commenced  distilling  voluntarily  at  10.30  p.m., 
and  continued  distilling  for  2 '  i  hours.  The  distillation  was 
finished  the  next  morning  by  direct  steam,  making  66.5  lbs. 
crude  chloroform,  1 .45  sp.  gr.,  50  cc.  of  wihch  shaken  with  50 
cc.  water,  made  46  cc.  washed  chloroform  of  1  .48  sp.  gr.  and  the 
66.5  lbs.  crude  chloroform  made  62.6  lbs.  washed  chloroform, 
1 .48  sp.  gr.;  0.4  gallon  of  alcohol,  94  per  cent.,  was  recovered 
in  the  after-distillate,  and  0.6  gallon  alcohol,  94  per  cent.,  was 
recovered  from  the  crude  chloroform,  by  washing  with  water. 

The  mean  temperature  of  the  room  at  the  time  these  experi- 
ments were  made,  was  160  C. 

The  alcohol  contained  in  the  after-distillate  and  in  the  wash 
water  from  crude  chloroform  was  measured  by  specific  gravity. 
This  was  not  quite  correct  on  account  of  the  aldehyde  and  or- 
ganic chlorine  compounds,  but  it  was  the  best  that  could  be 
done  under  the  circumstances. 

1000  cc.  after  distillate,  0.98  sp.  gr.,  was  distilled  with  30 
grams  hydrated  lime  until  300  cc.  were  in  the  receiver;  2  .3  cc. 
chloroform  was  separated.  The  distillate  had  a  specific  gravity 
of  0.930. 

Each  of  the  experiments,  I  to  IV,  constituted  one  day's 
work  for  one  large  apparatus,  sketched  in  Fig.   1. 

Conclusions  and  Observations  from  Experiments  I 
to  IV. — Summarizing  the  four  experiments,  3825 
lbs.  bleach,  averaging  33.9  per  cent.,  equal  to  3732 
lbs.,  35  per  cent.,  enough  water  to  make  100  cu.  ft., 
24.9  gallons  alcohol,  94  per  cent.,  made  231  lbs. 
chloroform  crude  washed  by  water,  having  a  specific 
gravity  of  1.48.  The  crude  chloroform,  upon  wash- 
ing with  sulphuric  acid,  and  redistilling,  would  lose 
2.35  per  cent,  of  its  weight  and  would  make  225.5 
lbs.  pure  chloroform;  28.7  gallons  alcohol,  94  per 
cent.,  was  used  and  alcohol  equivalent  to  3.8  gallons 
alcohol,  94  per  cent.,  was  recovered  from  the  after- 
distillate  and  from  the  wash  water  of  the  crude  chloro- 
form 

The  manufacture  of  100  lbs.  pure  chloroform  re- 
quired, on  an  average,  1655  lbs.  bleach,  35  per  cent., 
and    11.05  gallons  alcohol,    94  per  cent. 
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The  cost  price  of  the  materials  in  St.  Louis,  January,  Conclusions    and    Observations     from   Experiments    V 

1883,   being  Si.  32   per   100  lbs.   bleach,   containing  35  to    VIII. — Delaying   the   distillation   for  four  or   more 

-per  cent,   chlorine,   and    $2.14  for  one   U .    S.    gallon  hours  after  the  charge  is  made,  tends  to  increase  th< 

of  alcohol,  94  per  cent.,  or  188  proof,  the  values  of  ma-  yield  of  chloroform. 

terials  contributed  to  the  cost  of  100  lbs.  pure  chloro-  [n  each  ,  ,f  the  experiments  (V   to   VIII),  the  residue 

form,  as  follows:  in  the  still  did  not  contain  any  large  amount  of  active 

1655  ii>s.  bleach,  35  per  cent.,  at  $1 .32 $21 .85  chlorine  or  its  equivalent. 

11.05  gallons  alcohol!  94  per  cent.,  at  $2.14 23.65  T                ,         ,    ,.                       .                                      .       . 

In   each   of   the   experiments   an   equivalent    ol    0.4 

Total 45.50  to  0.6  gallon  of  alcohol,   94  per  cent.,  was  recc 

from   the   water   distilling   with    the   chloroform,    and 

The    yield    of    chloroform    was    much    greater    when  approximatelv    0.5    gallon    of    alcoho](    g4    per    cent-) 

the   reaction    started   spontaneously,    as  m    Expts.   I,  was  rec0vered  from  the  crude  chloroform  bv  washing 

II   and  IV,   than  when    it    had  to  be  started  by  ad-  with    water_      The    same    observation    was    made    in 

mitting  direct  steam  as  in  Expt.  III.     A  particularly  Expts    I  to  IV 

poor  vield_was  obtained  if  the  reaction  was  so  vio-  The   water   coming   oyer   wjth    the   chloroform    did 

lent  that  boiling  over  of  the  contents  of  the  apparatus  not  gjve  any  reaction  for  chlorine  with   silver  nitrate 

would  occur.  lDut     contained     some     organic     chlorine     compounds, 

In  spite  ol  the  tact  that  only  one-eighth  of  the  space  which]  upon  distillation  with  limc,  made  chloroform, 

in  the  still  was  occupied  by  the  charge,  boiling  over  In  one  experiment,   1000  cc.  distillate,  mixed  with  30 

could  not  always  be  avoided.  grams    hydrated    Hmej    and    subjected   to    distillation 

In  case  the  reaction  was  violent,   the  charge  boil-  in  a  g]ass  retQrt|  yielded  3   $  grams  chloroform.     The 

mg  over  as  m    Expt.   Ill,  the  values  of  the  material  residuei   which  remained  in  the  retort  after' this  dis- 

would  contribute  to  the  cost  of  100  lbs.  pure  chloro-  tillation,   showed  a  strong  reaction  for  chlorine  with 

form,  as  follows:  silver  nitrate. 

1898  lbs.  bleach.  35  per  cent.,  at  $1.32 $25.05  Five  liters  of  watery  distillate  from  the  chloroform 

12.2  gallons  alcohol.  94  per  cent,  at  $2. 14 ^11  stiUSj     upQn    fract{0nal    distillation,     made    about    4    CC. 

Total $51.16  of  an  impure  dichloraldehyde,  boiling  at  88°  to  90°  C. 

The   bleaching   powder   used   for   all    these    experi- 

In  case  the  reaction  started  spontaneously,  requiring  ments  contained  an  average  of    15   per  cent,   of  free 

2  to  3  hours  for  its  completion,  as   in  Expt.  I,  II  and  hydrate  of  lime 

IV,   the    average   value  of   the   materials  would  con-  It  was  thought  that  possibly  an  addition  of  hydrate 

tribute  to  the  cost  of  100  lbs.  of  pure  chloroform,  as  of  Ume  might  have  an  influence  on  the  yield  of  chloro- 

tollows:  form,  and  with  this  in  view,  the  following  experiments 

1584  lbs.  bleach,  35  per  cent.,  at  $1.32 $20.91  Were  Carried  Out: 

10.71  gallons  alcohol,  94  percent.,  at  $2. 14 22.92  TV 

IX.  900  lbs.  bleach,  35  per  cent.,   150  lbs.  hydrate  of  lime, 

Total $43 .83  enough  water  to  make  25  cu.  ft.,  7  . 2  gallons  alcohol,  94  per  cent. 

The  distillation  was  induced  so  as  to  begin  3  hours  after  eharg- 

For    the    purpose    of    ascertaining    the    influence    of  ing,  and  was  finished  in  2)A  hours;     62.25  lbs.  crude  chloro- 

tinic  upon   the  yield  of  chloroform,   the  following  ex-  form,  1.36  sp.  gr.,  were  obtained,  which  made  47.7  lbs.  washed, 

periments  were  made  with  the  same  apparatus:  corresponding  to  56.4  lbs.  pure  chloroform. 

V.  900  lbs.  bleach,  35  per  cent.,  enough  water  to  make  25  X-  9°°  lbs'  bleach'  35  per  cent.,  170  lbs.  hydrate  of  lime, 
cu.  ft.,  7  . 2  gallons  alcohol,  94  per  cent.  The  distillation  was  enouSh  water  t0  make  25  cu-  ft'-  7  •  2  gallons  alcohol,  94  Per  cent, 
induced  so  as  to  begin  i#  hours  after  charging  and  was  finished  The  distillation  was  induced  s°  as  to  begin  5^  hours  after 
in  2  hours;  60.5  lbs.  crude  chloroform,  1 .30  sp.  gr'.,  were  ob-  <**tfng  and  wa*  finished  in  3X  hours;  70.25  lbs.  crude 
tained,  which  made  52  .3  lbs.  of  washed  chloroform,  correspond-  chloroform,  *  -36  sp.  gr.,  were  obtained,  which  made  62  .6  lbs. 
ing  to  51  lbs.  pure  chloroform.  washed'  corresponding  to  61 . 1  lbs.  pure  chloroform. 

VI.  900  lbs.  bleach,  35  per  cent.,  enough  water  to  make  25  Conclusions  from  Experiments  IX  and  X. — Com- 
cu.  ft.,  7.2  gallons  alcohol,  94  per  cent.  The  distillation  was  paring  Expt.  IX  with  Expt.  VII,  it  would  seem  that 
induced  so  as  to  begin  2  hours  after  charging  and  was  finished  the  addition  of  hydrate  of  lime  has  no  influence  on 
in  2  hours;  62  lbs.  crude  chloroform,  1.32  sp.  gr.,  were  ob-  the  yield  of  chloroform  if  the  distillation  is  induced 
tamed,  which  made  50. 1  'lbs.  washed,  corresponding  to  49.0  about      hours  aftef  charging. 

lbs  pure  chloroform. 

VII.  900  lbs.  bleach,  35  per  cent.,  enough  water  to  make  25  Comparing  Expt.  X  with  Expts.  VIII  and  IX,  it 
cu.  ft.,  7.2  gallons  alcohol,  94  per  cent.  Distillation  was  in-  appears  that  the  addition  of  hydrate  of  lime  increased 
duced  so  as  to  begin  4  hours  after  charging  and  was  finished  the  output  considerably,  if  at  the  same  time  the  re- 
in 3  hours;  61.8  lbs.  crude  chloroform,  1.41  sp.  gr.,  were  ob-  action  is  delayed  to  about  6  hours  after  charging. 
tained  which  made  57.1  lbs.  washed,  corresponding  to  55.8  Tlu,  following  table  gives  the  materials  used  for  8 
lbs  pure  chloroform.  large    ^    and    the    yieMs    obtained  from   same,   the 

VIII.  900  lbs.  bleach,  35  per  cent.,  enough  water  to  make  ,     ,     •                 1      t   j           4.1      i-             •          •     r>              t 
..               ..          ,    7    ,                           ~.    .„    .              .  work  being  conducted  on   the  lines    given  in  Expts.   I 

25  cu.  ft.,  7.2  gallons  alcohol,  94  per  cent.     Distillation  was  in-  TTr                       ,                    ...          ,.     .,,        ' 

h.,™,i  ™  „„  +„  k  „:        1.            t*       u                  a           c  ■  u    1  to    IV.      In    each    operation,    the    after-distil  ate     and 

duced  so  as  to  begin  9  hours  after  charging,  and  was  finished  * 

after  5  hours;     57.8  lbs.  crude  chloroform,  1 .425  sP:  gr.,  were  wash    watcr   coming    from    the    crude     chloroform     of 

obtained,  which  made  54.2  lbs.  washed,  corresponding  to  53  lbs.  the    previous    operation    was    added    to    the    following 

pure  chloroform.  charge.     The   alcohol   contained  therein   is  not  given 
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in  the  table  and  only  the  fresh  alcohol  is  given  which  have    progressed    to    the    formation    of   carbonic   acid 

was  used  in  the  operations:  tnd         >•         ily  in  this  way  can  the  large  q 

r        j  tities  of  carbonate  ol    lime  be  accounted   tor,  which 

Blenching  pow-                                loo  lbs.  For  100  lbs.  chloro-  were  found   in   the  waste  liquors.      A  small  proportion 

deruaed.                                      bleach     fem,  wen- used:  was    consumefJ    Jn    the    formation    of    dichloraldehyde, 

, ■ .      Alcohol.  Chloroform,  made  • ■ •  ,   .    .                  .            ,    .       ,,                           ,.    ,.,,.               ...             ,       , 

T,„,s      Per      94per      pure,  ob- chloro-               Alcohol,  which  was  found  in  t  he  water  distilling  with  and  alter 

ol   !000  cent,  cent.,  used,  tnined,     form.  Bleach.  94  per  cent,  the   elil'>                    oid    another  part   formed,   with   alco- 

'"<  x"-      "»•       cl-     U.S.gal.      Lbs.       Lbs.     Lbs.     u.  s.  gal.  holj    .,,, !,.),  v, ,, .   ;M],i    other   products   of   decomp.  ■ 

1               57           90S              7934       6.96        1437            11.4  ,   .    ,      ,        .     ,        ,            ,.       .        ,      ,     ,                ,,                   ,          ,. 

]12                  ,768         15M5     6  94      144,         n  37  which   had  to  be  eliminated   Irom   the  crude  chloro- 

3  60        926           7680     6.40      1562         12.06  form    by    washing   with    concentrated    sulphuric    acid, 

4  63       28          924          6678     5-3       I887         13-83  forming  a  black  and  often  muddy  mixture 

5  233    3558     29358   6.3    1587     12.12  ««                     ....              ,        , 

6  91                  1426         13104     72       U89         loss  The  presence  of  organic  chlorine  compounds  was  also 

7  87       35         1382         11966     6.87      1456         11.55  proven  by  the  voluminous  escape  of  pungent  gases, 

JS4          35M     ^870              7992       7.4          1351             1^88  wh;ch     f)ften     dr()ve     the    laborers    frorn     thc     apparatus 

Total....    757       H759       100257      room,  making  the  work  very  disagreeable  and  difficult 

—       ■ ■  to  control. 

Avori,KO 33Vs     6'622    151°         11,73  Expts.  I  to    IV    and  also  V    to  X  were   made   with 

ioo  lbs.  chloroform  required  the  following  amounts  fresh    alcohol,    no    alcohol    coming    from    a    previous 

of  raw  material:  operation  being  used. 

Lbs.  In    continuous   operation   the   weak   alcohol   distiU- 

Bleaching  powder,  33Vs  per  cent 1510  jng    0fr    vvith    the    chloroform     and    the    wash    water 

co  o .   o  percent...                                        .  from   the   crude   chloroform   of   a   previous   operation 
equal  to  11.73  U.  S.  gallons,  94  per  cent.  was  used  in  the  following  operation,  and  it  was  ob- 
it is  generally  assumed  that  the  formation  of  chloro-  serv  ;d  that  in  any  first  operation  the  yield  of  chloro- 
form takes  place  according  to  the  following  reaction:  form  would  be  smaller  than  in  subsequent  operations 
rriT  pH  nTr    1      p  pinrn   -  *n  which  the  after-distillate  and  the  wash  water  from 
2CCl23COH  +  3Ca(OH)2"+  5CaCl2  +  2H20  =  C™de     chloroform     containing    alcohol     and    organic 
2CC13H  I  (HCOO),Ca  +  2Ca(OH)2+  5CaCl2  +  2H20  ^°™e  ^mP°unds  were  used  in  Place  of  Part  of  the 

If  this  equation  is  correct,  then  for  100  lbs.  chloroform  if  jn  the  first  operation  the  yield  of  chloroform  was 

the  following  quantities  of  raw  materials  should  have  5.5  per  cent,  from  the  weight  of  bleach,  35  per  cent., 

been  used:  used,  then  in  the  subsequent  operations,  in  which  the 

Lbs-  after-distillate    and    wash    water    from     the    previous 

Bleach,  33 V3  per  cent 713.00  .                                                                     ,       ,     , 

Alcohol,  ioo  per  cent 38.50  operation  were  used  m  place  of  part  of  the  alcohol, 

the  charge  would  yield  as  much  as  6.5  or  even  7  lbs. 

In  place-  of  this,  more  than  twice  as  much  bleach  chloroform  from  every   IOO  lbs.  bleach>   3$  per  centi 

and  almost  twice  as  much  alcohol  were  used  m  the  uged  .fl  the  operation      This  would  seem  to  indicate 

manufacture  of  a  lot  of  approximately   100,000  lbs.  of  that   the   alcohol    .g   transformed   into   chloroform  by 

cnlorolorm.  steps  or  by  a  number  of  consecutive  reactions.     This 

Since  the  waste  liquor  from  the  stills  contained  only  be{ng  thg  cas6|  it  seemed  not  tQ  be  sufficient  to  draw 

traces,    but   not   any   appreciable   amounts   of    active  conclusions  from  a  single  experiment,  but  a  series  of 

chlorine,   the  waste  of  material  could  not  be  caused  riments    had    to    be    made)     the     after-distillate 

only  by  the  oxidation  of  the  formate  of  calcium  to  and  wagh  water  from  the  previous  experiment  alwavs 

carbonate  of  calcium,  or  by  the  oxidation  of  alcohol,  being  uge-d  fof  th&  following  experiments  of  the  series. 

rc     „      '  ,,       ,                  ci-                        t          *-u  It  was  also  observed  that  the    proportion    of   the 

If   all   of  the  formate  of  calcium  coming  from  the  .         „                                    .        ,,,.,,.              , 

,  ,       ,                           ,     ,  ,               .,.     j     .,             0  1U  yield  from  a  first  operation  to  the  yield  in  a  subse- 

chloroform  reaction  had  been  oxidized,  then   178  lbs.  J                         .              r     ,                          J      ,            .. 

.  ,       ,              ,                                    ,  ,    ,            ,                a-   ■  quent  operation  was  fairly  constant  and  tor  this  rea- 

bleach,    ?W,   per   cent.,    would   have   been    sufficient  ^             ^                                J 

a     .-..           1        -n     ^1.     r           1  son  Expts.  I  to  X  have  comparative  value, 

to  do  this  work.      Bv  the  formula  „,,              ■„       ■           r     1              j        11       c 

The   purification   of  the  crude  chloroform  was  ac- 

Ca(COOH)2  +  2CaC10Cl  +  Ca(OH)2  =  complished  by  repeated  washing  with  sulphuric  acid, 

2CaC03  +  2CaCl2  +  2H20,  6&0   ig      tQ  eiiminate  organic  substances,   and  subse- 

and    the    hydrated    lime    necessary    for    this    reaction  quent  washing  with   a  diluted  solution  of  carbonate 

would  also  be  furnished  by  the  chloroform  reaction.  of  sodium,  followed  by  washing  with  water  and  final 

But  frequent  analyses  of  the  waste  liquor  have  re-  distillation    in    a    rectifying    still.     The    washing   was 

vealed  the  fact  that  only    about  "/5  of  the  formate  done   by   hand.     The   finished   chloroform   was   dried 

of  calcium  formed  in  the  reaction  was  oxidized,  when  by  shaking  with  dry  chloride  of  calcium  which  was 

Vt  would  run  off  with  the  waste  liquor.     This  would  absolutely    neutral,    whereupon    it    was    filtered    and 

leave  more  than  619  lbs.  bleach,   s^y>  per  cent.,  not  mixed  with   1   per  cent,   absolute  alcohol  to  improve 

accounted  for,  which,  together  with  33.5  lbs.  alcohol,  its    keeping    qualities.     It    is    essential    that    alcohol 

100  per  cent.,  were  lost  in  the  reaction.  used  for  this  purpose  be  almost  free  from  water,  and 

This  bleaching  powder  must  have  reacted  with  the  no  alcohol  having  more  than  o .  2  per  cent,  water  should 
alcohol,    and  the  oxidation  of  part  of  the  alcohol  must      be  taken  for  this  purpose. 
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The  labor  connected  with  the  operation  of  six 
■  iform  stills  was  as  follows: 

One  foreman  who  operated  six  stills,  two  laborers  (or  charging 
stills,  one  laborer  for  washing  chloroform,  '/3  the  time  of  one 
operator  for  the  rectifying  still.  Work  was  done  in  daytime 
only  and  10  hours  constituted  a  day's  work.  Approximately 
Vj  ton  steam  of  80  lbs.  pressure  was  used  for  one  operation  in 
each  still  and  six  apparatus  were  operated  once  a  day  and  each 
apparatus  would  take  about  900  lbs.  bleaching  powder,  making 
approximately  60  lbs.  of  chloroform. 

The  chloroform,  when  finished  by  rectification  and 
dried  by  chloride  of  calcium,  would  be  tested  rigorously 
by  two  tests. 

1.  One  ounce  chloroform  shaken  with  J^  ounce 
distilled  water,  upon  addition  of  a  few  drops  of  a  10 
per  cent,  solution  nitrate  silver,  was  not  to  give  the 
faintest  reaction  for  chlorine. 

2.  One  ounce  of  chloroform,  shaken  for  two  min- 
utes with  */4  ounce  of  colorless  and  pure  sulphuric 
acid,  66°  B.,  was  not  to  show  even  the  faintest  de- 
coloration, after  standing  ten  minutes. 

The  process  as  described  was  at  that  time  in  use  in 
many  places  for  the  production  of  chloroform.  The 
results  were  not  particularly  bad,  compared  with 
those  obtained  by  others.  Inquiries  from  friends  in 
the  United  States  and  in  Europe,  who  were  in  a  posi- 
tion to  know,  proved  that  other  manufacturers  ob- 
tained similar  results.  Besides,  the  fact  that  a  num- 
ber of  manufacturers  were  eager  to  obtain  possession 
of  an  improved  process,  when  it  was  found,  gave 
cause  to  believe  that  they  themselves  were  working 
with  inferior  results. 

The  great  losses  in  material  seemed  to  me  to  justify 
the  following  investigation  with  reasonable  prospect 
of  success.  There  were  two  ways  of  going  at  it.  One 
was  to  experiment  with  the  large  apparatus  by  chang- 
ing conditions  as  far  as  the  construction  of  the  appara- 
tus would  permit.  This  method  could  be  carried  out 
in  the  regular  course  of  work  and  the  cost  of  experi- 
menting would  apparently  be  absorbed  by  current 
manufacturing  expenses,  but  this  course  seemed  to 
involve  a  deception  of  my  employer  and  it  seemed 
tedious  and  incomplete,  since  the  arrangement  of  a 
given  apparatus  would  not  allow  any  fundamental 
changes,  which  might  be  necessary  before  results 
could  be  obtained. 

The  second  way  was  to  translate  the  process  into 
small  proportions  and  to  carry  the  investigation  out 
on  a  laboratory  scale  and  to  use  the  results  of  this 
investigation  for  improving  the  process  on  a  larger 
scale. 

There  was  a  special  consideration  for  me,  which 
prompted  me  to  choose  the  second  method.  I  had 
entered  the  plant  3  years  before  I  decided  upon  this 
investigation.  Coming  fresh  from  a  German  univer- 
sity, where  I  had  graduated  after  3^  years'  study, 
and  where  I  had  held  a  position  as  assistant  in  charge 
of  analytical  work  for  5  years  following  my  gradua- 
tion, I  had  no  experience  in  the  line  of  work  which 
was  entrusted  to  me,  except  what  was  given  to  me  in 
the  way  of  meager  information  by  my  employer. 

The  business  in  which  I  was  employed  ran  entirely 
satisfactorily,    with    the   process    in   use.     The    selling 


price  of  chloroform  had  been  as  high  as  Si.  30,  but 
had  dropped  to  90  cents,  while  its  cost  with  the  old 
process  was  about  50  cents  per  lb. 

My  employer  had  picked  up  this  process  in  a  Ger- 
man factory,  where  it  had  been  operated  for  a  long 
time,  and  he  thought  he  was  operating  the  most  prac- 
tical process  known  to  successful  manufacturers. 
In  this  assumption  he  did  not  seem  to  be  mistaken, 
since  inquiries  subsequently  made  established  the 
fact  that  other  German  manufacturers  operated  at  a 
similar  disadvantage. 

There  was  little  inclination  to  spend  money  for  ex- 
periments and  I  did  not  think  it  advisable  to  make 
radical  changes  with  the  larger  apparatus  in  the  regu- 
lar routine  of  business  where  expenses  for  experimental 
work  were  absorbed  by  current  manufacturing  ex- 
penses, upon  my  own  responsibility.  This  was  par- 
ticularly the  case,  since  experiments  were  to  be  made 
in  a  direction  in  which  German  manufacturers  were 
known  to  have  experimented,  but  had  failed. 

By  day  my  time  was  taken  up  with  routine  work, 
and  if  I  wanted  to  make  the  research,  I  had  to  do  it 
at  night.  A  rather  primitive  laboratory,  consisting 
of  a  room  in  the  basement  with  an  experimenting 
table  was  at  my  disposal  and  I  had  gas  for  lighting 
and  heating.  Water  was  to  be  carried  in  with  buck- 
ets. Whatever  apparatus  I  needed  I  secured  at  my 
own  expense,  since  it  was  my  intention  to  remain 
the  owner  of  the  improved  process,  if  I  should  find  it. 
Bleaching  powder,  alcohol  and  reagents  I  used  from 
the  stock  of  the  company,  but  I  kept  account  of  what- 
ever I  used  for  the  purpose  of  settling  for  it  as  soon 
as  I  could  offer  an  improved  process  to  my  employer. 

The  work  was  designed  in  the  following  manner: 
■  1.  The  existing  manufacturing  process  was  trans- 
lated into  laboratory  scale  by  carrying  out  the  opera- 
tion in  glass  apparatus,  but  taking  the  same  propor- 
tions of  materials  as  were  used  in  the  large  stills  and 
working  them  in  apparatus  of  proportionate  dimen- 
sions. The  results  obtained  on  a  small  scale  were 
compared  with  the  results  in  the  large  plant,  and  a 
constant  was  obtained  which  allowed  me  to  compare 
the  results  on  a  small  scale  made  with  an  apparatus 
of  definite  design,  with  results  which  could  be  expected 
in  actual  practice  with  larger  stills. 

2.  With  the  apparatus  arranged  as  described  in 
the  first  paragraph,  the  proportions  of  materials  and 
conditions  of  operations  were  varied,  care  being  taken 
to  change  the  apparatus  itself  as  Ijttle  as  possible, 
since  any  change  in  the  small  apparatus  would  imply 
a  corresponding  change  in  the  large  plant.  In  this 
manner  the  expenses  connected  with  such  changes 
were  kept  down  to  the  least  possible  amount. 

3.  The  process  arrived  at  by  the  research  was  trans- 
lated into  practice  by  changing  the  large  apparatus 
by  the  results  of  the  experiments,  and  using  the  pro- 
portions of  materials  and  temperatures  found  to  be 
most  profitable  in  the  research  work. 

The  translation  of  the  existing  manufacturing 
process  to  a  laboratory  scale  was  done  by  arranging 
the  glass  apparatus  Fig.  2,  and  by  executing  with 
this   apparatus   the   experiments,    scries  A   and  B,  for 
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the  purpose  ol  determining  the  relation  between  th< 
results  obtained  i>\  operations  on  a  factory  and  lab> 
oraton     cale 


Experiments,  »Scries  A,  comprising  two  experiments,  and 
representing  two  days'  work  in  the  plant,  were  made  for  the 
purpose  of  comparing  factory  results  with  laboratory  experi- 
ments. Apparatus  Fig.  2  used,  with  1500  cc.  retort,  measured 
inclusive  of  neck,   and  having  a  straight  neck. 

During  the  distillation,  2  cc.  water  were  introduced  into  the 
retort  by  way  of  a  long  stem  funnel  for  every  1  cc.  water  dis- 
tilled, in  order  to  imitate  the  accumulation  of  condensed  water 
from  direct  steam  in  the  large  stills. 

1.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  175  cc;  6.7  cc.  alcohol,  94  per  cent.;  mixed  at 
200  C.  and  distilled.  Products  obtained:  5.7  grams  washed 
chloroform,  sp.  gr.  1.48. 

2.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  175  cc;  6.7  cc.  alcohol,  94  per  cent.;  mixed  at 
200  C.  and  distilled.  Products  obtained:  5.5  grams  washed 
chloroform,  sp.  gr.  1.48. 

Conclusion. — Comparing  the  results  of  laboratory 
Expts.  1  and  2  of  Series  A,  with  factory  Expts.  V  to 
VIII,  it  appears  that  experiments  on  a  large  scale  yield 
somewhat  more  chloroform  than  laboratory  experi- 
ments. 

The  results  of  laboratory  experiments  carried  out 
in  the  manner  described  are  of  such  character  that 
conclusions  can  be  drawn  with  reference  to  the  work- 
ing of  corresponding  experiments  made  on  a  large 
scale. 

This  is  confirmed  by  later  observations,  comparing 
experiments  made  on  a  large  and  small  scale,  and  the 
difference  would  seem  to  range  from  5  to  7  per  cent. 
of  the  product.     * 

Compare  Series  B  with  the  working  of  large  lot  7, 
Table  I. 

Experiments,  Series  B,  comprising  ten  experiments  and 
representing  ten  days'  work  in  the  large  plant,  were  made  for 
the  purpose  of  determining  the  yield  in  subsequent  operations, 
if  the  after-distillate  and  wash  water  of  crude  chloroform  from 
the  previous  experiment  were  used  for  the  following  operation, 
in  a  manner  which  imitated  continuous  work  in  actual  prac- 
tice. 

The  proportion  of  alcohol  to  bleach  was  regulated  to  be  the 
same  in  the  old  process,  lot  No.  7,  Table  I,  in  which  lot  87  tons  = 
78,926  kg.  bleach,  35  per  cent.,  with  1382  U.  S.  gallons  =  5230 
liters  alcohol,  94  per  cent.,  made  11,966  lbs.   =  5428  kg.  pure 


chloroform.  F01  this  reason  iliis  scries  <>i  experiments,  con 
pared  wiili  lol  7,  Tabli  1,  gives  a  good  idea  oi  the  working  of  the 
process  on  a  large  and  laboratory  scale. 

Apparatus  Fig.  a  used,  with  1 500  cc.  retort,  having  a    I 
neck. 

During  the  distillation,  \  cc.  watei  were  introduced  into  the 
retort  by  way  of  the  lung  stem  funnel  for  every  1  cc,  watei  dii> 
tilled,  in  order  to  imitate  the  accumulation  of  condensed  watoc 
from  direct  steam  in  the  large  stills. 

1.  Material,  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  175  cc;  6.7  cc.  alcohol,  94  per  cent.;  mixed 
at  200  C.  and  distilled.  Products  obtained:  5.5  grams  chloro- 
form washed,   1.48  sp.  gr.,  50  cc.  diluted  alcohol  (distillate  Ai, 

2.  Materials  used:  100  grams  bleach,  35  per  cent.;  50  cc.  dis- 
tillate A;  enough  water  to  make  175  cc;  6.7  cc.  alcohol,  94  per 
cent.;  mixed  at  20°  C.  and  distilled.  Products  obtained:  6.4 
grams  washed  chloroform,  1.48  sp.  gr.,  50  cc.  diluted  alcohol 
(distillate  B). 

3.  Materials  used:  100  grams  bleach,  35  per  cent.;  50  cc. 
distillate  B;  enough  water  to  make  175  cc;  6.7  cc.  alcohol,  94 
per  cent.;  mixed  at  200  C.  and  distilled.  Products  obtained: 
6.9  grams  washed  chloroform,  1.48  sp.  gr.,  50  cc.  diluted  alco- 
hol (distillate  C). 

The  following  members  of  this  series  were  made  in 
the  same  manner.  In  each  number,  bleach  and  water 
were  well  mixed,  filled  up  to  the  required  volume, 
and  put  cold  into  the  retort  of  the  apparatus.  After- 
distillate,  wash  water  of  crude  chloroform,  and  alco- 
hol were  added  when  cold;  the  reaction  was  induced 
by  gently  heating. 

The  results  of  experiments,  Series  B,  are  entered 
in  the  following  table: 

Table  II. 
Material  used. 


Diluted 
alcohol 


Products. 


Bleach,  Water  to       from     Alcohol,      Washed 

35  per  make  previous    94  per  chloroform.  Diluted 

Series  B.      cent.  solution,  operation,    cent.     1  .48  sp.  gr.  alcohol. 

No.  Grams.  cc.  cc.  cc.  Grams.  cc. 

1  100  175  ..  6.7  5.5  50 

2  100  125  50  6.7  6.4  50 

3  100  125  50  6.7  6.9  50 

4  100  125  50  6.7  6.8  50 

5  100  125  50  6.7  7.0  50 

6  100  125  50  6.7  6.9  50 

7  100  125  50  6.7  6.8  50 

8  100  125  50  6.7  7.1  50 

9  100  125  50  6.7  6.9  50 
10               100  125  50  6.7  6.8  50 


Totals.  .  .    1000 


67.0 


67.1 


The  67.1  grams  washed  chloroform,  1.48  sp.  gr.,1 
corresponded  to  65.5  grams  of  pure  chloroform,  1.5 
sp.  gr.,  and  the  amount  of  chloroform  obtained  was 
approximately  1  gram  of  chloroform  for  every  cubic 
centimeter  alcohol,  94  per  cent.,  used  in  the  experi- 
ment. 

Comparing  the  results  of  experiments,  Series  B, 
with  the  results  obtained  in  lot  7,  Table  I,  in  which 
78,926  kg.  bleach,  35  per  cent.,  and  5230  liters  alco- 
hol, 94  per  cent.,  made  5428  kg.  pure  chloroform 
(which  is  equivalent  to  7.042  grams  washed  chloro- 
form, 1 .48  sp.  gr.,  from  6.626  cc.  alcohol,  94  per  cent., 
and  100  grams  bleach,  35  per  cent.),  it  is  seen  that 
the  difference  between  results  obtained  in  the  labora- 

1  100  grams  washed  chloroform,  1 .48  sp.  gr.,  would  make  97.65  grams 
pure  chloroform,  after  purifying  with  sulfuric  acid,  66°.  and  redistilling. 
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fcory  and  the  results  in  the  large  plant  was  about 
5  per  cent,  in  favor  of  practical  work  for  bleach,  while 
for  alcohol  the  consumption  was  not  more  than  in 
actual  work. 

Conclusion. — The  results  obtained  in  the  large  ap- 
paratus in  the  plant  and  those  obtained  in  the  labora- 
tory with  apparatus  Fig.  2  could  be  compared, 
the  difference  being  about  5  per  cent,  in  favor  of  work 
on  a  large  scale  for  bleach. 

For  this  reason  reliable  conclusions  could  be  drawn 
from  laboratory  experiments  made  with  apparatus 
Fig.  2,  upon  the  working  of  the  large  apparatus  in 
the  plant. 

In  the  following  pages  a  line  of  experiments  is  re- 
corded  which  led  systematically  to  a  superior  process 
and  by  the  results  of  these  experiments  the  plant  was 
reconstructed,  doing,  after  a  very  simple  change, 
twice  the  work  which  it  did  before,  and  making,  at 
the  same  time,  a  saving  of  almost  one-third  of  all 
the  bleaching  powder  used  in  the  process. 

Experiments,  Series  C,  comprising  nine  experiments  and  repre- 
senting nine  days'  work  in  the  plant,  were  made  for  the  pur- 
pose of  ascertaining  whether  dilution  of  the  charge  of  water 
would  have  any  influence  upon  the  yield  of  chloroform. 

Apparatus  Fig.  2  was  used  with  1500  cc.  retort.  The  experi- 
ments wee  made  in  the  same  manner  as  the  experiments  of 
series  B,  with  the  only  exception  that  1000  cc.  water  were 
taken  in  place  of  175  less  volume  of  100  grams  bleach  dissolved 
in  same,  and  that  300  cc.  were  distilled  off  instead  of  50  cc. 
Table  III. 
Materials  used. 


After-dis- 

Products. 

tillate 

Bleach, 

from  pre- 

Alcohol. 

Washed 

After- 

$5  per 

vious  por 

94  per 

chloro- 

distil- 

Scries C. 

cent. 

Water. 

tion. 

cent. 

form. 

late. 

X.. 

Grams. 

cc. 

cc. 

cc. 

Grams. 

cc. 

1 

100 

1000 

6.7 

none 

300 

2 

100 

700 

300 

6.7 

trace 

300 

3 

100 

700 

300 

6.7 

0,3 

300 

4 

111(1 

700 

300 

6.7 

0.5 

300 

5 

100 

700 

300 

6.7 

3.0 

300 

6 

100 

700 

300 

6.7 

2.4 

300 

7 

100 

700 

300 

6.7 

3.3 

300 

8 

100 

700 

300 

6.7 

3.5 

300 

9 

100 

700 

300 

6.7 

3.0 

300 

(  .'•,:•  I  in  Scries  C  (  'ompared  with  Series  B. — 

Dilution  with  water  would  diminish  the  yield  of  chloro- 
form. 

Table  IV. 
Materials  used. 


After-dis 

Products. 

*  filiate 
from  pre- 

Bleach, 

Alcohol. 

Washed 

After 

35  per 

vious  por- 

94 per 

clllnro 

distil 

cent. 

Water. 

tion. 

cent. 

form. 

late. 

Grams, 

cc. 

cc. 

cc. 

Crams 

cc. 

100 

100O 

20 

1.2 

300 

100 

700 

300 

20 

3  6 

300 

100  ■ 

700 

300 

20 

5.4 

300 

100 

7(10 

300 

20 

7.5 

300 

100 

700 

300 

20 

6.7 

300 

100 

700 

300 

20 

9.0 

300 

100 

7(1(1 

300 

20 

9.7 

300 

100 

7IHI 

300 

20 

10.5 

300 

100 

Too 

300 

20 

10.3. 

300 

100 

700 

300 

20 

10  5 

300 

100 

700 

300 

20 

9.8 

300 

100 

700 

300 

20 

10.0 

300 

Experiments,  Series  D,  comprising  twelve  experiments  and 
representing  twelve  days'  work  in  the  plant,  were  made  for  the 
purpose  of  ascertaining  whether  dilution  with  water,  combined 
with  increase  of  alcohol,  would  have  any  influence  upon  the 
yield  of  chloroform. 

Apparatus  and  operation  were  the  same  as  in  Series  C. 

R(  murks. — The  last  after  distillate  had  a  specific  gravity  of 
0.070.  The  crude  chloroform  from  Expts.  8  to  12  combined 
was  washed  with  50  cc.  concentrated  sulphuric  acid,  whereby 
its  weight  was  reduced  from  40  grams  to  46  grams,  the  puri- 
fied chloroform  having  a  specific  gravity  of  1.5. 

The  sulphuric  acid  was  very  little  discolored,  much  less  so 
than  by  crude  chloroform  obtained  in  lot  7,  Table  I,  thus  show- 
ing greater  purity  of  the  crude  product. 

Conclusions  from  Series  P. — Comparing  Series  C 
and  D,  it  appears  that  the  concentration  of  alcohol 
is  of  material  interest  upon  the  yield  of  chloroform. 
Taking  from  table,  Series  L,  that  20  cc.  alcohol  make 
more  than  16  grams  chloroform,  it  follows  from  table, 
Series  D,  that  in  the  eighth  operation,  in  which  the 
concentration  of  alcohol  was  nearly  10  per  cent.,  the 
maximum  yield  was  reached.  Greater  concentra- 
tion did  not  give  any  further  increase  in  the  output 
of  chloroform. 

Comparison  of  Series  D  with  Series  B  shows  an  in- 
crease of  the  alcohol  proportion  in  presence  of  more 
water;  increases  the  yield  of  chloroform  obtained  by 
the  old  process. 

The  chloroform  obtained  is  purer  than  by  the  old 
process. 

Experiments,  Series  E,  comprising  four  experiments,  were 
made  to  determine  whether  a  large  excess  of  alcohol  will  in- 
crease  the   yield   of   chloroform. 

Apparatus  Fig.  2  used,  with  1500  ec.  retort.  In  each  of  the 
experiments,  700  cc.  alcohol  and  water  were  distilled  off,  after 
the  chloroform  and  the  alcoholic  distillate  from  each  opera- 
tion was  used  for  the  following  operation,  in  place  of  alcohol, 
no  fresh  alcohol  being  added. 

1.  Materials  used:  too  grams  bleach,  35  per  cent.;  enough 
water  to  make  500  cc;  500  cc.  alcohol,  94  per  cent.;  mixed  at 
20 °  C.  and  distilled.  Products  obtained:  6.7  grams  washed 
chloroform,  sp.  gr.  1 .48,  700  cc.  diluted  alcohol  (distillate  A). 

2.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  700  cc.  distillate  A;  mixed  at  20°  C.  and 
distilled.  Products  obtained:  9.0  grams  washed  chloroform, 
sp.  gr.  1 .48;  700  cc.  diluted  alcohol  (distillate  B). 

3.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  700  cc.  distillate  B;  mixed  at  200  C.  and 
distilled.  Products  obtained:  11. 5  grams  washed  chloroform, 
sp.  gr.  1.48;  700  cc.  diluted  alcohol  (distillate  C). 

4.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  700  cc.  distillate  C;  mixed  at  200  C.  and 
distilled.  Products  obtained:  9.1  grams  washed  chloroform, 
1.48  sp.  gr.;  700  cc.  diluted  alcohol  (distillate  D). 

Table  v. — Comparison  of  Experiments,  Series  C,  ij  and  E. 

Chloroform    washed,   sp.   gr.    1 .48, 


■  .lit. oned  in 

(leach,  35  per 

cent.  used. 

Series  C. 

Series  D. 

Series  I{. 

Grams. 

Grams 

( '.rams 

Grams. 

100 

none 

I  .2 

6.7 

100 

trace 

3   '. 

9.0 

100 

0.3 

5.4 

11  .5 

100 

0.5 

7.5 

9.1 

100 

3.0 

6.7 

100 

2.4 

9.0 

100 

3.3 

9.7 

lull 

3.5 

10  5 
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Experiments,  Series  \::',  comprising  four  experiments,  and 
representing  foui  daj  '  work  in  the  plant,  were  made  foi  the 
sam<  purpos<  at  6  Onlj  200  cc  alcohol  added  in  the  Erst 
operation,  in  plao   "i  y»>  cc. 

^.pparatu:     Pig         used,  with    1500  cc.  retort. 

1  Materials  used:  i<><>  grams  bleach,  35  per  cent.;  enough 
watei  u>  make  800  cc  .  ioo  cc.  alcohol,  94  pel  cent.;  mixed  ;it 
200  C  and  distilled,  Products  obtained:  6.75  grams  washed 
chloroform,  sp.  gr.  [.48;  700  cc.  diluted  alcohol   (distillate  A.). 

Materials  used:  mo  grams  bleach,  35  pei  cent.;  enough 
water  Id  make-  300  cc;  700  cc.  distillate  A;  mixed  at  lO1  C.  and 
distilled.  Products  obtained:  8.4  grains  washed  chloroform, 
sp.  gr.  1.48;  700  cc.  diluted  alcohol  (distillate  B). 

3.  Materials  used:  100  grams  bleach,  35  per  cent  ;  enough 
water  to  make  300  cc;  700  ce.  distillate  B;  mixed  at  200  C. 
and  distilled.  Products  obtained:  10.5  grams  washed  chloro- 
form, sp.  gr.  1.48;  700  cc.  diluted  alcohol  (distillate  C). 

4.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  700  cc.  distillate  C;  mixed  at  200  C.  and 
distilled.  Products  obtained:  10.9  grams  waited  chloroform, 
sp.  gr.   1.48;  700  cc  diluted  alcohol  (distillate  D). 

Experiments,  Scries  E*,  comprising  four  experiments  and 
representing  four  days'  work  in  the  plant,  were  made  for  the 
same  purpose  as  E.  Only  too  cc.  alcohol  were  added  in  the  first 
operation  in  place  of  500  cc. 

Apparatus  Fig.  2  used,  with  1500  cc.  retort.  Operations  the 
same  as  E,  only  500  cc  diluted  alcohol  distilled  off,  in  place  of 
700  cc. 

1.  Material  used:  100  grams  bleach,  35  per  cent.;  enough  water 
to  make  900  cc;  100  cc.  alcohol;  mixed  at  200  C.  and  distilled. 
Products  obtained :  6 . 7  grams  chloroform  washed,  1 .  48  sp.  gr. ; 
500  ce.  diluted  alcohol  (distillate  A). 

2.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  500  cc;  500  cc.  distillate  A;  mixed  at  200  C.  and 
distilled.  Products  obtained:  8.2  grams  washed  chloroform, 
sp.  gr.  1.48;  500  cc  diluted  alcohol  (distillate  B). 

3.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  500  cc;  500  cc.  distillate  B;  mixed  at  200  C.  and 
distilled.  Products  obtained:  7.5  grams  washed  chloroform, 
sp.  gr.    1.48;  500  cc.  diluted  alcohol  (distillate  C). 

4.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  500  cc;  500  cc.  distillate  C;  mixed  at  20 °  C.  and 
distilled.  Products  obtained:  6.7  grams  washed  chloroform, 
fp.  gr.  1.48;  500  cc.  diluted  alcohol  (distillate  D). 

Conclusions  from  Series  E,  Ea  and  Eb. — The  pres- 
ence of  large  excess  of  alcohol  increases  the  yield  of 
chloroform  from  the  same  amount  of  bleach,  35  per 
cent.,  but  the  increase  is  not  in  proportion  to  the  amount 
of  alcohol  present.  Series  Eb  indicates  that  100  cc. 
alcohol,  94  per  cent.,  for  100  grams  bleach  and  enough 
water  to  make  1000  cc,  give  the  largest  yield  in  chloro- 
form, with  the  least  amount  of  alcohol.  The  yield 
was  diminished  in  the  third  and  fourth  operations  of 

Table  VI. — Comparing  Results  of  Series  E,  E°  and  E*. 

Series  E.  Series  E<*.  Series  E*. 
100  grams  bleach,  100  grams  bleach,  100  grams  bleach, 
35  per  cent.,  500  35  per  cent  .  200  35  per  cent.,  100 
cc.  alcohol,  94  cc.  alcohol,  94  cc.  alcohol,  94 
per  cent.,  water  to  percent.,  water  to  per  cent.,  water  to 
make  1000  cc.  make  1000  cc.  make  1000  cc. 
Temp,  of  mix-  Temp,  of  mix-  Temp,  of  mix- 
ing, 20°  C.  ing,  20°  C.  ing,  20°  C. 
Made  washed  Made  washed  Made  washed 
Operations.              chloroform.  chloroform.  chloroform. 
No.                          Grams.  Grams.  Grams. 

1  6.7  6.75  6.7 

2  9.0  8.4  8.2 

3  11.5  10.5  7.5 

4  9.1  10.9  6.7 


Scries  ]•'.'',  when    aboul     is  cc,  "I   the   too  cc.  alcohol 
were  consumed    for   the    production   oi    6.7    ami   8.2 
grams         [4.9  grams  chloroform  obtained   in  0  i 
tions  1  and 

[ncrease  ol    1  lie  alci 'l"  1]   proporl ion   to   200  1 1 
even   to   500  cc.   for   too  grams   bleach,   35   pei 
and  enough  water  to  make  1000  cc,  docs  not,  n, 
tlic  yield  1  >!  chl< irofi irm. 

I  /  0  Ik    1  I'lli  lllil,  ,/.) 


THE  CAUSES  FOR  VARIATIONS  IN  VOLATILE  MATTER 

DETERMINATIONS.' 

liy  S.  W.  Parr. 

Received  January  1,  1912. 

While  the  method  for  the  determination  of  vola- 
tile matter  in  coal  must  doubtless  remain  empirical 
in  character,  it  is  evident  that  concordant  results  can 
come  only  from  a  procedure  which  is  based  upon  a 
knowledge  of  the  relative  influence  of  the  various  fac- 
tors that  enter  into  the  process.  It  seems  probable 
that  essentially  all  of  the  variations  may  be  referred 
to  one  or  more  of  the  following  conditions: 

(a)  Mechanical  loss; 

(6)    Oxidation  under  the  cover; 

(c)  Variation   in   the   discharge   of  hydrogen   in  the 

latter  part  of  the  process; 

(d)  The  speed  of   decomposition   in   the   early  car- 

bonization of  the  coal. 
It  is  the  purpose  of  this  note  to  indicate  that  the 
variations  under  (a),  (b)  and  (c)  are  small  in  amount 
and  easily  controlled  or  eliminated,  and  that  prac- 
tically all  of  the  variation  centers  in  (d)  and  depends 
upon  the  speed  with  which  the  heavier  or  richer 
volatile  constituents  are  discharged  from  the  mass. 

(a)  Mechanical  Loss. — The  difficulty  of  mechanical 
loss  has  already  been  discussed  in  a  former  paper.2 

Further  experience  in  the  use  of  a  small  amount  of 
kerosene  as  therein  recommended  is  confirmatory 
of  the  advantage  of  that  procedure  as  a  means  for  less- 
ening the  mechanical  loss  and  promoting  uniformity 
of  results. 

(b)  Oxidation  under  the  Cover. — It  seems  evident 
that  the  ordinary  flat  cover  to  a  platinum  crucible, 
no  matter  how  well  fitting  so  far  as  the  eye  can  de- 
termine, is  nevertheless  responsible  for  many  irregu- 
larities, possibly  due  to  slight  displacement  of  the 
cover  at  the  time  of  greatest  evolution  of  gases.  To 
guard  against  this  difficulty,  the  suggestion  of  Shinier* 
has  been  used,  namely,  providing  a  small  platinum 
capsule  with  rather  light  flexible  sides  which  would 
fit  into  the  main  crucible  and  adjust  itself  to  the  ir- 
regularities of  the  same,  thus  providing  a  good  fit 
without  the  overhanging  feature  of  the  flat  cover 
with  its  tendency  to  promote  air  currents  in  and  out" 
of  the  crucible.  That  this  device  is  a  positive  help 
towards  uniformity  is  shown  from  the  following 
table.  The  samples  were  given  identical  treatment 
as  to  heat  and  time.     Fifteen  drops  of  kerosene  were 

1  Coal  studies,  in  connection  with  the  work  of  the  Illinois  State  Geo- 
logical Survey. 

2  This  Journal,  December.    1911. 

3  Ibid.,  1,  518  (1909). 
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used  in  both  series  to  eliminate  variables  due  to  me- 
chanical loss,  the  only  difference  being  the  use  of  an 
inserted  capsule  as  a  cover  in  one  case,  Series  B,  and 
a  regular  flat,  well-fitting  cover  in  the  other,  Series  A: 

Table  I.  —Summary  of  Thirteen  Results 

A.  H, 

Extreme  of  variation  in  duplicates 0.39%  0.21% 

Vumber  of  duplicates   having   variations  from    the 

average  less  than  0  . 1  per  cent 4  10 

Average  of  total  variations 0. 16%  0.07% 

(c)  Residual  Hydrogen. — The  extent  to  which  the 
residual  volatile  matter,  mainly  hydrogen,  is  driven 
off,  is  a  possible  source  of  variation,  but  the  variable 
is  easy  of  control.  A  study  of  the  work  of  Porter 
and  Ovitz,1  and  also  of  Burgess  and  Wheeler,2  shows 
that  the  discharge  of  hydrogen  is  quite  uniform  for  a 
given  temperature,  and  that  with  bituminous  coal  the 
volatile  matter  as  represented  by  this  element  is  given 
off  much  more  rapidly  below  900  °  than  above  that 
temperature;  so  that  if  a  temperature  above  900 ° 
is  maintained  within  reasonable  limits  the  variation 
in  the  indicated  volatile  matter  will  be  small. 

At  temperatures  of  1050 °  or  11000  the  discharge 
of  this  constituent  is  so  nearly  complete  that  very 
close  check  results  should  be  expected.  At  a  tem- 
perature approximating  950°  the  results  should  still 
check  with  themselves,  but  the  indicated  volatile 
matter  would  be  less  than  with  the  higher  tempera- 
tures. The  ratio  of  difference  would  doubtless  vary 
slightly  with  different  coals.  The  conditions  thus 
indicated  call  for  a  uniform  heat  which  may  be  main- 
tained at  a  reasonably  uniform  temperature  and 
above  900  °.  Whether  it  shall  be  arbitrarily  placed 
near  the  lower  limit,  say  950 °,  with  an  incomplete 
discharge  of  the  volatile  matter,  or  near  the  upper 
practicable  limit,  say  11000,  with  a  more  nearly 
complete  discharge  of  volatile,  it  is  not  the  purpose 
here  to  decide.  It  is  desired  now  only  to  show  how 
the  above  proposition  is  confirmed  by  the  data 
at  hand.  t 

A  number  of  coals  were  tested  in  duplicate  under 

identical    conditions    as    to    (a)    use    of    kerosene,    and 

(b)   capsule   cover.     The    heat    applied   for    Series   A 

was  950 °  to  980 °  throughout,  as  obtained  by  use  of 

a  Meker  burner.     In   Series   B    the    same    heat  from 

the  same  burner  was  applied  for  two  minutes.     The 

crucible  was  then  subjected  for  five  minutes  to  a  tem- 

perature  of  noo°.    They  indicate  that  by  eliminating 

all  other  variables,   the  completeness  of  the  hydrogen 

discharge    for    a   given   temperature   is    very    definite, 

increasing    noticeably    in    exactness    with    the    higher 

ratures  and  the  more  complete  discharge  of  the 

11.      So    far    as    these     results     go,    at     least, 

furnish    a    striking    verification    of     the     above 

1 1  ion    concerning  the  hydrogen  variable. 

In  order  to-  determine  whether  lower  tempera  tun' 
for  the  first  two  minutes  of  heating  would  be  neu- 
tralized in  its  effect  by  the  subsequent  increase  for 
five  minutes  to  noo°,  a  number  of  the  coals  in  Table  II 
were  subjected  to  a  much  lower  temperature,  approx- 

1  Hull.  1,  U.  S.  Bureau  of  Mines.  "The  Volatile  Matter  of  Coal,"  1910. 
3  Journal  C hem.   Soc.   {London).  97,  1917.     "The  Volatile  Constituents 

I     I'MOt." 


Table  ii     -Comparison  of  Duplicates  using  Different  Temperatures 


Lab.   No.     Kind  of  coal. 


4516  Sangamon  Co. 


<i  ui    Pri  ■■ 

Varia 

Varia- 

tion 4- 

2  mill. 

tion  4- 

or  — 

at  950°. 

or  — 

7  niin. 

from 

5  min. 

from 

at  950°. 

average. 

at  1100°. 

average. 

Per  cent. 

Per  cent. 

per  cent. 

Per  cent 

42  01 

42.80 

41    85 

42.77 

41    93 

0.08 

42.78 

0.02 

39.70 

40    71 

39.73 

40.70 

39.71 

0.02 

40.70 

0.01 

39.60 

41    10 

40.03 

41.06 

39  81 

0.22 

41.08 

0.02 

37.37 

38.91 

37.33 

38.88 

37.35 

0.02 

38.90 

0.02 

38.81 

40.16 

38.78 

40.19 

38.80 

0.02 

40.18 

0.02 

40.09 

41.13 

40.37 

41  .10 

40   23, 

0.14 

41.12 

0.02 

39.61 

40.98 

39.82 

41  .02 

39   71 

0.11 

41.00 

0.02 

40.31 

41.44 

40.27 

41  .44 

40.29 

0  02 

41  .44 

0.00 

40   41 

40.94 

40.36 

40.91 

40 .  38 

0.03 

40.93 

0.02 

39.27 

40.21 

38.98 

40.21 

39.12  0.15 

Average  of  variations,     0.08 


0.00 

0.015 


Table  III. — Showing  the  Effect  on  Volatile  Matter  of  Different 
Temperatures  for  the  First  Two  Minutes  of  Heating. 


2  min. 

2  mm. 

at  950°. 

at  600°. 

I  lifference 

5  min. 

5  min. 

in  average 

Kind  of  coal. 

at  1100°. 

at  1100°. 

values. 

Sangamon  Co. 

111.     40.16 

38.91 

40.19 

38.86 

40.18 

38.89 

—  1.29 

41    13 

39.45 

41  .10 

39.77 

4112 

39.61 

—  1.51 

" 

40.98 

35.59 

41  .02 

39.69 

41.00 

39.64 

—  1    36 

" 

41.44 

40.10 

41.44 

39.97 

41  .44 

40.03 

—  1.41 

i  -  .mi  Co.,  111. 

in  •>( 

40.01 

40.91 

40.03 

40.93 

40.02 

—0.91 

Average, 

—  1  .30 
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imately  500     to  600   .  01   such  thai   the  time  for  driv- 

latili     materia]    was    noticeably 

h   still    practically   completed    within 

1  in'  iu in.      allowed   in  Table   1 1      These  results 

show     thai     the    lower    temperatures    cause    .1    larger 

1  ol  carbon  and  a  consistently  lower  percentage 

latile    mailer,    thus   confirming    the    proposition 

ed    under   (d)   as   to   variations  caused   by  the 

speed    ■'!     the    preliminary    decomposition.     Also    by 

the  close  agreefnenl   oi   the  duplicates  there  is  added 

further    confirmation     to    the    proposition    under    (c) 

as   to  the  constancy  of  the  hydrogen   discharge  at  ;i 

high   temperature. 

(d)  Carbonization  Variables. — Under  d/i  the  varia- 
tions which  occur  in  the  first  part  of  the  carboniza- 
tion bear  a  direct  relation  to  the  speed  with  which 
thai  part  of  the  process  is  carried  out.  It  is  true  that 
a  higher  or  lower  temperature  will  influence  the  rapid- 
ity with  which  decomposition  takes  place,  but  this 
is  by  no  means  the  only  factor.  For  example,  with  the 
same  crucible  and  the  same  temperature,  a  higher 
volatile  discharge  will  be  recorded  if  the  mass  of  coal 
is  spread  with  a  concave  surface  so  that  more  of  the 
coal  is  brought  into  contact  with  the  metal.  Or  to 
reverse  the  conditions,  a  small  10-gram  crucible  will 
have  less  superficial  contact  with  the  metal  than  a  30- 
gram  crucible.  If  in  each  case  the  coal  is  allowed 
to  assume  its  natural  shape  with  level  surface,  the 
larger  crucible  will  discharge  the  larger  amount  of 
volatile  matter.  Again  the  same  10-gram  crucible 
will  yield  more  volatile  if  the  coal  is  spread  around 
the  sides,  giving  it  a  concave  surface,  and  increasing 
the  area  exposed  to  the  crucible.  These  four  sets  of 
conditions  are   illustrated   in  the  following  table: 

Table  IV. — Showing  Variations  Due  to  Speed  of  Volatilization. 


A. 

B 

D. 

E. 

30-g. 

30-g. 

10-g. 

10  g. 

plat. 

plat 

plat. 

plat. 

cruc. 

cruc 

cruc. 

coal 

coal 

C. 

coal 

coal 

F. 

with 

with 

Com- 

with 

with 

Com- 

flat 

concave 

pare  B 

flat 

concave 

pare  E 

surface 

surface. 

with  A. 

surface 

surface. 

withD. 

Lab. 

Per 

Per 

Per 

Per 

Per 

Per 

No 

Kind  of  coal. 

cent. 

cent. 

cent. 

cent. 

cent. 

•    cent. 

4389 

Bureau  Co.,  Ill 

47    03 

47.95 

+  0.92 

45.82 

46.48 

+  0.66 

1889 

I.ogan  Co.,  111.  . 

42  94 

44.65 

+  1.71 

42  29 

43.21 

+  0.92 

213 

Lignite.  N.  D 

56  93 

57.18 

+  0.25 

55  61 

55.44 

—0.17 

2775 

Rock      Island 

Co., 

111    

46.02 

47.44 

+  1  .42 

45.02 

45  56 

+  0.54 

1810 

Franklin  Co.,  Ill 

.      38  39 

38.72 

+  0.33 

37.76 

38.31 

+  0.55 

2773 

Anthracite 

9  23 

9  01 

—0.18 

8   58 

8.67 

+  0.09 

A 

verage, 

+  0.78 

+  0.43 

It  seems  evident  from  the  above  data  that  the 
greatest  source  of  variation  resides  in  that  part  of 
the  process  which  involves  the  distillation  of  the  fat 
or  heavy  volatile  portion  of  the^  coal.  These  varia- 
tions also  are  due  to  seemingly  small  influences,  as 
high  as  1 .  7  per  cent,  in  one  instance,  in  sample  No. 
1889,  Table  TV,  being  due  to  the  disposition  of  the 
charge  against  the  sides  of  the  crucible.  If  com- 
parison were  made  as  between  the  large  and  the  small 
crucible  as  in  column  A  and  D,  a  variation  of  1.21 
per  cent,  is  shown  in  sample  4389,  due  to  this  cause 
alone.  It  is  evident,  therefore,  that  in  standardizing 
this  part  of  the  procedure,  more  than  the  simple  mat- 
ter of  temperature  must  be  taken  into  account. 


Othei  evii  lence,  all  in  t  he  same  dired  ion,  ha 
1  .la .one.  1    wherein    1   weighed  amount  of  cli 

sea  sand    was    mixed    with    the    coal.      Tin 

gives   a    coke   oi    unii ti     :  ure   and    obviati 

tendency    on   the  pari   ol   t  he  cole  ell       Bu1   the 

yield   of  volatile   matter  is  consistently    lower,   owinjj 
to   the  small   retardation    oi     the  decomposition   pro- 
cesses.    Another   bi1    of   evidence    in   the  same  direct 
tion   is   the  use  ol    a   porcelain   crucible   which 
retards    the    process    and    gives    lower    result       b       Iron, 
one   to   two  per  cent.      This  reduction   in   yield   with  a 
porcelain   crucible  can   be   very   large) 
by    using   a   correspondingly   higher    temperature,    but 
more    data   is   necessary   before   a   conclusion    can   be 
drawn  as  to  the  conditions  wherein   porcelain 
substituted  for  platinum. 

Other  influences,  such  as  the  presence  or  al 
of  free  moisture,  especially  in  lignites,  the  use  of  a 
muffle  instead  of  a  flame,  etc.,  have  been  partially 
tested  but  not  sufficiently  to  be  reported  upon  at  this 
time,  further  than  to  say  that  the  M6ker  burner 
promises  to  afford  a  much  more  even  temperature 
than  the  ordinary  Bunsen  burner;  or  rather,  it  de- 
livers a  large  amount  of  heat  instead  of  a  small  local- 
ized zone  at  the  tip  of  a  small  flame.  There  is  a  de- 
cided advantage  also  in  the  larger  volume  of  flame 
which  more  completely  envelops  the  crucible  and 
furnishes  at  the  same  time  an  atmosphere  with  but 
little  oxidizing  property. 

It  is  not  the  purpose  of  this  paper  to  make  recom- 
mendations as  to  the  best  procedure  since  the  whole 
matter  is  under  consideration  by  the  committee  on 
revision  of  methods  for  coal  analysis.  It  may  be 
said,  however,  that  the  experiments  indicate  certain 
essentials,   outlined  as  follows:    • 

1.  Definiteness  of  temperature. 

2.  The  employment  of  a  temperature  not  below 
9000  or  950°. 

3.  Use  of  a  crucible  of  given  size  and  shape. 

4.  A  capsule  cover  fitting  inside  of  the  crucible 
and  not  on  top. 

5.  The  use  of  kerosene  to  moisten  the  charge. 

6.  If  a  burner  is  to  be  used,  the  Meker  type  has  a 
great  advantage  in  furnishing  a  larger  volume  of  heat 
less  localized  than  that  of  the  ordinary  Bunsen  type. 

7.  A  small  crucible  is  preferable  to  a  large  one,  as 
it  is  more  readily  enveloped  completely  by  the  flame 
of  the  burner  and  the  coal  mass  is  less  subject  to 
variations  in  form.  This  is  very  important  in  view 
of  the  large  variables  that  ma}-  enter  into  the  early 
stages  of  decomposition. 

Ltniversity  of  Illinois. 
Urbana,  III. 


MONEL  METAL. 

By  Richard  H.'Gaines. 

Received  January  6.    1912. 

HISTORY. 

About  seven  years  ago,  one  of  the  large  smelting 
companies  began  investigating  the  chemical  and 
physical  properties  of  an  alio}-  that  had  been  reduced 
directly    from    a    nickel-copper    matte,     without    the 
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previous  separation  of  the  two  metals.  Tin  is  alloy  The  general  method  of  production  includes  roasting 
was  found  to  possess  not  only  the  more  valuable  the  ore  in  heaps,  followed  by  smelting  in  a  blast  lur- 
oroperties  of  nickel,  but  other  desirable  properties  nace,  and  further  enriching  in  a  converter,  which 
in  addition,  that  would  ensure  a  wide  usefulness,  yields  a  high-grade  matte  containing  about  80  per 
and  owing  to  the  simple  method  of  production.  cent,  nickel  and  copper,  from  1-2  per  cent,  iron,  and 
was  obtainable  at  about  one-third  the  cost  of  the  rest  sulphur.  By  careful  attention  to  the  fur- 
nickel.  The  alloy  consists  primarily  of  nickel  and  nace  charge,  it  now  is  claimed  that  a  Bessemer  matte 
ler  in  the  proportion  of  three  parts  of  nickel  to  can  be  produced  within  1  per  cent,  of  the  required 
one  part  of  copper,  this  being  the  proportion  in  which  proportion.  The  rich  matte  is  shipped  to  the  Orford 
the  two  metals  are  found  together  in  nature  in  the  refinery,  where  it  is  ground  and  roasted  in  hand 
i1  deposits  of  nickel  ore  at  Copper  Cliff  in  rabbled  reverberatory  furnaces  to  remove  the  sulphur, 
Canada.  carbonate  of  soda  being  used  to  finish  the  elimination 

The  old  Swedish  and  German  miners  supposed  the  of    the    sulphur.      The    product    should    be    oxides    of 

mineral  kupfernickel   to  be  a  counterfeit  or  base  ore  nickel   and   copper,    with   a   small   proportion   of   iron, 

of  copper.      A  fuller  knowledge  of  nickel  led  to  its  being  and   only   a    trace   of   sulphur.      This    is   charged   with 

r  appreciated,   and  it  is  now  worth  nearly  three  charcoal    into    a    reverberatory    melting    furnace    fired 

times  as  much  as  copper.  with    oil.      The    nickel    and    copper    oxides    are    thus 

Nickel  and  copper  are  associated  in  enormous  reduced  to  metal,  and  melted. 
pyrrhotite  deposits  in  the  Sudbury  district  of  Ontario,  The  alloy  thus  obtained  was  found  to  possess  such 
Canada,  and  one  of  the  most  difficult  problems  in  the  valuable  properties  as  would  ensure  it. a  very  wide 
treatment  of  these  ores  has  been  that  of  separating  use  on  its  own  account.  It  was  named  Monel  metal 
the  two  metals.  In  1 905-6,  the  International  Nickel  after  Mr.  Ambrose  Monel,  the  president  of  the  Inter- 
Company,  considering,  no  doubt,  that  for  many  pur-  national  Nickel  Company. 
poses    there    was    no    need    to    separate    the    amicable  composition. 

metals  nickel   and    copper,    took   up    the   problem    of  The  oreg  q£  the  Sudbury  district  vary  both  in  the 

reducing  them  together  and  obtaining  an  alloy  of  the  amount    and    prop0rtion    of   nickel    and    copper,    and, 

two   metals    m    the   proportions    in    which    they   occur  therefore)   the  prop0rtions  of  these  two  metals  in  the 

in  the  ore.     The  method  adopted  consists  merely  in  aUoy  win   vary   within   certain   limits   with   the   com. 

eliminating  the  impurities,  except  a  small  percentage  position  of  the  ore  treated.     The  ore  from  which  the 

of  reduced  iron   and  a  minor    quantity  of  other  sub-  Mond  metal  ig  derived  contains  generally  about  4.85 

stances  which   remain   with   the  alloy.  per   cent     of   nJckel    to   about    r  ^    per   cent     coppen 

process  of  manufacture.  When  this  ore,  as  it  occurs  in  nature,  is  reduced  to 

Synopsis. — The  ore  from  the  mines  is  first  reduced  metal,    the    resulting    alloy    contains    from   66-70  per 

to  a  matte,    which    is  blown   until   the   iron   is   nearly  cent,  nickel,  from  23-28  per  cent,  copper  and  from  3-5 

eliminated,    the   sulphur  is  removed  by  roasting,   and"  per  cent,  of  other  metals,  including  iron,  and  a  small 

the  combined  oxides  remaining  are  reduced  to  metal.  proportion  of  manganese. 

Analyses  of  Cast  Monel  Metal. 
Samples  taken  at  the  foundry  of  the  Bayonne  Casting  Co.,  Bayonne,  N.  J. 

Per  cent. 

Lab.  No.  Description.  Copper.  Carbon.  Iron.  Nickel.  Silicon.     Manganese.  Cobalt.  Total. 

1146  Heat  301 26.59  0.27  3.19  68.22  1    10  0.26  Trace  99.63 

1147  Heat  307 ' 27.02  0  31  2.40  68.49  1    08  0  49  Trace  9979 

1148  Heat  308 26.59  0.43  2.87  68.23  1.24  0.44  Trace  99.80 

1149  Heat312 27.04  0.39  2.68  68.10  1.17  0  37  Trace  99.75 

1150  Heat315 27.27  0.39  2.40  68.50  1.23  0.09  99.88 

1151  Heat318 26.81"  0.38  2.54  68  30  1.36  0.23  99.62 

1152  Heat329 27.53  0.31  2.16  68.28  1    41  0.14  99.83 

1153  Heat335 27.38  0.25  3.33  68.46  1.24  0    11  99.77 

Analyses  of  Rolled  Monel  Metal. 
Samples  taken  at  the  foundry  of  the  Bayonne  Casting  Co.,  Bayonne,  N.  J. 

Per  cent. 

Lab.  No.  Description.  Copper.  Carbon.  Iron.  Nickel.  Silicon.      Manganese.     Cobalt.  Total. 

1154,  No.  1              Test  275 26.57  0.28  2.09  69  04  0.16  1.32  Trace  99  46 

1155,No.2              Test  275 26.71  0.44  2.11  68.81  0.17  135  Trace  99.59 

1156,  No.  4              Test  275 26.99        '      0.37  2.07  68  89  0.18  1.26  Trace  99.76 

1157,  No.  6              Test275 24.76  0.33  2.44  69.83  0.37  1.82  Trace  99.55 

1158,  No.  7              Test275 26.94  0.39  2.16  68.48  0.12  1    54  Trace  99.63 

1159,No.8              Test  275 26.21  0.43  2.41  68.63  0  20  1.73  Trace  99.61 

Analyses  of  Forged  Monti.  Metal. 
Sample  submitted  by  the  Bayonne  Casting  Co.,  Apr.  6,  191 1 

Per  cent. 

'  ab.  No.                                                      Description.                                                      Copper,.  Nickel.  Manganese.  Iron.  Carbon  Total. 

1021  Specimen  taken  midway  between  center  and  outside  of  billet     26.69  69.45               1.38  2.13              0   19  99.84 

1022  Specimen  from  center  of  billet 26.78  69.52               1.50  2.14              0   17  loon 

1023  Specimen  from  outside  of  billet 26.83  69.54               1.48  2.19              0.18  100.22 
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C  F  Burgess  and  James  Aston"  give  the  following 
analysis  oi  a  sample  of  Monel  metal  examined  in  1900: 

ivr  cent, 

Nickel 67.96 

Copper 26.00 

1  ron 2  .  80 

Manganese 1 .62 

Analyses  of   Monel  metal  quoted  by  AjStanslirM, 
C.E.,  in  Transactions  of  the  Canadian  Society  of  Civil 
Engineers  are  as  follows: 

Cast  bar.  Rolled  bar. 

Nickel 68.90  67.55 

Copper 26.55  26.25 

Iron 3.30  3.25 

On  looking  through  the  literature  of  the  subject, 
no  very  recent  analyses  were  found.  The  analyses 
of  cast,  rolled,  and  forged  metal  (given  on  page  355) 
were  made  at  the  laboratory  of  the  Board  of  Water 
Supply,  New  York  City,  during  the  latter  half  of  191 1. 

For  such  a  material  as  Monel  metal,  which  is  not  a 
pure  alloy,  the  feature  of  these  analyses  is  the  re- 
markable approach  to  uniformity  in  composition.  If 
compared  with  the  earlier  published  analyses,  it  would 
appear  that  the  manufacturers  have  perfected  the 
methods  of  reduction  from  ore  and  matte  to  such  a 
degree  as  nearly  to  control  the  composition.  In  the 
present  process  of  manufacture,  the  claim  is  made 
that  the  physical  properties  of  Monel  metal  are  not 
materially  affected  within  the  limits  of  variation  in 
which  the  constituents  occur.  If  this  is  true;  a  closer 
uniformity  in  the  results  of  physical  tests  must  be 
looked  for  from  improvements  in  the  heat  treatment. 
As  a  matter  of  fact,  the  effect  of  variation  in  the  cop- 
per-nickel ratio,  as  well  as  the  influences  of  the  presence 
of  varying  amounts  of  carbon,  iron,  silicon  and  man- 
ganese have  not  hitherto  been  studied,  and  are,  there- 
fore, not  yet  understood.  A  comparison  of  the  chemi- 
cal analyses  with  the  physical  tests  made  at  the  labora- 
tory affords  some  deductions. 

NICKEL-COPPER    RATIO. 

On  looking  over  the  results  of  the  physical  tests, 
it  would  seem  that  the  variations  found  bear  little 
relation  to  the  chemical  composition.  Specimens 
of  the  cast  metal  in  which  the  nickel-copper  ratio 
was  about  the  same,  and  other  constituents  in  close 
agreement,  gave  a  considerable  difference  in  strength 
and  yield  point.  For  example,  the  specimen  from 
heat  307  showed  an  ultimate  strength  of  69,100,  and 
elastic  limit  38,450,  with  a  nickel-copper  ratio  of 
68.49-27.02,  while  the  specimen  from  heat  312  with 
a  nickel-copper  ratio  of  68.10-27.04  and  other  con- 
stituents nearly  identical,  gave  an  ultimate  strength 
°f  73.75°.  and  elastic  limit  44,550.  The  difference  of 
10  per  cent,  in  ultimate  strength  and  15  per  cent. 
in  elastic  limit  here  is  plainly  due  to  some  other  cause 
than  composition. 

CARBON. 

In  accordance  with  previous  examinations  of  this 
material,  only  the  total  carbon  was  determined  in 
the  samples  submitted.      With  respect  to  the  influence 

'  Metallurgical  and  Chan.   Eng.,   8,   452. 

2  Canadian  Society  of  Civil  Engineers.  Transactions,  23,  302-309  (1909). 


Of  this  elenient,   test     .75,    \,,,    1  ,   gave   nil  i,,; 

85,250,    yield    51,250,    ami    carbon    0.28.     Sanv 

,  showed  ultimate  strength  80,^00,  yield  58,250 
and    carbon    0.44,    with    other   chemical    constituent^ 

agreeing     closely.      Same     test,      No.      4,      repp 
only  a  different  section   from   the  same  rod,  gave  ulti- 
mate Strength  85,500,   yield   51,300,   with  carbon  0.37. 
The  ultimate  strength  and  yield  in   these  threi 
appear  to  follow  in  some  measure  the  carbon  CO 
In  future  study  of  Monel    metal,   it  would  be    well    to 
ascertain  the  carbon  relations,   for  unless  it  is  known 
in  what  form  the  carbon  exists  in  the  metal  (whether 
free  or  combined,  and  in  what  ratio)  it  is  fruitless  to 
attempt  deductions. 

IRON. 

Generally  speaking,  iron  hardens,  whitens  and 
increases  the  strength  of  Monel  metal,  but  reduces 
the  elastic  limit.  In  the  tests  on  the  cast  metal, 
heat  301,  with  an  iron  content  of  3.19  per  cent., 
showed  ultimate  strength  71,600  and  elastic  limit 
39,600.  In  heat  315,  where  the  iron  was  2.40  per 
cent.,  the  ultimate  strength  was  66,800  and  the  elastic 
limit  46,950.  In  the  rolled  metal  where  the  iron  is 
high,  the  tensile  strength  is  high,  but  with  these  tests, 
the  limit  of  elasticity  does  not  appear  to  follow  any 
rule. 

SILICON    AND    MANGANESE. 

In  the  narrow  limits  of  variation  in  which  these 
metals  were  found,  no  indication  was  observed  of 
any  material  effect  on  physical  properties.  Man- 
ganese is  an  advantage  as  a  dioxidizer,  and  it  serves 
a  useful  purpose  in  rendering  harmless  any  sulphur 
that  might  be  present,  forming  as  it  would  manganese 
sulphide. 

The  results  of  the  analyses  in  general  show  that 
the  chemical  composition  alone  is  an  insufficient 
guide  to  the  strength  or  other  physical  properties 
of  Monel  metal,  which  depend,  as  in  steel,  so  largely 
upon  other  influences,  and  especially  heat  treat- 
ment. Much  light  on  these  could  be  obtained  from 
investigation  with  the  microscope.  A  metallographic 
examination  of  the  structure  of  the  various  specimens 
under  test  would  be  of  great  assistance  in  revealing 
segregation,  the  form  in  which  the  carbon  is  present, 
and  other  facts  having  an  important  bearing  on  the 
physical  and  chemical  constitution  of  the  metal. 

While  the  laws  governing  the  nickel-copper  alloys 
are  not  thoroughly"  understood,  some  progress  has 
been  made  in  this  study.  There  are  no  chemical 
compounds  of  copper  and  nickel,  neither  is  there  any 
eutectic  mixture.  The  metals  unite  in  all  proportions 
without  any  separation  on  cooling.  Hence,  it  is 
inferred  that  the  two  metals  form  solid  solutions  or 
mixed  crystals  in  all  proportions. 

Working  wTith  pure  metals,  Hiorns1  found  that 
nickel  dissolves  in  copper  up  to  a  certain  percentage 
forming  homogeneous  solid  solutions,  and,  on  the 
other  hand,  taking  nickel  as  the  solvent,  copper 
dissolves  in  nickel,  forming  homogeneous  solid  solu- 
tions up  to  a  certain  limit.      These  two  solutions  are 

1  A.  H.  Hiorns,  on  "Copper-Nickel  Alloys,"  in  Metal  Industry.  August 
and  September,  1911. 
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miscible  in  all  proportions.  These  facts  have  a  direct 
bearing  on  observations  made  by  David  H.  Browne,1 
Metallurgist  of  the  Canadian  Coppor  Company,  after 
five  years'  study  of  copper  matte  and  copper-nickel 
matte  in  the  Bessemer  converter,  and  in  the  manu- 
facture of  Monel  metal.  He  submits  the  following 
conclusions: 

1.  Nickel-copper  alloys  act  in  the  matte-blow  like 
one  metal. 

2.  Nickel-copper  alloys  follow  during  the  matte- 
blow  exactly  the  same  laws  that  govern  the  behavior 
of  copper  alone. 

Browne  presents  much  data  to  prove  that  copper- 
nickel  alloys  form,  as  far  as  conversion  is  concerned, 
one  homogeneous  metal.  In  conversion,  copper  and 
nickel  act  together,  presenting  the  same  curious 
resistance  to  oxidation,  and  their  relations  toward 
iron  are  exactly  similar  to  the  relations  of  copper 
alone.  The  resistance  to  oxidation  in  the  converter 
may  be  in  some  way  connected  with  the  resistance 
of  the  finished  Monel  metal  to  oxidation  and  corrosion. 
These  facts  seem  to  suggest  the  idea  that  the  metal 
is  an  entity  by  itself. 

As  the  component  metals  have  never  been  separated 
from  each  other,  the  particles  of  each  seem  to  be  in 
more  intimate  contact  than  can  be  attained  by  any 
synthetic  method  of  manufacture.  It  is  claimed 
that  melting  the  constituent  metals  together  has 
produced  no  alloy  having  the  same  physical  prop- 
erties as  the  Monel  metal  obtained  direct  from  the 
matte.  The  metal  must  therefore  owe  some  of 
its  remarkable  properties  to  the  grouping  of  its  con- 
stituents. Small  quantities  of  foreign  substances 
which  ordinarily  affect  the  structure  of  alloys  in  gen- 
eral may  be  of  negligible  effect  in  an  alloy  of  this  type. 

In  certain  of  its  chemical  as  well  as  physical  proper- 
ties, Monel  metal  closely  resembles  nickel.  It  is 
slowly  dissolved  by  hydrochloric  acid  and  by  sul- 
phuric acid,  but  dissolves  rapidly  in  nitric  acid  with 
the  evolution  of  nitric  oxide.  It  is  apparently  un- 
affected by  alkalies  and  shows  the  same  stability  as 
nickel  in  the  presence  of  other  corrosive  chemicals. 
Like  both  nickel  and  iron,  Monel  metal  is  magnetic, 
a  property. which  it  loses  above  a  certain  temperature. 
Like  nickel  and  iron,  it  absorbs  carbon,  and  like  steel, 
its  physical  properties  are  profoundly  influenced, 
not  only  by  the  percentage  of  carbon,  but  the  form 
in  which  it  exists  in  the  metal. 

In  the  examination  of  Monel  metal  at  the  labora- 
tory, the  carbon  present  was  observed  in  some  samples 
in  the  free  form  as  graphite,  and  in  a  smaller  degree 
as  combined  carbon,  the  differential  relations  ap- 
parently depending  as  in  iron  on  the  rate  of  cooling. 

PROPERTIES. 

In  appearance,  Monel  metal  resembles  nickel  in 
color.  It  takes  a  brilliant  polish,  nearly  equal  to 
that  of  silver,  which  it  retains  indefinitely.  On  long 
exposure,  the  surface  assumes  a  grayish  cast,  which 
may  be  removed  with  a  polishing  cloth.  It  is  some- 
what tougher  than  mild  steel,  but,  nevertheless,  it 
machines  very  easily.     A  lathe  can  be  run  at  about 

1  Mining  World,  30,  470. 


the  same  speed  on  Monel  metal  as  on  mild  steel,  and 
the  metal  can  be  soldered,  brazed,  electrically  welded, 
and  successfully  drawn. 

Some  of  thf.  Physical  Constants  of  Monel  Metal.' 

Melting  point. 1360°  C.  or  2480°  F. 

Specific  gravity  (cast) 8 .87 

Weight  percu.  in.  (cast) 0.319  lb. 

Weight  per  cu.  in.  (rolled) 0.323  lb. 

Coefficient  of  expansion,  20°  to  100°  C 0.00001375  per  1  °  C. 

Electrical  resistivity  temperature  coefficient 
0.0011  per  1°  F.  =  256  ohms  per  mil-foot. 

Electrical  conductivity  (copper  100  per  cent.)  .  4  per  cent. 

Heat  conductivity Vi  of  that  of  copper. 

Shrinkage i/t  inch  per  foot. 

Hardness,  cast  material  (Shore  scleroscope).  .  .  20  to  23 

Hardness,  hot  rolled  rods  (average  Shore  sclero- 
scope)   27 

A  comparison  of  some  of  the  properties  of  copper, 
nickel  and  Monel  metal,  as  reported  by  a  recent 
authority,2  is  given  below: 

Monel  metal. 

Copper  Nickel 

rolled.  rolled.  Cast.        Rolled.     Annealed. 
Tensile    strength,     lbs. 

per  square  inch 34,000  75,500  85,000      100,000      110,000 

Elastic    limit,    lbs.    per 

square  inch 18,000  21,000  40,000       50,000       80,000 

Elongation  in  2  inches 

percent 52            43.9  25  30                25 

Contraction,   per  cent.          57            57  25  50                50 

Melting  point 1084°  C.  1500°  C.  1360°  C. 

Recent  tests^  of  Monel  metal  at  laboratory  of  Wil- 
liam Sellers,  Philadelphia,  Pa.,  are: 

Hot  rolled  Sand 

rods.  castings. 

Elastic  limit,  lbs.  per  sq.  in 58,  873  37,  427 

Breaking  strength,  lbs.  per  sq.  in 86,  899  78,  236 

Elongation  in  2  inches,  per  cent 40 . 0  38  . 5 

Reduction  of  area,  per  cent 60.5  ,       34.0 

Modulus  of  elasticity 22,000.000  to  23,000,000 

In  all  the  technical  reports  relating  to  Monel  metal, 
it  is  referred  to  as  a  non-corrosive  alloy.  Redfield* 
and  other  writers  claim  that  the  castings  have  the 
strength  and  many  other  properties  of  cast  steel, 
while  they  have  greater  resistance  to  corrosion  from 
sea  water,  superheated  steam  and  corrosive  chemical 
solutions  than  the  bronzes.  Owing  to  its  remarkable 
stability  in  sea  water,  the  government  is  now  equip- 
ping its  battleships  with  propellers  of  this  material, 
these  being  cast  in  single  pieces.  Propellers  have 
already  been  made  for  the  North  Dakota  and  for 
battleships  of  other  countries,  some  of  the  latter  being 
15  ft.  6  in.  in  diameter  in  a  single  piece,  weighing  16,000 
lbs.  After  18  months'  service,  it  is  said  that  the 
wear  and  corrosion  of  these  propellers  was  found  to 
be  practically  negligible.  It  was  further  found  that 
they  resist  bending  to  such  an  extent  that  they  are 
not  so  subject  to  loss  of  efficiency  as  propellers  which 
yield  under  heavy  backward  pressure  against  the 
water. 

Experiments  made  at.  the  laboratory  indicate  that 
Monel  metal  possesses  about  the  same  resistance  to 
corrosive  action  as  the  better  known  bronzes.     Speci- 

1  Physical  data  in  part  from  John  F.  Thompson,  in  Eng.  and  Mining 
Journal,  91,  1911. 

2  Transactions  of  the  American  Institute  of  Mining  Engineers,  41,  310 
(1910). 

3  Ibid  ,  1911. 

*  S.  B.  Redficld,  American  Machinist.  34,  I,  513-514. 
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mens  oi  several  bronzes,  Monel  metal,  and  steel  were 
he.l  and  embedded  in  rich  earth,  which  was  kept 
wet  for  six  months  by  periodica]  additions  of  very 
dilute  solutions  of  corrosive  salts.  At  the  end  oi 
the  test  period  all  the  specimens  were  taken  out, 
scrubbed,  dried  and  weighed  to  ascertain  the  com- 
parative loss  from  corrosion.  The  results  were  as 
follows 

Per  cent,  ids'.. 

Phosphor  bronze 0.09 

Tobin  bronze o.  1 1 

Monel  metal 0.12 

Parsons  manganese  bronze 0.12 

MuntZ  metal 0.33 

Steel 1   04 

Another  test  of  the  same  kind,  under  somewhat 
different  conditions,  but  the  same  period,  gave  about 
the  same  relative  results. 

One   advantage    in    favor  of    Monel   metal   in   these 

tests    was    that    it    presented    the    least    change    in    ap- 
pearance as  a   result   of  the  corrosive  action. 

CASTINO. 

While  no  trouble  has  been  experienced  in  rolling 
Monel  metal,  considerable  difficulty  has  been  met 
with  in  some  foundries  in  getting  sound  castings. 
Incidentally,  it  may  be  remarked  that  nickel-copper 
alloys  have  a  great  tendency  to  develop  blow-holes 
on  casting,  due  to  occluded  gases.  This  is  another 
indication  of  the  absence  of  a  chemical  compound, 
since  the  presence  of  a  compound  in  an  alloy  seems 
to  have  the  influence  of  preventing  blow-holes,  and 
closing  the  grain.  Monel  metal  requires  special  pre- 
cautions in  casting  on  account  of  dissolved  oxides 
and  gases,  which,  if  not  removed,  would  render  the 
ingots  unsound.  Successful  castings  have  been  made 
in  small  foundries  by  adding  2  ounces  of  magnesium 
per  100  lbs.  of  the  alloy,  before  pouring. 

Unsound  castings  may  also  arise  from  gases  that  are 
liberated  in  the  cores  of  the  patterns,  and  from  the 
fact  that  the  freezing  point  of  the  metal  is  so  many 
hundred  degrees  above  that  of  brass  or  bronze  that 
these  gases  cannot  escape  before  they  are  trapped  by 
the  freezing  metal.  This  necessitates  the  use  of  the 
same  methods  as  for  fine  steel  castings.  It  must  be 
remembered  that  the  actual  temperature  of  Monel 
metal  cannot  be  much  lower  than  1550°  C.  The 
art  of  casting  Monel  metal  is  closely  related  to  the 
art  of  casting  steel,  as  distinct  from  the  art  of  casting 
brass,  bronze  or  cast  iron.  It  really  involves  the 
art  of  handling  the  finest  steel  castings.  The  practice 
of  casting  Monel  metal  is,  therefore,  very  similar 
to  that  followed  in  steel  foundries.  The  melting 
equipment  of  the  plant  consists  of  standard  rever- 
beratory  furnaces  which  are  fired  with  oil,  the  fuel 
being  fed  by  gravity.  The  metal  is  charged  into  the 
furnace  in  the  form  of  pigs  or  slabs  which  are  about 
15  X  8  X  3  inches  in  dimensions,  and  weigh  about 
85  lbs.  The  melting  point  is  about  25000  F.  and 
eight  hours  are  required  to  the  heat.  No  fluxes  nor 
alloys  are  necessary.  Because  of  the  relatively  scant 
knowledge  of  nickel  and.  its  peculiarities,  the  handling 
of  Monel  metal  requires  expert  attention  in  the  melting. 

The    industry    of    making    Monel    metal    castings    is 


now     past     the    experimental    stage,    and    is    be  in] 

cessfully  accomplished   in  at    Least    three  foundries  in 

\e\\      York     and     New    Jersey.      Mr.     Leonard     Waldo, 
consulting    engineer,    is   authority    tor   the   stati 

that    notable  success  has  been  achieved  at    the    [ohnsofl 

Foundry    of   Spuyten    Duyvil    in    the   casting   of   this 
metal.     The  Bayonne  Casting  Company,  ol    Ba 

N.   J.,   and    the    Riverside   Steel   Company,   of    Newark, 
N.   J.,   are  other  foundries   that   are   making  good 

ings. 

USES. 

Although  a  comparatively  new  allow  because  oi  itl 
resistance  to  corrosion,  its  strength  and  the  n  ., 
with  which  it  may  be  machined,  Monel  metal  has 
already  found  many  important  uses.  These  include 
pump  cylinders  for  handling  salt  water,  propeller 
wheels,  rudders,  centre  boards,  deck  fittings,  mining 
screens,  water  ends  of  pumps,  linings,  valves,  shafts, 
piston  rods  and  plumbing  fixtures  subject  to  corrosive 
influences. 

In  the  rolled  metal,  there  is  a  wide  range  of  usage. 
Striking  instances  in  the  past  include  the  roofs  of  the 
new  terminals  of  the  Pennsylvania  Railroad  in  New 
York,  and  the  Chicago  &  Northwestern  Railroad  in 
Chicago,  which  were  covered  with  Monel  metal.  The 
sheets  have  also  been  used  on  several  large  office 
buildings  in  New  York,  and  on  industrial  plants  sub- 
ject to  severe  corrosive  conditions  where  copper  had 
proved  unsatisfactory. 

Rigid  physical  specifications  should  be  the  rule 
wherever  Monel  metal  is  considered  for  use  in  any 
form  of  engineering  construction.  With  reference 
to  chemical  specifications,  it  would  be  impracticable 
to  set  any  narrow  limits  as  to  chemical  constituents, 
owing  to  the  somewhat  variable  character  of  the  ore 
and  the  method  of  manufacture.  It  is  not  believed, 
moreover,  that  such  limits  are  necessary  in  order  to 
insure  the  desired  physical  properties  of  strength  and 
durability.  If  too  close  limits  are  set  on  chemical 
constituents,  the  metal  so  specified  might  be  obtained, 
but  at  a  cost  that  would  render  its  use  prohibitory. 

Laboratory,  Board  of  Water  Supply, 
New  York  City. 


FREE  LIME  IN  PORTLAND  CEMENT.1 

By  H.   E.  Kiefer. 

Received  January  2,  1912. 

It  is  to  be  regretted  that-  the  majority  of  chemists 
engaged  in  the  manufacture  of  Portland  cement  have 
very  little  time  for  research  work.  Some  of  us  have 
considerable  time  for  experimental  work,  but  the  time 
and  money  spent  are  expected  to  produce  commercial 
results  rather  than  contribute  to  the  stock  of  purely 
scientific  knowdedge.  This  latter  we  are  compelled 
to  leave  to  the  research  chemist,  and  as  he  usually 
lacks  a  practical  manufacturing  experience  we  ma)-  be 
able  to  supply  a  few  facts  and  suggestions. 

One  of  the  most  troublesome  arguments  which  the 
cement  chemist  has  to  meet  is  on  the  subject  of  Free 
Lime.     We   hear  it   discussed  by  chemists  and  engi- 

1  Read  at  the  Forty-fifth  annual  meeting  of  the  A.  C.  S.,  at  Washing- 
ton, December,  1911. 
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neers  and  attribute  all  kinds  of  defects  in  the  cement 
to  it,  yet  it  is  very  questionable  whether  any  of  us 
have  a  well  grounded  theory  for  the  position  we  as- 
sume. We  manufacture  a  product  to  meet  certain 
specifications  and  when  it  fails  in  any  of  these  we 
look  for  the  cause  and  a  remedy  from  a  practical 
rather  than  a  theoretical  point  of  view,  using  theory 
only  to  facilitate  results.  A  few  things  we  know  and 
many  more  we  believe,  hence  we  shall  state  first  the 
general  knowledge  and  follow  it  up  with  the  theory 
and  then  add  a  few  observations  which  may  furnish 
suggestions  for  research  chemists. 

Constancy  of  volume  is  one  of  the  requirements  of 
practically  all  specifications.  The  test  is  made  by 
subjecting  a  hardened  pat  to  five  hours'  boiling  in 
water  in  a  loosely  covered  vessel  or  to  the  steam  above 
the  water  in  such  a  vessel.  If  the  pat  comes  out 
sound  and  hard,  with  no  signs  of  warping,  checking 
or  disintegration,  the  cement  is  considered  sound. 
On  the  other  hand,  if  it  becomes  soft,  or  warps  or 
cracks  on  the  edges  it  is  considered  unsound.  From 
this  point  the  theory  begins.  The  explanation  is 
that  a  failure  to  pass  the  test  is  due  to  free  lime. 
Various  quantitative  methods  have  been  suggested 
with  a  view  of  determining  it,  but  so  far  as  the  writer 
knows  none  has  ever  given  satisfaction.  Micro- 
scopic tests  have  been  suggested,  but  these  likewise 
fail  to  be  of  any  practical  value.  Some  observations 
made  in  our  laboratory  lead  to  the  belief  that  if  free 
lime  is  a  real  cause  it  is  not  the  only  one,  as  there  is  a 
physical  side  which  must  be  taken  into  considera- 
tion. 

Le  Chatelier  says  that  if  one  per  cent,  of  freshly 
calcined  lime  be  added  to  a  sound  cement  it  will 
render  it  unsound.  With  this  as  a  starting  point, 
five  well  known  American  brands  of  Portland  cement, 
which  passed  the  boiling  test  as  received,  were  taken 
and  the  above  percentage  of  lime,  freshly  calcined  over 
a  blast  lamp,  immediately  pulverized  and  added  to 
the  cement.  None  of  them  failed  on  the  test.  Larger 
quantities  were  than  added,  and  with  one  brand  25% 
of  freshly  calcined  free  lime  was  required  before  the 
cement  failed  on  the  boiling  test.  The  authority 
mentioned  fails  to  say  how  finely  the  lime  should  be 
ground  before  adding  to  the  cement,  but  it  was  pre- 
Bumed  it  should  be  at  least  as  fine  as  the  cement, 
hence  it  was  quickly  put  through  a  100-mesh  sieve. 
The  lime  was  obtained  from  a  pure  limestone  at  the  high- 
est temperature  of  a  blast  lamp.  It  might  have  been 
better  to  have  used  calcium  nitrate  as  a  starting 
point,  but  while  these  results  are  interesting,  later 
tests  showing  the  amount  of  water  absorbed  in  pass- 
ing from  an  unsound  to  a  sound  state  shed  a  different 
light  on  the  subject.  The  results  of  the  tests  are  given 
in  tabulated  form. 

In  Table  I  are  also  given  the  analyses  and  the 
fineness  of  the  cements  to  which  reference  will  be 
made  later.  In  one  column  are  the  results  with  lime 
sieved  through  a  100-mesh  sieve  and  the  cement 
ived,  and  in  another  column  the  cement  after 
g  through  a  200-  and  lime  through  a  100-mesh. 
It  is  necessary  to  explain  that  where  "Boiled  0.   K." 


is  used,  it  means  the  cement  passed  the  test  satis- 
factorily. To  show  degrees  of  soundness  we  use 
"Boiled  95  per  cent."  to  mean  checked  slightly; 
''Boiled  90  per  cent.''  to  mean  checked  and  softened 
slightly;  "Boiled  85  per  cent."  to  mean  softened  con- 
siderably; and  "Boiled  80  per  cent."  to  mean  disinte- 
grated entirely.  These  are  only  relative  terms  but 
they  serve  to  indicate  different  degrees  of  soundness. 
It  will  be  noted  in  every  case  that  the  fineness 
of  the  cement  played  an  important  part,  as  when  the 
particles   coarser   than    200-mesh    were    removed,    the 

Table  I. 

Cement  through 
Cement  as  received  200  mesh  and 

and  CaO  through  CaO  through 

Fineness.  100-mesh  100-mesh 

Percentages.  percentages.  percentages. 


Brand  and  100- 

200- 

(a) 

(6) 

CaO. 

H20.' 

No 

age. 

mesh. 

mesh. 

CaO. 

H^O. 

Boiled. 

(o) 

(6) 

Boiled. 

1 

A 

1  mo. 

(  95.2 

82.4 

5.0 
6.0 

27.0 
28.0 

O.K. 
90 

f 

10.0 

30.0 

O.K. 

12  0 

34 

O.K. 

1 

2  mo. 

. 

12.5 

33  0 

95 

15.0 

35 

95 

1 

15  0 

35.0 

80 

20.0 

39 

80 

r 

12.5 

33.0 

O.K. 

15.0 

35 

O.K. 

1 

4  mo. 

j 
( 

15.0 
17.5 

35.0 
36  0 

95 
90 

20.0 

39 

90 

20.0 

38  0 

80 

2 

A 

1  mo.  . 

(97.5 

85.5 

25.0 

45  0 

O.K. 

f  96.0 
"1 

79.0 

(c) 

5.0 

27.0 

O.K. 

8.0 

30 

90 

3 

B 

1  yr..  . 

6.0 

27.5 

95 

10.0 

33 

80 

7.0 

28  0 

90 

4 

C 

(  93.0 

75.4 

6.0 

27.0 

O.K. 

8  0 

30 

90 

1  yr. . 

■\ 

7.0 

27.0 

90 

10.0 

33 

80 

5 

D 

1  96.8 

78.6 

6.0 

27.0 

O.K. 

8.0 

31 

90 

1  yr..  . 

i 

7.0 

27.0 

95 

10.0 

36 

80 

f 

12.0 

29.0 

O.K. 

12.0 

29 

O.K. 

6 

E 

1  yr... 

■ 

15.0 

30  0 

95 

15  0 

31 

95 

(a)  Per  cent,   of  lime  added. 
(6)  H>0  refers  to  the  water  used  in 
(c)  Greater  amounts  of  lime  made 
24  hours. 

Analyses  of 


making  the  pats, 
the  pats  too  soft  to  be  boile 


Nc 


Loss  on  ignition'.  .  3.08  2.80  4.60  5.19  3.20  6.27 

SiOs 21.28  20.80  19.24  20.26  22.00  19.68 

R2Os 9.02  9  50  10  52  9.32  900  1 1    00 

CaO 62.24  62.40  60  98  60.09  62.30  58.60 

MgO 2.68  2.75  2.78  3.34  2.64  3.18 

S03 1   61  1    56  1    55  1.54  1.23  1.54 

cement  stood  larger  additions  of  lime.  The  infer- 
ence is  that  the  fineness  of  the  cement,  the  fineness 
of  the  lime  and  its  degree  of  fusion  play  an  important 
part.  Unfortunately,  brands  B,  C,  D  and  E  were  all 
over  one  year  old  when  tested,  but  it  will  be  noted 
that  brand  A,  one  month  old,  85)^  Per  cent,  passing 
a  200-mesh  sieve,  permitted  10  per  cent,  greater  ad- 
dition of  freshly  calcined  lime  than  the  same  brand 
two  months  old,  82.4  per  cent,  fine  and  2  x/i  per  cent, 
more  than  the  same  per  cent,  fine  four  months  old, 
and  that  four  coarser  cements  over  a  year  old  per- 
mitted the  addition  of  less  lime  than  the  finer  cement 
at  two  and  four  months. 

Following  this  line  and  believing   that   the  fineness 
of    cement    plays    another    part,    a    sample    of    cement 

1  The  high  loss  (in  ignition  in  several  "I  these  brands  is  din-  to  the  long 
seasoning  in  bags. 
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80  pei  cenl  passing  .1  100  mesh  sieve,  winch  failed 
badlj  "ii  tin-  boiling  test,  was  ground  in  a  mortal  to 
85  i"  1  cenl  fine  and  it  sh( iwed  impn i\ emenl  In 
portion  ground  90  per  cent,  fine,  the  improve- 
iiH-nt  w.is  more  marked  and  in  a  portion  ground  os 
per  cent,  fine  the  boiling  test  was  perfect.  We  re 
peated  this  on  various  samples  <>t  cement  with  similar 
results.  Thinking  that  possibly  the  free  lime  be- 
came hydrated  from  the  moisture  in  the  air  while 
being  ground,  similar  experiments  were  made  by 
regrinding  in  a  laboratory  tube  mill  with  a  rubber 
gasket,  so  that  the  negligible  amount  of  moisture 
in  less  than  ,'  ■_.  cu.  ft.  of  air  would  have  a  negligible 
effect  on  hydrating  the  free  lime  in  15  lbs.  of  cement 
used  in  the  test.  Results  were  similar.  Sieving  to 
various  degrees  of  fineness  in  a  small  room  where  it 
was  presumed  the  atmosphere  was  fairly  dry,  owing 
to  the  presence  of  a  number  of  trays  of  cement  and 
lime  on  which  experiments  were  being  made,  gave 
similar  results. 

Table  II  gives  the  results  of  the  average  of  five 
different  samples  of  cement  in  each  case,  each  treated 
in  the  following  manner:  grinding  in  a  mortar,  grind- 
ing in  a  tube  mill  and  sieving.  It  will  be  noticed  that 
the  sample  which  was  merely  sieved  to  increase  the 
fineness  required  a  higher  fineness  as  indicated  by  the 
200-mesh  sieve  than  the  reground  samples.  This,  of 
course,  was  to  be  expected: 

Table  II. — Effect  of  Fineness  on  the  Boiling  Test. 

By  re- 

Byre-  grinding  Fineness 

grinding  in  tube  regulated 

in  mortar.  mill.  by  sieving. 

Boiling  Boiling  Boiling 

test.  test.  test. 

Per  cent.  Per  cent.  Per  cent. 
81  per  cent,  passing  200  mesh,  as 

received 80  80  80 

After  bringing  up  to  85  per  cent. 

tine '85  85  80 

After  bringing  up  to  90  per  cent. 

fine 90  90  85 

After  bringing  up  to  95  per  cent. 

fine O.K.  O.K.  90 

After  bringing  up  to  100  per  cent. 

fine O.K.  O.K.  95 

It  might  be  argued  that  the  free  lime  was  largely 
in  the  particles  removed  by  the  sieve,  but  this  is  off- 
set by  the  tube  mill  experiments  which  were  of  ex- 
actly the  same  cement  except  as  to  fineness,  as  nothing 
was  added  or  removed,  and  if  the  failure  when  80  per 
cent,  fine  was  due  to  free  lime,  the  same  free  lime  was 
present  when  it  was  95  per  cent,  fine,  and  if  checking 
is  due  to  free  lime,  this  free  lime  in  the  95  per  cent, 
fine  was  in  a  fine  enough  physical  condition  to  be- 
come hydrated  immediately  on  adding  water  when 
making  the  pat,  or  at  least  to  become  hydrated  be- 
fore the  set  had  taken  place.  In  the  coarser  samples 
it  is  possible  that  the  free  lime  (if  it  is  such)  was  pres- 
ent in  the  fused,  glassy,  coarser  particles  in  such  a 
way  as  to  prevent  its  hydrating  before  the  set  had 
taken  place,  and  the  expansion  took  place  on  boiling 
the  pat  after  it  had  hardened.  The  inference  here 
is  plainly  that  the  degree  of  fineness  is  an  important 
factor.  The  foregoing  experiments  apparently  lead 
to  the  conclusion  that  a  fair  proportion  of  free  lime 


is  no1  injurious  I <  i  .1  Pi »r1  land  cemenl  ii  its  p 
condition  is  such  as  to  permit  i1  to  tie  hydrated  be- 
fore the  set  has  i.il  •  ii  pla<  e  Hydrated  lime  is  added 
to  Portland  cement  with  beneficial  effed  in  some 
i : - ■  I  ii  matters  not  if  the  hydrated  lime  is  added 
afterwards  or  free  lime  is  in  the  cemenl    when   used 

provided    it    is    in    a    condition    to   be    readily    hyd 
assuming    that    all    other   conditions    of    balancing    the 
chemical    composition    and    manufacturing    details   are 
properly  regulated. 

It  is  often  noted  that  a  sample  of  cement  which  tails 
to  pass  the  test  one  day  may  pass  it  very  sa 
torily  several  days  later,  and  it  has  frequently  been 
noted  where  the  change  from  very  poor  to  very  good 
took  place  in  24  hours.  In  some  cases  where  the  pats 
completely  disintegrated  on  boiling,  the  cement  be- 
came sound  in  three  or  four  days,  while  with  several 
brands  samples  have  required  thirty  days  or  more 
to  become  thoroughly  seasoned. 

An  effort  was  made  to  find  what  change  took  place 
in  the  ultimate  chemical  composition  when  a  cement 
passed  from  an  unsound  condition  to  a  sound  one. 
If  it  is  due  to  a  hydration  of  the  lime  by  atmospheric 
moisture,  then  the  amount  of  moisture  absorbed 
would  be  a  gage  to  the  amount  of  free  lime  which 
had  been  hydrated,  assuming  (without  any  sound 
theoretical  reason)  that  all  the  moisture  taken  up 
would  go  to  hydrating  lime  and  none  of  it  enter  into 
the  complex  reactions  which  take  place  when  larger 
amounts  of  water  are  used.  A  number  of  experi- 
ments were  made  by  determining  the  loss  on  ignition 
on  unsound  cements  and  making  the  same  test  after 
the  cement  became  sound.  A  more  correct  method 
would  have  been  to  absorb  the  water  given  off  on 
ignition,  as  it  is  well  known  that  cement  absorbs 
carbon  dioxide  on  seasoning  and  this  also  is  given  off 
on  ignition,  but  a  glance  at  the  results  will  show 
the  relatively  small  total  difference  that  even  if  we  as- 
sume it  all  to  be  water  used  in  hydrating  lime  the 
amount  of  lime  hydrated  is  comparatively  small: 

6  tests  showed  a  difference  of  0.45  per  cent,  in  loss 
on  ignition  between  the  unsound  and  sound  condi- 
tion of  the  cement. 

6  tests  showed  a  difference  of  0.75  per  cent. 

6  tests  showed  a  difference  of  o .  90  per  cent. 

Realizing  the  inaccuracy  of  the  method,  another 
set  of  experiments  was  conducted  as  follows:  The 
unsound  cement  was  placed  on  cover  glasses  and 
carefully  weighed.  This  was  placed  on  a  rack  under 
a  bell-jar.  A  tray  of  water  was  placed  below  it  and 
the  whole  set  on  an  iron  plate  over  a  Bunsen  burner. 
The  bottom  was  sealed  by  piling  finely  pulverized  flint 
(100-mesh  and  finer)  around  the  lip  of  the  jar  so  that 
the  air  could  not  be  renewed  during  the  test.  The 
temperature  was  raised  to  1500  F.  and  kept  there 
from  periods  ranging  from  one  to  twenty-six  hours. 
A  very  great  number  of  these  tests  were  made  and  it 
was  found  that  at  26  hours'  heating,  three  samples  of 
different  cements  absorbed  1.27  per  cent.,  1.84  per 
cent,  and  2.02  per  cent,  moisture.  All  of  these,  as 
expected,  passed  the  boiling  test  perfectly. 
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Repeated  trials  were  made  to  determine  the  mini- 
mum amount  of  absorption  necessary  to  pass  from  an 
85  per  cent,  failing  cement  to  a  perfect  test: 

3  tests  showed  o.  10  per  cent,  was  sufficient. 

5  tests  showed  o.  19  per  cent,  was  sufficient. 

3  tests  showed  o.  24  per  cent,  was  sufficient. 

3  tests  showed  0.27  per  cent,  was  sufficient. 

Whether  these  are  the  minimum  amounts  is  open 
to  question,  as  a  number  of  tests  showed  practically 
no  absoq^tion,  yet  it  is  apparent  that  moisture  is 
essential  to  seasoning.  Unsound  samples  kept  in 
sealed  jars  a  year  still  remained  unsound,  and  samples 
heated  to  1500  F.  in  dry  air  remained  unsound,  yet 
the  above  shows  that  a  trifling  amount  of  moisture 
produced  the  desired  result.  Moisture  is  essential 
and  heat  accelerates  the  action,  as  to  be  expected. 
At  lower  temperatures  it  is  necessary  to  absorb  con- 
siderably more  water  to  get  results  than  at  1500  F. 
Coarse  cements  required  more  water  and  the  problem 
becomes  more  complicated  where  the  degree  of  burn- 
ing of  the  clinker,  the  fineness  of  the  raw  material, 
and  other  manufacturing  factors  are  taken  into  account. 

Referring  to  the  above  tests  where  the  minimum 
water  was  absorbed,  it  becomes  apparent  that  in 
those  cases,  assuming  all  the  moisture  absorbed  went 
to  hydrating  free  lime,  the  maximum  amount  of  free 
lime  exerting  the  injurious  influence  could  not  have 
been  over  0.31  per  cent.  Compare  this  with  various 
amounts  of  free  lime  added,  shown  in  Table  I.  It 
may  be  possible  that  the  destructive  expansion  in 
the  case  of  three  cements  requiring  only  o .  1  per  cent. 
water  in  seasoning  was  caused  by  the  hydration  of 
its  equivalent  of  0.31  per  cent.  CaO,  but  it  seems 
more  probable  that  a  physical  explanation  must  also 
be  considered  in  connection  with  it,  for  reasons  briefly 
stated  as  follows: 

Lime  calcined  at  highest  heat  of  a  blast  lamp  is  not 
injurious  to  soundness  when  added  in  reasonable 
amounts  to  Portland  cements.  Lime  calcined  at  the 
temperature  attained  in  a  rotary  kiln  does  not  become 
fused,  hence  when  pulverized  with  the  clinker  should 
hydrate  readily  on  the  addition  of  water. 

In  burning  of  Portland  cement  clinker,  small  parti- 
cles of  free  lime  may  be  encased  in  the  fused  mass  of 
silicates,  aluminates,  etc.  If  subsequent  grinding  re- 
duces this  glass  to  a  finely  enough  divided  state,  this 
lime  will  hydrate  on  addition  of  water  and  have  no 
injurious  effects.  If  free  lime  is  the  cause  of  disinte- 
gration, it  seems  that  the  state  of  fusion  of  the  sur- 
rounding glassy  clinker  is  directly  responsible  for  it. 

It  is  claimed  that  over-limed  cements  are  most  apt 
to  fail  on  this  test.  It  may  be  possible  that  owing 
to  their  being  more  difficultly  fusible  and  requiring  a 

tier  temperature  in  the  kiln,  that  a  more  glassy 
mixture  envelops  the  free  lime.  This  furnishes  room 
for  microscopic  study. 

Under-burned  cements  may  fail  on  this  test.  Free 
lime  is  given  as  the  explanation  of  this. 

If  free  limes  is  the  real  cause,  then  the  fact  that  as 
little  as  '/I0  of  one  per  cent,  of  moisture  will  rectify 
many  bad  cases,  leads  to  the  belief  that  the  phenome- 
non of  seasoning  is  not  so  much  one  of  hydrating  free 


lime  as  it  is  a  decrepitation  process  in  which  heat  and 
moisture  break  up  glassy  particles,  putting  the  lime 
in  a  physical  condition  to  be  hydrated,  but  not  neces- 
sarily hydrating  it.  Acting  on  this  idea,  it  was  be- 
lieved that  cements  become  finer  with  age.  A  num- 
ber of  tests  seemed  to  confirm  this,  but  the  breaking 
of  the  small  per  cent,  of  coarser  particles  into  finer 
ones  takes  place  so  slowly  that  differences  of  only  one 
and  two  per  cent,  were  obtained  in  sieving,  which  may 
not  be  sufficient  to  offset  the  possible  personal  error 
in  the  sieving  process.  To  get  at  the  hydrating  or 
decrepitation  results,  whichever  it  may  be,  only  the 
residues  left  on  a  200-mesh  sieve  were  taken  and 
sieved  until  no  more  would  pass.  These  were  ex- 
posed to  air  and  moisture  and  again  sieved  each  week. 
The  following  table  shows  the  fineness  of  a  sample 
of  cement,  part  of  which  was  exposed  to  air  and  part 
kept  in  a  sealed  jar  for  varying  periods.  Residues 
from  the  same  cement  were  placed  in  an  open-jar  and 
starting  with  nothing  that  passed  a  200-mesh  sieve, 
samples  were  sieved  at  various  times,  showing  the 
per  cent,  passing  the  200-mesh  after  decrepitation 
had  taken  place. 

Table  III. — Showing  Fineness  on  a  200-Mesh  Sieve. 

Sample 

Sample  Sample  of  residues 

exposed  to  kept  in  a         kept  in  an 

the  air.  sealed  jar.         open  jar. 

Per  cent.  Per  cent.         Per  cent. 

Starting  point 84.6  84.6  0.0 

After  14  days 85.0  85.0  5.0 

After  33  days 85.8  85.0  5.6 

After  49  days 86.0  85.4  6.0 

After  91  days 86.0  85.4  7.6 

After  107  days 86.2  85.6  7.6 

As  was  to  be  expected,  the  sample  kept  in  air  in- 
creased in  fineness  more  rapidly  than  the  one  in  the 
sealed  jar,  and  while  sieving  tests  are  subject  to  some 
variation  and  inaccuracies,  these  samples  were  tested 
on  the  same  sieve  by  the  same  man  and  by  the  same 
method,  hence  the  personal  error  is  probably  about 
the  same  in  each  case.  The  results  of  the  samples 
exposed  to  air  might  be  explained  by  the  theory  of 
hydration  of  free  lime,  but  those  on  sample  kept  in  a 
sealed  jar  must  be  explained  by  a  physical  theory  of 
disintegration. 

SUMMARY. 

While  the  work  on  this  subject  is  by  no  means 
complete,  it  represents  the  results  of  some  hundreds 
of  tests  and  at  the  present  time  points  to  the  follow- 
ing as  worthy  of  consideration: 

i.  Only  a  thin  film  on  the  coarser  particle  of  cement 
enters  into  the  reactions  on  the  setting  of  the  same. 

2.  These  coarser  particles  become  finer  with  age. 

3.  The  disintegration  of  these  particles  improves  the 
soundness. 

4.  That  if  free  lime  is  the  cause  of  destructive  ex- 
pansion, three-tenths  of  one  per  cent,  or  less  is  suffi- 
cient to  manifest  itself. 

5.  Thai  cases  were  noted  where  practically  no  ab- 
sorption of  water  took  place,  hence  cannot  be  explained 
by  the  hydration  of  free  lime. 

6.  Cement  kept  in  a  sealed  jar  becomes  finer  with 
age,    thereby    indicating    a    mechanical    decrepitation, 
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which,  .is  tests  show  .  l 'ill .mis  more  pronounced  in  the 
I  iresence  < >l  m<  list  ure 

;  Carbon  dioxide  from  the  air,  while  il  maj  aid 
in    seas  tiol    essential,    as   shown    by    several 

series  oi  tests. 

8  That  increasing  the  fineness  of  any  particular  sam- 
ple of  unsound  cemenl  improves  its  quality  in  this 
res]  >ed 

.J.  With  the  toregoing  data,  it  appears  that  the 
theory  of  free  lime  as  the  sole  cause  of  unsoundness 
is  not  well  founded. 

io.  Expansion  may  he  due  principally  to  physical 
strains  in   the  coarser   particles. 

ii.  Any  theory  of  expansion  on  a  purely  physical 
basis  seems  inadequate,  inasmuch  as  pats  may  fre- 
quently remain  in  boiling  water  several  hours  or  more 
before  destructive  expansion  becomes  manifest.  If 
it  were  merely  the  different  rates  of  expansion,  one 
would  expect  the  rupture  to  take  place  shortly  after 
the  boiling  begins. 

12.  With  the  data  in  hand  at  present,  a  possible 
theory  presents  itself  as  follows:  Seasoning  of  an 
unsound  cement  consists  of  decrepitation  of  the  coarser 
particles,  caused  by  or  accelerated  by  heat  and  mois- 
ture, and  that  the  moisture  need  not  be  in  sufficient 
quantities  to  hydrate  the  free  lime,  but  merely  to 
render  the .  coarser  particles  sufficiently  fine  to  per- 
mit hydration  before  the  set  has  taken  place. 

13.  Le  Chatelier  claimed  tri-calcium  silicate  to  be 
the  essential  constituent  of  Portland  cement  and  free 
lime  as  the  agent  destructive  to  soundness.  Unger 
obtained  vitrified  tri-calcium  silicate  which  disinte- 
grated (seasoned),  yet  hardened  well,  while  a  fused 
tri-calcium  silcate  was  unsound.  This  would  indicate 
that  if  free  lime  is  present  in  Portland  cement,  it  is 
in  the  glassy  unground  particles. 

14.  0.  Schott  denied  the  existence  of  tricalcium 
silicates,  tri-calcium  aluminates,  and  tri-calcium  fer- 
rites  in  Portland  cement,  yet  fused  mixtures  of  these 
compositions  showed  the  characteristic  destructive 
phenomena  found  in  unsound  cements  and  which  he 
attributed  to  free  lime. 

15.  Michaelis  claimed  burning  at  too  high  tempera- 
tures produced  unsound  cements.  Microscopic  ex- 
aminations of  clinkers  show  a  different  physical 
structure  of  that  from  a  rotary  kiln  and  that  burned 
at  lower  temperatures.  The  contradictory  results 
obtained  by  investigators,  both  of  synthetical  mixtures 
and  actual  clinker,  seem  to  be  due  to  different  degrees 
of  fusion. 

16.  Shepherd  and  Rankin  have  demonstrated  the 
existence  of  calcium  tri-silicate,  but  the  real  cause  of 
expansion   is   yet  not  conclusively  proven. 

17.  What  is  needed  now,  in  addition  to  the  excellent 
work  of  the  authorities  herein  mentioned  and  others 
unmentioned,  is  an  investigation  which  will  link  to- 
gether our  knowledge  on  purely  theoretical  constitu- 
tion of  Portland  cement  clinker  and  the  chemical  and 
physical  constitution  of  a  commercial  Portland  cement, 
and  further  show  what  changes  take  place  in  passing 
from  an  unsound  to  a  sound  state. 
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->.    THE     CHANGES      which      ANAESTHETIC      CHLOROFORM 
UNDERGOES      WHEN      A      CURRENT      OF      OXYGEN      IS 
CONDUCTED    THROUGH     IT. 

Among  the  anaesthetic  mixtures,  the  combination 
of  chloroform  vapor  with  oxygen  was  used  shortly 
alter  the  introduction  of  chloroform  as  an  anaesthi  tic 
and  it  has  recently  been  reintroduced  into  practice 
by  Xeudorfer,  kreutzmann,  and  others.  It  is  stated 
by  anaesthetists  that  oxygen  does  not  antagonize 
the  action  of  chloroform  on  the  heart  or  nerve  centers, 
but  that  it  protects  the  patient  from  the  dangers 
which  result  when  chloroform  is  administered  while 
his  blood  is  in  a  condition  of  undue  venosity'  and 
that  it  prevents  any  intercurrent  asphyxial  condition. 
Gwathmey  has  stated  positively2  that  oxygen  increases 
the  value  of  all  inhalation  anaesthetics  as  regards  life. 

It  has  been  maintained,  however,  that  chloroform 
undergoes  alteration  in  this  procedure.  Falk3  at- 
tempted to  demonstrate  that  the  passage  of  oxygen 
through  chloroform4  produces  chemical  changes  in 
the  anaesthetic.  He  reported  that  after  the  passage 
of  oxygen  for  20  minutes,  changes  could  be  recog- 
nized in  the  residual  chloroform,  in  some  cases  hydro- 
chloric acid  and  in  others  an  acid  with  reducing 
properties5  having  been  recognized.  The  quantities 
produced  were  found  to  be  greater  the  higher  the 
temperature  and  degree  of  illumination.  This  work 
is  partially  contradicted  by  the  clinical  results  ob- 
tained hy  anaesthetists,  and  by  the  observations  of 
Willcox  and  Collingwood6  on  the  administration  of 
oxygen   bubbled    through    absolute    alcohol.7 

In  order  to  determine  whether  the  passage  of  a  current 
of  oxygen  through  anaesthetic  chloroform  results  in 
the  decomposition  of  the  anaesthetic,  4  ounces  of 
chloroform  containing  0.70  per  cent,  by  volume  of 
absolute  alcohol  and  0.035  Per  cent,  by  volume  of 
water,  but  otherwise  pure,  were  placed  in  the  chloro- 
form container  of  the  Gwathmey  anaesthetic  appa- 
ratus (Fig.  i),  and  a  slow  stream  of  oxygen  was  con- 
ducted through  the  chloroform  for  ten  and  one-half 
hours,  at  the  end  of  which  time  i/i  ounce  of  chloro- 
form remained.  The  experiment  was  conducted 
under  the  usual  conditions  obtaining  during  adminis- 
tration by  the  Gwathmey  method,  by  electric  light 
and  at  an  average  temperature  of  20 °  C.  The  residue, 
upon   examination,   gave   the   following  results: 

1  Buxton,  Anaesthetics,  4th  ed.,  p.  299. 

2  Medical  Record,  October  8th.  1910,  p.  616.  "On  Chloroform-Oxygen 
Narcosis,"  see  also  Ziegner,  Munch.  Med.  Wochenschr.,  57,  2585  ;  and  Guarini, 
Sci.  Am.,  90,  24. 

3  Deut.  Med.  Woch.,  1902,  862. 

4  The  purity  of  this  was  not  described,  but  it  was  evidently  of  the 
grade  specified  by  the  German  Pharmacopoeia. 

5  Acetic  acid,  resulting  from  the  oxidation  of  the  alcohol  in  the  chloro- 
form used  (?). 

"  Brit    Med   J  .  Nov.  5th,  1910. 

7  Willcox  and  Collingwood  stated  that  the  administration  of  oxygen 
bubbled  through  absolute  alcohol  is  a  marked  cardiac  stimulant.  It  is 
especially  important  to  note  that  they  found  the  administration  pleasant 
and  non-irritating  to  the  patient — that  it  causes  no  ill  effects  to  the  lungs 
or  bodily  system. 
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Aldehyde.         Acidity. 
None.  Acetic  acid 

present. 


Hydrochloric  acid. 

None.      No  free 

chlorine. 


Sulphuric  acid  test. 
Pronounced  reaction, 
Faint  reaction  for 
odorous  decompo 
sition  products  and 
chlorinated  decom 
position    compounds 


Oxygen  was  then  passed  through  4  ounces  of  chloro- 
form containing  0.56  per  cent,  by  volume  of  absolute 
I  and  0.03  per  cent,  by  volume  of  water,  but 
otherwise  pure,  for  three  and  one-half  hours,  after 
which  time  2  ounces  of  chloroform  remained.  The 
intensity  of  illumination  and  temperature  conditions 
were  identical  with  those  of  the  preceding  experi- 
ment. The  chloroform  residue  contained  no  free 
chlorine  or  hydrogen  dioxide;  no  hydrochloric  acid 
or  carbon yl  chloride;  no  acetaldehyde;  but  it  showed 
the  following  changes: 

Acetic   acid:   0.00045   gram   in    100   cc. 

A  marked  response  with  sulphuric  acid,  intensified  on  the 
addition  of  formalin.  Although  a  faint  reaction  for  chlorinated 
decomposition  products  was  obtained,  the  reaction  with  sulphuric 
acid  was  attributed  to  oxidation  products  of  the  alcohol  present. 

These  experiments  showed  that  when  chloroform 
of    the    present    pharmacopoeial    strength    and    purity 


is  administered  in  conjunction  with  oxygen,  no  de- 
composition of  the  chloroform  occurs,  and  that  the 
oxidation  of  the  alcohol  present  would  not  give  rise 
to  products  which  would  affect  the  results  of  anaesthe- 
sis,  provided  the  vapors  are  passed  through  water 
which  absorbs  the  oxidation  products.  The  results 
obtained  also  support  the  views  previously  expressed 
with  regard  to  the  oxidation  of  anaesthetic  chloroform. 

In  order  to  ascertain  whether  the  oxidation  products 
of  alcohol  are  removed  by  passage  through  water1  and 
whether  any  oxidation  products  responding  to  the 
test  with  sulphuric  acid  are  carried  over  by  the  vapor 
of  the  chloroform,  the  following  experiment  was  per- 
formed: 

Oxygen  was  passed  through  31/,  ounces  of  chloro- 
form containing  1  per  cent,  of  95  per  cent,  alcohol, 
but  otherwise  pure,  for  four  and  one-half  hours,  the 
oxygen-chloroform  vapor  being  conducted  through 
four  ounces  of  water  kept  at  20 °  C.  The  resulting 
chloroform     vapor     was     condensed,     and     after      1  !    , 

1  Such  a  procedure  is  followed  when  the  Gwathmcy  apparatus  is  used 
in  practice. 


ounces  o!  chloroform  had  passed  through  the  water, 
the  experiment  was  discontinued.  The  examination 
of  the  residue  and  condensed  chloroform  showed  the 
following: 

Acidity   (acetic  .aid 

Chloroform  used none. 

Residue  in  container i>  00015  g.  in  100  cc. 

Condensed  chloroform  none. 

Sulphuric  acid  test 

Chloroform  used    negative. 

Residue  in  c<  'ill. oner marked  reaction. 

Condensed  chloroform negative. 

Therefore,  it  was  concluded  that  the  oxidation 
products  of  alcohol  are  not  carried  over  when  the 
chloroform-oxygen  stream  is  conducted  through  water, 
and  that  these  are  concentrated  in  the  residue.  This 
applies,  of  course,  only  when  the  conditions  usually 
followed    in    practice    are    observed. 

3.  THE    DECOMPOSITION     OF    CHLOROFORM     VAPOR     UPON 
EXPOSURE    TO    GAS    LIGHT,     ETC.,     DURING    ADMINIS- 
TRATION. 

The  occurrence  of  untoward  symptoms  during  the 
administration  of  chloroform  in  rooms  in  which  gas 
is  burning,1  or  where  there  are  other  varieties  of  naked 
flames,2  or  strong  electric  light,3  has  been  frequently 
reported ;  consequently,  it  has  been  urged  that  sur- 
gical operations  be  not  performed  by  gaslight.4  As 
to  just  what  products  are  formed,  there  is  a  difference 
of  opinion.  Iterson5  considered  that  there  occurred  a 
combination  of  the  chloroform  vapor  with  the  com- 
bustion gases,  whereas  Hartmann6  and  Waddelow7 
observed  an  odor  of  chlorine,  Von  Langenbeck  con- 
sidered that  " chlorocarbonic  acid"  was  formed,  and 
Breaudat  found  hydrochloric  acid  and  an  acrid  oil. 
At  all  events,  when  a  mixture  of  chloroform  vapor 
and  air  is  decomposed  by  a  flame,  irritating  compounds 
are  formed.8 

4.  THE       EFFECT      OF      AGITATION       UPON       ANAESTHETIC 

CHLOROFORM. 

Tunnicliffe9    concludes      that    when     chloroform     is 

1  One  of  the  earliest  references  to  the  decomposition  of  chloroform  by 
exposed  flames  is  in  the  China  Med.  Missionary  J.,  Dec,  1888.  160.  Iterson, 
Fischer,  and  Zweifel  drew  attention  to  this  decomposition  in  1889,  and  in 
that  year  Patterson  narrated  personal  experiences  {Practitioner,  42,  418). 
See  also.  Lancet  March  12th.  1898.  Birmingham  Med.  Rev..  August.  1892; 
but  especially.  Schumburg,  A/>oth  Zla..  13,  758;  Gerlinger,  Ibid..  17,  .114; 
and  Eisenlohr  and  Fermi,  Ber.,  1892,  585.  Soubeiran  and  Liebig  had 
observed  that  a  mixture  of  chloroform  and  alcohol,  in  equal  measures, 
burns  with  a  smoky  flame  and  pungent  odor. 

According  to  Ramsay  and  Young  {Jahresber..  1886,  628),  the  vapor 
of  chloroform,  when  passed  through  a  red  hot  tube,  yields  hexachlorbenzene 
iCCI,;!.  perchlorethane  (C:>Cln),  and  some  perchlorethylenc  (C2CI4). 

Lob  (Z.  Elektrochem.,  7,  903)  reported  that  when  a  wire  was  heated 
to  redness  by  an  electric  current  in  the  vapor  of  boiling  chloroform,  hydro- 
chloric acid  and  tetrachlorethylene  were  the  principal  products  of  decom- 
position at  comparatively  low  temperatures,  hexachlorbenzene  and  hexa- 
chlorethane  and  chlorine  appearing  also  at  higher  temperatures.  The 
tetrachlorethylene  is  probably  formed  by  polymerization  of  dichlor 
methylene,   the  primary  product  of  the  pyrogenetic  decomposition. 

-Oil   lamps  and  candles   (Waddelow,    I'll, 1, in    ./..    [4]    6,  324). 

'Huston  (Anaesthetics,  1907,  p.  180)  states  that  he  observed  that 
chloroform  decomposes  when  a  powerful  electric  lamp  is  held  over  the 
inhaler.  Cf.  Schoorl  and  Van  den  Herw.  Pharm.  Weekblad,  43,  47.  who 
show   that   air  is  necessary  for  such  decomposition 

1  /■    ,;  .  by  Von  Langenbeck  (see  Pharm.  Ztg  .  April  <>,  1889.  221). 

■  Ibid 
a  Ibid. 

■  /.,.,    ,,1      Sec  aUo.  Wardleworth,  Pharm.  ./..  |4]  14,  376. 
*Lancet,    1899,    1.    172S,    therafi    Cox.,    1899,    601;    Breaudat's    Diet 

Phi    ;  ilooie.    Cf.  Ragsky.  J.  prakt.  Chem.,  46,  170. 
°J.Roy    Irmy  Wed   Corps,  2,  No  4.459. 
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initially  pure,  except  for  added  alcohol,  it  remains 
tree  from  "pharmacological  deterioration"  under  the 
ordinary  conditions  of  military  transport,  providing 
that  the  bottles  arc  kept  closely  stoppered  and  pro- 
tected from  strong  light. 

The  authors  subjected  unopened,  brown  glass  bottles 
of  the  following  anaesthetic  chloroforms  to  intermit- 
tent agitation  for  206  hours  in  a  Spiegelberg  shaking 
apparatus,  in  such  a  way  that  considerable  mechanical 
shock    was   imparted    to   the   chloroform: 

i.  A  three-ounce  bottle  of  chloroform  manufactured 
from  acetone,  containing  0.5  per  cent,  by  volume  of 
absolute  alcohol  and  0.025  Pcr  cent,  by  volume  of 
water,  but  otherwise  pure  and  of  full  pharmacopoeial 
grade. 

2.  A  two-ounce  bottle  of  chloroform  manufactured 
from  acetone,  containing  0.8  per  cent,  by  volume  of 
absolute  alcohol  and  0.05  per  cent,  by  volume  of 
water,  but  containing  a  trace  of  extractive  matter 
from  the  cork  stopper. 

3.  A  two-ounce  bottle  of  chloroform  containing 
0.97  per  cent,  by  volume  of  absolute  alcohol  and  about 
0.05  per  cent,  of  water,  but  otherwise  pure. 

4.  A  two-ounce  bottle  of  chloroform  manufactured 
from  acetone,  containing  0.7  per  cent,  by  volume  of 
absolute  alcohol  and  about  0.04  per  cent,  of  water, 
but  otherwise  pure. 

All  of  these  samples  were  well  stoppered  and  were, 
in  every  respect,  identical  with  chloroform  as  it  is 
supplied  to  the  trade.  The  samples  numbered  2,  3, 
and  4  contained  more  air  space  than  No.  1,  this  being 
especially   marked  in  the  case  of  Nos.  3  and  4. 

When  the  samples  were  examined  after  agitation 
for  206  hours,   the  following  results  were  obtained: 

Hydro- 
chloric acid 

or  chlorides;                             Odorous  Chlorinated 
chlorine  and                                decom-  decora- 
hydrogen  Sulphuric       position  position 
Sample.       Acidity.         dioxide.  acid  test.        products  compounds 

1.          None          Pronounced          None  Very  faint 

reaction  reaction 

2.  Pronounced  None 

reaction 

3.  0.00045  g.  "  Decided  re-  "  Faint    re - 

acetic  in  action1  action 

100  cc. 

4.  0.0004    g.  "  Marked     re-  " 

acetic  in  action- 

100  cc. 

From  these  experiments,  the  following  conclusions 
were  drawn: 

1.  When  anaesthetic  chloroform  is  subjected  to 
agitation  accompanied  by  mechanical  shock,  the 
alcohol  present  undergoes  oxidation,  the  extent  of 
this  being  dependent  upon  the  amount  of  air  present, 
the  nature  of  the  agitation,  especially  its  violence  and 
length,  and  the  light  exposure.  The  above  experi- 
ments were  all  made  in  daylight  at  20 °  C. 

2.  Impurities  decomposable  by  sulphuric  acid  are 
formed  under  such  conditions,  these  resulting  both 
from  oxidation  of  the  alcohol  and,  when  unprotected 
cork  stoppers  are  used,  from  the  extraction  of  resinous 

1  The  cork  stopper  of  this  container  was  capped  with  tin,  hence  no 
extraction  could  occur. 

2  As  in  '. 


matters    from    the   stopper   or    luting      '  I  hlorinated 

decomposition  compounds"  may  form,  although  we 
are  inclined  to  attribute  the  response  hail  for  their 
presence  to  oxidation  products  ol  alcohol  in  this  case. 
Since  these  conclusions  apply  to  anaesthetic  chloro- 
form of  tlie  present  United  States  Pharmacopoeia 
of  purity  and  strength,  can;  should  lie  exer- 
cised when  such  chloroform  is  shipped  for  considerable 
distances,  or  is  kept  at,  sea,  that  a  minimum  amount 
of  air  is  present;  in  case  glass-stoppered  bottles  are 
not  used,  that  the  cork  stopper  is  capped  to  prevent 
extraction  and  shrinkage;  and  that  the  succussion 
to  which  chloroform  is  likely  to  be  subjected,  is  neither 
of  an  intense  nor  protracted  nature.1 

5.  THE  PRESERVATION  OF  CHLOROFORM. 

(a)  Preservation  with  Alcohol. 

As  early  as  1857  it  was  pointed  out  by  Squibb2  that 
an  addition  of  alcohol  to  chloroform  was  the  best  means 
of  preventing  decomposition ;  it  appears  that  the 
practice,  one  which  he  considered  of  '  importance, 
originated  with  him  some  years  previously.  Squibb 
observed  that  chloroform  of  the  density  above  1.497 
had  a  marked  tendency  to  decompose,  and  that  the 
decomposition  became  inevitable  above  1.498.  There- 
fore, he  suggested  reduction  in  specific  gravity  to  1.49 
or  at  least  1.494,  by  the  addition  of  ethyl  alcohol. 
Later3  Squibb  stated  that  his  experience  was  that 
"pure"  chloroform  to  which  0.625  Per  cent,  of  alcohol 
had  been  added  might  be  kept  for  ten  years  in  ground- 
stoppered  bottles  of  amber  glass  without  a  trace  of 
decomposition. 

In  1863,  David  Brown,  of  the  British  firm  of  J.  F. 
Macfarlan  &  Co.,  finding  that  samples  of  chloroform 
which  rapidly  decomposed  were  invariably  of  the 
density  1.50,  while  those  which  kept  well  were  of 
slightly  lower  density,  suspected  that  the  small  pro- 
portion of  alcohol  present  in  the  last-mentioned  was 
the  cause  of  the  preservation.  Ever  since  this  time, 
it  has  been  the  British  custom  to  reduce  chloroform 
to  the  density  1.497  or  thereabout,  which  procedure, 
it  has  been  maintained,4  has  given  satisfaction  and  is 
a  necessary  one. 

Shortly  after  the  observations  of  Brown,  Maisch,5 
after  a  series  of  experiments  on  the  action  of  light  on 
chloroform,  arrived  at  the  following  conclusions: 
In  order  to  preserve  "pure"  chloroform  of  the  specific 
gravity  1.49,  it  should  be  kept  totally  excluded  from 
the  light;  and  to  keep  chloroform  in  the  daylight, 
it  should  be  reduced  in  specific  gravity  by  the  addition 
of  about  two  fluidrachms  of  95  per  cent,  alcohol  to 
one   avoirdupois  pound  of  chloroform   of  the   density 

1  See  Part  6  of  this  section,  where  the  Storage  of  chloroform  is  discussed. 
Further  reference  to  the  subject  of  extraction  will  be  made  when  the  Test 
with  Sulphuric  Acid  is  referred  to. 

2  Paper  read  before  the  New  York  Academy  of  Medicine  in  that  year; 
see  Am.  Med.  Month..  July,  1857. 

-'  Ephemeris,  4,  1431. 

*  See  Dott,  Pharm.  J.,  [3]  15,  703.  Also.  Clark,  Ibid..  [3]  12,  740.  Symes 
and  Mason  (Ibid.,  8,  893)  also  testified  that  small  quantities  of  alcohol 
considerably  enhance  the  keeping  qualities  of  chloroform.  Brown  (Ibid.. 
25,  865)  was  of  the  opinion  that  the  specific  gravity  of  chloroform  should 
not  be  under  1.497  at  15°  C.  Such  chloroform  contains  0.25  per  cent,  of 
alcohol  and,  according  to  Brown,  if  kept  out  of  the  sunlight  and  otherwise 
properly  stored,  may  be  kept  many  years. 

5  Proc.  Am.  Pharm.  Assn.,  1867. 
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1.492.  Maisch  found  that  when  chloroform  had  been 
reduced  in  specific  gravity  to  1.475  or  less>  tin 
ence  of  several  drops  of  water  in  the  bottle  would 
not  induce' the  liberation  of  "chlorine"  after  an  ex- 
posure of  two  weeks  in  direct  sunlight.  lie  considered 
that  this  amount  of  alcohol  (about  forty  drops  in  one 
fluid  ounce)  would  not  be  objectionable  when  the 
chloroform  was  used  as  an  anaesthetic. 

The  preservation  of  chloroform  with  ethyl  alcohol 
lias  also  been  insisted  upon  by  German"  and  French2 
authorities.  In  fact,  it  may  be  said  that  the  addition 
of  alcohol,  in  amounts  varying  from  0.25-T.00  per 
cent.,  has  been  generally  favored  and  that  such  an 
addition  is  universally  practiced.3 

The  amounts  of  alcohol  stated  as  permissible  in  the 
various  official  chloroforms  intended  for  anaesthetic 
purposes  are  as  follows: 

Belgium 1.0  per  cent. 

Denmark 1.0  per  cent. 

France 0  .005  part  by  weight. 

Italy 0.5  per  cent. 

Sweden 0.5-1 .0  per  cent. 

.Switzerland 1.0  per  cent,  absolute. 

United  States 0.6-1 .0  per  cent. 

The  British  Pharmacopoeia  does  not  define  the 
quantity  of  alcohol  permitted,  but  specifies  that  the 
chloroform  be  worked  to  the  density  1.490-1. 495. 4 
The  amounts  allowed  in  the  anaesthetic  chloroforms 
of  countries  other  than  those  mentioned  above,  may 
be  determined  from  the  specified  densities;3  thus,  in 
Holland  and  Russia,  a  mere  trace  of  alcohol  is  per- 
mitted at  the  outside  limit.6 

However,  it  should  be  mentioned  that,  although 
the  addition  of  small  amounts  of  alcohol  to  chloro- 
form has  been  pharmaceutically  recognized  as  neces- 
sary,   several    have    expressed    a     negative     opinion.7 

1  Hager  {Year-Book  of  Pharm..  1870,  119)  recommended  the  addition 
of  0.75-1.0  per  cent,  of  alcohol,  and  stated  that  it  served  as  a  preservative 
for  any  definite  period.  According  to  Schact  and  Biltz  (Pharm.  J.,  1893, 
1005).  an  addition  of  alcohol  amounting  to  one  part  in  four  hundred  of 
chloroform  (0.25  per  cent.)  is  sufficient  to  prevent  recognizable  decomposi- 
tion for  one  month  or  longer;  with  double  that  amount  (0.5  per  cent.), 
decomposition  is  prevented  for  nearly  a  year;  and  with  1  per  cent,  for  many 
years.  We  may  say.  however,  that  these  are  only  average  statements. 
liable  to  variation  in  both  directions,  according  to  the  effects  produced 
by  the  varying  intensity  of  light,  and  only  being  applicable  to  chloroform 
properly  stored  and  contained  in  bottles  having  a  minimum  amount  of 
air  present. 

2  Regnauld  (J.  Pharm.  Chim.,  [5]  10)  found  that  alcohols  have  a  pre- 
servative action  on  chloroform,  toluol  being  most  effective.  Kehal  and 
Francois  [J.  Pharm.  Chim.,  5,  417  (1897)]  considered  that  the  addition  of 
a  small  amount  of  alcohol  as  a  preservative  should  be  permitted. 

3  In  this  connection,  see  British  Pharmacopoeia.  1885,  109;  Jolles, 
Chem.  Zta..  11,  786. 

4  In  1878,  British  manufacturers  reduced  the  chloroform  of  density 
1.497-1.500  by  the  addition  of  about  1  per  cent,  of  absolute  alcohol.  The 
British  Pharmacopoeia  of  this  time  allowed  chloroform  of  the  density  1.49, 
thereby  admitting  the  addition  or  presence  of  such  an  amount  of  alcohol 
as  some  claimed  would  be  prejudicial  to  administration.  The  United 
Slates  Pharmacopoeia  allowed  chloroform  of  the  density  1.480,  and,  as  a 
result,  the  American  chloroform  was  regarded  by  some  as  adulterated  and 
quantities  were  imported  at  this  time. 

*  See  Table  II  under  Specific  Gravity. 

6  As  a  matter  of  fact,  however,  the  anaesthetic  chloroform  used  in 
these  countries  contains  at  least  0.25  per  cent,  of  absolute  alcohol,  according 
to  our  determinations  of  the  density  and  quantitative  estimations  of  the 
alcohol  present. 

7  Du  Bois-Rcymond  (Sci.  Am.  Suppl.,  No.  839,  p.  13413)  considered 
that  alcohol  was  of  no  use  when  impurities  were  present  and  was  unnecessary 
when  the  chloroform  was  pure.  Helhing  and  Passmore  (Helbing's  Pharm. 
Record,  March,  1892)  concluded  from  the  few  experiments  which  they  made 
on  the  decomposing  influence  of  sunlight,  that  the  value  of  the  addition 


Mialhe1  even  regarded  the  presence  of  absolute  alcohol 
in  chloroform  as  deleterious. 

The  authors  have  demonstrated  in  Part  I  of  this 
section  that  ethyl  alcohol  retards  the  decomposite  hi 
of  pure  chloroform  and  that  pure  chloroform  readily 
decomposes  into  oxidation  products  of  a  deleterious 
nature — in  fact,  it  becomes  toxic — unless  so  preserved. 
Those  who  hold  a  contrary  opinion  have  evidently 
failed  to  conduct  experiments  under  conditions  con- 
ducive to  oxidation  and  have  misunderstood  the 
function  of  alcohol,  as  well  as  other  {preservatives , 
in  the  oxidation  process.  The  value  of  having  pure 
anaesthetic  chloroform  for  use  and  the  importance 
of  its  proper  storage  cannot  be  gainsaid — in  fact,  these 
conditions  arc  conceded  as  necessary  ones  by  those 
who  have  had  occasion  to  inquire  into  the  changes 
which  chloroform  undergoes  when  carelessly  stored 
or  kept  for  long  periods;  but  we  are  convinced  that 
the  presence  of  pure  alcohol  in  pure  chloroform  is 
both  a  precaution  and  a  necessity,  and  that  small 
amounts  of  alcohol  in  no  way  interfere  with  the  physio- 
logical action  of  chloroform. 

(b)   Preservative  Agents  Other  than  Alcohol. 

Inorganic  Preservatives. — Boettger2  found  that 
chloroform  which  had  undergone  decomposition  by 
exposure  to  sunlight  might  be  purified  by  agitation 
with  sodium  hydroxide,  and  stated  that  when  chloro- 
form was  placed  in  contact  with  sodium  hydroxide  it 
•might  be  preserved  indefinitely.  Newman  and  Ramsay3 
recommended  a  similar  treatment,  namely,  the  use 
of  lime,  both  for  purification  of  decomposed  chloro- 
form and  as  a  preservative.  Brown,4  however,  found 
that  the  method  of  Newman  and  Ramsay  was  unsatis- 
factory. 

Allains  stated  that  although  the  addition  of  alcohol 
or  ether  to  chloroform  somewhat  retarded  the  formation 
of  carbonyl  chloride  and  hydrochloric  acid,  it  did 
not  altogether  prevent  it.  He  learned  that  sulphur, 
purified  by  digesting  for  24  hours  with  ammonia  and 
then  carefully  washed  and  dried,  would  effectually  pre- 
vent the  decomposition  of  chloroform.6  Temoin7  re- 
ported that  chloroform,  to  which  0.4  per  cent,  of  sulphur 
had  been  added,  underwent  no  alteration  on  keeping, 
even  when  exposed  to  light. 

Dott,8  considering  that  oxygen  was  essential  to  the 
decomposition  of  chloroform  by  light  and  that  chlorine 
was  always  present  at  the  earlier  stages  of  the  alteration, 

of  absolute  alcohol  to  pure  chloroform  was  questionable.  All  of  these  in- 
vestigators assumed  that  the  chloroform  which  they  termed  "pure"  con- 
tained no  alcohol. 

'  Pharm.  J.,  7,  345.  Mialhe  found  that  chloroform  acquired  caustic 
properties  when  mixed  with  a  small  quantity  of  absolute  alcohol,  and  con- 
cluded that  chloroform  used  in  medical  practice  which  caused  vesication 
of  the  lips  and  nostrils  contained  a  certain  quantity  of  anhydrous  alcohol, 
the  presence  of  which  was  suspected  by  Soubeiran  and  Oerdy.  Mialhe 
thought  that  the  alcohol  might  act  by  combining  with  and  coagulating  the 
albuminous  fluids  of  the  body. 

2  Bull,  de  Thcrap.,  May  15,  1864. 

3  Lancet,  Jan.  23,  1897. 

'  Pharm,  J..  61,  669,  Mon.  sci.,  53,  423. 

6  Chem.  Ztg.,  19,  310. 

0  In  a  sample  saturated  with  sulphur,  after  exposure  to  sunlight  for 
four  months,  no  impurities  could  be  detected  and  the  sample  produced  a 
"normal  anaesthesia." 

7  Pharm.  Centralh..  45,  872,  Chem.  and  Drug..  64,  973. 
»  Pharm.  ./..   [4]  2,  249. 
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regarded  il  as  probable  thai  sulphur  acted  as  a  reducing 
agent,  and  thai  any  substance  slightly  soluble  in 
chloroform  and  readily  oxidizable  would  likewise 
ad  as  a  preservative.  Experiments  with  morphine, 
gallotannic  acid,  and  hypophosphorous  acid  confirmed 

this  view  . 

.;,  Preservatives,  Masson1  found  thai  poppy- 
seed  oil  exerted  a  marked  preservative  action  on  chloro- 
form. A  speci-men  containing  o.  1  per  rent,  was  ex- 
posed to  direct  sunlight  for  21  days,  at  the  end  of  which 
time  there  was  no  decomposition;  and  one  with  0.2 
per  cent,  of  the  oil,  kept,  in  ordinary  light,  showed 
no  decomposition  in  three  years.  From  Masson's 
own  observations  on  the  preservative  powers  of  alco- 
hol," one  would  conclude  that  he  considered  it  per- 
fectly satisfactory. 

Breteau-'  devised  a  method  for  the  prevention  of 
the  alteration  of  chloroform  in  the  air  and  light,  and 
of  indicating  finally  the  decomposition,  which  con- 
sisted in  adding;  to  the  chloroform  from  5-10  thou- 
sandths parts  of  one  of  the  following  bodies:  pith  of 
elder,  cork  or  coniferae;  and  3-5  thousandths  parts 
of  guaiacol,  ionone,  spermaceti,  cholesterol,  terpineol, 
citronellic  acid,  geranic  acid,  etc.  He  stated  that 
the  elder  pith  might  be  impregnated  with  a  solution  of 
a  material  colorless  in  chloroform,  and  dry,  this  ma- 
terial, as  congo  red,  undergoing  a  change  of  tint  under 
the  influence  of  the  decomposition  products  of  chloro- 
form. Congo  red  was  stated  to  be  very  desirable, 
since  it  turns  blue,  and  gradually  decomposes,  when 
the  alteration  is  decided.  Later  Breteau  mentioned 
the  following  substances  as  preservatives  of  chloroform 
in  addition  to  those  just  mentioned:  ethyl  alcohol 
and  ethyl  ether,  nitrobenzene,  methyl  and  amyl 
salicylates,  thymol  and  coniferin.  As  "indicators," 
he  stated  that  cellulin  and  gelatin  might  be  used  in 
addition  to  dyestuffs,  and  that  the  "indicator"  might 
also  consist  of  a  dyestuff  which  changes  color  in  the 
presence  of  the  decomposition  products  of  chloroform.4 
Still  later  he  stated  that  the  "indicator"  might  be 
interposed  between  the  chloroform  and  the  stopper 
of  the  container,  or  might  be  fixed  to  the  stopper,  or 
might  even  form  the  stopper.  Cinnamic  acid  and 
inositemono-methyl  ether  were  added  to  the  list  of 
preservative  agents.5 

Breteau  and  Woog6  have  published  the  results 
obtained  by  using  the  preservatives  and  "indicators" 
devised  by  Breteau.  They  found  that  by  the  use  of 
2-4  parts  per  1000  of  oil  of  turpentine,'  purified  sper- 
maceti, menthol,  terpineol,  citronellol,  geraniol,  amyl 
and  methyl  salicylates,  guaiacol,  thymol,  safrol, 
ionone,  or  methyl-protocatechuic  aldehyde,  chloroform 

>  /.  Plmrm.  Chim.,  [6]  9,  568. 

2  Masson  considered  that  the  preservative  action  of  alcohol  on  chloro- 
form was  demonstrated  by  the  condition  by  the  samples  at  the  Pliarmacie. 
Centrale  in  1899.  where  specimens  containing  only  0.1  per  cent,  and  exposed 
in  yellow  glass  bottles  in  a  window  to  diffused  light,  were  found  to  have 
kept  "perfectly"  after  standing  for  ten  years. 

3  French  Patent  353,858,  1905. 

1  First  Addition  to  French  Patent  353.858,  1905,  dated  June  20,  1905. 

5  Second  Addition  to  French  Patent  353,858,  1905,  dated  Nov.  18, 
1905. 

»  Compt.  rend.,  143,   1193. 

7  The  use  of  oil  of  turpentine  as  a  preservative  of  the  chlorides  of  carbon 
has  been  patented  by  Pichon  and  Truchelut  (French  Patent  402.235  of 
1909). 


could    he    preserved    in    while   glass    bottles    in    diffused 
li    hi         It    was    also    learned    lliat    a    numbei    ol 

cators"  showed  the  acidity  of  chloroform  undi 

incipienl   decomposition  before  it.  was  sufl 

veli  iped  to  affed  silver  nit  rati   ' 

There  can  he  no  question  of  the  value  of  some,  i! 
not  all,  ol  the  preservatives  proposed  by  lireteau. 
but,  so  far  as  the  authors  are  aide  to  learn,  his  method 
of  preservation  has  not  been  adopted  by  manulai  hirer: 
of  anaesthetic  chloroform,  mainly  owing  to  th 
no  doubt  that  the  value  of  ethyl  alcohol  is  established 

Preservation  in  an  Inert  Gas.  Mouneyrat2  di 
a  method  for  the  prevention  of  the  decomposition  of 
chloroform,  involving  storage  in  special  apparatus 
in  an  atmosphere  of  nitrogen.3  This  method  might 
serve  for  the  storage  of  samples  of  pure  chloroform, 
(c)  Role  of  Alcohol  in  the    Preservation  of  Chloroform, 

Schacht  and  Biltz1  found  that  not  only  did  an 
addition  of  ethyl  alcohol  arrest  decomposition  that 
had  already  commenced,  but  that  it  would,  with  sufficient 
agitation,  remove  the  "free  chlorine"  that  had  been 
eliminated,  as  well  as  the  carbonyl  chloride  forme] 
They  found  that  the  amount  of  alcohol  requisite  for 
that  purpose'  depended  upon  the  extent  to  which  de- 
composition had  advanced,  and  hence  they  concluded 
that  the  length  of  time  during  which  alcohol  would 
protect  chloroform  would  always  be  proportionate  to 
the  amount  of  alcohol  added.  According  to  this 
view,  so  soon  as  the  amount  of  alcohol  is  consumed, 
by  the  joint  action  of  the  "free  chlorine"  and  the 
carbonyl  chloride  directly  resulting  from  the  decom- 
position of  chloroform,  the  products  of  the  change 
that  has  gone  on  up  to  that  point  without  injurious 
consequences  become  all  at  once  recognizable,  just 
as  if  the  alteration  had  suddenly  commenced.  At 
that  point,  Schacht  and  Biltz  found  that  the  presence 
of  "free  chlorine"  and  carbonyl  chloride,  the  "initial 
products  of  the  decomposition,"  could  be  detected. 
To  account  for  the  presence  of  hydrochloric  acid, 
Schacht  and  Biltz  state  that  since  hydrochloric  acid 
will  also  have  been  formed  by  the  subsequent  reaction 
of  the  "free  chlorine"  with  alcohol,  that  acid  will 
also  become  recognizable  as  soon  as  the  last  trace  of 
alcohol  disappears,  although  it  will  at  first  be  dissolved 
by  the  alcohol  present.  In  the  opinion  of  Schacht 
and  Biltz,  these  successive  changes  afford  an  expla- 
nation of  the  fact  that  chloroform  containing  alcohol 
will,    in    the   first    instance,    evolve   hydrochloric   acid, 

1  Breteau  and  Woog  stated  that  an  elder  pith  disc  dyed  lightly  with 
congo  red  and  left  in  the  bottle  of  chloroform  would  serve  to  indicate  decom- 
position by  a  change  in  color  to  blue.  Since  congo  red  is  very  sensitive 
and  is  insoluble  in  chloroform,  such  a  procedure  may  be  followed  and  the 
method  may  prove  to  be  advantageous  in  hospitals,  etc. 

-  French  Patent  370.991.  1906. 

:i  Mouneyrat  found  that  decomposition  was  prevented  by  storing  chloro- 
form in  closed  bottles,  e.  g.,  siphons,  under  a  pressure  of  pure  nitrogen  gas. 
and  he  described  a  special  container  which  might  be  filled  and  emptied 
for  use  in  an  inverted  position.  The  neck  of  the  bottle  is  fitted  with  a  screw 
valve;  when  it  is  required  to  fill  the  bottle,  the  air  is  exhausted  by  a  vacuum 
pump  and  pure  nitrogen  is  admitted.  This  process  is  repeated  several 
times,  tintil  every  tiace  of  oxygen  has  been  expelled.  The  bottle,  still  in 
the  inverted  position,  is  then  placed  in  connection  with  a  supply  of  chloro- 
form, which  is  drawn  through  the  valve,  owing  to  the  vacuum  which  exists 
in  the  bottle.  When  partly  full,  the  valve  is  closed,  the  bottle  is  brought 
to  an  upright  position,  and  pure  nitrogen  is  forced  in  at  a  pressure  of  3-4 
atmospheres. 

1  Plmrm.  ./.,  1893,   1005. 
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originating  indirectly  from  the  reaction  of  "chlorine" 
with    alcohol,    and    soon    afterwards    "free    chlorine" 
'and   carbonyl   chloride,    originating   directly    from    the 
decomposition  of  chloroform.1 

Brown,-  commenting  on  the  views  of  Sehacht  and 
Biltz,  in  which  these  chemists  attributed  the  pre- 
servative action  of  alcohol  on  chloroform  to  the  for- 
mation of  harmless  products  by  the  action  of  the 
primary  decomposition  products  on  alcohol,  quoted 
experiments  to  show  that  "free  chlorine"  and  carbonyl 
chloride  might  be  readily  detected  in  chloroform  before 
the  added  alcohol  had  been  consumed;  and  Turther 
that  such  chloroform  yielded  only  a  very  faint  reaction 
with  silver  nitrate,  at  the  time  when  a  very  marked 
1  ne  was  obtained  with  zinc  iodide  and  starch.  lie  con- 
cluded, therefore,  that  the  preservative  action  of 
alcohol  must  be  ascribed  to  some  other  cause;  and 
that  it  was  folly  to  attempt  to  arrest  decomposition  in 
chloroform  altogether  by  the  excessive  addition  of 
alcohol. 

Since  Adrian3  also  considered  that  the  products  of 
the  decomposition  of  pure  chloroform  are  carbonyl 
chloride,  water,  and  chlorine,  and  then  carbon  di- 
oxide and  hydrochloric  acid,  it  was  natural  that  he 
should  hold  a  similar  view  of  the  function  of  alcohol 
in  preservation.  Adrian  found  that  the  presence  of 
alcohol  did  not,  strictly  speaking,  prevent  the  de- 
composition  of  pure  chloroform;  but  that  it  retarded 
it,  and  "fixes  the  nascent  chlorine,  "  forming,  instead 
of  free  hydrochloric  acid  and  toxic  carbonyl  chloride, 
other  chlorine  derivatives  which  are  harmless  to  the 
animal  organism.  According  to  him,  the  first  phase 
of  this  reaction  is  that  of  "free  chlorine"  on  alcohol, 
as  represented  by 

C,H5OH   +  Cl2  =  CH3.CHO  +   2HCI. 

The  acetaldehyde  thus  formed  has  a  great  affinity  for 

chlorine,  giving  acetals  more  or  less  chlorinated  until 

finally,       by      successive      stages,      triehloraldehvde, 

HO,  is  formed.      The  hydrochloric  acid  liberated 

during  these  reactions,  according  to  Adrian,  combines 

also    with    the   alcohol,    forming   esters,    providing   the 

!    is   in  excess;   if  not,    it   is   found   as  free  acid. 

Adrian  found  that  in  two  years  pure  chloroform  would 

liberate    0.034    per    cent,    of    free    chlorine,    and    from 

o.oir-0.015     Pcr     cent,     in   six   months;   therefore,   he 

concluded  that  the  addition  of  one  part  of  alcohol  in 

one-thousand    of    chloroform  was  sufficient  to  ensure 

it  ion.      He    also    considered    that    sulphur    and 

'•    oil    doubtless    acted   in   a   similar  manner  by 

"fixing"   the   "nascent  chlorine"   as   it   was  liberated. 

Thus  it  will  be  seen  that  Sehacht  and  Biltz  and  also 

Adrian    believed    that    chloroform    itself   decomposed 

jin  the  presence  of  alcohol,   although    Adrian   admitted 

tie    decomposition    was    retarded    by    alcohol. 

Sehacht  and  Biltz  thought  that  alcohol  acted  by  forming 

'On  tin-  other  hand.   Sehacht   and   Biltz  considered   that   the  decom- 
position of  pur,  chloroform  commenced  by  giving  rise  to  carbonyl  chloride, 

•^  iter,  and  chlorine,  and  then  carbon  dioxide  and  hydrochloric  acid,  at  once. 
llso  held  by  Brown. 
I'll. Ilm   ./.,  1893,  321. 

)    /-/..,„,.,.  Clnm..  18,  5.      Cf.  the  similar  view  oi  Iienrath  (Ann.,  382, 
2),  who  maintains  that  alcohol  does  not  "protect"  chloroform  from  de- 
composition, but  simply  renders  carbonyl  chloride  harmless 


harmless  products  with  "chlorine"  and  carbonyl 
chloride,  while  Adrian  was  of  the  opinion  that  alcohol 
combined  with  the  "free  chlorine,"  forming  finally 
triehloraldehvde.  Sehacht  and  Biltz  did  not,  so  far 
as  their  investigations  indicate,  examine  exposed 
anaesthetic  chloroform  to  learn  whether  oxidation 
products  of  alcohol  were  present;  and  Adrian,  although 
he  apparently  found  acetaldehyde,  misinterpreted 
the  nature  of  the  oxidation  process,  considering  that 
chloroform  decomposed  in  the  presence  of  alcohol. 
Since  we  have  shown  that  free  chlorine  is  not  a  pri- 
mary product  of  the  oxidation  of  pure  chloroform, 
and  that  no  alteration  of  the  chloroform  itself  occurs 
while  sufficient  alcohol  is  present  to  be  itself  oxidized, 
the  explanations  offered  by  these  investigators  are 
not  satisfactory.  We  do  not  deny  that  free  chlorine 
and  carbonyl  chloride  may  be  eliminated  from  de- 
composed pure  chloroform  by  the  addition  of,  and 
agitation  with,  alcohol — in  fact,  we  have  found  that 
carbonyl  chloride  may  be  thus  partially,  at  least, 
removed— and  it  is  also  likely  that  chlorinated  de- 
rivatives of  the  oxidation  products  of  alcohol  may 
form  after  the  chloroform  itself  commences  to  oxidize; 
but  we  have  shown  that  the  chloroform  itself  is  not 
subject  to  decomposition  while  alcohol  is  present,  and 
that  the  primary  products  of  the  oxidation  of  anaes- 
thetic chloroform  are  the  oxidation  products  of  the 
alcohol  present.  The  objection  of  Brown  to  the 
view  of  Sehacht  and  Biltz  may  be  explained  by  the 
fact  that  oxidation  products  of  alcohol  give  certain 
alcohol  reactions;  for  example,  the  iodoform  test  of 
Lieben  and  the  chromic  acid  test,  considered  as  indic- 
ative of  the  presence  of  alcohol  by  Brown,  show  the 
presence  of  acetaldehyde  in  chloroform.  The  expla- 
nations advanced  by  Sehacht  and  Biltz  and  also  by 
Adrian,  to  account  for  the  presence  of  hydrochloric 
acid  in  anaesthetic  chloroform  after  the  alcohol  pres- 
ent had  been  consumed,  may  be  accounted  for  by  the. 
fact  that  they  considered  that  chlorine,  and  not 
hydrochloric  acid,  is  a  primary  product  of  the  oxida- 
tion of  pure  chloroform ;  this  is  not  in  accord  with  our 
experience. 

The  authors  are  firmly  convinced  that  the  experi- 
mental evidence  supplied  in  Part  i  of  this  section 
offers  a  correct  explanation  of  the  decomposition  of 
pure  chloroform  and  of  the  changes  which  occur 
when  anaesthetic  chloroform  is  oxidized,  and  that 
this  is  fully  substantiated  by  the  results  tabulated 
and  discussed  in  Parts  2  and  4.  These  results  showed 
ili.it  the  explanations  of  the  function  of  alcohol  and 
of  other  preservatives  in  retarding  the  decomposition 
of  chloroform  were  incorrect,  and  therefore  the  authors 
were  obliged  to  take  a  totally  different  view  of  the 
role  "i    alcohol   in  this  oxidation  process. 

(d)  The  iuthors'  Theory  of  tin-  Mechanism  of  Preser- 
vation. 
Stadlmayr1  considers  that  alcohol  acts  as  a  "cata- 
lytic retarding  agent,"  thereby  delaying  the  de- 
composition of  chloroform.  Undoubtedly  it  modifies 
the  reaction  velocity  of  the  oxidation,  of  which  de- 
portment  we  have  analogous  cases. 

1  /   angew.  Chem  .  23,  1547. 
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The  retardation  ol  the  oxidation  oi  phosphorus 
by   the  vapoi  ■    compounds  is  well-known,' 

as  is  also  the  retardation  of  the  formation  oi  ammonium 
carbonate  by  alcohol  vapor;'  but  then'  is  a  remarkably 

similar  case  ol   retardati oxidation  by  means  of 

ompounds,  namely,  in  the  oxidation  of  sodium 
sulphite. 

Bigelow'  has  found  that  if  a  solution  of  sodium 
sulphite  is  oxidized  by  drawing  through  it  a  current 
oJ  atmospheric  air,  the  velocity  of  the  oxidation  is 
greatly  reduced  by  the  presence  of  small  quantities 
of  alcohol,  etc.  Mere  also  the  influence  of  the  re- 
tarding agent  is  found  to  be  additive.  From  Bige- 
Low's  investigation  it  may  be  concluded  that  the 
influence  of  the  retarding  "catalyst"  is  not  on  the 
dissolution  velocity  of  oxygen,  but  on  the  reaction 
velocity.  The  only  reason,  however,  that  Bigelow 
gave  for  terming  the  retardation  of  the  speed  of  oxi- 
dation a  "catalytic  action"  was  that  considerable 
retardation  was  caused  by  small  amounts  of  substance. 
In  no  case  did  he  present  evidence  to  demonstrate 
that  the  retarding  substance  remains  unchanged  or 
that  a  small  amount  of  it  will  suffice  to  effect  the 
retardation  of  the  reaction  for  any  considerable  period 
of  time.  All  the  substances  which  he  found  retarded 
the  oxidation  of  sodium  sulphite  (primary  and  second- 
ary alcohols,  polyatomic  alcohols,  phenol,  aniline, 
ether,  acetaldehyde,  benzaldehyde,  benzene,  turpen- 
tine, etc.)  were,  if  we  consider  the  organic  retarding 
agents  alone,  non-oxidizing  agents ;  and  the  substances 
which  did  not  retard  were  not  reducing  agents  or  but 
very  poor  ones.  Therefore,  it  appears  that  the  re- 
tardation of  the  oxidation,  in  this  case  at  least,  is 
ascribable  to  the  reducing  power  of  the  substances 
added.  Such  a  view  is  strengthened  in  part  by  the 
investigations  of  Young,4  who  found  that  the  presence 
of  relatively  small  quantities  of  "poisonous  sub- 
stances," especially  alkaloids,  reduced  the  rate  of 
the  oxidation  of  solutions  of  stannous  chloride  by 
means  of  free  oxygen;  and  who  laters  presented  evi- 
dence tending  to  lead  to  the  conclusion  that  oxida- 
tions by  means  of  free  oxygen  are  subject  to  inhibition 
by  small  quantities  of  foreign  substances,  that  proba- 
bly all  organic  substances  possess  inhibitive  action, 
and  that  this  effect  is  not  instantaneous  but  develops 
somewhat  slowly  with  the  oxidation  of  the  solution. 
In  these  investigations,  as  in  that  of  Bigelow,  it  was 
not  determined  whether  or  not  the  inhibiting  agent 
remained  unchanged,  but  the  principal  fact  brought 
out — namely,  that  the  inhibitive  effect  develops  with 
the  oxidation  of  the  solution — shows  that  here  we 
have  a  case  of  so-called  "negative  catalysis"  and  that 
the  inhibitory  action  is  a  chemical  one.  This  view 
is  supported  by  the  work  of  Titoff,6  who  learned  that 
mannite  acts  as  a  "negative  catalyst"  in  the  oxidation 
of  aqueous  solutions  of  sodium  sulphite,  and  that  the 

1  Berthellot.  J.  de  lEcole  Polyt.,  3,  274;  Graham,  Quart.  J.  Sci.,  6,  83; 
Davy,  Edinb.  Phil.  J..  15,  48;  Centnerszwer.  Z.  physik.  Chem.,  26,  1. 
-•  Van't  Huff.  Studu-n.  1896.  p.  36. 

•  Z.  physik.  Chem..  26,  493. 

*  J.  Am.  Chem.  Soc,  23,  140. 
5  Ibid..  24,  326. 

«  Z.  physik.  Chem.,  46,  641. 


retardation  is  proportional  to  thi    amounl  ol   mannite 

|  >!>  ■■,<    lit  .  ' 

Prom    the    pre©   ling  draw    the    following 

i  ions: 

It    is    well    established    thai    certain    organit 
pounds   exert   a   retarding    influence   on    the    n 
v  el "  ii      oi   o  tidal  ii  m   pn  «  esses.     The  n  tardal  ion     at. 
least   in  the  eases  considered     is  due  to  the  reducing 
power  of   the   organic   compounds,    and    consequentr| 
the  inhibitive  action  is  a  chemical  one.      The  r< 
tion  is  proportional  to  the  amount  ol  inhibitor  present. 

Since  it  has  been  shown  that  the  oxidation  of  i 
form  is  retarded  by  the  presence  of  alcohol,  1 
ample,  and  that  the  period  of  retardation  is  dependent 
upon  the  amount  of  alcohol  present;2  and  particularly 
since  we  have  demonstrated  that  the  decomposition 
of  chloroform  itself  is  prevented  so  long  as  oxidation 
of  any  alcohol  present  proceeds,  we  offer  the  following 
explanation  of  the  preservation  of  chloroform. 

The  preservative  action  of  alcohol  is  due  to  the  com- 
bination of  the  " rctardcr"  with  certain  of  the  reading 
substances;  and  any  substance  soluble  in  chloroform  and 
readily  oxidizable  will  exert  an  inhibitory  effect  on  the 
oxidation  of  chloroform  itself.  All  compounds  which 
have  been  found  to  serve  as  preservatives  of  chloroform 
are  reducing  agents,  and  the  effect  is  only  due  to  their 
capacity  for  oxidation.  In  the  case  of  alcohol,  inhibition 
develops  with  oxidation  and  retardation  results  until 
the  oxidation  of  the  inhibitor  reaches  a  maximum.  Thus, 
when  chloroform  is  "preserved"  with  alcohol,  the  pre- 
servative is  gradually  consumed  and  is  eventually  totally 
destroyed,  after  which  the  decomposition  of  the  chloroform 
itself  proceeds  as  in  the  case  of  pure  chloroform,  with 
the  exception  that  chlorinated  derivatives  of  the  oxidation 
products  of  alcohol  may  result. 

6.    THE     STORAGE     OF     ANAESTHETIC     CHLOROFORM. 

Chloroform  required  for  anaesthetic  purposes  should 
always  be  furnished  in  vials,  bottles  or  dropper-am- 
poules of  anactinic  glass  containing  about  the  quantity 
sufficient  for  one  narcosis,  and  at  the  most  not  more 
than  can  be  used  within  several  days.  A  two-ounce 
bottle  is  of  sufficient  size,  and  the  use  of  a  fresh  bottle 
of  this  capacity  which  has  been  properly  stored  is  an 
assurance  that  the  anaesthetic  has  not  become  con- 
taminated. Nevertheless,  the  user  should  always 
assure  himself  of  the  good  faith  of  the  manufacturer. 
If,  however,  for  any  particular  reason  chloroform 
is  ordered  in  a  large  container,  e.  g.,  in  hospitals,  it 
is  advisable,  immediately  after  opening  it,  to  sub- 
divide the  entire  remaining  contents  into  two-ounce 
bottles,  taking  care  to  fill  the  small  bottles  completely. 
It  is  important  to  see  that  the  bottles  are  completely 
free  from  water,  and  empty  bottles  should  not  be 
refilled  without  thoroughly  cleansing  and  drying 
them.  In  no  case  should  chloroform  be  gradually 
withdrawn   in   small   quantities   from   large   bottles  or 

1  Cupric  sulphate  causes  the  oxidation  to  proceed  with  a  measurable 
velocity,  thereby  accelerating  the  main  reaction;  but  when  mannite  is 
present,  the  positive  catalyst  is  destroyed  by  chemical  union  with  the 
retarder. 

2  Reference  is  had  only  to  the  components  of  pure  anaesthetic  chloro- 
form. 
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carboys.  When  it  is  found  necessary  to  store  anaes- 
thetic chloroform,  it  should  always  be  kept  in  a  cool, 
dark  place,  in  well-filled,  or,  better  still,  completely 
filled,    tightly    stoppered    bottles    of    anactinic    glass.' 

Containers. — It  has  been  shown2  that  colorless  glass 
protects  chloroform  less  than  red  or  yellow  glass,  and 
in  practice  brown  glass  bottles  are  now  exclusively 
used.3  Chloroform  should  not  be  kept  in  black  bottles, 
because  it  is  difficult  to  learn  when  these  are  perfectly 
clean  and  dry.  If  colorless  bottles  are  used  for  any 
reason,  these  should  be  provided  with  an  opaque  cover- 
ing and  kept  in  a  dark  place.  All  glass  containers 
should  be  made  of  high-grade  glass,4  which  should  show 
no  alkaline  reaction  when  the  bottle  is  filled  with 
distilled  water  containing  several  drops  of  phenol- 
phthalein  solution  and  heated  at  ioo°  C.  for  six  hours. 

A  question  of  importance  in  the  trade  is,  "What 
marked  advantage  have  glass  bottles  over  soldered 
tins?"  The  question  of  keeping  anaesthetic  chloro- 
form in  tin  containers  has  been  a  much  agitated  one 
in  the  Federal  War  Department,  and  within  the  last 
ten  years  this  Department  has  decided  in  favor  of  the 
tin  container. 

The  opinion  of  the  authors  is  that  glass  containers 
are  to  be  preferred,  since  any  foreign  matters  present 
may  be  readily  observed  and  the  bottles  then  cleaned. 
In  the  case  of  tins,  greater  care  must  be  exercised  to 
ensure  a  non-contaminated  chloroform,  especially 
since  some  of  the  fjux  used  in  soldering  may  be  acci- 
dentally introduced  and  thus  impart  an  acid  reaction 
to  the  chloroform.  As  mentioned  previously,  hydro- 
chloric acid  accelerates  the  decompositon  of  chloroform. 

Since  it  has  been  stated  that  spirit  containing  95-96 
per  cent,  by  volume  of  ethyl  alcohol  is  perfectly  in- 
different to  tin,  and  tin  and  tinned  metals  are  abso- 
lutely unattacked  by  90  per  cent,  denatured  spirit, 
the  tinned  metals  only  being  corroded  where  the  tin 
layer  is  broken,3  one  would  conclude  that  acid-free 
chloroform,6  containing  the  usual  amounts  of  alcohol 
and  water,  would  also  be  without  action  on  tin,  pro- 
viding it  is  stored  in  tin  containers,  having  no  broken 
or  scratched  surface,  very  carefully  capped,  and  with 
a  minimum  amount  of  air.  In  order  to  determine 
this,  a  five-pound  sample  of  chloroform  containing 
0.84  per  cent,  by  volume  of  absolute  alcohol  and  ap- 
proximately 0.05  per  cent,  of  water,  which  had  been 
stored  in  a  tin  container,  sealed,  for  sixteen  months, 
was  examined  for  the  presence  of  tin.     This  sample 

1  "On  the  Storage  of  Anaesthetic  Chloroform."  see  also  Bull.  Pharm. .  20, 
-IS :  National  Dispensatory,  1887,  p.  439;  and  Merck's  Annual  Report, 
16,  42. 

2  See  Part  I  of  this  section;  cf.  Madsen,  Pharm.  J.,  [4]  18,  747. 

3  All  of  the  manufacturers  of  chloroform  in  this  country  use  brown 

in  ictinic")  bottles.     Of  the  eight  different  makes  of  German  chloro- 
form examined  by  the  authors,  only  two  were  contained  in  colorless  bottles. 

4  "on  the  Action  of  Alkalies  on  Chloroform."  see  Berthelot.  Bull.  toe. 
khim.,  [2]  29,  4;  Andre,  Compt.  rend..  102,  553;  de  St.  Martin.  Ibid.,  106, 
492;  Mossier,  Monatsh.,  29,  573.  It  appears  to  be  well  established 
that  potassium  hydroxide  in  alcoholic  solution  will  slowly  decompose 
chloroform. 

s  Hcinzelmann.  Z.  Spiritusind.,  27,  399.  Malmejac,  however.  [/. 
\Pharm.  Chtm..  13,  169  (1901)]  found  that  a  small  amount  of  tin  goes  into 
solution  in  95°  alcohol  after  six  months. 

•"On  the  Action  of  Hydrochloric  Acid  in  Chloroform  on  Tin."  see  Patten. 
J.  Phys.  Chem..  7,  161,  who  found  that  the  dry  solutions  acted  upon  the 
metal  less  violently  than  upon  zinc  or  aluminum,  but  more  violently  than 
Sn  lead. 


left  a  residue  non-volatile  at  ioo°  C.  amounting  to 
0.0220  gram  per  liter,  but  none  remained  upon  ignition 
and  no  tin  could  be  detected  in  the  sample.  The 
examination  of  a  sample  of  anaesthetic  chloroform 
which  had  been  kept  in  a  sealed  tin  for  six  years  also 
showed  that  no  tin  had  been  dissolved.  In  both 
cases,  however,  oxidation  of  the  alcohol  present  had 
occurred,  although  no  decomposition  products  of 
chloroform  were  present. 

We  have  been  informed  by  a  prominent  manu- 
facturer of  chloroform  that  he  has  "demonstrated  that 
moist  chloroform  in  the  presence  of  a  metal  will  slowly 
form  traces  of  CH2C12,  and  ....  probably  ....  that  it  is 
possible  to  distil  pure,  dry  chloroform  in  a  metal 
container  and  produce  a  decomposition,  as  shown  by 
the  following  formula:  zjCHClj  +  Cu2  =  C,C18  + 
2CH2C1,  4-  Cu2Cl2.  This  reaction,  however,  takes 
place  so  slowly  that  it  would  never  be  noticed  except 
in  the  handling  of  a  material  on  which  superlative 
efforts  have  been  expended  for  years  in  order  to  get 
the  last  extreme  of  purity."  Moreover,  "all  chloro- 
form contains  traces  of  CH2C1,. "  In  view  of  this, 
therefore,  it  would  seem  that  there  is  another  reason 
for  preference  in  the  matter  of  container.  In  this 
connection,  it  should  also  be  mentioned  that  it  is 
probable  that  all  metals  which  show  anomalous  anodic 
conductivity  are  likely  to  develop  free  hydrogen 
dioxide  in  contact  with  water  and  oxygen  ' 

Stoppers  for  Glass  Containers. — The  Pharmacopoeia 
of  the  United  States  formerly  required  the  use  of  "glass- 
stoppered"  bottles,  but  subsequently  changed  this 
to  "well-stoppered"  bottles,  thus  allowing  the  use  of 
cork-stoppers,  a  practice  which  has  become  general 
in  this  country,2  owing  to  the  consequent  reduction 
in  cost. 

The  objections  which  have  been  urged  against  the 
employment  of  cork  stoppers  are  two  in  number: 
first,  the  chloroform  penetrates  the  cork  after  some 
time,  especially  during  the  agitation  incidental  to 
shipment,  causing  shrinkage  and  consequent  leakage; 
and  second,  organic  matter  is  extracted  from  the 
cork.3  To  obviate  these  difficulties,  certain  manu- 
facturers have  adopted  the  plan  of  covering  the  bot- 
tom of  the  corks  with  tin  foil,4  a  procedure  which 
has  been  found  to  be  satisfactory,  while  others  use  a 
paper  or  parchment   covering.5 

1  Barnes  and  Shearer,  /.  Phys.  Chem..  12,  155.  468.  However,  hydro- 
gen dioxide  is  not  formed  on  shaking  finely  divided  zinc,  magnesium  or 
aluminum  with  water  when  all  traces  of  free  oxygen  are  excluded  (Kern- 
baum,  Compt.  rend.,  152,  1668). 

2  In  Germany,  however,  glass-stoppered  bottles  are  used  by  prominent 
producers  of  anaesthetic  chloroform  (Kahlbaum;  de  Haen;  Merck;  A.-G. 
fiir  Anilin-Fabrikation). 

3  Consequently  it  was  found  difficult  to  meet  the  sulphuric  acid  test 
prescribed  by  the  Pharmacopoeia.     Cf..  however.  Am.  J.  Pharm..  1868,  289. 

'  At  present  such  a  protection  is  used  by  three  American  firms.  Since 
adopting  this  plan,  these  firms  state  that  no  complaints  regarding  leakage  or 
conformity  to  the  sulphuric  acid  test  have  been  received.  When  metal 
coverings  are  used  on  the  stoppers  of  chloroform  containers,  they  should 
be  made  rather  of  thin  sheet  metal,  than  of  foil,  since  we  have  found  that 
tin-foil  becomes  broken  or  displaced,  anil  often  separates  from  the  stopper 
when  it  is  withdrawn  from  the  bottle.  Failure  to  do  this  has  been  the 
cause  of  some  complaint.  If  the  plan  mentioned  is  followed,  the  use  of 
glass  stoppered  bottles  will  not  be  found  necessary,  even  though  the  trade 
should  become  willing  to  pay  the  advanced  price  for  such  packers 

5  Such  a  plan  has  been  adopted  by  one  American  firm  and  three  Ger- 
man producers. 
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\ii  in'  and  Masson*  have  recommended  thai  when 
chloroform  is  kepi  in  cork-si  ippered  bottles,  a  lute 
oi  lit  in      should  be   used    to   pr 

This  is  totally    unnecessary   when  a  proper 

pper  is  used,  and  the  employment  of  lutings  on  the 
stoppers  lias  led  to  many  differences  between  the 
manufacturer  and  consumer  in  the  past.1     Only  one 

1  1  samples  o!  anaesthetic  chloroform  ex- 
amined by  the  authors  was  contained  in  a  bottle 
having  a  luted  cork  stopper,  and  in  this  case,  although 
the  chloroform  itself  was  pure,  considerable  of  the 
resinous  matter  had  been  extracted,  and,  as  a  result, 
the  chloroform  failed  to  comply  with  the  sulphuric 
acid  test,  which,  as  will  be  shown  later,  is  one  of  great 
importance. 

VII.     The  Impurities  of  Anaesthetic  Chloroform. 

1.     CHEMICAL    COX  SI  DIC  RATI  (INS. 

In  conducting  an  examination  of  anaesthetic  chloro- 
form with  the  view  of  ascertaining  its  suitability  for 
the     production     of      anaesthesia,     one      must      test:1 

A.  For  impurities  which  the  chloroform  brings 
with  it  from  the  manufacturer.  These  are  usually 
the  so-called  "organic  impurities,"  which  are  found 
in  considerable  amounts  in  a  chloroform  which  has 
been  made  from  poorly^  rectified  spirit,  acetone,  or 
carbon  tetrachloride  (the  sources),  if  impure  chemicals 
have  been  employed  in  the  manufacture  or  subse- 
quent rectification  and  purification,  or  if  the  chloro- 
form has  not  been  properly  purified.  These  im- 
purities, even  though  some  may  not  be  of  much  im- 
portance from  a  physiological  standpoint,  must  still 
be  given  attention,  since  an  impure  chloroform  is 
more  likely  to  become  altered  through  oxidation 
during  storage,  notwithstanding  the  fact  that  pure 
ethyl  alcohol  has  been  added.  So  far  as  we  have  been 
able  to  learn,  the  adulteration  of  anaesthetic  chloro- 
form is  not  practiced  now,5  and  crude  chloroform  is 
not  often  sold  as  chloroform  of  anaesthetic  grade.6 
To  summarize,  the  possible  impurities  of  this  class 
are  as  follows : 

Excess  water; 

1  /.  Pharm.  Chim..  [3]  9,  571. 

-'  Ibid.,  [6]  9,  568.  According  to  Masson.  the  "bichromate  gelatin" 
i-,  thus  composed:  Solution  A — gelatin.  100;  distilled  water.  300;  glycerin, 
10.  Solution  B — potassium  dichromate.  20;  distilled  water,  200.  Two 
parts  by  weight  of  the  first  are  mixed  with  one  part  by  weight  of  the  second, 
both  previously  being  warmed;  the  mixture  should  be  kept  at  55-60°  on 
a  water  bath  during  use. 

3  Some  of  these  will  be  referred  to  when  the  Test  uith  Sulphuric  A,  /J 
is  discussed. 

1  This  summarization  is  given  in  order  that  the  reader  will  observe  the 
propriety  of  all  consumers  of  chloroform  of  assuring  themselves,  by  exami- 
nation, that  the  chloroform  they  purchase  and  use  or  dispense  is  pure,  not- 
withstanding the  fact  that,  as  a  rule,  chloroform  of  inferior  grade,  frequently 
encountered  about  1880  (see  Perrin,  Pharm.  J..  [3]  9,  614.  and  Champion 
niere,  Ibid.,  [3]  12,  623),  especially  in  France,  is  now  rarely  represented  as 
being  of  anaesthetic  grade.  This  is  largely  due  to  the  stringency  of  many 
of  the  pharmacopoeias,  but  is  in  part  to  be  ascribed  to  the  experience  and 
integrity  of  the  manufacturers.  It  sometimes  happens,  however,  that 
chloroform  is  declared  to  be  impure,  by  surgeons  following  a  fatality 
from  its  use  in  particular,  when  this  is  not  the  case.  For  an  example. 
see  the  experiences  of  Blum.  Pharm.  J.,  14]  19,  103.  "On  the  Organic 
Impurities  of  Chloroform,"  see  Stadlmayr.  Pharm.   Pott,  43,  418. 

5  Cf.,  however,  Baird  (Proc.  Mass.  Pharm  Assn.,  1906,  59),  who  ex- 
amined six  samples  of  chloroform  in   1904,  and  found  one  "adulterated." 

u  But  this  appears  to  have  been  practiced  as  late  as  1885  in  this  country. 
since  Davenport  (Am.  J.  Pharm.,  [4]  16,  111  1  reported  that  fourteen  out 
of  fifteen  samples  of  chloroform  examined  by  him  in  that  year  were  the 
crude   article. 


Excess  alcohol  ; 
Aceti  'lie  ; 
Methyl  alcohol; 
Carbon   tetrachloride  : 

Tetrachlorel  hylene,  hexachlorethane,  etc.; 

Aldehydes,   chloral; 

Amyl,  propyl,  and  butyl  alcohols  and  compoi 

I  J  her;1 

Acids   (sulphuric,   hydrochloric,    formic 

Metallic  chlorides; 

Ethyl  chloride; 

Ethylene  chl<  iride ; 

Ethj  lidene  chloride;2 

Ethyl  acetate  . 

oils    (" empyreumatic, "    "  pyrogenous,  "    "chlori- 
nated") ;3 
Fixed  and  extractive  matter.3 
IB.    For   the   oxidation    products   of   chloroform   and 
alcohol ;  in  other  words,   it  must  be  ascertained  if  the 
chloroform    has    been    properly    stored.      The    possible 
impurities  of  this  class  are  as  follows: 
Acetaldehyde ; 
Acetic  acid,  formic  acid;4 
Carbonyd  chloride; 
Hydrochloric  acid ; 
Hydrogen  dioxide; 
Chlorine; 

Chlorinated  derivatives  of  alcohol  oxidation  prod- 
ucts. . 
The  detection  and,  where  necessary,  the  estimation 
of  the  impurities  embodied  in  these  two  classes,  will 
be  discussed  in  succeeding  sections  of  this  paper. 

2.     PHYSIOLOGICAL    CONSIDERATIONS. 

Huchard5  has  said:  "Pure  chloroform,  well  «jVen 
to  a  patient  prepared  for  it,  almost  never  kills. " 
Serious  results  have  occurred  from  the  use  of  anaes- 
thetic chloroform  containing  foreign  substances,  and 
although  the  grades  at  present  sold  as  chloroform  for 
anaesthesia  hardly  contain  impurities  which  can  be 
held  responsible  per  se  for  deaths  which  have  occurred 
during  narcosis,  yet  the  presence  of  these  may  pro- 
duce some,  at  least,  of  the  disagreeable  after-effects 
so  often  noticeable  following  the  administration  of 
some  chloroform.  Consequently,  anaesthetic  chloro- 
form should  comply  with  the  most  rigid  tests,6  and  the 
preparation  which  conforms  with  these  requirements 
and  at  the  same  time  is  comparatively  less  likely  to 
decomposition  than  others  also  answering  the  same 
tests,  should  at  all  times  be  preferred  to  a  cheaper 
but    less    stable    grade.      According    to    the    investiga- 

1  From  1865-1875.  ether  was  considered  as  one  of  the  general  con 
taminants  of  chloroform. 

-  About  1880.  ethylidene  chloride  was  regarded  as  a  general  impurity 
of  chloroform. 

3  See  Tests  lor  Odor  and  Residue. 

1  According  to  Benrath  {Ann..  382,  222  1.  chloroform  in  aqueous  sus- 
pension or  aqueous  alcoholic  solution  is  oxidized  to  formic  acid  or  its  de- 
composition products  when  exposed  to  ultra-violet  light. 

'  J.  (/,.>  Praticiens,  May  31,  1902. 

6  The  pharmacopoeia!  tests  are.  in  general,  insufficient,  and  samples 
of  chloroform  may  comply  with  the  tests  prescribed  by  various  pharraa 
copoeias  and  yet  important  differences  may  be  shown  to  exist  among  them 
by  means  of  other  tests.  These  facts  have  been  brought  out  by  I.anggaard 
(Therap.  Monalsh  .  May.  1902  1.  and  the  opinions  and  results  obtained  by 
the  authors  will  be  given  in  subsequent  sections  of  this  paper. 
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pons   of    Feigl    and    Meier,'    the    customary    chemical 

examination  of  a  sample  of  anaesthetic  chloroform   is 
nut  conclusive,  but  requires  confirmation  by  biological 

tests.      Most  important,  however,  is  clinical  experience. 

In  regard  to  the  fatal  results  which  have  been  ob- 
tained in  practice  following  the  use  of  chloroform  vapor 
for  the  induction  of  anaesthesia,  a  considerable  per- 
centage of  cast's,  especially  those  where  death  has 
ensued  immediately  upon  first  inspiration,  may  not 
be  due  to  the  action  of  chloroform  at  all.-  However, 
Simpson3  enumerates  a  number  of  cases  antedating 
the  general  introduction  of  anaesthesia  which  may  be 
classed   as   "chloroform   deaths.4" 

In  all  indubitable  cases  the  nature  of  the  chloroform 
administered  certainly  plays  an  essential  role;  this 
fact  is  supported  by  convincing  evidence,  even  though 
the  percentage  of  deaths  caused  by  chloroform  ad- 
ministered during  operations  is  unaccountably  differ- 
ent in  different  years,  times,  and  places. s  We  can 
attribute  the  existing  diversity  of  opinion  on  the 
subject  only  to  the  degrees  of  purity  of  the  anaesthetic 
used,  the  different  modes  of  administration,  the  vary- 
big  lengths  of  the  time  of  the  anaesthesia,  the  varying 
severity  of  the  operation,  and  the  state  of  the  patient. 

According  to  almost  all  authorities,  the  first  danger 
from  the  use  of  chloroform  consists  in  an  interruption 
of  respiration  ;6  and  it  has  been  said  that  only  after 
the  observation  of  the  pulse  had  superseded  that  of 
respiration  did  chloroform  deaths  become  more  fre- 
quent.7 Experience  has  therefore  clearly  shown  that 
every  obstacle  to  respiration  must  be  removed;  the 
presence  of  irritating  contaminants  in  the  anaesthetic 
must,  as  a  consequence,  be  guarded  against.8  In 
France,  Sedillot,9  who  laid  the  greatest  stress  on  the 
purest  chloroform,  did  not  have  to  record  a  single 
death ;  but  in  nine-tenths  of  all  the  chloroform  deaths 
on  record,  not  a  word  is  said  in  regard  to  the  degree 
of  purity  of  the  anaesthetic  employed,  and  conse- 
quently an  important  factor  for  forming  an  opinion 
is  entirely  excluded.10  Hence  the  published  statistics 
are  not  to  be  relied  upon. 

1  Btoehem     Z  .   1906,    316.      Feigl   and   Meier  marked    out    the  blood- 
pressure  curves  on  a  drum  by  means  of  a  kymograph ;  healthy  dogs  were 
made  to  inhale  equal  quantities  of  chloroform  of  different  makes  through  a 
tracheal  canula.      The  results  obtained   showed  that   the  different   brands 
ol    chloroform,   although  they  appeared  almost   identical  by  the  chemical 
tests,  differed  considerably  in  their  liability  to  cause  a  diminution  in  blood 
ire  and  to  cause  arrthythmia  of  the  pulse-beat. 
-'  See    in  this  connection.  Xussbaum,  Handb.  d.  Alio.   it.    Spec.    Chir., 
1867,  (.12,  l.awrie.  Lancet,  1890,  i.  149. 
Brit   Med.  J.,  1870.  1,  199. 

Sanson!    [Chloroform,   London,    1865     put   the   average  mortality   at 
0.7S    per    10,000;   Richardson    [Med.    Tim,,    and   Gaz.,    1870),    at   2.8;   and 
Med   Soc.   Va.,  1872,  at  i  4. 
"one    of    us    (C.    B.)    in    conjunction    with    Dr.    J.    T.    Gwathmey    is 
securing  complete  data  from  every  hospital  in  the  United  States. 

1  Metcalfe  [Trans.  V  )'.  Acad  Med..  1,  145)  stated  in  1850  that  his 
experience,  extending  then  to  800  administrations,  went  to  substantiate 
the  fact  that  the  use  of  impure  chloroform  causes  headache,  nausea,  and 
bronchial  irritation. 

'■  Hewitt.  Proc.  Roy.  Med.  and  Chir.  Soc.  890. 

'  1  lechini  [Pharm.  J..  [3]  8,  9.88)  came  to  the  conclusion  that  the  toler- 
ant e  ,.1  chloroform  could  be  assured  by  the  preventive  use  of  ammoniacal 
inhalations  Although  chloroform  and  ammonia  have  a  mutually  antago- 
nistic  action  of  the  heart,  according  to  Ringer  [Practitioner,  1881,  19  .  such 
a  method  is  unnecessary  if  pure  chloroform  of  anaesthetic  grade  is  properly 
administered  to  a  patient  prepared  for  it. 
'Bull.  <,..    Chir.,  7,  1881. 

exceptions  may  be  noted  here.      Dr.  Hunter  McGuire,  surgeon 
in   the  Confederate   Army   during  the  Civil   War.   one   time  remarked   that 


Dubois-Reymond1  appeared  to  have  experimentally 

demonstrated  that  impure  chloroform  is  dangerous. 
Therefore,  I  i  the  rules  for  administering  chloroform  so 
often  given,  lie  considered  that  one  omittedby  all  but 
Sedillot  and  his. school  should  be  added,  namely:  That  the 
quality  of  the  chloroform  he  carefully  examined,  and  only 
the  very  best  procurable  be  employed  for  anaesthesia. 

There  can  be  no  question  but  that  Dubois-Reymond 
obtained  results  which  indicated  rather  a  dill'erence 
of  degree  than  oi  kind  between  the  action  of  pure  and 
impure  anaesthetic  chloroform.  lie  insisted  that 
the  impurities  acted  as  cardiac  depressants;2  but,  as 
was  noted  at  the  time,3  it  does  not  appear  that  by 
their  removal  pure  anaesthetic  chloroform4  ceases  to 
hamper    circulation.5      That    the    impurities    are    ordi- 

chloroform  had  been  administered  40.000  times  in  his  corps  alone  without 
a  single  death,  and  he  attributed  the  result  largely  to  the  splendid  grade 
of  chloroform  which  the  Union  Army  had  supplied  him  (almost  all  the 
chloroform  used  by  the  Confederate  Army  was  captured  from  the  Federals, 
although  some  of  English  manufacture  came  through  a  blockade).  The 
results  of  an  examination  of  a  sample  of  chloroform  of  this  period  will  be 
given  later  in  this  paper. 

In  1882,  Preston  {Pharm.  J..  [3]  12,  982)  recorded  that  there  had 
occurred  53  deaths  in  152.260  administrations,  and  that  in  these  53  cases 
the  impure  chloroform  had  something  to  do  with  the  fatal  results.  Att- 
hill  [Brit.  Med.  J..  1892,  1.  HOi  stated  that  he  had  administered  chloroform 
in  over  2000  cases  and  considered  that  it  is  essential  for  its  safe  use  that 
the  chloroform  be  pure:  he  mentioned  that  the  chloroform  in  general  use 
at  that  time  was  often  impure. 

Chisolm  [Sci.  Am.  Suppl..  Xo.  642.  102591,  who  had  in  1888  a  record 
of  10,000  cases  of  general  anaesthesia  with  chloroform  and  no  deaths,  re- 
corded his  experiences,  but  made  no  mention  whatsoever  of  the  purity  of 
the  chloroform  used. 

1  Brit.  Med.  J..  1892,  i.  209. 

2  The  report  of  the  Hyderabad  Commission  shows  that  deaths  from 
chloroform  are  more  frequently  due  to  its  checking  the  power  of  respiration 
than  to  the  arrest  of  the  heart's  action;  see,  in  this  connection.  Lancet.  1890,  1, 
149.421,486.  1140.  1369;  1890,  ii.  356;  Brit.  Med.  J..  1891,  ii.  1080,  1121. 
Indeed.  Lawrie  states  [Chloroform,  1901,  IS  1  that  the  doctrine  that  chloro- 
form has  no  direct  action  on  the  heart  must  be  considered  as  finally  estab- 
lished. This  is  supported  by  the  results  of  the  biochemical  observations 
of  Feigl  and  Meier  [Biochem.  Z ..  1906,  316),  who  concluded  that  narcotic 
doses  of  pure  chloroform  have  little  or  no  action  on  blood  pressure,  the 
heart,  or  the  circulatory  system  in  general;  and  that  these  effects,  when 
observed,  are  usually  due  to  the  accompanying  impurities  in  commercial 
alcohol.  Some  observations,  however,  seem  to  indicate  that  chloroform 
has  an  action  on  the  circulatory  system,  although  in  these  cases  the  purity 
of  the  anaesthetic  was  not  always  considered.  Cf.,  for  example,  Filehne  and 
Biberfeld,  Z  f.  exper.  Path.  u.  Thcrap.,  3,  171  (1906);  these  investigators 
discuss  the  advisability  of  adding  volatile  analeptics  to  chloroform  to  pre- 
vent the  reduction  of  blood  pressure.  Also,  Rusquet  and  Pachon  [Compt. 
rend  soc.  biol.,  66,  90)  reported  fibrillation  of  guinea-pig's  heart  under  the 
influence  of  chloroform.  Sehaefer  and  Scharlieb  (Proc.  Physiol.  Soc.  1903, 
1 7  I  have  insisted  on  the  specific  nature  of  the  action  of  chloroform  on 
cardiac  muscles.  Embley  and  Martin  [J.  Physiol.,  32,  147 1  have  found 
that  the  action  of  chloroform  in  the  blood  in  such  quantities  as  may  occur 
with  inhalation  of  1-3  per  cent,  of  vapor  in  air,  paralyzes  the  neuro  mus- 
cular mechanism  of  the  blood  vessels.  Tissot  (Compt.  rend..  142,  2341 
reported  that  more  than  70  mg.  of  chloroform  per  100  cc.  of  arterial  blood 
often  causes  death.  It  appears  that  chloroform  forms  a  loose  combination 
with  haemoglobin;  for  a  discussion  of  the  physical  chemistry  of  anaesthesia, 
wherein  this  is  discussed,  see  Moore  and  Roaf.  Thompson,  Yates  and  Johns- 
ton Lab.  Rept..  Liverpool.   1905-6,    151-94. 

Waller  [Nature,  76,  403  "tested  purified  chloroform  against  the  con- 
centrated residue  of  its  impurities,  and  found  the  former  to  be  more  power- 
ful than  the  latter."  he  did  not.  however,  lay  any  stress  upon  the  fact  that 
anaesthetic  chloroform  can  be  of  variable  quality  Tunnicliffe  [Pharm.  J.. 
[4]  18,  515  1  subjected  samples  of  anaesthetic  chloroform  to  mechanical 
shaking  tor  several  (lays,  then  exposed  them'  for  a  considerable  time  to 
direct  July  sunlight,  and  finally  allowed  them  to  evaporate  in  the  labora- 
tory to  one-half  bulk  the  residual  portion  did  not  differ  at  all  from  pure 
chloroform  in  its  toxic  action  on  cardiac  muscle  1  ' 

3  Brit    Med.  J  .  1892,  1.  236. 

I  "Chloroform  I'ictet"  was  taken  as  the  example. 

0  See  above  and  also  Chatteris  and  MacLennan,  Hut  Med,  J., 
1892,  1.  679,  who  believed  that  differently  manufactured  chloroform, 
although  conforming  to  the  tests  specified  by  the  British  Pharmacopoeia. 
might  have  different  actions,  and  that  possibly  some  of  the  dangers  were 
due  to  the  employment  of  impure  chloroform 
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narily  very  slight,  Dubois-Reymond  admitted,  but 
ntended  that,  although  really  infinitesimal  in 
quantity,  thej  ad  strongly  in  chloroform  solution. 
From  his  experimental  investigations  and  deduc- 
tions, we  learn  that  there  are  undoubted  impurities 
which  an-  able  to  intensify  and  hasten  the  lethal 
properties  of  chloroform,  bu1  we  cannot  definitely 
assert  just  what  these  are.  We  know,  however, 
what  the  general  likely  impurities  of  anaesthetic 
chloroform  are;  and  if  proper  precautions  are  taken 
to  guard  against  their  presence,  untoward  symptoms 
should  not  follow  the  proper  administration  of  anaes- 
thetic  chloroform.  In  succeeding  sections  of  this 
paper,  tests  to  which  such  chloroform  should  comply 
will  be  given. 

(7^<>  be  continued  in  the  June  No.) 


TESTING  METHODS  OF  RUBBER  CONTENTS  IN  RAW  AND 

VULCANIZED  RUBBER. 

By  W   A.  Ducca. 

Received  January  S,  1912. 

Two  distinct  chemical  compounds  of  the  rubber 
molecule  have  been  the  subject  of  extensive  investi- 
gation during  the  last  ten  years,  regarding  a  possible 
usefulness  for  a  direct  determination  of  caoutchouc 
in  a  given  sample  of  raw  or  of  manufactured  rubber — 
the  nitrosites  or  nitrosates  as  nitrogen  compounds, 
and  a  compound  with  bromine  as  tetrabromide. 

Harries  deserves  the  credit  of  being  the  first  one 
to  make  an  attempt  in  the  direction  of  a  distinctly 
denned  nitrogen  compound.  Almost  simultaneously 
with  C.  O.  Weber,  he  began  a  study  of  the  action  of 
nitrous  acid  gases  upon  solutions  of  rubber  in  benzole. 
Weber,  who  unfortunately  did  not  live  to  finish  his 
experiments,  worked  with  nitrogen  dioxide,  developed 
by  heating  nitrate  of  lead.  He  obtained,  or  at  least 
claimed  to  have  obtained,  an  addition  product  of  two 
molecules  of  N02  to  one  molecule  of  rubber  of  the 
formula  C10HI6N2O4  in  a  polymeric  form.  The  com- 
pound would  have  to  be  classed  as  a  nitrosate.  Har- 
ries on  the  other  hand  applied  N203,  generated  from 
nitric  acid  and  arsenic  trioxide.  He  stated  that  by 
varying  the  conditions  he  was  able  to  separate  three 
distinct  compounds  of  a  nitrosite  character  which  he 
called  nitrosites   (a),    (b),  and  (c). 

It  is  not  the  purpose  of  this  paper  to  enter  into  a 
detailed  discussion  of  these  well  known  classical  in- 
vestigations, but  the  true  composition  of  the  com- 
pounds obtained  in  the  reactions  is  of  the  utmost 
importance  for  the  estimation  of  pure  caoutchouc 
in  a  given  sample  of  rubber.  I,  therefore,  feel  justified 
in  giving  a  short  review  of  the  more  important  results 
reached  by  different  authors  and  at  different  times. 

Harries'  three  nitrosites  are  as  follows : 

Nitrosite  a,  Ci0H]6N,O3,  is  formed  by  a  six-hour 
action  of  dry  N203  upon  a  i  per  cent,  solution  of  rubber. 

Nitrosite  b,  C10H15N3O8,  is  formed  when  dry  N2Os 
gas  is  passed  from  two  to  three  days  through  a  sus- 
pension of  nitrosite  a  in  benzole. 

Nitrosite  c,  C,0H15NsO7,  is  precipitated  from  a  i  per 
cent,  rubber  solution  in  benzole  by  the  action  of  wet 
N,03  gases. 


His    first     statements    were    later    modified     in 
respects    !>v     Marries    himself.      The    ultimate    product 

oi   the  action  oi    Na0(  gas  upon    i   per  cent,  solution! 
oi    rubber    in    benzole   was   claimed    to   !><■   uniformljj 

nitrosite  c,    provided    the   reaction     yep     .ill--.' 
on   for  a   sufficiently  long  time.      Contrary  to  his  first 
report.   In-  gave  as  tin-  best,  way  to  prepare  this  com- 
pound    the     use    of    NsO,    gas     thoroughly     dried    over 

I  thi  is]  ili'  ii'us  pentoxide. 

These  results  naturally  induced  Harries  to  apply* 
the  new  compound  for  an  analytical  determination 
of  caoutchouc.  He  obtained  a  satisfactory  result 
on  a  sample  of  an  uncured  rubber  compound,  hut 
did  not  make  any  attempts  to  develop  the  method 
any  further,  as  this  would  hardly  be  within  the  scope 
of  his  work  as  a  college  professor,  and  should  rather 
be  accomplished  by  a  technical  man.  His  work  in 
this  direction  was  taken  up  where  he  had  left  it  by 
a  number  of  investigators;  they  practically  all  reached 
different  conclusions  based  on  various  results. 

The  most  exhaustive  study  of  the  subject  was 
undertaken  by  Alexander  with  rather  surprising 
results,  not  in  accordance  with  Harries'  observations. 
The  action  of  N203  was  shown  to  go  much  further 
than  had  been  observed  by  either  Weber  or  Harries. 
His  method  of  precipitating  the  nitrosites  from  the 
rubber  solution  differed  from  Harries'  method  in  so 
far  as  he  generated  nitrous  acid  anhydride  from 
starch  and  80  per  cent,  nitric  acid.  The  formula 
of  the  final  product  was  given  as  C9H12N20„  containing 
one  carbon  atom  less  than  the  original  rubber  mole- 
cule. This  fact  was  explained  by  the  oxidation  of 
one  of  the  two  methyl  groups  of  the  caoutchouc  mole- 
cule to  carbonic  acid  gas,  while  the  other  one  is  sup- 
posedly oxidized  only  to  the  carboxyl    group  COOH. 

CH3 

I 

C — CH2 — CH2 — CH  — >• 

II  II 

HC— CH—  CH—  C— CH3 

CO, 


H 

02N— C— CH.,— CH—  CH 

I  II 

02N— C— CH,— CH2— C— COOH 

H 

That  this  explanation  is  possible  from  a  theoretical 
standpoint  is  open  to  discussion.  In  support  of  his 
theory  Alexander  mentioned  his  observation  of  car- 
bonic acid  gas  during  the  reaction.  He  certainly 
made  a  very  thorough  study  of  the  matter,  both 
theoretically  and  practically,  and  his  analytical  results 
are  hardly  to  be  doubted.  On  the  other  hand  Gottlob, 
who  undertook  a  careful  re-examination  of  Harries' 
experiments,  comes  to  the  conclusion  that  their  re- 
sults were  correct  beyond  any  doubt  and  that  he 
could  confirm  them  in  all  respects.  In  his  opinion, 
Alexander  obtained  different  results  only  by  not 
closely  following  Harries'  method  in  every  detail. 
We  conclude  from  these  contradicting  statements, 
that    it   is,    to   say   the   least,   very   difficult   to   obtain 
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uniform  results,  a  fact  which  is  not  surprising  at  all. 
Weber  verv  justly  pointed  to  the  indefinite  composi- 
tion of  nitrous  acid  gases.  It  seems  perfectly  natural 
that  under  such  conditions  indefinite  reaction  products 
will  result.  Furthermore,  every  chemist  working 
with  these  nitrositcs  or  nitrosates  will  experience  the 
practical  impossibility  of  determining  their  purity 
by  the  ordinary  well  known  tests.  Ultimate  analysis 
by  combustion,  therefore,  does  not  yield  reliable 
information  as  to  their  true  composition ;  the  figures 
obtained  are  likely  to  represent  the  mean  percentages 
of  carbon,  hydrogen  and  nitrogen  in  several  distinct 
compounds.  In  accordance  with  my  own  experi- 
ences, I  fully  support  Alexander's  latest  views:  The 
nitrosate  method  is  not  of  real  value,  at  least  not  at 
the  present  time,  for  the  estimation  of  actual  caout- 
chouc in  either  raw  or  vulcanized  rubber.  For  the 
determination  of  the  vulcanization  coefficient  it  may 
prove  to  be  an  excellent  method.  Here  it  is  not 
obligatory  to  know  the  exact  composition  and  purity 
of  the  nitrosate,  which  is  used  only  as  a  means  to 
completely  precipitate  the  sulfur  of  vulcanization. 
Of  course,  this  question  cannot  be  considered  as 
definitely  settled  and  it  will  require  a  long  and  careful 
study  of  all  the  conditions  before  it  can  be  established 
as  a  well  founded  fact  to  hold  true  in  any  case  and 
for  any  form  of  soft  vulcanized  goods. 

The  advantage  of  the  method  for  the  latter  purpose 
consists  chiefly  in  the  elimination  of  the  many  trouble- 
some fusions  with  the  soda-potassium  carbonate  and 
potassium-nitrate  mixture,  especially  unsatisfactory 
in  presence  of  a  large  percentage  of  mineral  matter. 
The  precipitate  can  be  finely  powdered  and  is  there- 
fore applicable  for  rapid  sulfur  determination  by 
ignition  with  sodium-peroxide,  whereby  the  sulfur 
is  oxidized  to  sulfuric  acid  in  the  form  of  sodium  sul- 
fate which  in  turn  can  be  precipitated  as  barium  sul- 
fate. The  sample  has  naturally  to  be  first  extracted 
with  acetone  in  the  usual  way  to  remove  free  sulfur; 
any  vulcanized  oils  are  separated  by  saponification. 
One-half  gram  of  the  sample,  thus  prepared,  is  treated 
with  50  cc.  of  kerosene  (boiling  point  up  to  300  °  C.) 
until  completely  dissolved.  Mineral  matter  can  be 
removed  either  before  nitrosation  by  centrifuging 
the  kerosene  solution  or  afterwards  by  pouring  it 
with  the  nitrosate  on  a  filter,  and  dissolving  the  rubber 
compound  in  acetone  whereby  the  mineral  matter 
is  left  on  the  filter.  The  acetone  solution  is  either 
evaporated  to  dryness,  or  poured  into  cold  water  to 
separate  the  nitrosate  in  a  crystallized  form.  The 
latter  method  will  secure  a  purer  material  but  neces- 
sitates an  additional  filtration.  It  is  very  essential 
to  pour  the  acetone  solution  into  water  and  not  the 
iwater  into  the  acetone,  and  to  have  the  water  cold, 
jelse  the  nitrosates  will  separate  in  an  oily  layer  which 
jdoes  not  crystallize  very  well  and  is,  therefore,  hard 
to  filter.  The  resulting  yellow  powder  is  mixed  with 
,sodium-peroxide  in  suitable  proportions  and  ignited 
in  the  usual  way,  as  for  instance  in  coal  analysis  for 
the  determination  of  sulfur. 

The  tetrabromide  method  for  the  direct  determi- 
nation of  caoutchouc   was   originated   by    Budde,    and 


naturall]  received  much  more  general  attention  on 
account  of  its  less  complicated  nature  and  greater 
rapidity.  Originally  designed  as  a  gravimetric 
method,  it  has  undergone  several  changes,  nccessi- 
tated  by  the  results  of  a  number  of  investigators. 
But,  even  at  the  present  time,  it  has  not  been  de- 
veloped to  such  a  degree  of  accuracy  as  to  deserve 
universal  recognition.  One  fact  stands  out  clearly: 
All  possible  sources  of  error  have  been  laid  bare,  so 
that  the  investigator  when  trying  to  apply  the  method 
for  his  special  purposes  can  easily  recognize  all  diffi- 
culties and  obstacles  he  is  liable  to  encounter.  The 
investigations  published  in  connection  with  this 
problem,  finally  leading  up  to  the  present  status  of 
the  tetrabromide  method,  form  a  very  interesting 
chapter  in  the  history  of  the  Chemistry  of  India  Rub- 
ber. 

As  stated  before,  Budde  determined  the  rubber 
gravimetrically  by  first  dissolving  it  in  carbon  tetra- 
chloride, filtering  the  solution  through  glass-wool 
and  precipitating  it  from  the  filtrate  with  his  bromi- 
nation  mixture  (6  cc.  of  bromine  and  1  gram  of  iodine 
in  one  liter  of  carbon  tetrachloride).  After  standing 
for  24  hours,  one-half  volume  of  alcohol  was  added 
and  it  was  allowed  to  stand  until  the  precipitate  had 
settled  clearly.  The  supernatant  liquid  was  poured 
through  a  weighed  filter,  the  tetrabromide  decanted 
with  a  mixture  of  carbon  tetrachloride  and  alcohol, 
finally  with  alcohol  alone  in  order  to  remove  the  excess 
of  bromine.  A  number  of  serious  objections  were 
soon  made  to  the  method  as  proposed  by  Budde; 
several  sources  of  error,  influencing  the  results  in  op- 
posite directions,  wrere  demonstrated.  Fendler  and 
Kuhn  found  during  an  exhaustive  study  of  the  solu- 
bility of  rubber  in  various  solvents  that  a  considerable 
amount  of  rubber  remains  undissolved  in  tetrachlor- 
ide; this  would  consequently  be  removed  during  the 
filtration  required  in  Budde's  method.  While  this 
fact  would  tend  to  render  low  results,  other  points 
are  apt  to  increase  the  percentages  found.  It  is 
next  to  impossible  to  wash  the  bromine  out  completely 
from  the  inner  parts  of  the  lumpy  tetrabromide 
precipitate  by  mere  decantation  with  carbon  tetra- 
chloride and  alcohol.  Protein  and  resin  bromides, 
the  solubility  of  which  in  alcohol  and  tetrachloride 
has  been  disputed,  would  also  add  to  the  weight  of 
the  precipitate;  finally,  claim  was  made  by  several 
investigators  that  bromine  reacted  with  rubber  not 
only  additively  but  also  by  substitution,  especially 
when  allowed  to  remain  a  long  time  in  contact  with 
the  rubber  solution.  Harries  and  Rimpel  even 
claimed  to  have  separated  such  a  substitution  product. 
Under  the  pressure  of  so  many  objections,  Budde 
modified  his  method  to  a  volumetric  one.  Instead 
of  dissolving  and  filtering  the  solution  in  carbon  tetra- 
chloride he  adds  his  bromination  mixture  to  a  mere 
swelling  of  the  rubber  in  carbon  tetrachloride,  allow- 
ing it  to  react  for  but  6  hours.  The  precipitate  is 
treated  in  the  same  way  as  before  and  the  wash- 
liquors  poured  through  a  filter  to  collect  any  possible 
particles  of  tetrabromide  which  might  be  carried  off. 
The  bulk  of  the  precipitate  is  re-dissolved  in  carbon 


37  i 


THE  JOl  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


w. 


[Qli 


bisulfide  and  separated  from  this  solution  with  gaso- 
line This  treatment  has  the  double  effecl  ol  remov- 
ing the  free  bromine  more  exhaustively  and  converting 
the  precipitate  into  a  stable  crystallized  form.  The 
ils  are  oxidized  with  nitric  acid  in  the  original 
in  wliuh  they  were  precipitated.     A  sufficient, 

measured  amount  of  standard  silver  nitrate  solution 
is  added  and  the  mixture  gently  heated.  The  nitric 
acid  has  to  be  replaced  from  time  to  time,  and  the 
manipulation  continued  until  the  bromine  is  all  com- 
bined as  silver  bromide.  The  excess  of  silver  nitrate 
is  titrated  back  by  Yolhard's  well  known  nut  hod 
with  ammonium  thiocvanate.  The  formula  C10HlaBr4 
forms  the  basis  for  the  calculation  of  pure  rubber, 
four  bromines  corresponding  to  one  caoutchouc,  C10HI6. 
In  applying  the  method  it  is  preferable  to  extract 
the  sample  first  with  acetone  and  eventually  with 
alcoholic  potash  to  remove  completely  the  resins 
which  might  prove  a  disturbing  factor  by  forming 
insoluble  bromine  compounds.  Spence  has  only 
recently  demonstrated  by  his  investigations  on  rubber- 
proteins  and  their  behavior  towards  bromine  that 
the  amount  of  the  latter  added  to  the  tetrabromide 
in  Budde's  method  is  too  small  to  materially  influence 
the  final  results,  provided  the  tetrabromide  is  cal- 
culated from  the  amount  of  bromine  contained  in  the 
precipitate.  The  same  author  observed  a  regular  loss 
of  bromine  when  oxidizing  the  tetrabromide  with 
nitric  acid  as  proposed  by  Budde,  a  fact  which  was 
confirmed  by  Hinrichsen  and  Kindscher.  They  there- 
fore suggested  to  replace  the  oxidizing  and  titrating 
process  by  a  combustion  in  a  current  of  oxygen  or 
fusion  with  sodium-potassium-carbonate  and  potas- 
sium-nitrate mixture.  The  fusion  method  has  been 
improved  and  more  fully  described  by  Spence  who 
obtained  satisfactory  results.  Budde's  method,  there- 
fore, gives  in  the  case  of  raw  rubber,  even  at  its  present 
stage  a  fair  idea  as  to  the  amount  of  rubber  contained 
in  a  given  sample.  A  more  difficult  problem  faces 
the  chemist  in  the  case  of  vulcanized  goods.  The 
question,  "What  reactions  take  place  during  the 
bromination?"  becomes  more  complicated  and  the 
composition  of  the  products  is  a  matter  of  great  un- 
certainty; the  method  is,  therefore,  practically  value- 
less for  the  estimation  of  pure  rubber  in  cured  goods. 
Attempts  to  solve  this  problem  were  made  by  two 
different  investigators.  Axelrod  precipitated  the 
tetrabromide  from  a  solution  in  kerosene  with  Budde's 
bromination  mixture.  The  precipitate  was  washed 
in  the  same  way  as  by  Budde,  and  dried  at  from  50 
to  60  °  C. ;  after  weighing,  it  was  ignited  and  the  ash 
deducted.  By  analyzing  a  number  of  compounds 
of  known  composition  he  established  a  factor  for  the 
calculation  of  pure  rubber  from  the  bromo-sulfo  com- 
pound. A  moment's  thought  will  at  once  reveal 
that  such  a  determination  is  hardly  applicable  for 
general  use.  All  sulfur  •  of  vulcanization  is  included 
in  the  bromine  precipitate,  and,  as  the  coefficient  of 
vulcanization  is  subject  to  considerable  variation, 
it  follows  necessarily  that  the  composition  of  the 
bromo-sulfur  compound  of  rubber  will  be  just  as 
variable.      We    have,    considering   the   present   lack   of 


a    propei-   theory   of    vulcanization,    no    mean,    I.,    judgf 
what    reactions  take  place  and   uh.M    compounds  result 
when   cured   rubber   is  brominated       li    the    ailfur  of 
vulcanization  is  combined  chemically  with  tin 
molecule,   them  is,  ol   course,  no  room   left   foi 
dition    of    bromine    to    the    double    linkages    which    are 
saturated    with   sulfur.      Huebener  took    this   qi 
into    consideration,    and,    by     adopting      the     Webea 
1  Jit  mar  theory  of  vulcanization,  concluded  the  r< 
product    of   bromine   and    vulcanized    rubber  consisted 
ol    three   distinct    compounds:   tetrabromide,  dibromol 
monosulfide,    and    disulfide.      For   purposes    ol 
lation    it  is  necessary  to  consider    only   tetrabro 
and     disulfide     because     two     molecules    ol     dib 
monosulfide  are  equal  to  one  molecule  of  tetrabi 
and    one    molecule    of    disulfide.      Therefore,    not   only 
bromine  but  also  sulfur  of   vulcanization    has    to    be 
determined    to   find    the   equivalents   for  pure   rubber. 
He  proposed  at  the  same  time  a  somewhat  simplified! 
method,    originally    designed    for    hard    rubber,    which 
has    the    advantage    of    eliminating    the    often    very 
troublesome    and    long    proposition    of    dissolving    the 
rubber.      The  sample  is  finely  rasped  and  brominated 
with    elementary   bromine   under   water.      The   results 
obtained  in  our  laboratory  have  been  invariably  hi^h, 
as  it  seems  practically  impossible  to  free  the  precipi- 
tate from  the  excess  of  bromine  by  a  simple  washing 
with  hot  water.      Of  course  I  have  to  admit  that  we 
have   not    made   an    exhaustive   study   of   the   subject 
and  therefore  are  not  ready  to  condemn  the  method 
as  valueless. 

Even  if  all  methods,  as  described  before,  have 
failed  to  be  satisfactory  to  everybody  and  in  every 
instance,  their  development  marks  a  decided  progress 
in  rubber  chemistry.  It  can  be  justly  hoped  that  at 
a  not  too  far  distant  time  chemists  will  be  able  to 
submit  such  methods  of  analysis  as  will  be  acceptable 
to  both  the  merchant  and  the  manufacturer.  The 
importance  of  this  problem  was  recognized  at  the 
International  Rubber  Exhibition  at  London  when 
for  the  first  time  the  International  Testing  Committee 
met  in  full  session  to  discuss  the  questions  which 
should  be  settled  bv  this  body. 


THE    VOLATILE    ACIDITY    OF    GUM    TRAGACANTH    COM- 
PARED WITH  THAT  OF  INDIAN  GUM. 
By  W.  O.   Emery. 
Received  March  13.  1912. 
NEED  OF  THE  INVESTIGATION. 

The  primary  object  of  this  investigation  was  I 
vise  additional  methods  for  the  detection  of  Indian 
gum  when  substituted  for  or  in  admixture  with  trag- 
aeanth.  A  study  of  the  literature  early  led  to  the 
conviction  that  among  the  degradation  products  of 
these  gums  there  must  be  one  susceptible  of  quanti- 
tative isolation  and  sufficiently  characteristic  to  serve- 
as  an  indicator  of  the  purity,  and  therefore  of  the 
quantity,  of  parent  substance  involved  in  its  hydroly* 
sis.  Such  an  indicator  was  believed  to  be  repre- 
sented by  acetic  acid,  already  isolated  from  one  Indiffli 
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rum  and  reported  as  being  present  in  another.     The 
lope    was    entertained    that    tragacanth,     under    like 
■  at,   might  fail  to  yield   this  acid,   but  as  will 
)resently    appear,    experiment    proved    otherwise. 

As  defined  by  the  United  States  Pharmacopoeia, 
ragacanth  is  the  "gummy  exudation  from  Astragalus 
ntniiiiijer  Labillardiere,  or  from  other  species  of 
Astragalus,  family  Leguminosae,  appearing  in  ribbon- 
haped  bands  varying  in  size  and  from  1  to  3  mm. 
hick,  or  in  irregular  pieces  of  the  same,  long  and 
inear,  straight  or  spirally  twisted;  externally  whitish, 
narked  by  more  or  less  pronounced  longitudinal  or 
iccentric  lines  or  ridges:  translucent,  fracture,  short, 
ough,    rendered    more   easily    pvflverizable   by   a   heat 

>f    50°    C.    (122°    F.)." 

While  it  is  possible  that  the  products  known  to 
he  trade  as  "Indian  gum"  and  employed  so  exten- 
ively  in  this  country  may  vary  as  to  their  origin,  it 
.ppears  reasonably  certain  that  two  gums  at  least 
.re  justly  characterized  by  this  term,  namely  those 
if  Sterculia  urens  and  Cochlospermum,  gossypium, 
>oth  of  which  find  local  application  as  substitutes  for 
ragacanth.  It  is  equally  certain  that  none  of  the 
o-called  Indian  gum  has  its  origin  in  any  species  of 
Vstragalus.  Most  of  the  Indian  gum  reaching  this 
ountry  bears  little  or  no  resemblance  to  tragacanth. 
^.  careful  comparison  of  the  commodity  with  authen- 
ic  samples  obtained  direct,  both  from  London  and 
rom  India,  clearly  indicates  that  it  corresponds  in  all 
ssential  points  to  the  gum  of  Sterculia  urens.  It  oc- 
urs  in  irregular,  striated,  sometimes  twisted,  trans- 
ient, or  transparent  lumps,  never  in  ribbon-shaped 
lands  or  leaves. 

In  view  of  such  physical  characteristics,  success- 
Lil  adulteration  or  substitution  of  whole  gum  tra<ra- 
anth  with  Indian  gum  is  no  easy  matter,  and  yet  the 
itter  product  is  occasionally  offered  for  sale  in  the 
>azaars  of  India  as  true  tragacanth.1  It  is,  however, 
he  powdered  form  of  tragacanth  that  presents  to 
he  sophisticator  more  alluring  possibilities.  Owing 
0  its  extended  use  in  the  arts  as  well  as  in  medicine, 
oupled  with  a  relatively  high  price  for  the  better 
rades,  adulteration  with  the  cheaper  Indian  gum 
as  within  the  past  few  years  been  of  frequent  occur- 
?nce;  hence  any  method  looking  to  the  detection  and 
stimation  of  such  adulterant  must  be  welcome  to 
11  desirous  of  obtaining  pure  powdered  tragacanth. 

CHEMICAL  PROPKRTIES  OF  GUM  TRAGACANTH. 

According  to  researches  tarried  on   by   ( t'Sullivan,2 

nth  consists  of  starch  granules,  cellulose — that 

prtion    insoluble   in    boiling    water,    cold   dilute   acids. 

ind    alkalies —likewise    water-soluble    gum    yielding    a 

Ties  of  gum  acids  of  the  nature  of  geddic  acid,  bas- 
prin,  bassoric  acid,  nitrogenous  and  mineral  matter. 
(.s  the  result  of  an  investigation  of  tragacanth  from 
|arious    sources,    Hil^er    and    Dreyfus. 3    among    other 

mclusions,  found  that  this  product  differs  not  only 
p  regards  chemical  constitution,  but  also  with  re- 
ject to  the  proportion  of  degradation  products  formed 

1  Znrnii.'.  Arzneidroo*  n,  1909,  p.  654. 

-'/.  Chem.  Soc.  Trans.,  79,  1164  I  19011.  /'r<>...  1901.  p.  156. 

3  Ber.  d.  chem.  Ges.,  33,  1 100  i  loon  i. 


when  subjected  to  hydrolysis.  None  of  the  investi- 
gators of  tragacanth,  however,  has,  to  the  writer's 
knowledge,   ever  considered   the   possibility   of  acetic 

or  other  volatile  acid  constituting  one  of  the  hydro- 
lytic  products  of  this  "urn,  due  perhaps  to  the  fact 
that  it  is  odorless  and  without  acid  reaction  in  aqueous 
suspension,  conditions  not  obtaining  in  tin 
the  two  Indian  gums  herein  considered.  The  remarka- 
ble property  possessed  by  the  «ums  of  Sterculia  urens 
and  Cochlospermum  gossypium  of  developing  an  acetous 
odor  when  exposed  to  moist  air  has  been  commented 
on  by  various  authors;  in  fact,  an  examination  by 
Robinson1  of  the  hydrolytic  products  obtained  with 
the  gum  of  Cochlospermum  gossypium  developed  the 
fact  that  an  amount  of  acetic  acid  was  formed  equiva- 
lent to  14.4  per  cent,  of  the  original  gum. 

When  gum  tragacanth  is  heated  with  an  aqueous 
mineral  acid,  as  phosphoric  or  sulphuric  acids,  and 
the  products  of  such  action  subjected  to  steam  dis- 
tillation, an  acid  distillate  is  obtained  from  which  acetic 
acid  can  readily  be  isolated  in  the  form  of  its  silver 
salt.      The  procedure  employed  is  as  follows: 

Treat  20  grams  of  whole  gum  first  in  the  cold  with 
200  cc.  of  distilled  water  and  10  cc.  of  sirupy  phos- 
phoric acid  until  completely  swollen,  then  subject  for 
several  hours  to  the  full  heat  of  the  steam  bath, 
whereby  the  mass  gradually  becomes  partially  lique- 
fied, then  distil  the  product  with  steam  and  evaporate 
the  distillate  to  dryness  in  the  presence  of  barium 
carbonate.  Treat  the  residue  with  a  little  hot  water, 
filter,  and  distil  the  filtrate,  amounting  to  about  30  cc, 
with  steam  after  the  addition  of  5  cc.  of  sirupy  phos- 
phoric acid. 

On  treating  the  distillate  with  silver  oxid  and  fil- 
tering, characteristic  plate-like  needles  were  obtained, 
which  on  ignition  proved  to  be  silver  acetate,  as  is  evi- 
denced by  the  following  analytical  data:  0.2048 
gram  of  substance  gave  o.  132 1  gram  of  silver;  calcula- 
tion for  C2H302Ag  gave  64.65  per  cent,  of  silver, 
64 .  50  per  cent,  being  found. 

There  can.  therefore,  be  no  doubt  that  acetic  acid 
constitutes  one  of  the  degradation  products  of  traga- 
canth  when   heated  with   mineral  acids. 

ESTIMATION-  OF   ACETIC    ACID 

Quantitatively,  the  acetic  acid  or,  rather,  "volatile 
acidity."2  is  estimated  as  follows: 

Treat  1  gram  of  the  whole  or  powdered  sample  in  a 
700  cc.  round-bottomed  flask,  provided  with  a  long 
neck,  for  seven  J  hours  in  the  cold  with  100  cc.  of  dis- 
tilled water  and  5  cc.  of  sirupy  phosphoric  acid  until 
the  gum  is  completely  swollen.  Boil  gently  two 
hours  in  connection  with  a  reflux  condenser,  whereby 
a  nearly  clear,  colorless  solution  is  effected.  A  very 
small  amount  of  cellulose  substance  will  remain  un- 
dissolved. Now  subject  the  hydrolyzed  producl 
slow  distillation  in  a  vigorous  current  of  steam  until 
the  distillate  amounts  to  600  cc  and  the  acid  resi- 
due  to   about    20   CC.      This   should   not   be   driven 

1  J.  Chem.  Soc  .  Trans  ,  89,  I  t"i.  1  1906 

2  The  term  "volatile  acidity."  as  used  herein,  is  the  number  of  cubic 
centimeters  of  tenth  ncrmal  potassium  hydroxid  required  to  neutralize 
the  volatile  acid  or  acids  obtained,  by  subjecting  the  product-,  to  the  action 
of  aqueous  phosphoric  acid  on  l  cram  of  gum  to  distillation  with  steam. 


37<5 


JOl  RNAL  OF  INDUSTR1  \l.  AND  ENGINEERING  CHEMISTRY 


1912 


far,  hov  e  there  ma)  be  danger  i  ii 

oi     ini<     •'■■•■' adatii m    pn iducts, 
witli    ci  tl    possible   contaminal  te    dis- 

tillate.     I '  Fi  iund  thai  I  rap  i  ii   t  be 

form  shown  in   Fig.    1 .  if  xis<< I  in  connection  with  the 

bive   in 
preventing    traci 

over  into  the  distillate.  Titrate  with  tenth  normal 
potassium  hydroxid  in  connection  with  10  drops  of 
phenolphthalein  solution,  finally  boiling  the  liquid 
under  examination  until  a  faint  pink  color  persists. 
Run   a   control   on   same   amount  Of   distillate   obtained 

by  a  parallel  operation,  with  omission  of  gum,  but 
using  like  quantities  of  other  ingredients  and  ob- 
serving the  same  conditions  as  in  the  test. 


With  a  relatively  large  number  of  authentic  gums 
(Turkey,  Aleppo,  and  Persian),  both  whole  and  pow- 
dered, the  following  results  were  obtained: 

Results  on  35  samples  of  gum  tragacanth,  lump 
(cubic  centimeters  of  tenth-normal  potassium  hy- 
droxid):  3.9,  3.5,  4.2,  4.0.  3.4,  4.0,  3.2,  3.5,  4.0, 
3-9.  3-4,  3-4.  3-6-  3-4.  3-5.  4-2,  4-°.  3-6.  3-3-  3°> 
3-8.  3-4,  3-3>  3-6-  3-4.  31.  3-3^  3-5.  3-4,  3-7.  3-4, 
3-7.  3-7.  3-2-  3-4-  These  figures  represent  an  aver- 
age volatile  acidity  of  3 . 6  cc.  Assuming  this  acidity 
to  be  due  solely  to  acetic  acid,  it  would  be  equivalent 
to   2.15   per  cent,   of  acetic  acid  in  the  original  gum. 

Results   on   21   samples   of  gum    tragacanth,  powdered 


ium     hydroxid  );     3  . 8,     3.5,  ' 

3-5.   3-5.  3-6.    I  ■'.  3-8-  3-4,  3-9.  3   ' 
3.9,    5.6,   3.8,  3.6,  3.8,  3.5,   3.6,   3  ,8.      This  ;;. 
■<•  volatile  acidity  ol   3    7  cc,  equivalent  I 
per  cent,  of  acetic  acid  in   the  urn, 

As   regard;     thi     acetic   acid   content    n 

Vpium)  it  has  ah 
shown  by  Robinson1  to  yield  14.4  per  .  ■ 
acid  That  of  Sterculia  urens,  however,  though  early 
recorded  by  Guibourt2  as  emitting  an  acetou: 
ha  never  before,  to  the  writer's  knowledgi 
amined  either  as  to  the  identity  or  the  quantity  of 
the  aeetie  aeid  present.  Five  grams  of  Indian  gum 
{Sterculia  urens)  were  therefore  treated  in  substan- 
tially the  same  manner  as  outlined  for  the  isolation 
of  the  silver  salt  from  the  hydrolytic  products  of 
tragacanth.  It  may  not  be  amiss  to  note  in  this  con- 
nection that  while  tragacanth  yields  a  practically 
colorless  solution  when  boiled  with  aqueous  phos- 
phoric acid,  Indian  gum,  on  the  other  hand,  gives  a 
pink  or  rose-colored  solution,  a  sure  indication  in  an 
unknown  sample  that  this  product  is  present.  The 
acid  distillate  obtained  gave  with  silver  oxid  charac- 
teristic plate-like  needles,  which,  on  ignition,  yielded 
values  corresponding  to  silver  acetate:  0.2010  gram  of 
substance  gave  0.1300  gram  of  silver;  calculation  for 
C2H302Ag  gave  64.65  per  cent.,  64.67  per  cent,  being 
found. 

Gram  samples  of  whole  and  powdered  Indian  gum 
(Sterculia  urens)  were  examined  for  volatile  acidity, 
exactly  as  in  the  case  of  tragacanth,  with  the  follow- 
ing results: 

Results  on  p  samples  of  Indian  gum,  lump  (cc.  tenth- 
normal potassium  hydroxid):  26.3,  26.1,  26.6, 
27.7,  27.1,  28.3,  25.9,  26.1,  26.8.  These  data  indi- 
cate an  average  volatile  acidity  of  26.  7  cc,  correspond- 
ing to  15.91  per  cent,  of  acetic  acid  in  the  original 
gum.  The  last  of  the  nine  samples,  yielding  26.8 
cc,  was  an  authentic  one  obtained  direct  from  the 
Indian  Government;  this  acidity  corresponds  to  15.97 
per  cent,  acetic  acid. 

Results  of  14  samples  of  Indian  gum,  powdered  (cc. 
tenth-normal  potassium  hydroxid):  26.5,  26.3,  26.1, 
27.3,  26.3,  26.9.  25.4,  25.6,  27.7,  26.8,  26.6,  25.6, 
27.6,  26.0.  The  average  volatile  acidity  in  this  case 
is  26.5  cc,  corresponding  to  15.79  Per  cent,  of  acetic 
acid. 

CONCLUSIONS. 

From  the  foregoing  data  it  appears  that  the  vola- 
tile acidity  or  amount  of  volatile  acid  developed  by 
gram  samples  of  tragacanth,  on  the  one  hand,  and 
Indian  gum  {Sterculia  urens),  on  the  other,  is  fairly 
constant,  sufficiently  so,  indeed,  to  serve,  in  conjunc- 
tion with  other  well-known  tests,  as  a  very  reliable 
criterion  for  estimating  the  purity  or  quantity  of  either 
alone  or  in  admixture.  The  volatile  acidity  of  Indian 
gum  {Sterculia  urens)  as  compared  with  that  of  traga- 
canth is  nearby  7  .  5  times  as  great. 

Bureau  of  Chemistry. 
U.  S.  Department  of  Agriculture. 


1  Loc.  cii. 
>  Pharm.  J., 


18,  57  (18SS). 
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THE  EXTRACTION  OF  POTASH    AND  ALUMINA  FROM 
FELDSPAR. 

By    II.     W.     FoOTE    AND    S.     R.    SCHOLES. 

Received  January  24.    1912. 

Feldspar,  being  the  only  common  American  mineral 
-ontaining  potash  in  quantity,  oilers  an  interesting 
problem  in  its  decomposition  into  salts  of  potassium 
ind  aluminium.  The  work  that  has  been  done  on 
;his  problem  has  been  reviewed  by  Cushman  and 
Hubbard.1  In  their  own  work,  these  authors  have 
considered  the  possibility  of  decomposing  finely 
oowdered  feldspar  by  treatment  with  various  reagents, 
particularly  under  the  influence  of  the  electric  current. 
rhey  found  that  hydrofluoric  acid  caused  an  amount 
)f  decomposition  far  above  the  theoretical,  due  to 
:he  hydrolysis  of  the  fluorides  by  the  action  of  the 
:urrent,  allowing  the  hydrofluoric  acid  to  be  used 
>ver  and  over  again.  For  instance,  in  the  direct 
iction  of  hydrofluoric  acid  on  the  mineral,  some 
jotassium  fluoride  is  formed,  which  hydrolyzes  on 
■lectrolysis,  and  regenerates  hydrofluoric  acid  at  the 
mode.  This  acid  is  free  to  attack  more  feldspar, 
ind  the  process  goes  on  until  the  action  is  practically 
:omplete. 

In  some  preliminary  work  (carried  out  several  years 
igo  by  one  of  us  with  Mr.  N.  A.  Martin),  which  was 
lever  published,  it  was  found  that  at  a  temperature 
veil  above  ioo°,  under  pressure,  hydrofluoric  acid 
jehaved  as  a  catalytic  agent  in  the  presence  of  an 
.queous  solution  of  sulphuric  acid,  and  considerable 
lecomposition  could  be  produced. 

We  have  carried  out  a  number  of  experiments, 
he  results  of  which  will  be  given  below,  and  have 
ound  that  under  certain  conditions  decomposition 
5  nearly  complete.  The  hydrofluoric  acid  appears 
o  be  a  catalytic  agent  in  this  case  in  the  same  sense 
hat  nitrogen  tetroxide  is  a  catalytic  agent  in  the 
sad-chamber  process  for  sulphuric  acid;  that  is, 
o  explain  the  action,  it  is  necessary  to  assume  that 
eldspar  is  attacked  forming  some  intermediate  com- 
lound,  perhaps  silicon  fluoride,  which  hydrolyzes 
rt  the  presence  of  water  at  a  high  temperature,  re- 
enerating  hydrofluoric  acid.  Alumina  and  potash 
>ass  into  solution  at  the  same  time,  and  can  be  re- 
overed  as  sulphates. 

In  our  experiments,  we  used  a  sample  of  very  finely 
round  feldspar  rock. 

The  material  was  analyzed  by  the  ordinary  methods, 
nd  found  to  have  the  following  composition: 


SiOa 

KjO 

Xa..() 
CaO.. 
H20.. 


Per.  cent. 
67.12 
18.70 
10.84 

3.12 

0.46 

0.44 


100  68 


The  calcium   fluoride  used   to   produce   hydrofluoric 
cid  in  solution  had  all  passed  a  200-mesh  sieve. 
The   experiments   were   carried    out    in    sealed   glass 

1  Jour.  Am.  Chem.  Soc,  30,  779  (1908). 


tubes.  The  mixtures  attacked  the  glass  slightly  at 
the  temperatures  used,  but  not  sufficiently  to  affect 
the  general  results.  After  the  heating,  the  contents 
of  the  bomb  were  treated  with  water  to  remove  all 
soluble  material  and  the  solution  transferred  to  a 
liter  flask.  Alumina  was  determined  in  an  aliquot 
part,  and  from  the  result  the  percentage  decomposition 
could  be  calculated.  It  was  found  by  experiment 
that  alumina  could  be  determined  in  solution  by  di- 
rect precipitation  with  ammonia  without  first  evap- 
orating, since  practically  no  silica  was  in  solution. 
The  results  obtained  are  given   in   the  table: 


Gram 

Orams 

Al.o 

Per  cent 

feld- 

CI rams 

Grams 

Oram 

Hours 

in  V 

decom- 

spar. 

CaF2. 

HjSO*. 

11  •_.<>. 

Temp. 

heated. 

aliquot. 

posed. 

10 

0.0 

10 

10 

200° 

23 

0.0209 

11.2 

10 

0  5 

10 

5 

140°-150° 

20 

0.0723 

38.7 

10 

OS 

10 

20 

140°- 150° 

20 

0.1266 

67.7 

10 

0.5 

10 

10 

140°-I50° 

20 

0. 1362 

72.8 

10 

0.5 

10 

10 

140°-150° 

40 

0.1633 

87.3 

10 

1  .0 

10 

10 

140°-150° 

20 

0.1662 

88.9 

10 

10 

10 

10 

100° 

20 

0.1355 

72.4 

If  the  fluoride,  in  the  above  experiments,  were  all 
used  merely  to  form  silicon  fluoride  or  hydrofluosilicic 
acid,  the  decomposition  would  be  much  less  in  everv 
experiment  than  what  was  actually  found.  In  that 
case,  the  largest  amount  of  fluoride  used  would  attack 
only  about  six  per  cent,  of  the  feldspar,  which  is 
very  much  less  than  the  smallest  amount  of  decom- 
position observed. 

No.  i  shows  the  comparatively  small  effect  produced 
by  sulphuric  acid  alone,  even  at  a  much  higher  tem- 
perature than  in  the  experiments  where  fluoride  was 
used.  Nos.  2,3,  and  4  show  the  effect  of  varying  the  dilu- 
tion of  the  sulphuric  acid,  using  the  same  amount  of 
fluoride  in  each.  Of  the  three  dilutions  tried,  the  t 
fifty  per  cent,  acid  is  the  best  for  the  purpose.  No.  5 
shows  the  diminishing  speed  of  the  reaction,  as  the 
time  of  treatment  is  increased.  Comparing  with 
No.  4,  it  seems  that  less  than  fifteen  per  cent,  decom- 
position takes  place  in  the  second  twenty  hours. 
Increasing  the  amount  of  catalyzer  has  more  effect 
as  No.  6  shows,  with  nearly  complete  decomposition 
in  twenty  hours.  Lower  temperature  very  noticcablv 
decreases  the  decomposition,  as  would  be  expected. 
No.  7  was  identical  in  ever}-  respect  with  No.  6  except 
that  the  temperature  was  lower,  and  the  amount 
decomposed  fell  from  88.9  to  72.4  per  cent.  It  was 
found  to  be  impracticable  to  heat  the  tubes  containing 
fluoride  much  above  1500,  as  they  invariably  burst: 
so  that  we  arc  unable  to  say  at  just  what  temperature 
decomposition  would  be  practically  complete  within 
twenty  hours. 

Heating  the  mineral  before  it  was  treated  in  the 
closed  tube  has  practically  no  effect.  An  experiment 
was  carried  out  which  duplicated  No.  4  in  everv  way 
except  that  the  feldspar  was  heated  to  redness  for 
a  half-hour  before  being  placed  in  the  bomb  with  the 
reagents.  The  per  cent,  of  decomposition  was  70.7, 
a  result  nearly  identical  with  No.  4. 

Sheffield  Chemical  Laboratory. 
Vale  I  diversity. 
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A  COI.OR1MK1RIC   METHOD   FOR  THE  DETERMINATION 
OF  CARBON   IN   IRON   AND  STEEL. 

lt\      I  i  R I        ECOHOUI 

R«  .  n  .  .1    I   uni.in    29.    I'll.' 

method  is  similar  t<>  the  one  proposed  by   Eg- 
and    maj    be    used    with    Stead's    modification. 

This  method  wis  worked  Out  and  used  by  the  write! 
while  engaged  in  iron  and  steel  analysis,  and  is  very 
useful    in   controlling   the    work    oi   an  open-hearth  or 

similar  furnace.  It  eliminates  all  necessity  for  cal- 
culation and  gives  direct  readings  which  are  accurate 
within  the  limits  of  colorimetric  wurk. 

The  method  consists  in  dissolving  the  sample  and  a 
standard  iron  or  steel  in  dilute  nitric  acid  (1-3)  and 
comparing  the  colors.  The  essential  difference  lies 
in  the  method  of  dilution.  In  the  old  and  ordinarily 
used  way  the  sample  is  diluted  to  a  definite  volume, 
and  the  standard  is  then  diluted  until  the  color  of 
both  the  solutions  is  the  same.  The  carbon  content 
of  the  sample  is  calculated  from  the  ratio  of  the  vol- 
umes of  the  two  solutions.  In  the  proposed  method 
the  standard  is  diluted  to  a  definite  volume  depending 
on  its  carbon  content,  thus  a  standard  of  0.5^  car- 
bon is  diluted  to  5  cc,  one  of  0.65%  to  6 . 5  cc,  etc. 
The  sample  is  diluted  until  the  colors  match.  The 
volume  of  the  sample  gives  its  carbon  content  di- 
rectly without  any  calculation.  Thus  if  the  sample 
contained   6.8   cc.    and   matched   a   standard    6   cc.    in 


volume,   the  carbon  content   "I    the  sample  was  0.68 

per   (int.    (\       It    is   always    best    to    use    a    standard   of 
aboul    tin  ntage  ol   carbon   as  thai   oi   the 

sample  so  that  the  height  of  the  two  solutions  will 
I »  aboul  the  same.  The  writer  used  tubes  7  mm. 
in  diameter  and  graduated  to  0.05  cc. ;  this  gave 
greatei  heighl  to  the  solution  and  allowed  the  volume 
to  be  read  very  closely.  The  weight  of  standard  a 
sample  taken  was  0.1  gram  each.  In  the  following 
table  the  volumes  given  lor  the  samples  are  the  mean 
of  several  determinations  run  with  each  stand. 
In  every  case  the  colors  matched  when  the  sample 
was  diluted  to  within  o.  1  ec.  of  the  amount  given  in 
the  third  column. 


Standard. 

Sample. 

Carbon  det. 

Carbon  det. 

by  direct 

by  direct 

combustion 

combustion 

in  oxygen.               Volume. 

Volume. 

Carbon. 

in  oxygen. 

Per  cent.                  cc. 

cc. 

Per  cent. 

Per  cent. 

0 . 06                         6.0 

5.5 

0.055 

0.057 

0.11                       110 

13.4 

0.134 

0.137 

0.56                         5.6 

5.8 

0.58 

0.58 

0.72                       7.2 

7.6 

0.76 

0.77 

0  89                       8   9 

8.4 

0  84 

0.86 

1.05                     10.5 

10.1 

1    01 

1.02 

The  results  are  very  slightly  lower  than  those  ob- 
tained by  direct  combustion,  but  are  close  enough 
for  routine  commercial  work  and  furnace  control. 


LABORATORY  AND  PLANT 


THE    DISTRIBUTION    OF    POWER    IN   PORTLAND  CEMENT 

MANUFACTURE.1 

By  Richard  K.  Meade. 

Received  February  24.  1912. 

In  the  manufacture  of  Portland  cement,  the  ques- 
tion of  power  enters  in  quite  largely.  In  the  manu- 
facture of  3,000  barrels  of  cement  per  day,  there  must 
be  ground  approximately  1.650  tons  of  material  to 
an  almost  impalpable  powder  every  twenty-four 
hours.  Nine  hundred  tons  of  this  represent  the  raw 
material  which  must  be  reduced  from  pieces  of  stone 
as  large  as  a  man  can  handle  to  such  a  degree  of  fine- 
ness that  from  90  to  98  per  cent,  of  the  powder  will 
pass  a  100-mesh  test  sieve.  Six  hundred  tons  repre- 
sent the  slag-like  clinker  which  must  be  pulverized 
so  fine  that  at  least  92  per  cent,  of  it  will  pass  this 
sieve,  while  the  remaining  one  hundred  and  fifty  tons 
consists  of  the  coal  for  heating  the  kilns,  which  is  pul- 
verized to  about  the  foregoing  degree  of  fineness. 
The  power  required  to  run  this  amount  of  machinery 
is  probably  greater  than  that  which  would  be  utilized 
in  the  manufacture  of  a  similar  value  of  any  other 
commodity. 

In  addition  to  running  the  machinery  necessary 
for  grinding,  power  is  required  in  quarrying  and  trans- 
porting to  the  mill  the  raw  materials,  in  operating  the 
elevators  and  conveyors  used  to  handle  the  product 
in    the   various   stages   of   its   manufacture,    to   revolve 


'  Read  at  the  meeting  of  the   American    Institute  ol   Cher 
neers  at  Washington.  December.   1911. 
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the  kilns  and  to  keep  moving  various  minor  opera- 
tions of  the  process. 

The  size  of  the  power  plant  which  will  be  required 
in  manufacturing  3,000  barrels  of  cement  per  day  will 
depend  largely  upon  the  class  of  material  to  be  ground, 
upon  the  type  of  machinery  used  to  do  this,  and  the 
degree  to  which  it  is  done,  as  well  as  the  proper  in- 
stallation of  the  plant  itself  and  the  means  of  trans- 
mitting the  power  to  the  machinery. 

The  general  character  of  the  power  generators 
themselves  and  the  arrangement  of  the  engine  and 
boiler  rooms  is  similar  to  that  of  other  manufacturing 
enterprises  where  much  slow-moving,  heavy  machinery 
is  operated.  Cross  compound  condensing  engines 
of  the  Corliss  type  are  generally  employed,  although 
in  electrically  driven  mills  the  steam  turbine  has  been 
used  successfully;  when  natural  gas  is  available,  gas 
engines  are  often  employed. 

The  steam  plant  usually  consists  of  water  tube 
boilers.  These  are  generally  of  the  horizontal  type, 
but,  occasionally,  vertical  boilers  are  employed.  At 
one  or  two  mills  the  boilers  are  arranged  to  utilize 
the  waste  gases  from  the  kilns  in  making  steam,  but 
this  installation  has  never  proved  very  satisfactory. 

The  transmission  of  power  can  be  effected  by  either 
shaft  or  electrical  drives,  but,  in  either  event,  the  dis- 
tribution of  the  power  to  the  mills  must  be  effected 
with  the  least  possible  loss  due  to  friction.  When  the 
transmission    is    non-electrical,    short,  powerful    shafts 
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are  used  which  are  driven  by  belting  or  rope  drives, 
directly  from  the  engines,  and  which  in  turn  transmit 
the  power  to  crushers  and  grinding  mills. 

'  In  designing  the  power  plant  of  a  shaft-driven 
icemcnt  mill,  it  has  usually  been  found  best  to  run  the 
,mills  grinding  raw  material  with  one  engine  and  those 
grinding  clinker  by  another,  rather  than  to  use  one 
large  engine  for  both.  It  has  also  been  found  best 
to  run  the  kilns  by  a  separate  engine  so  that  shut- 
idowns  may  be  avoided;  and  often  here,  too,  the  out- 
flying  machinery  will  be  driven  by  means  of  a  genera- 
tor and  motors. 

I'lii'  electrical  transmission  of  power  is  now  consid1 
ered  best  for  cement   mills   for  a  number  of  reasons : 
'First,  it  permits  of  a  better  arrangement  of  the  build- 
ings,  both  as  regards  future  extension  and  the  bring- 
ing in  of  supplies.     Second,  as  each  machine  is  run  by 
1  separate  motor,  the  plant  is  not  affected  by  the  shut- 
:ing  down  of  any  particular  machine  and  the  opera - 
;ion  is  more  continuous.      Third,  the  steam  turbine,  a 
/ery     economical     prime     mover,     can     be     installed, 
fourth,    the    upkeep    on    motors    is   less    than    on    line 
ihafts.      Fifth,    the    economy    under   varying    loads    is 
,'reater.     It    is    generally    conceded,     however,     that 
vhere  the  mechanical  transmission  is  a  good  one  it  is 
pore  economical  of  power,  but  the  foregoing  advan- 
]ages  are  now  considered  to  offset  the  greater  steam 
conomy   of   the   mechanical   system,    which   latter   is 
eldom  good.     This  is  owing  to  the  fact  that  an  in- 
tallation  of  Tube  mills  in  a  plant  of  any  size  requires 
luch  counter-shafting  or  else  their  being  run  with  a 
evel  gear,  while  Fuller  mills  and  Griffin  mills  require 
quarter  turn  belt.     For  this   reason  the  line  shaft 
ystem  is  seldom  placed  at  an  advantage. 

In  the  electrical  system,  the  engines  are  connected  , 
irect  or  by  belting  to  powerful  alternating  current 
ectric  generators  and  the  current  from  these  is  car- 
ed about  the  mills  by  copper  cables  and  distributed 
>  motors  which  are  directly  connected  sometimes 
y  gearing  but  preferably  by  belting  to  the  mills. 
sually  two  or  three  engines  of  equal  power  are  em- 
loyed  rather  than  one  large  one,  on  account  of  shut- 
>wns.  Where  water  power  is  at  hand  the  genera- 
>rs  are  connected  to  powerful  turbines  and  power  thus 
>ry  cheaply  obtained. 

One  of  the  defects  of  mills  actuated  by  horizontal 
alleys,  such  as  the  Fuller-Lehigh  mill  and  the  Griffin 
ill,  has  consisted  in  the  necessity  of  driving  them 
ith  a  quarter  twist  belt.  In  the  new  plants  em- 
oying  these  mills  this  has  been  done  away  with  by 
e  use  of  vertical  motors.  Practically  all  the  newer 
•  ills  have  adopted  the  plan  of  driving  their  kilns  and 
:achinery  in  outlying  buildings  by  means  of  indi- 
dual  motors,  even  where  the  rest  of  the  plant  is 
s|aft  driven.  In  such  a  plant  about  25  per  cent, 
the  power  is  transmitted  electrically. 
In  the  new  plant  of  the  Tidewater  Portland  Cement 
(>.,  Union  Bridge,  Md.,  not  only  the  kilns,  crushers 
i  d  grinding  machinery  are  motor-driven,  but  also  the 
enveyors.  are  so  operated.  Each  conveyor  and.ele- 
Uor  has  its  own  individual  motor,  doing  away  with 
pictically  all  shafting  in  this  mill. 


Alternating  current  generators  and  motors  arc- 
now  almost  universally  employed  in  cement  mills,  as 
these  are  less  effected  by  dust.  The  voltage  em- 
ployed is  usually  500  to  600. 

A  lew  of  tlie  western  plants  have  been  able  to  make 
use  of  cheap  hydrolytic  power  in  their  grinding.  In 
practically  all  cases,  the  power  has  been  purchased 
from  some  large  outside  corporation  developing  water- 
falls. Among  the  mills  at  which  this  has  been  done 
may  be  mentioned  the  Santa  Cruz  Portland  Cement 
Co.  and  the  Cowell  Portland  Cement  Co.,  both  of 
California,  and  the  Superior  Portland  Cement  Co.,  of 
Baker,  Washington.  At  some  of  the  Kansas  plants 
gas  engines  have  been  installed,  using  natural  gas  for 
power.     These  mills  also  use  natural  gas  for  burning. 

At  the  new  plants  of  the  Universal  Portland  Cement 
Co.,  a  subsidiary  concern  of  the  United  States  Steel 
Corporation,  the  waste  gases  from  the  blast  furnace 
are  used  to  generate  the  power  required  for  cement 
manufacture.  The  gas  engines  are  located  at  the  fur- 
nace and  are  connected  to  generators.  The  power  is 
transmitted  some  distance  in  each  case  to  the  cement 
mill.      A  separate  motor  is  used  for  each  machine. 

Ordinarily',  the  actual  amount  of  power  required  in 
the  manufacture  of  Portland  cement  is  considered  at 
about  24  horse-power  hours  (or  1  h.  p.  day)  per  barrel 
of  cement  produced;  or,  in  other  words,  to  manufac- 
ture 3,000  barrels  of  cement  per  day  3,000  horse- 
power equipment  will  be  needed.  The  actual  quan- 
tity varies,  as  we  have  said,  with  the  hardness  of  the 
raw  materials  and  of  the  clinker  and  also  with  the 
engineering  skill  with  which  the  plant  is  laid  out  with 
respect  to  power  transmission. 

At  one  of  the  newest  of  the  electrically  driven 
plants,  recording  Watt-meters  have  been  installed  in 
the  various  departments,  and  by  means  of  these  an 
accurate  record  is  kept  of  the  power  employed  in  the 
various  operations  connected  with  the  manufacture 
of  a  barrel  of  cement. 

The  figures  so  far  obtained  show  the  power  to  be 
distributed  as  follows: 

Per  cent. 

Air  drills  in  the  quarry 2.0 

Transportation  of  the  stone  to  the  crushers 0  4 

Limestone  crushers 18 

Shale  crushers 0.1 

Dryers 1.8 

Raw  ball  mills 5.2 

Raw  Fuller  mills 21.8 

Kilns 5.9 

Coal  mill 4.2 

Clinker  ball  mills. 2  0 

Clinker  Fuller  mills 4.3  .  2 

Shipping  and  packing  department 1.4 

Loss,  lights,  etc I0k2 

In  the  above  table  there  is  included   in   the  power 

for  each  step  that  which    is    required    to    convey  [the 

material   to   the    next.      This    accounts    for    the    high 

percentage  of    power    required    by  the  kilns,  as  some 

of  this  power  is  utilized  in  conveying  the  clinker  into  a 

large  clinker  storage  and   bringing  it   out   from  this  t-  ■ 

the  clinker  mill. 

In    this    plant,    the    raw    materials   consist   of    a^soft 

at 
limestone  and   shale.     Gyratory   crushers   are   used  to 

reduce  the  material  to  sizes  suitable  for  the  ball  mills, 
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ami  these  latter  .u-c  employed  bo  prepare  foi  the  Puller 
mills  the   raw    materials  and    the  clinkei 

hi.  1   to  a   fineness  ol    (><>  per  cenl .    |  100- 

mesh  sieve  The  clinker  may  be  classed  as  difficull 
to  pulverize,  as  it  is  always  burned  hard  in  order  to 
secure  high  quality. 

By  referring  to  the  table  it  will  he  seen  that.  30.7 
per  cent.  ..(  the  power  is  required  to  prepare  the  ma- 
terial lor  the  kilns  and  45  •  per  rent  lor  the  pulver- 
izing of  the  clinker.  The  other  24.1  per  cent,  is  em- 
ployed in  the  minor  departments  and  represents  also 
the  losses  in  transmission  lines,  etc. 

The  distribution  of  the  power  among  the  various 
departments  depends,  of  course,  largely  upon  both 
the  installation  and  the  materials  to  be  ground.  From 
a  ball  and  tube  mill  plant  the  following  figures  are 
obtainable: 

Per  cent. 

Crushers  and  dryers 5.6 

Raw  material  pulverizing 29.8 

Kilns 7.0 

Finishing  mills 39  .6 

Coal  mill  and  miscellaneous 18.0 

With  very  hard  raw  materials  the  power  required 
to  prepare  these  for  the  kilns  has  risen  to  50  per  cent, 
of  the  total  power  employed,  but  usually  this  depart- 
ment takes  a  little  under  one-third  of  the  total  power, 
and  the  clinker  mill  slightly  more  than  this. 

Roughly  speaking,  we  should  be  able,  on  an  aver- 
age, to  prepare  material  for  the  kilns  at  an  expendi- 
ture of  between  15  and  20  kw.  h.  per  ton;  or,  from  5 
to  7  kw.  h.  per  barrel  of  cement  produced.  For  the 
operation  of  the  kilns  and  dryers,  including  the  pulver- 
izing of  the  coal  for  the  former,  about  2  kw.  h.  per  bar- 
rel of  cement  should  be  sufficient,  while,  for  the  re- 
duction of  the  clinker  to  cement,  a  final  7  to  10  kw.  h. 
will  be  required,  or,  in  all,  from  14  to  19  kw.  h.  (or 
0.78  to  1.06  h.  p.  day)  per  barrel.  Rating  a  kw.  h. 
as  equivalent  to  about  3  pounds  of  ordinary  steam 
coal  (40,000  B.  t.  u.),  a  barrel  of  cement  would  repre- 
sent from  42  to  57  pounds  of  coal  for  power  and  from 
80  to  100  pounds  for  burning,  or  from  122  to  157 
pounds  in  all. 

The  question  has  been  raised  as  to  the  advantage 
of  employing  the  wet  process  for  burning,  thereby 
securing  a  more  easily  ground  clinker.  It  is  also 
claimed  that  the  wet  process  allows  the  raw  materials 
to  be  more  easily  ground.  The  wet  process,  how- 
ever, increases  the  fuel  required  for  burning  at  least 
one-third,  or  30  pounds  at  the  lowest.  As  this  quan- 
tity of  coal  is  usually  rated  in  practice  as  about  equiv- 
alent to  10  kw.  h.,  or  almost  as  much  power  as  is  re- 
quired to  grind  both  the  raw  materials  and  the  clinker, 
the  wet  process  on  the  score  of  power  economy  at  any 
rate  does  not  seem  to  promise  much. 

A  careful  analysis  of  the  power  question,  particu- 
larly where  fuel  is  cheap,  would  seem  to  indicate  that 
it  is  much  more  important  to  consider  grinding  ma 
chinery  with  a  view  to  repairs  and  attendance  than 
with  a  view  to  saving  of  horse-power.  Of  course, 
all  things  being  equal,  the  saving  of  horse-power  is 
essential,  but  in  choosing  machinery,  economy  of 
upkeep   is  fully  as  important  as  economy  of  power. 


v.    h.   will   usual],    CO    I    abi  .111    hah    .1   1 
erate  and   will  often  cover  the  1. 
rel    between    the    various    types   of    well-known    ; 
izers   used   in    the  cement   industry.       It    may   not,   how- 
ever, cover  the  difference  in  cost  of  repairs,  etc.     An 
analysis  ol   the  cost  sheets  ol   most  cement  plants  will 
show   that  the  cost    ol    attendance   and    repairs   in   the 
raw  and  clinker  grinding   departments  is  fully  a 
as     the    cost    of    the    power    delivered     to    then 
example: 

Operating  labor 2  .55 

Repairs 2.44 

Supplies 0.04 

5  03 

Power 3 .09 


Indeed,  the  cost  sheets  of  the  average  cement  mill 
will  show  repairs  to  be  a  larger  item  than  power. 
A  good  example  of  this  is  the  following: 

Per  bbl. 

Operating  labor SO .  20 

Repairs 0. 10 

Kiln  coal 0. 103 

Power 0 .  82 

Packing 0 .  034 

Office,  laboratory,  etc 0.016 


SO. 535 


This  data  is  taken  from  the  books  of  a  highly  suc- 
cessful new  mill  and  the  figure  obtained  is  only  achieved 
by  very  careful  and  efficient  management.  The  fig- 
ures for  power  and  repairs  may  both  be  considered 
lowland  serve  well  to  show  the  relative  relation  be- 
tween the  two  items. 

In  selecting  the  type  of  machinery  to  be  installed 
in  a  cement  plant,  therefore,  it  is  not  sufficient  to  con- 
sider merely  the  relative  power  consumed  by  the  differ- 
ent types  per  barrel  of  the  product  obtained,  but  also 
the  repairs.  The  mechanical  engineer  has  often 
shown  a  tendency  to  make  selections  based  solely  on 
power-efficiency  tests  made  in  the  machinery  manu- 
facturers' experimental  plant,  only  to  find  out  on 
actual  operation  that  the  cost  of  repairs  more  than 
offset  any  saving  in  the  coal  bill. 


NEW  FORMS  OF  APPARATUS  FOR  GAS  ANALYSIS.1 

By  F.  M.  Williams. 

Received  February  15,  1912. 

Probably  the  best  knowrn  and  most  widely  used 
apparatus  for  gas  analysis  is  that  of  Orsat,  or  one  of 
its  many  modified  forms.  The  numerous  modifica- 
tions wmich  have  appeared  from  time  to  time  bespeak 
a  high  tribute  to  the  general  utility  of  this  instrument 
and  also  a  keen  desire  to  remedy  its  shortcomings. 

The  faults  in  the  original  Orsat  apparatus  may  be 
briefly  summarized  as  follows : 

First.  Although  portable,  it  is  much  too  bulky.  I 
find  its  size  may  be  reduced  nearly  fifty  per  cent., 
still  retaining  the  ioo  cc.  measuring  burette  and  with- 
out impairing  accuracy  at  any  other  point. 

Second.  It  is  awkward  in  manipulation,  due  to 
position  of  burette  on  the  right-hand  side,  necessita- 

1  Paper  presented  at  meeting  of  Division  of  Industrial  Chemists  and 
Chemical  Engineers,  Washington,  December,  1911. 
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ting  either  left-handed  manipulation  or  crossing  the 
hands  in  the  line  of  vision  while  operating. 
.Third.  The  design  of  its  absorption  pipettes  with 
U-tube  or  goose-neck  reservoir  is  particularly  fragile 
and  liable  to  breakage  at  the  bend,  with  the  attendant 
unpleasant  deluge  of  highly  concentrated  caustic  solu- 
tions. 


Fig.  1. 


refill 


This  form  of  pipette  is  difficult   to  wash  and 
tnd  is  also  slow  in  its  absorption  of  gas. 

In  the  modifications  which  are  now  submitted  to  your 
avorable     consideration,     the     above 
loted     objections     have     been     over- 
ome. 

First.  You  will  note  a  marked 
eduction  in  size.  Model  "A,"  arranged 
pv  the  complete  analysis  of  com- 
bustible gases,  occupies  a  space  of 
ply  12  X  4  X  17}^  inches,  while 
he  flue-gas  apparatus,  Model  "B," 
;  only  gJ4  X  4   X    17V2  inches. 

The  measuring  burette  is  placed 
(t  the  left  side,  allowing  .freedom  of 
he  right  hand  in  manipulating  stop- 
'ocks,  etc. 

A  special  design  of  explosion  burette 
■  indicated  in  Fig.  2,  with  terminals 
ermanently  connected  to  bindin^- 
osts  on   outside   of   case.     The  bulb 

placed  lower  upon  the  tube,  permit- 
ng  15  cc.  of  clear  graduation  to  be 
tad    on    the    small    caliber    of     the 


are  shown,  the  simple  and  the  bubbling,"  either  form 
slipping  interchangeably  into  the  pipette  jar  or 
solution  reservoir,  with  the  closure  at  the  top  effected 
by  an  inexpensive  rubber  band. 

Both  forms  are  so  constructed  as  to  prevent  the 
thin  glass  tubes  from  falling  out  when  the  pipette 
is  removed  from  the  jar. 

The  simple  pipette  needs  little  comment. 

The  bubbling  pipette,  which  is  exceedingly  rapid  in 
absorption,  owes  its  high  efficiency  to  the  fact  that 
the  gas  is  not  only  caused  to  bubble  through  a  long 
column  of  liquid  but  the  bubbles  are  also  finely  broken 
up  by  the  thin  glass  tubes  with  which  the  pipette 
is  filled  and  a  large  absorption  area  is  presented  by 
the  wet  surface  of  these  tubes. 

While  the  arrangement  at  the  top  of  this  pipette 
somewhat  resembles  that  of  Babb,  this  difference  is 
to  be  noted — in  the  original  Babb  the  long  capillary 
tube  which  passes  to  the  bottom  of  the  pipette  enters 
at  the  center  or  highest  point  while  in  the  form  here 
presented  the  long  tube  enters  at  the  side,  allowing 
the  short  capillary,  through  which  the  liquid  is  brought 
up  to  the  reference  mark,  to  be  placed  at  the  highest 
point,  thereby  completely  removing  bubbles  from  the 
surface  of  the  liquid. 

The  mounting  of  the  glassware  in  the  case  is  such  as 
to  render  all  parts  accessible  and  instantly  removable 
for  cleaning  or  recharging.  The  T's  at  the  top  are 
held  in  a  channel  piece,  G,  resting  in  saddles.  The 
front  half  of  the  cross-piece,  H,  is  removable  by  lift- 
ing from  the  supporting  saddles  at  the  sides  of  the  case. 

The  exposed  portions  of  the  inside  of  the  case  are 
rubber  covered. 

The  detachable  three-way  T  stopcock,  with  hard 
rubber  pump  and  valves  shown  in  Fig.  2,  makes""it 
possible  to  take  a  dry  sample  of  gas  directly  from  the 
source  of  supply,  eliminating  the  inaccuracy  and 
bother    of    collection    over    water,    transference,    etc. 


urette  above  the  swell. 
The  next  point  to  be  noted  is  the 
^sorption  pipette,  of  which  two  forms 


Fig. 


Williams  IMPROVED  Gas  Apparatus 
Mi  'DEL  A. 
ForJComplete  Analysis  of  Combustible  Gas— Carbon  Dioxide,  Illuminants,  oxygen,  Carbon 
[Monoxide,  Hydrogen,  Methane  and  Nitrogen. 
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any  desired   period  oi    time.     This  method  ol   ci 
has  some  advantages,  al    least,  over  a   re'cordii 
instrument,    in    that    its  accuracy   and   adjustment    are 
unquestionable    and    we    are    also    able    to    det 
carbon    monoxide,    which    is   son, etin.es   an    impi 
1 .11  toi 


J9vAb/,r,V 


Fig.  3.— Williams'  Improved  Gas  Fig.  4.— Williams'  Improved  Gas 
Apparatus,  Model  B.  For  Analysis  Apparatus,  Model  C.  For  anal- 
of  Flue  Gas — Carbon  Dioxide.  Oxv-  ysisof  Flue  Gas — Carbon  Diox- 
gen.  Carbon  Monoxide.  ide,  Oxygen,  Carbon  Monoxide. 

After  connection  with  supply  the  pump  is  operated 
discarding  the  gas  !n  the  connecting  line  until  the  fresh 
sample  is  brought  up  to  the  apparatus,  when  by  turn- 
ing the  stopcock  and  lowering  the  water-level  bottle 
the  measured  sample  is  taken  directly  into  the  burette. 
I  This  feature  is  especially  advantageous  in  flue- 
gas  analysis,  when  the  apparatus  may  be  permanently 
housed  in  the  boiler-room  with  a  line  of  piping  run- 
ning to  the  flues  enabling  an  accurate  determination 
of  firing  conditions  to  be  quickly  made  at  any  time. 
The  introduction  of  an  aspirator  tank  into  the  line 
also  enables  an  average  sample  to  be  taken  covering 


Fig.  5.— Pipette  Details. 

In  conclusion,  the  writer  believes  that  years  of 
experience  with  various  kinds  of  gas  apparatus  war- 
rants the  statement  that  the  form  here  described  is 
without  an  equal  in  the  combination  of  convenience, 
accuracy,  rapidity  and  minimum  liability  to  breakage. 

Laboratory  of  F.  M.  Williams. 
Watertown,  N.  Y. 


CURRENT  INDUSTRIAL  NEWS 


ly  W.  A.  Hamor. 


TANNERY  WASTES  IN  SEWAGE. 
Glovcrsville,  N.  Y.,  the  center  of  the  glove  industry  in  this 
country,  has  had  a  particularly  trying  experience  with  damage 
suits  against  tanneries  located  there,  and  under  pressure  of  ad- 
verse verdicts,  supported  by  an  extensible  injunction,  the  city 
has  been  obliged  to  adopt  a  new  system  of  sewage  disposal. 
In  addition  to  the  glove  manufactories,  Gloversville  has  26 
tanneries,  at  which  glove  leather  and  the  finer  grades  of  shoe 
leather  are  prepared.  All  of  the  domestic  sewage,  tannery 
waste  (excluding  hair)  and  mill  refuse  were  formerly  emptied 
directly  into  an  adjoining  creek,  and  it  was  by  the  riparian 
owners  on  this  creek  that  the  successful  litigation  was  begun. 
The  gross  weight  of  wet  and  dry  hides  tanned  annually  in 
Gloversville  amounts  to  9,000,000  pounds,  and  about  8,000,000 
pounds  of  chemicals  arc  used  in  the  tanning  processes.  The 
analyses  of  the  creek  water  indicated  that  the  quantity  of  wastes 
which  found  its  way  from  the  tanneries  to  the  creek  averaged 
over  30,000  pounds  per  day;  and  it  has  been  estimated  that 
fully  one-half  of  the  total  weight  of  the  hides  and  chemicals 
used  in  the  processes  of  tanning  was  eventually  conducted  into 
the  creek.  The  City  Council  of  Gloversville  passed  an  ordinance 
requiring  all  wastes  from  the  tanneries  to  be  passed  through 
settling  tanks  before  discharging  into  the  intercepting  sewer. 
Since  this  ruling,  it  is  reported  that  if  the  tanks  are  kept  properly 


cleaned,  their  efficiency  is  very  satisfactory.  The  suspended 
matter  occasionally  exceeds  2,500  parts  per  million;  but  over 
90  per  cent,  of  the  suspended  matter  is  said  to  be  removed 
in  some  cases,  although  the  average  is  about  70  per  cent. 

The  Gloversville  situation  is  one  of  great  importance  to  chem- 
ical manufacturers,  and  to  tanners  in  particular,  in  view  of  the 
question  of  municipal  power  over  nuisances  in  waters  (see, 
in  this  connection,  /-.  R.  A.,  38,  324;  39,  649,  681).  Sedimenta- 
tion in  large  fields  had  been  found  to  be  unsatisfactory  and 
expensive  for  the  treatment  of  strawboard  waste  liquor,  in 
which  case  the  operators  proceeded  on  a  wrong  principle  (sec 
Water-Supply  and  Irrigation  Paper  No.  180,  U.  S.  Geological 
Survey,  1906,  p.  29).  However,  recent  results  at  Gloversville 
seem  to  show  that  tannery  wastes  may  be  treated  without 
resorting  to  mechanical  filtration. 

In  1 90 1,  a  very  important  question  arose  in  England  as  to 
whether  the  effluent  from  a  tannery  could  be  excluded  from  its 
sewage  system  by  a  rural  district  council  on  the  ground  that  it 
caused  a  nuisance  (Sevenoaks  Rural  District  Council  v.  Whitmore, 
Imp.  Inst.  J.,  July,  1901).  The  defendants  had  been  called 
upon  in  1886  to  erect  tanks  on  their  premises  in  which  the  effluent 
from  their  works  might  settle  before  being  pumped  on  to  a  sew- 
age farm.  They  complied  with  this  order,  but  their  later  re 
fusal  to  cut  off  their  connection  as  ordered  led  to  the  suit  in  1901- 
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The  defendants  claimed  that  the  nuisance  was  caused  by  un- 
skilful management  of  the  farm  and  that  tannery  effluents 
were  as  capable  of  bacterial  treatment  as  sewage.  A  decision 
was  rendered  in  favor  of  the  defendants,  on  the  ground  that  the 
sewage  farm  was  ineffective. 

A  biological  treatment  of  tannery  effluents  has  also  been 
proposed  (Eitncr,  Gcrber,  32,  199,  213,  227). 

Alsop  [Chan.  l-'ng.,  15,  115  (1912)]  has  recently  reported 
that  the  solids  of  tannery  waste  may  be  separated  from  the 
liquids  by  means  of  precipitating  tanks,  settling  basins  or  centrif- 
ugal separators.  He  considers  that  the  best  plan  is  to  use 
continuous  centrifugal  separators,  which  give  control  of  the 
odors,  and  by  means  of  which  the  solidj  can  be  placed  in  re- 
ceptacles for  incineration,  for  chemical  treatment  to  recover 
ammonia,  greases,  etc.,  or  for  drying  for  use  as  fertilizers.  The 
liquid  waste,  after  the  removal  of  the  solids,  is,  according  to 
AJbop's  plan,  run  through  ozone  atomizers  in  a  spray  tower, 
falling  on  coke  niters  through  which  currents  of  ozonized  air 
are  continuously  passing.  It  is  said  that  the  effluent  resulting 
from  this  treatment  is  entirely  unobjectionable  from  a  sanitary 
standpoint,  and  that  the  cost  of  the  treatment  will  in  no  case 
.•xcecd,  with  all  expenses  of  every  kind,  10  cents  per  one  thousand 
gallons  of  effluent. 


SCIENTIFIC  METHODS  IN  EARTHENWARE  MANUFACTURE. 

It  has  been  said  that  the  technology  of  the  lower  grades  of 
pottery  (common  earthenware,  Rockingham  ware,  majolica, 
faience,  and  stoneware)  is  comparatively  simple;  this  is  un- 
loubtedly  correct,  viewing  the  earthenware  industry  as  it  exists 
to-day,  but  it  is  also  true  that  less  advantage  has  been  taken 
A  scientific  methods  and  research  in  earthenware  manufacture 
:han  in  other  industries.  Harkort  has  recently  discussed 
Z.  angew.  Client.,  24,  2348)  the  composition  of  earthenware 
Dodies  and  its  relation  to  scientific  results;  it  is  from  this  eon- 
xibution  that  the  following  material  is  taken. 

The  strength  of  earthenware  is  dependent,  not  as  in  porcelain 
in  the  fusion  of  the  feldspar,  but  principally  upon  the  close 
>acking  of  the  clay  particles;  it  follows,  therefore,  that  a  de- 
:ermination  of  strength  merely  by  the  "ring"  of  the  articles 
eaves  out  of  account  such  factors  as  thickness,  shape,  etc. 
rhe  value  of  earthenware  depends,  to  a  large  extent,  upon  the 
lawless  adhesion  of  the  glaze,  and  as  a  defect  may  not  become 
ipparcnt  for  a  considerable  period,  a  rapid  method  of  testing 
s  important.  Harkort  heats  the  test-pieces  in  an  electric  oven, 
n  which  the  temperature  is  gradually  increased,  and  quenches 
hem  in  water  from  different  temperatures.  His  observations, 
xtending  for  a  year,  have  demonstrated  that  test-pieces  which 
rill  stand  higher  temperatures  withstand  ordinary  variations 
'!  temperatures  longer;  and  that  if  no  cracks  are  developed  at 
I  certain  quenching  temperature,  a  satisfactory  deportment 
owards  changes  of  temperature  can  be  predicted.  Seger 
ttributcd  the  formation  of  cracks  and  the  splitting  off  of  a 
laze  to  a  difference  between  the  coefficients  of  expansion  of 
he  bod)  and  the  glaze.  Damaur  made  measurements  on  earth- 
aware  bodies  and  confirmed-  Segcr's  assumption;  he  showed 
hat  the  coefficient  of  expansion  increased  with  an  increase  in 
he  silica  content,  but  was  affected  by  the  temperature  of  firing, 

this  is  raised  to  the  point  of  fusion.  Harkort  finds  that  silica 
iwers  the  expansion  in  glazes,  but  in  sintered  bodies  the  opposite 
fleet  is  observed,  since  it  retards  the  drawing  together  of  the 
articles  of  clay  substance;  and  that  when  the  silica  is  fine- 
rained,  the  bodies  are  less  liable  to  have  glaze  cracks.  By 
leans  of  his  quenching  process,  definite  limits  have  been  found 
>r  the  ratio  of  clay  substance  to  silica  in  earthenware  bodies. 
1  certain  amount  of  clay  substance  must  be  present  to  yield 
n  easily  workable  body,  but  the  silica  content  must  be  such 
iat  the  coefficient  of  expansion  represents  an  applicable  value. 
f  is  pointed  out  that  while  finely  ground  silica  must  be  added 


as  sand  is  eliminated  from  well-washed  clays,  its  addition  has 
a  tendency  to  weaken  a  body,  and  a  high  temperature  of  firing 
which  would  tend  to  strengthen  would  be  disadvantageous  from 
the  point  of  view  of  the  formation  of  glazed  cracks,  as  the  density 
developed  promotes  their  formation.  It  is  found  that  the 
larger  the  fire-shrinkage  is, the  smaller  the  coefficient  of  expansion, 
and  the  greater  the  sintering  the  larger  the  expansion.  Addi- 
tions of  lime  and  feldspar  increase  the  strength  of  the  biscuit: 
tile  effect  of  the  feldspar  is  attributable  to  its  fusion,  but  at 
that  temperature  deformation  results,  although  this  is  not 
observed  when  lime  is  added  in  amounts  up  to  20  per  cent.; 
lime  alone  softens  a  body,  and  the  burning  temperature  is 
slightly  increased. 


THE  DECOLORIZATION  OF  SUGAR  JUICE  WITH 
"  EPONITE." 

In  1910,  a  substitute  for  animal  charcoal  in  sugar  refining 
was  placed  on  the  market  by  a  Stockcrau  firm;  this  decolorizing 
substance,  called  "Eponite,"  is  now  being  manufactured  by 
two  European  companies,  and  is  said  to  have  received  favorable 
consideration  by  some  sugar  refiners. 

Eponite,  as  marketed,  is  a  fine  mealy  powder,  possessing  a  dull 
black  color;  it  contains  about  82  per  cent,  of  carbon  and  1.7 
per  cent,  of  ash,  and  seems  to  be  of  vegetable  origin.  Strohmer 
(Oestcrr.-Ungar.  Z.  Zuckerind.,  39,  687)  conducted  experiments 
which  showed  that  it  effected  decolorization  best  on  being  heated 
with  the  sugar  liquor  for  ten  minutes  at  80 °  C.  with  agitation, 
and  that  it  had  10  times  the  decolorizing  power  of  new  char  of 
fine  grain  and  good  quality.  He  found  that  whereas  an  ordinary- 
refinery  charcoal  had  no  decolorizing  action  whatever  on  a  0.25 
per  cent,  solution  of  saccharane,  a  definite  chemical  constituent 
of  caramel  (Ehrlich,  Bull.  Assn.  Chnn.  Sua.  et  Dist.,  27,  140), 
eponite,  under  the  same  conditions,  decreased  the  dark  color 
of  the  solution  by  about  40  per  cent.  Further  experiments 
by  Strohmer  demonstrated  that  its  decolorizing  power  was  not 
affected  by  the  reaction  of  the  solution;  that  it  did  not  absorb 
sugar  from  concentrated  solutions  when  heated  for  10  minutes 
at  80°  C;  and  that  it  had  a  deodorizing  action  on  impure  sugar 
solutions,  a  property  of  some  importance  when  working  with 
beet  liquors.  He  also  pointed  out  that  the  very  high  decolor- 
izing power  of  eponite  would  permit  of  smaller  plant  than  is 
at  present  required  for  passing  sugar  liquors  over  charcoal, 
and  that  treatment  in  small  tanks  with  the  separation  of  the 
spent  material  by  small  filter-presses  would  appear  feasible. 

The  experiments  made  by  Prinsen-Geerligs  {Archie}  Suikerind. 
Nederl.-Ind.,  19,  1085),  published  more  recently,  indicate  that 
eponite  is  hardly  suitable  for  the  decolorization  of  sugar  juice 
in  practice.  From  experiments  on  the  large  scale  in  the  refinery, 
it  «as  found  by  Prinsen-Geerligs  that,  taking  the  total  cost  of 
decolorizing  with  animal  charcoal  as  1.0,  that  with  eponite  is 
1.7,  and  with  another  material,  "Blankit,"  2.0.  Apart  from 
the  disadvantage  of  its  comparatively  high  cost,  he  concluded 
that  eponite  is  unsuitable  for  use  because  it  passes  to  a  greater 
or  less  extent  through  all  filtering  materials,  owing  to  its 
very  finely  divided  state.  As  a  result,  there  appears  in  the 
juice  or  sirup  a  black  turbidity  which  exerts  a  detrimental 
influence  on  the  color  of  the  finished  product. 


THE  PREVENTION  OF  IRON  AND  STEEL  CORROSION. 

The  Bradley  process  of  rust-proofing  iron  and  steel,  as  described 
by  Brown  (sec  Eng.  Mm.  /.,  93,  No.  11,  538),  consists  in  pro- 
ducing an  unoxidizable  coating  on  the  surface  of  the  metal. 
This  is  effected  by  heating  the  iron  or  steel  objects  in  a  muffle 
furnace  heated  with  coal  or  coke.  After  introducing  the  objects 
into  the  furnace,  the  doors  are  scaled  with  brick  to  exclude 
air,  and  a  jet  of  hydrogen  is  passed  into  the  muffle  to  mingle 
with  a  stream  of  kerosene  which  is  forced  into  the  muffle  under 
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pressure.  The  iron  or  steel  object:  becomi  coated  with  a  carbon 
,ui<l  iron  compound  possessing  a  blue  color  when  the  < >1 » j»  ^  t •. 
oved  from  the  Furnace;  when  cool,  a  thin  coating  ol  tin 
seed  "il  is  applied,  changing  the  coloi  to  a  deep  black.  The 
coating  is  said  to  resemble  thai  produced  by  the  Bower-Barfi 
process  in  appearance,  and  to  have  a  hardness  of  about  9. 

A  Pittsburgh  manufacturing  firm  has  for  sonic  time-  bun 
making  a  special  study  of  slow-corroding  steel  for  pipe,  and  is 
reported  to  have  succeeded  in  developing  a  soft  steel  having 
an  exceptionally  high  degree  of  uniformity.  This  is  said  to 
have  been  further  improved  by  a  patented  process  of  hot  forg- 
ing,  known  as  Spellei uring,  which  is  applied  to  the  metal  in  the 
course  of  manufacture,  and  which  renders  the  surface  more 
uniformly  dense  and  less  liable  to  become  pitted.  It  is  claimed 
that  this  steel  will  give  good  service  in  cases  where  no  protective 
coating  can  be  applied.  To  protect  pipe  from  moisture,  the 
same  company  has  developed  a  coating  to  be  applied  to  pipe 
ranging  from  3  to  i8'/2  inches  in  diameter. 

The  Coslettizing  process,  said  to  produce  a  black,  rust-proof 
finish  on  iron,  consists  in  boiling  the  article  in  a  solution  of  1 
ounce  of  iron  filings  and  4  ounces  of  phosphoric  acid  in  1  gallon 
of  water. 


LOHMANNIZING. 

The  protection  of  iron  and  steel  is  at  present  effected  by  means 
of  three  zinc  coating  processes:  the  old  "hot  galvanizing"  process, 
the  "cold  galvanizing"  process  (electrolytic  zinc  plating),  and 
the  "sherardizing"  process  (see  Met.  Chem.  hid.,  6,  189;  io, 
253).  The  process  of  "Lohmannizing,"  invented  by  H.  J. 
Lohmann,  differs  from  these  in  that  it  is  not  restricted  to  the 
application  of  zinc  coatings,  but  may,  it  is  claimed,  be  used 
for  coatings  of  zinc,  lead,  and  tin  in  varying  preparations  to 
suit  the  requirements  of  each  case. 

The  process  of  Lohmannizing  begins,  as  usually,  with  pickling 
the  iron  and  steel  articles  in  a  bath  of  sulphuric  acid.  Then 
the  article  is  dipped  into  the  Lohmann  bath,  which,  being 
"composed  of  an  acid  and  an  amalgamated  salt,  further  cleanses 
the  pores  and  cavities,  and  deposits  metallic  salt  upon  the  entire 
surface,  penetrating  into  the  most  minute  pores  and  cavities." 
The  patent  specification  states  that  the  Lohmann  bath  is  a 
solution  of  hydrochloric  acid,  mercuric  chloride,  and  ammo- 
nium chloride.  Next  follows  drying  and  then  immersion  in  the 
molten  protective  alloy  which  is  at  a  temperature  of  950  to 
10000  F.  "An  amalgam  or  chemical  union  is  thus  formed 
between  the  amalgamating  salt  and  the  protective  alloy." 
The  temperature  of  the  immersed  article  rises  in  contact  with 
the  molten  alloy,  and,  when  it  reaches  a  temperature  of  500 °, 
volatilization  of  the  mercury  occurs.  Since  the  mercury  passes 
from  the  surface  of  the  alloys  the  complete  surface  is  said  to 
be  left  free  and  open  for  the  protective  alloy  to  fill  its  pores 
and  cavities,  there  being  freedom  from  oxidizing  influences. 
As  it  is  said  that  it  is  possible  to  obtain  a  perfectly  satisfactory 
lead  plating  by  the  Lohmann  process,  it  would  seem  that  the 
process  would  be  of  value  in  the  production  of  lead-lined  apT 
paratus. 


THE  INFLUENCE  OF  ADDITIONS  TO  BRONZE. 
Bronze  composed  of  copper  and  up  to  20  per  cent,  of  tin  is 
usually  specified  for  monumental  work.  It  has  been  found, 
however,  that  the  shrinkage  of  these  pure  copper-tin  bronzes 
is  considerable,  and  since  it  militates  against  the  precise  jointing 
of  large  bronze  works  of  art  cast  in  several  pieces,  undesirable 
experiences  have  been  the  result.  Von  Miller  [Metallurgie, 
9,  63  (1912)],  after  experimenting  on  a  bronze  composed  of 
92  per  cent,  of  copper  and  8  per  cent,  of  tin,  has  come  to  the 
following  conclusions:  Shrinkage  can  be  appreciably  diminished 
only  by  the  addition  of  about  10  per  cent,  of  zinc  in  the 
presence  of  tin.     Cobalt,  aluminium,  silicon,   iron,  and  nickel 


id.  shrinkage.  Tensile  strength  is  increased  bj  cobalt 
nickel  and  manganese,  but  is  considerably  lowered  b\  antimony 
and  zinc.     Cutting,  boring,  chiseling  and  engraving  an  r< 

easier   by    up    to    2    per   rent,   of   antimony   and    lead,    ami    iiiok 
difficult   by  nickel  and  manganese.     The  addition  of  tui 
nickel,    iron,  n  ..r    cobalt    raises    the    melting 

The   formation   of   a   patina   is  less  on  bronzes  containing  zinc 
and  aluminium,  but  is  greater  on  those  containing  cobalt,  nickel, 
antimony,  iron,  silicon,  or  phosphorus  than  on  a  normal 
tin  bronze.     Patina  formation  was  tested  for  with  a  weak  solu- 
tion of  ammonium  sulphydrate  containing  sulphur. 


COPPER  FUNGICIDES. 
Pickering  [_/.  Agric.  Set.,  4,  273  (1912)]  points  out  that  the 
most  effective  form  of  Bordeaux  mixture  is  obtained  by  adding 
lime  water  to  copper  sulphate  until  just  short  of  alkalinity. 
This  basic  sulphate,  which  possesses  the  formula  10  CuO.SO, 
and  is  known  as  Woburn  Bordeaux,  has  been  shown  by  di-ect 
experiments  to  be  equivalent  to  6  times  the  weight  of  ordinary 
Bordeaux.  According  to  Pickering,  the  copper  in  Bordeaux 
mixture  is  rendered  soluble  by  the  carbon  dioxide,  and  dis- 
solved copper  is  invariably  present  in  the  drip  water  collected 
from  trees  which  have  been  sprayed.  Gimingham  and  Barker 
(/.  Soc.  Chem.  hid.,  ion,  760)  have  suggested  that  the  solvent 
of  the  normally  insoluble  copper  compound  is  a  substance  ex- 
creted by  the  fungus  itself;  but  this  is  denied  by  Pickering  and 
experiments  are  described  to  prove  that  the  copper  in  Bordeaux 
mixture  is  brought  into  the  soluble  condition  by  the  action 
of  air.  Pickering  shows  that  the  greater  the  excess  of  lime 
present  the  longer  is  the  interval  before  this  action  commences; 
that  Bordeaux  mixture  does  not  dissolve  sufficiently  to  give 
a  reaction  for  copper  with  ferrocyanide,  although  it  does  dis- 
solve enough  to  react  with  iron;  that  an  atmosphere  of  carbon 
dioxide  greatly  accelerates  action,  but  until  the  carbon  dioxide 
actually  reaches  a  certain  proportion  a  reduction  of  action  is 
noticed;  and  that  action  is  also  increased  by  the  presence  of 
calcium  sulphate.  It  would  appear  that  if  fungicidal  action 
were  dependent  upon  a  solvent  material  exuded  from  the  fungus, 
all  basic  sulphates  and  carbonates  of  copper  would  be  equally 
efficacious  for  a  given  weight  of  copper  present;  but,  as  shown 
by  Pickering,  this  is  not  the  case. 


THE  UTILIZATION  OF  THE  POTASSIUM  CONTENT  OF 
MINERALS. 

Aschan  [Z.  anorg.  Chem.,  74,  55  (1912)]  has  recently  investi- 
gated the  utilization  of  the  potassium  contents  of  the  "Rapakivi" 
and  pegmatite  granites.  He  has  found  that  the  potassium 
present  in  the  feldspar  may  be  rendered  soluble  in  water  by 
fusing  the  powder  with  anhydrous  calcium  chloride  or  with 
lime  and  sodium  chloride  (see,  in  this  connection,  Rhodin, 
/.  Soc.  Chem.  Ind.,  1901,  431),  and  both  methods  are  considered 
of  possible  value  in  rendering -the  potassium  available  for  agri- 
cultural purposes,  the  former  presenting  distinct  advantages 
if  the  calcium  chloride  is  obtainable  cheaply.  Aschan  found 
that  the  greater  part  of  the  potassium  in  feldspar  may  also  be 
rendered  soluble,  as  hydroxide,  by  heating  under  pressure 
with  lime  and  water.  He  found  that  treatment  with  acids 
was  unsuitable. 


PURIFICATION  OF  WATER  BY  FORCED  OXIDATION. 

It  is  reported  that  at  Cardiff,  Reading,  Tunbridge  Wells,  and 
elsewhere  in  Great  Britain,  a  new  system  of  purifying  water  is 
in  operation,  'and  the  results  have,  so  far,  been  apparently 
satisfactory.  The  "Candy"  apparatus  consists  of  a  steel  cylinder, 
the  lower  portion  of  which  contains  the  filtering  media — fine 
silica  grit,  sand,  and  a  special  oxidizing  substance  termed 
"oxidium."     A     special     correspondent    of     Metallurgical    am 
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Chemical  Engineering  (10,  No.  2,  p.  86)  reports  that  the  water 
to  be  purified  is  forced  into  the  cylinder  at  a  pressure  of  from 
-  5  lbs.  to  25  lbs.  per  sq.  in.,  depending  upon  the  character  of  the 
water,  and  compresses  the  air  in  the  upper  portion  thereof, 
thereby  increasing  to  a  considerable  extent  the  amount  of  oxygen 
dissolved  in  the  water;  in  cases  of  highly  impure  water,  the  air 
supply  may  be  maintained  at  the  necessary  rate  by  the  aid  of 
a  small  force-pump".  By  this  new  apparatus  it  is  said  that 
oxidation  of  the  dissolved  iron  compounds  is  so  rapidly  effected 
that  the  water  leaves  the  filter  practically  free  from  iron.  Organic 
matter  also  seems  to  be  thoroughly  removed.  It  is  said  that 
the  cleansing  of  the  filter  may  be  easily  conducted  by  reversing 
the  flow  of  water,  and  it  is  stated  that  the  quantity  of  water 
required  for  washing  does  not  exceed  0.75  per  cent,  of  the  quantity 
filtered.  A  filter  8  ft.  3  in.  in  diameter  is  said  to  be  capable 
of  dealing  with  some  9,000  gal.  per  hour,  and  the  capital  cost 
of  the  apparatus  is  reported  to  be  only  from  $15  to  $20  per 
1,000  gal.  working  capacity  per  day.  Working  expenses  are 
put  at  So. 24  per  1,000,000  gal.  for  the  "Candy"  apparatus. 


THE  "CHLORIDE"  WATER  PURIFICATION  PROCESS. 

According  to  a  patented  process  described  by  W.  B.  Bull 
(Mun.  Eng.,  42,  159),  salt  brine  is  electrolyzcd  in  suitable  cells; 
the  resulting  sodium  hydroxide  solution  is  concentrated  and 
either  sold  or  employed  as  a  softening  agent  in  the  water  supply; 
the  chlorine  gas  produced  is  conducted  into  water,  and  the 
resulting  chlorine  water  is  passed  upwards  through  a  conical 
receptacle  containing  iron  refuse,  passing  off  therefrom  as  a 
ferric  chloride  solution,  which  is  used  in  the  same  way  as  alum 
solution  for  the  purification  of  water.  Ferric  chloride  is  said 
by  Bull  to  replace  alum  at  a  fraction  of  the  cost  of  the  latter, 
and  to  be  an  improvement  on  the  "iron  and  lime"  process  of 
purification. 


THE  SERPEK  PROCESS  OF  NITROGEN  FIXATION. 

The  Serpek  process  consists  in  heating  bauxite  with  coal 
at  a  temperature  of  17000  to  18000  C.  It  is  said  that  15  to 
18  per  cent,  of  nitrogen  is  absorbed  as  aluminum  nitride.  Treat- 
ment of  the  nitrogen -carrying  bauxite  with  sodium  hydroxide 
liberates  ammonia,  and  it  is  claimed  that  the  profit  from  the 
ammonia  reduces  the  cost  of  alumina. 


DIASTAFOR  IN  THE  TEXTILE  INDUSTRY. 

Recent  investigation  has  shown  that  diastase  contains  two 
enzymes  capable  of  attacking  starch.  In  1906,  Fraenkel  and 
Hamburg  separated,  by  dialysis,  an  enzyme  which  both  lique- 
fied and  saccharified  starch  from  one  which  only  liquefied  it,  and 
further  proved  that  diastase  is  not  an  albumin.  Quite  recently, 
Hamburg  [see  /.  Soc.  Dyers  and  Col.,  28,  7-14  (1912)]  has 
recommended  "Diastafor"  for  use  in  textile  industries  as  a 
uniform  product.  He  has  found  that,  for  sizing  yarns,  farina 
converted  by  diastase  easily  penetrates  the  fiber,  and  for  heavy- 
sizes,  the  weighting  material  penetrates  with  it.  In  silk  dyeing, 
increased  strength  and  elasticity  is  given  to  the  material.  Ham- 
burg states  that  "Diastafor"  may  be  extensively  used  before 
bleaching  operations  for  the  removal  of  the  sizing,  the  subsequent 
boiling  operations  in  alkalies  being  in  this  way  considerably 
shortened;  this  ensures  greater  preservation  of  the  fiber  and 
imparts  a  fuller  handle  to  the  goods.  "Diastafor"  is  also  used 
for  degumming,  since  at  low  temperatures  the  color  is  not  affected ; 
lor  discharging  when  a  half-bleach  is  required,  or  prior  to  mer- 
cerizing; and  for  the  production  of  uniform  finishes.  "Diastafor- 
starch"  finishes  are  said  to  penetrate  the  fiber  evenly  and  to 
prevent  the  color  from  being  saddened,  thus  producing  very 
satisfactory  results  with  regard  to  brightness,  weight,  handle, 
etc.,  of  the  goods. 


WOOD  PRESERVING. 

At  the  Eighth  Annual  Convention  of  the  Wood  Preservers' 
Association,  held  in  Chicago,  H.  F.  Weiss  pointed  out  the  possi- 
bilities of  conditioning  wood  with  chemicals  to  change  the  ap- 
pearance of  a  wood,  such  as  beech  to  silvcrwood,  and  yellow 
birch  to  resemble  black  walnut,  and  stated  that  this  process 
may  have  commercial  value  when  the  experimental  stages  are 
concluded. 

H.  von  Schrenk  stated,  in  the  course  of  a  paper,  that  the  heavier 
the  oil  the  longer  the  life  obtained ;  but  pointed  out  that  speci- 
fications calling  for  a  density  in  creosote  oil  of  1.10  or  more 
were  impossible  of  attainment,  for  the  heaviest  oils  known 
rarely  exceed  1.082,  and  to  make  an  oil  with  a  specific  gravity 
of  1. 10  or  more  means  that  coal-tar  pitch,  etc.,  has  to  be  added 
to  creosote.  It  may  be  noted  that  the  reason  usually  given 
for  demanding  a  high  density  oil  has  been  that  such  an  oil  would 
make  the  blocks  more  or  less  waterproof;  but  von  Schrenk  failed 
to  find  any  marked  evidence  for  this  claim. 


A  NEW  FILTERING  MATERIAL  FOR  ALKALINE  LIQUIDS. 
In  a  recent  patent  (German  Patent  241,710),  the  claim  is 
for  the  use  of  "carbon-stones"  as  filtering  material  for  acid 
and  alkaline  liquids.  "Carbon-stones,"  which  have  been  hitherto 
employed  only  for  lining  blast-furnaces,  are  prepared  by  grinding 
coke  of  low  ash  content,  mixing  it  with  about  20  per  cent,  of 
tar,  compressing  the  mass  in  moulds,  and  then  heating  with 
exclusion  of  air.  It  is  said  that  they  can  be  used  for  the  filtra- 
tion of  boiling  concentrated  solutions  of  potassium  or  sodium 
hydroxides. 


PUMPS. 
At  one  time  pumps  for  only  low  pressure  were  manufactured, 
but  the  development  of  large  chemical  industries  has  rendered 
necessary  extensive  improvements  in  pump  manufacturing 
industry,  so  that  now  there  are  pumps  capable  of  handling 
corrosive  acid  and  alkaline  solutions,  sewage  and  paper  pulp, 


3octiom 
Plan  of  a  New  Steam  Pump. 


and  withstanding  very  high  pressures.  We  have,  moreover, 
reciprocating  and  centrifugal  pumping  machinery  of  various 
designs,   elevator   pumps,    fire   service   pumps,    geared   pumps, 
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hydraulic  transmission  pumps,  "hydropulsators,"  multi-stag) 
high-lift  centrifugals,  screw  pumps,  turbine  pumps,  vacuum 
pumps,  i  tc 

Foi  use  in  connection  with  hydraulic  forging  presses,  drawing 
benches,  cartridge-case  presses,  etc.,  pumps  are  sometimes 
made  «  hich  suppl)  watei  at  pressures  ol  from  3000  to  6000  pounds 
pei  square  inch,  However,  the  capacity  <>f  such  pumps  rarel) 
exceeds  10  or  15  gallons  per  minute.  According  to  Engineering 
\ .  ..  ■ .  (17,  563,  two  |>mii|)s  have  been  recently  built  by  a  Holyoke, 
Mass.,  company  which  are  designed  for  a  pressure  <if  5000 
pounds  per  square  inch  with  a  capacity  of  50  gallons  per  minute. 
These  pumps  are  of  the  horizontal  duplex  tyi>e  with  outsidc- 
end-packed  plungers,  and  each  has  four  2l/8-inch  diameter 
plungers  with  a  common  stroke  of  18  inches. 

The  accompanying  illustration  shows  a  design  which  has 
recently  come  into  use  for  pumping  the  black  alkaline  liquors 
used  in  pulp  mills.  This  liquor  is  very  corrosive  to  brass  or 
bronze,  but  not,  it  is  said,  to  "charcoal  iron,"  and  consequently 
the  problem  of  design  has  been  to  make  cylinders,  plungers, 
and  valves  so  that  every  part  of  the  pump  coming  into  contact 
with  the  liquor  could  be  constructed  of  iron.  In  this  new 
design,  manufactured  by  a  Buffalo  company,  this  is  claimed 
to  have  been  accomplished.  The  plungers  are  guided  mainly 
from  cross-head,  with  short  guide  in  the  cylinder,  the  latter 
sufficient  to  keep  the  plungers  in  line  without  wearing  the  pack- 
ing and  causing  a  leaky  pump.  The  passage  of  solid  matter 
in  suspension  without  clogging  the  valves,  choking  the  water- 
ways, or  fouling  the  plunger,  is  said  to  have  been  accomplished 
by  providing  a  low  velocity  of  the  liquid  through  the  pump, 
by  using  large  waterways  and  valve  areas.  Each  valve  has 
its  separate,  removable  cover;  and,  under  ordinary  circumstances, 
no  springs  are  used,  the  valves  being  of  just  the  weight  necessary 
to  close  without  "slam." 


"RATISAL,"  A  TRAP  SUBSTITUTE. 

A  device  intended  to  handle  water  of  condensation,  which 
has  been  given  the  name  "Ratisal"  by  its  inventor,  H.  C.  Sommer, 
of  Diisseldorf,  Germany,  consists  of  a  tube-like  conical  shell 
containing  a  removable  tube  upon  the  external  surface  of  which 
is  formed  a  spiral  screw.  During  normal  operating  conditions 
the  valve  attached  to  the  device  is  closed  and  the  water  of  con- 
densation is  thus  forced  to  find  an  exit  through  the  sinuous 
canal  of  gradually  decreasing  cross-section  formed  by  the 
spiral  screw  and  the  inner  surface  of  the  shell.  .Since  the  canal 
is  of  considerable  length,  the  frictional  resistance  offered  to 
the  passage  of  the  water  is  almost  equivalent  to  the  pressure 
of  the  steam  in  the  space  being  drained.  By  adjusting  the 
sectional  area  of  the  canal,  it  is  said  that  the  frictional  resistance 
may  be  regulated  so  that  the  water  will  have  any  desired  pressure 
as  it  emerges  from  the  device  up  to  within  a  small  degree  of 
that  of  the  steam.  In  order  to  accomplish  this,  two  sizes  of 
copper  wire  spirals  are  provided  to  wind  into  the  screw  to  dimin- 
ish the  effective  area.  "Ratisal"  is  said  to  force  the  waste 
water  through  the  drain  pipe  continuously  and  without  loss  of 
steam. 


A  DRY  FIRE  EXTINGUISHER   FOR   ELECTRIC  INSTALLA- 
TIONS. 

According  to  Elektrolechnik  und  Maschinenbau,  29,  581, 
tests  were  recently  made  on  the  "Elektra  Trockenfeuerloscher" 
in  the  Cologne  municipal  electric  works.  The  apparatus, 
which  is  made  by  a  Koln-Lindenthal  manufacturer,  is  a  slightly 
conical  tube,  750  mm.  long,  charged  with  a  white  powder  which 
liberates  carbon  dioxide  when  heated;  the  tube  consists  of  an 
insulating    material,    2    mm.    thick.     The    powder    is    reported 


to   have   stood    50,000   volts  alternating   for   five   minuti 
forming  a  bridge  between  terminals  of  the  horn  type.     Ares 
tinguished  by  throwing  the  powder  011  tin  111.  and  a  tin 
built  of  wood  soaked   in  petroleum,  sending  up  flames 
two    vertical   busbars   under    t2,000   volts  alternating, 
tinguished   without  danger  to  the  operators  anil   without   giving 

rise  to  strong  current  fluctuations. 


A  NEW  PATTERN  IN  SPRAY  NOZZLES. 

A  "new  and  improved"  spray  nozzle 
for  sulphuric  acid  chambers  is  being 
manufactured  by  a  London  firm.  These 
nozzles  consist  of  a  glass  tip  (a),  em- 
bedded in  the  nozzle  (b)  by  an  acid-resist- 
ing putty,  a  lead  casing  (c),  and  a  lead 
union  (d).  They  are  said  to  give  a  fine 
spray  and  to  be  capable  of  passing  from 
2  to  8  gallons  per  hour. 


THE  DIGBY  AND  BIGGS  DIONIC  WATER  TESTER. 

The  fundamental  idea  in  the  "Dionic  Water  Tester"  is  to 
substitute  a  measurement  of  electrical  conductivity  for  chemical 
analysis  and  to  draw  from  the  conductivity  measurement  con- 
clusions as  to  the  amount  of  impurities  present  in  the  water. 
It  is  said  that  the  apparatus  can  be  applied  to  measure  hardness, 
leakage  of  cooling  water  into  surface  condensers,  sewage  pollu- 
tion in  rivers,  minute  traces  of  impurities  in  distilled  water, 
the  priming  of  steam  boilers,  etc.  While  this  tester  is  not  claimed 
to  replace  chemical  water  analysis  in  every  case,  it  is  said  that 
it  may  be  employed  for  purposes  of  control  in  large-scale  prac- 
tice. 


NEW  TANK  VALVE. 

A  new  type  of  valve  for  bottom  outlets  on  tanks  (German 

Patent   284,590)  is  made  by  a  Halle  a/S,  Germany,  firm.     The 

valve  stem  is  elongated  so  as  to  bring  the  valve  seat  close  to 

the  inside  level  of  the  tank  and  thus  make  a  flush  joint  in  the 


bottom  of  the  tank  (see  Fig.  O^In  this  way  it  is  said  to  be 
impossible  for  the  outlet  to  become  clogged  by  sediment  or 
crystallization  as  is  frequently  the  case  where  the  valve  is  only 
a  short  distance  from  the  tank.  These  valves  are  supplied 
to  chemical  manufacturers  in  iron,  bronze,  and  in  tin-,  lead- 
and  rubber  lined  metal,  and  various  types  are  available  for  either 
wood  or  metal  tanks. 
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NOTES  AND  CORRESPONDENCE 


THE  PAINT  AND  VARNISH  INDUSTRY. 
Editor  oj  the  Journal  oj  Industrial  and  Enginei  ring  (  'h  misti  v: 

A  recent  editorial,  in  This  Journal,  on  the  condition  of  the 
paint  and  varnish  industry  appears  to  the  writer  to  leave  out  of 
account  certain  important  facts.  In  the  first  place,  this  industry, 
as  a  whole,  is  in  a  depressed  state,  due  primarily  to  the  ad- 
vanced prices  of  materials.  Repeated  failures  of  crops  of 
flaxseed  have  produced  a  high,  and  at  the  same  time,  fluctuating 
price  for  linseed  oil,  which,  whatever  may  be  the  merits  of  the 
matter,  is  the  only  oil  having  popular  confidence;  China  wood 
oil  has  special  uses,  but  does  not  affect  the  price  of  linseed, 
and  is.  in  fact,  more  costly;  and  there  is  a  tendency  the  world 
over  toward  an  increase  in  the  price  of  lead  and  zinc,  which  are 
the  bases  of  the  only  pigments  that  have  any  white  color  value. 
The  turpentine  dealers'  corner  which  put  up  the  price  of  that 
product  last  year  undoubtedly  caused  many  to  begin  using 
mineral  substitutes,  and  this  has  been  helped  by  the  high  price 
of  everything  else;  but  if  oil  becomes  cheap  again,  which  will 
probably  occur  sometime,  the  increased  use  for  turpentine 
will  send  its  price  up;  this  will  inevitably  happen  from  the  lessen- 
ing supply  in  any  case.  The  failure  of  the  Navy  Department 
to  purchase  seventy  thousand  dollars'  worth  could  hardly  have 
affected  the  market,  as  it  is  less  than  1  per  cent,  of  the  amount 
exported — except  that  it  has  been  used  as  an  advertising  item 
by  the  makers  of  substitutes.  The  same  is  true  of  the  increased 
use  of  barytes  and  other  cheap  pigments  by  the  Navy.  The 
fact  in  regard  to  these  is  that  the  experts  of  the  Bureau  in  charge 
of  supplies  have  long  complained  that  commanders  of  ships 
paint  their  vessels  more  often  than  is  required  for  adequate 
protection;  ten  to  fifty  or  more  coats  of  paint  are  removed 
when  a  ship  is  repaired.  This  may  be  said  to  be  a  waste  of  paint; 
but  the  captains  say  that  universal  experience,  both  at  home 
and  on  foreign  ships,  shows  that  a  condition  of  absolute  fresh- 
ness and  spotlessness  is  necessary  for  the  maintenance  of  proper 
discipline,  and  the  real  use  of  paint  is  to  keep  the  ship  looking 
smart.  Now  the  supply  department  says:  "Very  well,  we  will 
furnish  as  cheap  a  paint  as  possible  that  will  look  well  when 
new;  if  it  becomes  brittle  and  scrapes  off  easily,  so  much  the 
better."  So  they  are  doing  as  Mr.  Toch  says;  and  it  is  certainly 
a  defensible  position.  It  is  not  an  economic  problem  at  all; 
it  is  one  of  fighting  efficiency.  When  it  is  a  question  of  getting 
the  most  protective  value  for  the  money,  as  in  painting  the 
Capitol  and  other  United  States  buildings  at  Washington,  they 
arc  painted  with  straight  corroded  lead  and  linseed  oil,  exactly 
as  they  have  been  for  a  hundred  years  past. 

Mineral  oil  substitutes  for  turpentine  are  much  better  than 
formerly;  Chinese  wood  oil  has  made  a  strong  and  independent 
position  for  itself  in  the  varnish  business;  but  if  linseed  oil 
were  to  be  sold  at  50  cents  per  gallon,  all  the  so-called  substi- 
tutes for  it  would  disappear.  Such  substitutes — not  in  all 
cases  the  same  ones — were  used  more  extensively  twenty  years 
ago  than  now;  they  will  always  be  used  to  some  extent.  In 
limited  proportions  some  of  them  have  great  value  for  special 
uses;  but  in  a  large  way  the  present  condition  of  this  industry 
is  affected  by  natural  and  general  economic  conditions  far  more 
than  by  changes  of  a  merely  technical  character. 

The  tendency  is  constantly  increasing  to  regard  the  unre- 
stricted use  of  substitutes  in  the  paint  trade  as  a  source  of 
danger,  and  to  more  specifically  define  their  legitimate  uses; 
this,  as  in  all  other  lines,  involves  contraction  rather  than 
expansion.  A.  H.  Sabin. 

April  1 2  th. 


DETERMINATION  OF    MANGANESE  IN  STEEL.— A  NOTE. 

Editor  oj  the  Journal  oj  Industrial  and  Engineering  Chemistry : 

In  the  March  issue  of  This  Journal  for  the  current  year  there 
appeared  an  article  entitled  "Determination  of  Manganese  in 
Steel,"  by  James  J.  Boyle. 

The  writer  turned  to  this  article  in  expectation  of  finding 
the  description  of  a  new  method  for  the  determination  of  this 
element,  but  after  reading  the  method,  was  surprised  that  it 
should  have  been  published  in  This  Journal,  as  it  is  essentially 
the  same  as  published  by  Stehman  in  the  Journal  oj  the  American 
Chemical  Society,  24,  1206  (1902),  or  ten  years  previously,  and 
other  points  in  the  article  were  covered  in  my  remarks  on 
Stehman's  method,  Vol.  25,  392  (1903). 
Yours  very  truly, 

H.  E.  Walters. 
March  30,  1912. 


1.    APOCYNUM    OR  INDIAN   HEMP,  RUBBER.1 
By  Charles  P.  Fox. 

Apocynum  Hypercifolium  (Nat.  Order,  Apocynaceae)  is 
an  indigenous  plant  common  to  many  sections  of  the  United 
States.  It  is  a  strong  rooted  perennial  with  reddish  stem,  fibrous 
bark,  long,  slender  seed  pods,  seeds  with  long,  white,  cottony 
appendages,  and  a  milky  juice.  The  latex  is  white,  viscous, 
neutral  or  slightly  alkaline,  and  has  the  strong  acrid  odor  peculiar 
to  the  plant. 

The  usual  coagulating  reagents  react  with  this  latex  in  the 
following  manner : 

Acids  do  not  coagulate;  latex  becomes  thin. 

Alkalies  do  not  coagulate;  restore  the  viscosity;  change 
the  color  from  white  to  brownish  yellow. 

Boiling  coagulates  slightly;  action  slow. 

Acetone  ('/,„  volume)  coagulates  immediately  and  completely; 
liquid  is  colored  chocolate-red. 

Formaldehyde  coagulates  readily  but  is  much  slower  in  action 
than  acetone. 

Phenol  coagulates  the  latex,  but  gives  a  soft  product. 

Salt  solution  coagulates  slowly,  giving  a  finely  divided  pre- 
cipitate hard  to  coalesce.  Boiling  the  same  solution  gives 
a  soft  product. 

Of  the  above  methods,  the  use  of  alcohol  or  acetone,  and 
formalin  are  the  only  ones  recommended.  Of  these  two,  acetone 
is  preferred. 

The  latex  of  Apocynum  differs  slightly  from  that  of  Asclepias 
in  that  it  coagulates  spontaneously,  even  if  it  is  kept  in  closed 
containers. 

The  naturally  coagulated  latex  gives: 

Per  cent. 

Liquid  portion    67  .58 

Cheese  (wet) 32.42 

The  liquid  is  white  (not  clear),  slightly  acid  and  with  the 
characteristic  acrid  odor.  This  liquid  failed  to  coagulate  after 
addition  of  more  acid.  Slight  excess  of  alkali  increased  its 
viscosity  and  changed  its  color  from  white  to  brownish  yellow, 
but  did  not  precipitate  or  coagulate  it.  Boiling  had  no  effect. 
Excess  of  acetone  gave  a  finely  divided  precipitate,  the  particles 
of  which  were  not  cohesive.  Evaporation  of  the  mixture, 
after  washing  with  water  and  treatment  with  boiling  acetone, 
gave  a  small  quantity  of  a  black,  soft  rubber  destitute  of  strength. 

The  cheese  was  composed  of: 

1  Presented  before  the  Rubber  Section,  A.  C.  S.,  at  forty-fifth   meeting. 
Washington,  December.  1911. 
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IVr  i  (  in 

«  ii.  t     33  46 

Rubber 3  99 

Resin  

Working  up  this  ./(..>.  with  solvents,  removing  foreign 
mill,  i  in  filtering  through  gauze,  evaporating,  with  low  heat, 
ilu  .  \i-< -.s  ..I  ...hint,  adding  an  excess  of  precipitant,  removing 
iii.  precipitating  agent,  washing  and  drying  the  precipitate, 
gave  .i  good  grade  rubber. 

The  rubbei  obtained  in  this  manner  was  black,  firm,  nol 
tacky,  odorless  and  strong.     In  quantity,   it  is  much  better 

than  the  product  obtained  from  its  neighbor,  milkweed 

Milkweed  latex,  however,  is  richer  in  rubber  than  that  of 
Indian  hemp.  The  amount  of  latex  in  the  two  plants  are  about 
the  same.  In  both  eases  the  amount  of  rubber  present  is  too 
•-mall  to  be  of  any  economic  importance. 

Of  the  total  rubber  present  in  the  latex,  96  per  cent,  of  it  is 
won  in  the  cheese  formed  in  the  natural  coagulation  of  the  latex. 
Ninety  six  per  cent,  of  the  total  rubber  found  ranks  as  good 
grade  rubber. 

The  resin  is  mahogany-red,  transparent,  medium  hard,  taste- 
less, with  slight  characteristic  odor. 

The  soil  conditions  under  which  the  plant  was  grown  exerted 
an  influence  upon  the  amount  of  rubber  in  the  latex.  Plants 
grown  on  dry,  sandy  soil  of  West  Akron,  gave  a  latex  containing 
2.27  per  cent  rubber  and  20.69  Per  cent,  resin.  Latex  from 
plants  grown  in  the  wet  swamps  of  South  Akron,  contained 
only  1. 12  per  cent,  rubber  and  15.04  per  cent,  resin.  Rubber 
from  dry  land  plants  appears  to  be  of  better  quality  than  that 
obtained  from  wet  grown  plants. 

Natural  latex  from  dry  grown  plants,  collected  in  August, 
during  very  dry  weather,  contained: 

Per  cent. 

Water 72 .  29 

Solids 26.21 

Ash 1  .59 

Rubber  in  fresh  latex  was  2.36  per  cent. 
Akron,  Ohio. 


NATURAL  GAS. 

The  Bureau  of  Mines  has  just  issued  Technical  Paper  No.  10, 
"Liquefied  Products  from  Natural  Gas;  Their  Properties  and 
Uses,"  by  Irving  C.  Allen,  and  George  A.  Burrell,  in  an  effort 
to  show  how  natural  gas,  which  is  being  allowed  to  escape 
almost  without  restraint  in  almost  all  of  the  petroleum  fields 
of  the  country,  may  be  conserved. 

By  fractionating  natural  gas,  either  during  or  after  lique- 
faction, four  products  can  be  commercially  obtained:  (1)  The 
gaseous  product,  the  common  natural  gas  of  commerce;  (2)  the 
semi-liquid  product,  known  as  the  new  "wild"  product,  which 
should  be  used  only  as  a  liquefied  gas  and  should  be  held  in 
high-pressure  steel  containers  only;  (3)  the  light  liquid  prod- 
uct, or  light  gasoline  used  for  blending  with  heavy  naphthas; 
and  (4)  the  heavy  liquid  product,  or  ordinary  high-grade  gasoline. 

The  liquefaction  of  gases  by  pressure  is  not  a  new  industrv, 
but  only  recently  has  its  application  to  natural  gas  been  recog 
nized  as  practicable. 

Up  to  the  last  two  yrears  the  general  practice  in  the  manu- 
facture of  liquid  natural  gas  was  to  make  the  product  by  com- 
pression of  the  gas  in  single-stage  compressors  operated  at  a 
pressure  of  150  to  300  pounds  per  square  inch.  The  one  product 
obtained,  so-called  "natural  gasoline,"  was  run  into  a  tank 
and  "weathered."  The  weathering  consisted  in  allowing  the 
lighter  portions  to  volatilize  spontaneouslv  and  escape  into 
the  open  air  until  such  time  as  the  boiling  away  of  the  liquid 
had  practically  ceased.  Thus  the  process  involved  a  loss  of 
25  to  50  per  cent.,  or  even  more.     This  loss  was  an  absolute 


waste,    not   ..nl\    of   power   ;unl   ol    C08l    "I    operating    lln    I  11.  110  j 

and  compressors  bul  ol  thi  1 lud  itself. 

I'll.     ne\t    step    ill    tile    industry    was    to    pass    the    wast) 

0,1  which  onlj  tin  small  quantity  used  had  been  mil 

1/..I1   ii.. m   ih.    single-stage  compressoi    through  a  high 
compressor,  thereby  getting  a  second  and   more  volatile  proa 

net      a    "wilder"    liquid      which    was    run     back     into     th,     firgl 

anil  mixed  with  the  first  or  heavier  condensate.  This  mixture 
was  then  again  weathered  to  a  safe  degree,  whereby  it  lost 
the  greater  part  of  the  more  volatile  product  that  had  been 
condensed  in  the  second  stage. 

Recently  the  process  had  been  improved  another  step  in 
thai  the  first  stage  compressor  product  is  run  into  one  tank  and 
handled  as  ordinary  gasoline,  the  second  compressor  product 
is  run  into  a  second  tank  and  handled  as  a  lighter  gasoline, 
with  which  the  heavy  refinery  naphthas  can  be  enriched  or 
enlivened 

The  natural  gas  of  this  country  frequently  contains  light 
products  that  do  not  condense  in  the  second-stage  com, 
and  for  which  it  is  practicable  and  necessary  to  instal  three, 
four,  and  even  higher  stage  compressors.  These  light  products 
— true  gases  at  ordinary  temperatures  and  pressures — can  be 
compressed  and  liquefied,  but  the  liquid  gases  so  obtained  must 
be  handled  as  gases  and  not  as  oils. 


NATURAL  CEMENT  VERSUS  PORTLAND  CEMENT. 

The  rise  and  fall  of  the  natural  cement  industry  in  the  United 
States  is  shown  by  Ernest  F.  Burchard,  of  the  United  States 
Geological  Survey,  in  "The  Cement  Industry  in  1910, "  recently 
issued  by  the  Survey  as  an  advance  chapter  of  "Mineral  Re- 
sources for  19 10. "  A  dozen  years  ago  the  production  of  natural 
cement  was  nearly  10,000,000  barrels;  last  year  it  was  but 
1,139,239  barrels. 

Production    of    Portland    and    Natural    Cement    in    the    United 
States.   1899-1910  (in  Barrels). 

Year.                                                 Portland  cement.  Natural    cement. 

1899 " 5,652,266  9,868,179 

1901 12,711,225  7,084,823 

1903 22,342,973  7,030,271 

1905 35,246,812  4,473,149 

1907 48,785,390  2,887,700 

1909 64,991,431  1,537,638 

1910 76,549,951  1,139,239 


ELECTRIC  PRODUCTION  OF  FERRO-TUNGSTEN. 

The  Ampere  Co.,  of  Berlin,  now  smelts  scheclitc  direct  with 
sulphide  of  iron,  with  an  addition  of  carbon  in  the  electric 
furnace,  according  to  the  Mining  Journal.  The  sulphide  of 
iron  serves  as  a  flux.  The  product  is  a  ferro-tungsten,  containing 
but  little  carbonate,  in  the  form  of  uniformly  smelted  rcgulus. 
The  reaction  in  this  process  is  Ca\V04  +  FcS  +  4C  =  FeW  - 
CaS  +  4CO.  The  silica  contained  in  the  scheelite  is  fluxed 
by  the  addition  of  lime  forming  a  fluid  and  easily-  removable 
slag  in  which  is  contained  the  calcium  sulphide  formed  according 
to  the  reaction  hereinbefore  given. 


BUREAU  OF  STANDARDS  ANALYZED  SAMPLES. 

The  Bureau  of  Standards,  Washington,  D.  C,  is  now  ready 
to  distribute  certain  special  steels,  as  follows:  No.  30,  Chrome 
Vanadium;  No.  32,  Chrome-Nickel;  No.  33,  Nickel.  The  fee 
for  these  steels  will  be  S2. 50  each.  A  renewal  of  No.  10.  Aci.i 
Open  Hearth  Steel,  0.2  carbon,  will  probably  be  ready  before 
this  notice  appears  in  print.  Until  printed  certificates  can  be 
had.  the  above  steels  will  be  issued  with  provisional  certificates 
without  details  of  analyses  or  descriptions  of  methods. 
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BOOK  REVIEWS 


"Rubber."  By  Philip  Schidrowitz,  Ph.D.,  F.C.S.  Methuen 
&  Company,  Ltd.,  36  Essex  St.,  W.  C,  London.  191 1. 
Pages  xv  +  303  +  advertising  31.     Price,  $5.00. 

This  work  is  excellent  and  comprehensive.  Chapter  I,  His- 
torical, deals  with  the  early  knowledge  and  development  of  the 
rubber  industry  and  a  sketch  of  the  development  of  the  f inula 
mental  scientific  ideas  of  rubber.  Chaper  II,  The  Production 
and  Consumption  of  Rubber,  contains  a  large  number  of  figures 
giving  production  for  various  countries,  together  with  a  specu- 
lation as  to  the  probable  future  production.  Status  of  the  rub- 
ber industry  is  shown  by  the  tables  of  consumption  of  crude 
rubber  for  the  United  States,  the  United  Kingdom,  Germany 
and  France.  Chapter  III,  The  General  Nature  of  the  Rubber 
Industry,  is  divided  into  three  sections:  1st,  Crude  Rubber 
Industry;  2nd,  Manufacturing  Industry;  3rd,  Waste  Rubber 
Industry.  To  each  of  these,  however,  he  gives  but  passing 
general  notice.  Chapter  IV,  Wild  Rubber,  discusses  the  four 
leading  botanical  orders  of  rubber-bearing  species  and  gives 
very  excellently  the  methods  of  preparation,  the  economic 
conditions  of  the  tapping  and  collection  of  the  latex,  the  various 
grades  of  commercial  rubber,  the  general  characteristics  of 
the  wild  rubber  and  the  differences  due  to  their  methods  of 
preparation. 

Chapter  V  discusses  the  Plantation  Industry.  The  impor- 
tance that  the  author  ascribes  to  plantation  rubber  is  seen 
by  the  amount  of  space  in  his  book  given  to  its  discussion. 
Tables  of  approximate  acreage  under  rubber,  production  per 
year,  probable  future  productions,  plantation  yield,  probable 
total  production  in  19 16  and  an  extended  discussion  of  the 
basic  idea  of  the  plantation  industry  in  which  the  climate  and 
locality  suitable  for  planting,  kind  of  land,  nature  of  the  soil, 
soil  analyses,  plantation  methods,  are  discussed;  also  clear- 
ing, lining,  facing,  propagation,  weeding,  interplanting,  tapping, 
the  tapping  age,  tapping  season,  tapping  methods,  collection 
of  the  latex,  treatment  of  the  latex,  coagulation  of  the 
latex,  kind  of  coagulants  used,  including  those  both  in  more 
general  use  and  experiments,  washing  of  the  rubber  sheets, 
treatment  of  the  scrap,  the  drying  and  curing,  smoking  and 
pressing,  vacuum  drying,  color  of  plantation  rubber — these 
subjects  are  all  treated  more  or  less  fully.  The  future  of  the 
plantation  industry  is  given  considerable  notice,  including  its 
advantages  and  disadvantages,  the  amounts  invested  in  19 10, 
the  quality  of  planted  rubber,  cost  and  productions,  the  ques- 
tion of  labor,  diseases  and  pests  of  the  trees  and  competition 
from  other  sources.  Chapter  VI,  The  Preparation  of  Rubber 
other  than  Hevea  on  the  Plantation  System.  Here  the  author 
dials  with  the  methods  of  planting  of  the  Ceara,  the  Castilloa, 
the  Funtumia,  the  Fiscus,  the  Manihot,  although  not  in  the  de- 
tail given  to  Ceylon. 

Chapter  VII,  Industrial  Rubber.  The  term  "Industrial" 
is  applied  to  those  rubbers  obtained  from  the  Guayule  shrub 
ind  the  Jelutong  tree.  The  author  discusses  the  Production 
)f  Guayule  Rubber  from  the  shrub,  conditions  under  which  it 
jrows  and  method  of  obtaining  the  rubber.  The  Jelutong 
ubber  is  dealt  with  in  few  pages,  showing  its  method  of  coagula- 
tion and  a  description  in  general  of  the  United  Malaysian  Rub- 
ber Company's  works  at  Goebilt.  This  chapter  closes  with  a 
lescription  of  rubber  from  vines. 

In  the  foregoing  three  chapters  16  pages  deal  with  wild  rub- 
>er,  65  with  plantation  rubber  and  8  with  industrial  rubber. 
n  view  of  the  fact  that  wild  rubber  is  still  the  most  important 
rude  rubber  in  the  market  to-day,  it  would  seem  that  rather 
00  much  emphasis  is  placed  upon  these  divisions  and  leads  one 


to  believe   that   the   point  of   view    of    the  author  in   writing  is 
rather  a  point  of  view  of  the  future  than  of  the  present. 

Chapter  VIII,  Rubber  Latices  and  Coagulation,  discusses 
briefly  the  chemical  and  physical  properties  of  rubber  latices, 
giving  the  chemical  composition  and  brief  summaries  of  the 
most  modern  works.  Theories  of  coagulation  and  the  influence 
of  the  method  of  coagulation  on  the  quality  are  outlined.  Chap- 
ter IX,  Crude  Rubbers  Compared  — "Tackiness."  The  author 
discusses  the  various  theories  which  have  been  offered  to  account 
for  "tackiness"  in  crude  rubber. 

Chapter  X,  The  Chemistry  of  Crude  Rubber.  This  is  divided 
into  two  divisions:  the  chemistry  of  the  pure  hydrocarbon 
and  the  chemistry  of  the  secondary  constituents.  Rubber 
resins,  nitrogen  in  rubber,  insoluble  matter  and  composition 
of  the  rubber  molecule,  commercial  synthetic  rubber  are  men- 
tioned as  well  as  the  derivatives  of  the  rubber  hydrocarbon. 
Considerable  attention  is  given  to  the  viscosity  of  rubber  solu- 
tions. Chapter  XI,  The  Theory  of  Vulcanization,  deals  with 
the  theory  of  hot  vulcanization  and  the  theory  of  cold  vulcan- 
ization. 

Chapter  XII,  The  Manufacture  of  Rubber  Goods.  The 
fundamental  processes  of  rubber  goods  manufacture  are  described 
briefly.  The  description,  however,  centers  around  the  English 
methods.  This  includes  washing,  drying  and  mixing,  with  the 
discussion  of  the  various  compounding  ingredients,  calender- 
ing, making  up,  vulcanizing,  curing,  cold  vulcanization,  spread- 
ing, and  a  very  brief  description  of  the  manufacture  of  various 
rubber  articles.  Chapter  XIII  deals  with  substitutes  and 
waste  rubber  disposal. 

Chapter  XIV  deals  with  chemical,  physical  and  mechanical 
properties  of  vulcanized  rubber.  Very  little  is  stated  about 
the  chemical  properties  simply  because  very  little  is  known, 
likewise,  physical  properties.  Mechanical  properties  are  dis- 
cussed somewhat  in  detail,  including  extensions,  compressions, 
and  hysteresis.  Chapter  XV,  The  Chemical  Analysis  and 
Physical  Examination  of  Rubber.  The  analysis  of  crude  rub- 
ber, moisture,  determination  of  resin,  nitrogen,  ash,  insoluble 
matter  and  rubber  are  all  discussed.  The  analysis  of  vulcan- 
ized rubber  is  also  taken  up  according  to  Weber's  method  and  . 
physical  tests  and  electrical  tests  are  mentioned.  Chapter 
XVI,  Mechnical  Tests.  For  tensile  tests  the  author  describes 
the  method  of  making  the  test  piece  according  to  the  ring 
method  and  discusses  in  detail  the  ring-shaped  pieces,  the  machine 
of  Schopper  and  the  hysteresis  machine.  Compression  tests, 
abrasion  tests  and  hardness  tests  each  have  mention. 

The  appendix  deals  with  contracts  and  specifications. 

The  book  is  replete  with  illustrations  and  references  to  the 
literature  and  is  the  most  valuable  book  contribution  to  rub- 
ber literature  that  has  been  published  in  many  years. 

W.  C.  Geer. 

Paint  Technology  and  Tests.  By  Henry  A.  Gardner.  256 
pages  6X9.  J3.00.  McGraw-Hill  Book  Co.,  New  Vork. 
This  book  is  well  printed  and  contains  a  large  number  of 
excellent  illustrations.  Its  seventeen  chapters,  principally  a 
compilation  of  the  bulletins  sent  by  Mr.  Gardner,  the  Director 
of  the  Scientific  Section  of  the  Paint  Manufacturers'  Assn.  of 
the  United  States,  to  its  various  members,  contain  a  very  larg« 
amount  of  excellent  material  and   information 

Mr.  Gardner  himself  has,  for  the  past  few  years,  devoted  his 
entire  attention  to  the  scientific  study  of  paint,  and  with  a  few 
exceptions  his  book  is  a  valuable  addition  to  the  literature  on 
the  subject. 
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The  writa  cannot  quite  subscribe  to  sonu  oi  the  statements 
maili  as,  foi  instance,  the  comparison  between  the  strength 
of  a  paJnl  film  Aw  to  its  three  sizes  as  compared  to  the  threi 
si/i's  in  cement  concrete,  noi  should  the  steel  fence  tests  be 
taken  too  seriously,  in  view  of  tin-  tact  that  the  addition  of  the 
so-called  "inhibitives"  lias  not  by  any  means  been  proved. 

Taking  it  all  in  all,  Mr.  Gardner  has  added  greatly  to  the 
literature  of  paints,  and  his  book  should  be  in  the  laboratory 
of  every  paint  manufacturer,  Maximilian  Toch. 

Chemicals,  Oils  and  Paints.     Glossary  on  Schedule  A,  Prepared 
under  the  Direction  of  the  Tariff   Hoard,  Washington,  D.  C, 

IC)1J. 

What  is  here  entitled  a  Glossary  on  Schedule  A,  is  more  fully 
defined  in  the  sub  heading  on  the  title  page  to  be  "An  analy- 
sis by  paragraphs  of  Schedule  A  of  the  tariff  act  of  August  5th, 
1909,  and  a  statistical  survey  of  the  industries  affected  thereby 
with  a  comparison  of  tariff  laws  since  1883." 

As  is  known,  the  constitution  of  the  present  Tariff  Board 
authorizes  them  to  gather  information  as  to  costs  of  production 
here  and  abroad  of  the  articles  which  are  the  subject  of  tariff 
regulation  and  to  furnish  the  same  to  the .  President  when  re- 
quested by  him.  It  is  not  expected  or  allowed  to  make  any 
suggestions  as  to  modifications  of  tariff  rates  upon  dutiable 
articles  or  upon  any  subject  involving  legislation,  which  is 
carefully  reserved  for  Congress. 

However,  the  Board  has  not  only  justified  its  existence  and 
possibilities  as  an  aid  to  legislation,  but  has  gone  far  to  create 
a  healthful  public  sentiment  in  favor  of  non-partisan  tariff  en- 
actment in  the  future  based  upon  non-partisan  study  of  eco- 
nomic conditions  and  comparisons  between  existing  American 
and  European  manufacturing  industries. 

The  first  report  of  the  Board  was,  as  is  remembered,  upon 
Schedule  K  (Woolen  Industry)  and  was  conceded  on  all  hands 
to  have  embodied  a  greater  mass  of  importation  than  had  ever 
been  gathered  before  on  this  subject. 

The  present  report  on  Chemicals,  Oils  and  Paints,  which 
constitue  Schedule  A  of  the  Tariff  act,  is  also,  we  venture  to 
say,  of  positive  value,  as  furnishing  a  fund  of  information  not 
hitherto  gathered  for  public  use. 

The  work  here  presented  has  occupied  Dr.  Bernard  Herstein, 
the  chemical  expert  of  the  Tariff  Board,  several  years  in  gather- 
ing and  arranging  for  proper  presentation.  It  has  involved 
many  visits  to  chemical  works,  the  gathering  of  a  library  of 
special  publications,  governmental  and  otherwise,  on  the  in- 
dustries grouped  together  under  this  Schedule  A,  and  selecting 
from  these  the  information,  both  general  and  statistical,  which 
we  find  in  this  volume. 

The  subject  is  handled  in  three  sections,  in  the  first  of  which 
each  of  the  83  paragraphs  of  Schedule  A  is  commented  upon, 
the  nature  of  the  article  or  class  explained,  and  the  process  of 
manufacture  connected  therewith  outlined;  in  the  second  of 
which,  the  chemical  industry  of  the  United  States  broadly  is 
described  both  in  its  historical  development  and  present  condi- 
tions and  illustrated  by  many  statistical  tables  gathered  from 
the  census  reports  and  the  importation  and  exportation  statis- 
tics currently  published  by  the  Government.  The  same  is  then 
done  for  the  chief  European  countries  and  Canada.  This  sec- 
tion contains  a  mass  of  information  gathered  together  in  com- 
pact form  which  cannot  but  prove  valuable  for  the  chemical 
student  as  well  as  the  economist  and  legislator. 

In  the  third  section  recent  Tariff  laws  covering  Schedule  A  are 
reviewed  and  the  rates  under  five  different  Tariff  acts  from  1883 
to  1909  as  affecting  each  of  the  83  paragraphs  of  this  schedule 
are  tabulated  for  comparison  and  the  free  lists  under  each  of 
these  tariffs  similarly  compared  in  detail. 

We  think  that  this  indication  of  the  character  of  this  publica- 
tion and  its  scope  will  be  sufficient  to  indicate  its  great  value 
to  the  readers  of  This  Journal. 


The  careful  study  ol  this  Glossary  which  the  writer  of  this 

notice  has  had  occasion  to  make,  satisfies  him  that  In  II.  1  1.  in 
tin  aiilhoi  and  compiler,  has  given  careful  and  conscientious 
work  to  it  and  has  Striven  to  be  accurati  and  unbiased  in  his 
statement  of  facts.  Samiki.   P.   Sahti.kk. 

Circular  on  Regulations  for  Illuminating  Gas. 

flu  National  Bureau  of  .Standards  is  about  to  issue  a  circu- 
lar entitled  "State  and  Municipal  Regulations  for  the  Quality 
Distribution  and  Testing  of  Illuminating  Gas."  This  circular 
i'.7:.7:  pages,  uniform  in  style  with  other  Bureau  circulars)  has 
been  prepared  after  conference  and  correspondence  with  a  large 
number  of  gas  engineers  and  inspectors;  and  it  rcpres 
nearly  as  possible,  the  average  opinion  of  many  men  active  in 
the  field  of  gas  manufacture  and  gas  testing. 

Part  I  of  the  circular  gives  a  summary  of  the  municipal  gas 
ordinances  now  operative,  presents  a  general  discussion  of 
municipal  gas  requirements,  and  proposes  an  ordinance  largely 
compiled  from  the  best  ordinance  requirements  now  in  force. 

Part  II  treats  similarly  of  State  control  of  gas  companies 
and  proposes  technical  rules  for  state  regulations. 

Part  III  quotes  a  few  ordinances  typical  of  those  recently 
enacted  and  gives  the  main  portions  of  state  gas  laws  now  in 
force  affecting  gas  quality,  pressure  and  meter  accuracy. 

The  circular  docs  not  concern  itself  with  financial  regula- 
tion of  gas  companies  nor  does  it  include  any  discussion  of  the 
comparative  value  of  various  methods  of  works  management 
It  deals  mainly  with  the  candlepower,  heating  value,  purity 
and  pressure  of  the  gas  and  gas  meter  testing. 

The  present  publication  has  grown  out  of  the  investigation 
of  the  methods  and  standards  employed  in  gas  photometry 
and  gas  colorimetry,  undertaken  by  the  Bureau  three  years 
ago.  A  second  circular  on  the  methods  of  testing  employed 
for  official  inspection  work  is  now  being  prepared.  Although 
it  cannot  be  expected  that  the  regulations  for  our  methods  of 
gas  testing  will  ever  be  entirely  uniform  throughout  the  coun- 
try, it  is  believed  that  if  the  results  of  a  comprehensive  inVCS 
tigation  of  the  subject  are  published,  a  greater  uniformity  of 
method,  and  in  some  cases  more  accurate  measurements,  irill 
result. 

The  attitude  of  the  Bureau  of  Standards  is  entirely  advisory 
and  its  intention  is  to  place  in  the  hands  of  the  technical  and 
general  public  an  impartial  and,  as  nearly  as  may  be,  an  accurate 
summary  of  the  facts  which  must  be  considered  in  connection 
with  the  fixing  of  standards  of  quality  and  the  testing  of  illu- 
minating gas. 

Revision  of  the  circular  from  time  to  time  is  contemplate; 
in  order  to  amend  the  recommendations  as  to  the  requirement 
to  adapt  it  to  new  developments  in  the  gas  industry. 

The  circular  is  now  in  press  and  will  be  ready  for  distributioi 
soon  after  April  1st.  Copies  may  be  obtained  free  of  charge 
by  addressing  The  Director,  Bureau  of  Standards,  Washing 
ton,  D.  C. 

Metallurgy  of  Iron  and  Steel.  By  Bradley  Stoughton,  Ph  B 
B.S.  2nd  Ed.  8vo.  307  illustrations,  i  to  xii  +  537  pp 
Price,  $3.00.  McGraw-Hill  Book  Co.,  Publishers.  Ne 
York  City. 

The  author  is  already  known  to  the  students  of  Metallurg 
in  Iron  and  Steel  by  reason  of  his  many  years  of  untiring  labc 
in  this  particular  field,  and  the  first  edition  of  his  book  whie 
appeared  in  1908. 

The  first  position  held  by  the  author  after  leaving  college  we 
that  of  metallurgist  for  the  Illinois  Steel  Co.,  at  South  Chicag* 
where  he  obtained  practical  experience.  Later  he  was  Adjun< 
Professor  of  Metallurgy,  Columbia  University,  New  York  Cit? 
In  this  work  he  obtained  much  valuable  information  and  edi 
cation  by  contact  with  the  well  known  metallurgist,  Prof.  I 
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M.  Howe,  to  whom  the  book  is  affectionately  dedicated.  At 
present  he  is  a  Consulting  Engineer,  making  a  specialty  of  the 
manufacture  of  iron  and  steel.  The  practical  and  theoretical 
knowledge  thus  acquired  especially  qualifies  the  author  to  write 
a  systematic,  logical  and  highly  accurate  book  on  the  subject. 
He  has  carefully  examined  all  the  best  authorities,  quoted  them 
Irccb.  and  taken  especial  pains  to  give  the  authors  quoted 
due  credit. 

In  the  preface,  the  author  very  aptly  states  that  developments 
in  the  metallurgy  of  iron  and  steel  have  been  so  rapid  during 
the  past  three  years  that  it  was  not  only  desirable  but  necessary 
to  thoroughly  revise  and  in  some  cases  rewrite  entire  sections 
for  this  edition.  The  theory  and  chemistry  of  the  Bessemer 
and  Open-Hearth  processes  have  been  rewritten  and  enlarged, 
as  well  as  the  whole  chapter  on  Malleable  Cast  Iron.  Such  ex- 
tensive changes  have  been  made  in  all  the  text  that  the  type 
has  been  reset  from  cover  to  cover.  A  very  notable  and  agree- 
able change  is  that  of  placing  the  references  to  literature  in  an 
Appendix  at  the  end  of  the  volume  instead  of  at  the  end  of  each 
chapter,  as  in  the  first  edition.  Facts  relative  to  basic  princi- 
ples of  the  subject  are  very  accurately  stated  and  set  forth  in  a 
clear  and  comprehensive  manner.  The  different  processes  of 
manufacture  arc  precisely  described,  the  latest  practice  given, 
keen  observations  and  comparisons  made  in  regard  to  the  effect 
of  impurities  and  their  removal  in  the  finished  product,  and 
conclusions  are  logically  drawn.  Theories  arc  very  carefully 
introduced  throughout  the  book,  and  the  different  lines  of  rea- 
soning given,  supporting  the  various  theories  advanced. 

The  author  definitely  expresses  his  own  opinion  where  the 
facts  merit  it,  but  where  conclusive  evidence  is  lacking,  in  sup- 
port of  a  theory,  he  says:  "Statements  must  necessarily  be 
made  tentatively,  with  the  idea  of  presenting  the  facts  so  that 
they  may  be  of  some  practical  benefit,  even  though  later  in- 
formation may  oblige  us  to  change  slightly  the  scientific  basis 
on  which  we  found  them."  The  above  indicates  the  attitude 
of  the  author  in  his  effort  to  present  the  latest  and  best  on  the 
subject  and  this  attitude  is  apparent  throughout  the  entire 
book. 

Space  forbids,  in  a  review  of  this  nature,  pointing  out  all  the 
salient  features  of  this  book.  It  is  replete  with  tables  giving 
analyses  of  the  various  raw  materials  used,  the  metals  pro- 
duced from  them,  and  their  accompanying  slags.  The  many 
figures  and  diagrams  presented  are  very  valuable  aids  to  a  thor- 


ough understanding  of  the  subject.  The  book  is  well  written, 
is  the  best  of  its  kind  to  date,  and  will  command  respect.  It  is 
a  pleasure  to  review  a  book  of  this  nature,  and  it  is  earnestly 
recommended  to  those  who  are  seeking  accurate  information 
on  this  important  subject. 

The  author  is  to  be  heartily  congratulated  in  this,  his  latest 
achievement. 

The  usual  good  workmanship  of  the  publisher  is  apparent, 
and  the  book  is  remarkably  free  from  typographical  errors. 

William  Brady. 

Casein,  Its  Preparation  and   Technical  Utilization.     By  Robert 

SOBERER.     Translated     from     the     German  by  Chas.  Salter. 

(Second  Enlarged  English  Edition.)      173  pp.,  11  illustrations. 

D.  Van  Nostrand  Co.,  New  York.     Price,  $3.00. 

The  uses  of  casein  except  for  food  purposes  is  a  subject  little 
known  to  the  chemist,  manufacturer  and  public,  and  the  second 
enlarged  English  edition  of  "Casein"  will  be  welcomed  by  all 
interested  in  the  uses  of  casein  and  casein  products. 

The  general  arrangement  and  text  is  excellent  and  is  veri- 
similar to  the  1906  edition.  There  are  several  typographical 
errors,  none  of  which  however,  interfere  with  a  proper  under- 
standing of  the  text.  The  book  is  arranged  in  twelve  chapters 
and  an  appendix  giving  recent  patents  granted  for  the  improved 
manufacture  and  utilization  of  casein. 

Chapter  1.  Introduction. 

Chapter  2.  Casein:  Its  Origin,  Preparation  and  Properties. 

Chapter  3.  Various  Methods  of  Preparing  Casein. 

Chapter  4.  Composition  and  Properties  of  Casein. 

Chapter  5.   Casein  Paints. 

Chapter  6.  The  Technics  of  Casein  Painting. 

Chapter  7.  Casein  Adhesives  and  Putties. 

Chapter  8.  The  Preparation  of  Plastic  Masses. 

Chapter  9.  Uses  of  Casein  in  the  Textile  Industry,  for  Finish- 
ing, Color  Printing,  etc. 

Chapter  10.  Casein  Foodstuffs. 

Chapter  11.  Sundry  Applications  of  Casein. 

Chapter  12.  Casein  Compounds. 

The  subject  matter  is  well  arranged  and  gives  the  preparation 
and  formulas  of  the  casein  compounds  used  for  foodstuffs 
and  technical  purposes,  and  thus  brings  together  the  scattered 
literature  on  casein  and  many  of  its  little  known  applications. 

O.  Kress. 
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Analysis;    Fundamentals    of     Qualitative — .     By     V.     Thomas 

and  D.  Gauthier.     8vo.,  326  pp.     S2.00.     Gauthier-Villars, 

Paris.     (French.) 
Analysis;   Gas  and  Fuel       for   Engineers.     By   Augustus   H. 

Gill.     6th  Ed.     i2mo. ,139  pp.     $1-25.     John  Wiley  &  Sons, 

New  York. 
Analysis;      Manual     of     Chemical—.     (Translation.)     By     E. 

Prost.     Roy    8vo.,    300    pp.     $4.50.     Oil    &    Color    Trades 

Journal,  London. 
Analysis;    The     Methods    of    Volumetric     .     (Mohr's    Titrier- 

methode.)     By   H.    Beckurts.     8th    Ed.     L.  8vo.,    483    pp. 

$2.50.     F.  Vieweg  &  Sohn,  Brunswick.     (German.) 
Analysis;  Technical   Methods  of  Chemical  -  .     Vol.  II.     (Trans- 
lation.)    By    George    Lunge.     Vol.     II.     New    Ed.     8vo., 

1294  pp.     $18.00.     D.  Van  Nostrand  Co.,  New  York. 
Areometry;  Handbook  of—.     By  J.  Domke  and  E.  ReimerdES. 

8vo.,  247  pp.     $3.25.     Julius  Springer,  Berlin.     (German.) 
Coal;    Methods  of   Analyzing —   and   Coke.     By   Frederic    M. 

Stanton    and    Arno    C.    Fieldner.     8vo.,    21    pp.     U.    S. 

Bureau  of  Mines,  Technical  Paper  8. 


Coals;  Steaming  Tests  of—  and  Related  Investigations.  By 
L.  P.  Breckenridge,  Henry  Kreisinger  and  Walter 
T.  Ray.     8vo.,  380  pp.     U.  S.  Bureau  of  Mines,  Bulletin  23. 

Cocoa  and  Chocolate;  Their  Chemistry  and  Manufacture.  By 
R.  Wiivmi-er.     S3. 73.     J.  A.  Churchill,  London. 

Coloring;  Organic—  Matter.  Parts  2  and  3.  By  Gustav 
Schultz.  5th  Ed.  4,  80  pp.  51.50.  Weidmannsehe  Buch- 
handlung,  Berlin.     (German.) 

Crucibles,  Making  Porcelain  and  Silica — ,  etc.  By  P.  A.  Voder. 
8vo.,  3  pp.  U.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry, 
Circular  93. 

Dyes;  The  Sulfur-  ;  Their  Production  and  Use.  By  O.  Lange. 
L.  8vo.,  497  pp.    S6.00.    O.  Spamer,  Leipzig.     (German.) 

Electrochemical  Process  of  the  Chemical  Manufacturing  Indus- 
tries. Vol.11.  By  Jean  Billitkr.  L.  8vo.,  514  pp.  #6.75. 
Wilhelm  Knapp,  Halle.     (German.) 

Evaporation,  Condensing  and  Cooling.  By  E.  Hausbrand. 
5th   Ed.     8vo.,  480  pp.     Julius  .Springer,  Berlin.     (German.) 

Explosives;     Historical     Papers     on     Modern-  .     By     GEORGE 
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\\     Mi.  Don   11.     8vo.,   [88  i>p.     $3.00.     Whittaker  &  Co., 

New   Yoik. 
Fuel;  An  Introduction  to  the  Study  of  By  F.  J.    BsiSLBB 

8vo.,   158  pp.    S-'-'.s     Constable  tt  Co.,  London. 
Furnace;  The  Electric  Vacuum      and  its  Use.     By  O.  GoECKE. 

Thesis ;  Technical  High  School,  Danzig.     (German  | 
Gas;  Liquefied  Products  from  Natural     ;  Their  Properties  and 

Uses.     By    Irving   C.    Allen    \nd   George    ll.    Burrbll. 

8vo      l     S.  Bureau  of  Minis,  Technical  Paper  No.  io. 
Gas;   Theory   and    Practice   of    the        Manufacturing   Industry. 

Vol.    I,    Part    1.     By    Rudolf    Mewes.     L.  8vo.,    403    pp. 

$4.50.     II.  A.  Ludwig  Degener,  Leipzig.     (German.) 
Hydraulics;   Treatise    on     .     By    Mansfield    Merriman.     9th 

Ed.     8vo.,  565  pp.     $4.00.     John  Wiley  &  Sons,  New  York. 
Inorganic;    Groundwork   of—    Chemistry.     By    Wilhelm    Ost- 

wald.     3d  Ed.     8vo.,  860  pp.     $4.50.     Wilhelm  Bngehnann, 

Leipzig.     (German.) 
Management;   Applied    Methods  of  Scientific — .     By  FREDERIC 

A.  Parkhurst.     8vo.,  325  pp.     $2.00.     John  Wiley  &  Sons, 

New  York. 
Materials;   Laboratory    Manual   for  Testing   -   of   Construction. 

By     L.     A.     WaTERBURY.      i  21110.,     270     pp.     $1.50.     John 

Wiley  &  Sons,  New  York. 
Mercerization;   The   Technic   of — .     By    E.    Herzinger.     8vo., 

254  pp.     $1.50.     M.  Koch,  Leipzig.     (German.) 
Oils,    Modification  of  the  Herzfeld-Bohme    Method  for  the  De- 
tection  of    Mineral   Oil   in  other — .     By  F.   P.   Veitch  and 

Marion  G.  Donk.     8vo.     U.  S.  Dept.  of  Agriculture,  Bureau 

of  Chemistry,  Circular  85. 
Oil,  Per  cent.  Tables  for —  in  Cottonseed  Products.     By  Charles 

H.  Hertv.     8vo.,  50  pp.     University  Press,  Chapel  Hill,  N.  C 
Pharmaceutical,    Textbook    o"f —    Chemistry.     By    E.    Schmidt. 

Vol.    II.     L.  8vo.,    3562    pp.     $7.25.     F.    Vieweg    &    Sohn, 

Brunswick.     (German.) 
Potassium;  ^Handbook    of    the —     Mines,    Wells,    etc.      Ano.m. 

$3.00.     Kuten  Zeitung,  Berlin.     (German.) 
Powder;     Manufacture    of    Nitro-Lignin    and   Sporting — .     By 

Earle  Durnford.     8vo.,  84  pp.     $1.25.     Whittaker  &  Co., 

New  York. 
Rubber;    Cultivation   and   Preparation   of   Para — .     By   W.   H. 

Johnson.     2d  Ed.     8vo.     $2.00.     Maclaren  &  Sons,  London. 
Resins;  The  Distillation  of — .     (Translation.)     By  N.  Schweizer. 

Demy  8vo.,    185    pp.     $2.00.     Oil   &   Color   Trades   Journal, 

London. 
Rubber  and  Gutta-percha.     By  W.  R.  Dunstan.     8vo.,  440  pp. 

Imperial  Institute,  Colonial  Report  82. 
Rubber;  Hevea  Brasiliensis  or  Para — .     By  Herbert  Wright. 

New  Ed.     Roy  8vo.,  680  pp.    $4.50.    Maclaren  &  Sons,  London. 
Silk;     Artificial — :     Its    Production,     Qualities    and    Use.     By 

K.  Si'Evern.     3d  Ed.     8vo.,     $4.50.     Julius  Springer,  Ber- 
lin.    (German.) 
Sirup,     Sorghum —     Manufacture.     A.     Hugh     Bryan.     8vo., 

40  pp.     U.  S.  Dept.  of  Agriculture,  Farmers'  Bulletin  477. 
Spearmint,    A   Chemical   Investigation  of   American —  Oil.     By 

E.   K.   Nelson.     8vo.,   4   pp.     U.   S.    Dept.   of   Agriculture, 

Bureau  of  Chemistry,  Circular  92. 
Stamp  Milling.     By  Algernon  Del  Mar.     8vo.,  134  pp.     $2.00. 

McGraw-Hill  Book  Co.,  New  York. 
Steel;    Its     Metallurgy    and     Mechanical    Treatment.     By    W. 

Roberts- Austen.     Vol.11.     4th  Ed.     8vo.,  959  pp.     $12.00. 

D.  Van  Nostrand  Co.,  New  York. 
Sugar;  Stohmann's  Handbook  of —  Manufacture.     A.  Schauder. 

New  Ed.     8vo.,     $6.50.     Paul  Parey,  Berlin.     (German.) 
Temperatures;   The    Measurement   of — .     By   G.   K.   Burgess 

and  H.  Le  Chatelier.  3rd  Ed.  8vo.,  510  pp.     $4.00.     John 

Wiley  &  Sons,  New  York. 
Textile;  The  Use  of  Fatty  Substances  and  of  Products  Derived 

therefrom   in  the —  Industry.     By  F.   Erbau.     L.  8vo.,  365 

pp.     $4.75.     W.  Knapp,  Halle.     (German.) 


Varnish;  German       Making.     (Translation.)     By  Max  Bottler. 

L.  121110.,  363  pp.     $3.50.     John  Wiley  &  Sons,  New  York. 
Water   Analysis.     By   HERBERT   B.   Stocks.      Cr.   8vo 

Charles  GrilTin  &  Co.,  London. 

RECENT  JOURNAL  ARTICLES  OF  INTEREST  TO  THE 
INDUSTRIAL  CHEMIST. 

Conveyors,  A  Study  of  Mechanical  II.      By  Lincoln   I»i;  (', 

Muss.     Sehool  of  Mines  Quarterly,  Vol.  33,    1912,    No.    ;,    |.|i 

233-258. 
Corrosion;  The  Effect  of  Various  Substances  on  the  Rate  of 

of    Iron    by    Sulfuric    Acid.     (Advance  Copy.)     By    Oliver 

1'.    Watts.      Transactions    American    Electrochemical  Society, 

Vol.  21,  1912,  No.  23,  p.  17. 
Fibers,  A  Study  of  Linen     .     By  Hans  Wrede.     Paper,  Vol.  <>, 

i<)i2,  No.  12,  pp.  15-17,  36. 
Furnaces;  Gas  Circulation  in  Electrical  Reduction     .     (Advance 

Copy.)     By    Jos.     W.    Richards.     Transactions     A  > 

Electrocliemical  Society,  Vol.  21,  1912,  No.  18,  p.  5. 
Gas;    Recent    Developments  in    the    Manufacture    of    Water-  . 

By  VlGGO  E.  Bird.     Progressiie   Age,  Vol.  30,  1912,  No.  6, 

pp.  244-249. 
Malting;  Some    Aspects  of  Floor — .     By  Thomas    R.    Dixon. 

Journal  oj  the  Institute  0}  Brewing,  Vol.  18,  1912,  No.  2,  pp. 

105-126. 
Nitrogen;   An    Unrecognized  Source  ,of  Error  in  the    Kjeldahl- 

Gunning   Method  for  the  Determination  of — .     By  P.  A.  \Y 

Self.     Plujrmaceutical    Journal,    Vol.    88,    1912",    No.    2527, 

pp.  384-385- 
Paper,  Progress  of  the  Chemistry    of —   Making.     By    Arthi  k 

D.  Little.     Paper,  Vol.  6,  1912,  No.  10,  pp.  25-28. 
Patents.     By  William  H.  Davis.     School  of  Mines  Quarterly 

Vol.  33,  1912,  No.  3,  pp.  209-228. 
Permanganate;    The    Standardization    of    Potassium —    Solution 

by   Sodium   Oxalate.     By   R.    S.    McBride.     Journal   of  tin 

American  Chemical  Society,  Vol.  34,  1912,  No.  4,  pp.  393-416 
Precipitation;    The    Electrical —    of    Suspended    Particles.     By 

F.\G.  Cottrell.     Cement  and   Engineering    News,  Vol.  24. 

1912,  No.  4,  pp.  99-104. 
Producer    Gas;    Recent    Improvements    in —    Appliances.     Bj 

Walter  O.  AmslER.     Industrial  World,  Vol.  46,  1912,  No.  12, 

PP-  342-345- 

Pumping  by  Compressed  Air.     By  Herbert  T.  Abrams.     Schoo 

of  Mines  Quarterly,  Vol.  33,  1912,  No.  3,  pp.  293-311. 
Spices.     By  Henry  A.  Ridley.     8vo.,  449  pp.     $2.25.     Mac 

millan  Co.,  New  York. 
Sucrose,  The  Determination  of —  in  Cane  Molasses  by  the  Doubl' 

Polarization   Method  Using  Invertase  and  Acid  as  Hydrolysts 

By  James  P.  Ogilvie.     International  Sugar  Journal,  Vol.  1 : 

1012,  No.  158,  pp.  89-93. 
Sugar;  Contribution  to  our  Knowledge  of  Multiple  Evaporation 

By  Ed.  Koppeschaar.  .International  Sugar  Journal,  Vol.  14 

1912,  No.  159,  pp.  149-154- 
Tars,   Coke-Oven—  of  the   United  States.     By  PrEvost  Hi  1 

bard.     8vo.,    11   pp.     LI.  S.   Dept.  of  Agriculture,  Office  1 

Public  Roads,  Circular  97. 
Textiles;   Fibrous   and   Spinable   Substances    in     191 1.     By   V 

Massot.     Zeitschrift  fuer  angeuandte  Cliemie,  Vol.  25,  191 

No.  12,  pp.  562-574. 
Textiles,   The    Danger    Accompanying   the    Use   of    Magnesiu 

Chlorid^in    Finishing — .     By     E.     Ristenpart.     Zeitscb 

fuer  angewandte  Chemie,  Vol.  25,  1912,  No.  7,  pp.  289-292- 
Turpentine;  The  Production  of  Formic  and  Acetic  Acids  by  tl 

Atmospheric  Oxidation  of—.     By  C.  T.  Kingzett  and  R.  ' 

Woodcock.     Journal   of    the   Society   of    Chemical   Industr 

Vol.  31,  1912,  No.  6,  pp.  265-268. 
Water,  The  Influence  of   Mineral  Constituents  of —  in  Brewin 

By    G.    H.    Gemmel.     Journal   of  the    Institute   of    Brew" 

Vol.  18,  1912,  No.  1,  pp.  34-47. 
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RECENT  INVENTIONS 


Reported  by  C.    L.   Parker,  Solicitor  of  Chemical   Patents.   McGUl   Building,   Washington.    I)     C. 


PROCESS  OF  CONCENTRATING  NITRIC  ACID. 

U.  S.  Patent  No.  1,009,197,  to  Ragnar  Sohlman,  of  Bofors,  and 

Carl  Olof  Lundholm,  of  Ardeer,  Scotland. 

This  invention  relates  to  a  process  for  producing  from  the 
acid  of  ->5  to  40  per  cent,  produced  by  well  known  methods, 
a  concentrated  acid  of  90  to  97  per  cent,  such  as  is  generally 
used  for  industrial  purposes,  the  said  process  rendering  it  possible 
to  utilize  the  heat  of  hot  gases,  and  being,  therefore,  suitable 
for  use  in  connection  with  the  production  of  nitric  acid  by  the 
electric  oxidation  of  nitrogen  of  the  air. 

The  process  consists  in  making  a  preliminary  concentration 
of   nitric  acid   by  direct  contact  with  a  current   of  hot  gases, 


mixing  the  nitric  acid  thus  concentrated  with  concentrated 
sulfuric  acid,  and  distilling  the  nitric  acid  from  the  mixture 
and  then  concentrating  the  sulfuric  acid  for  re-use  in  the  pro- 
cess, one  and  the  same  current  of  hot  gases  being  successively 
utilized  for  concentrating  the  dilute  sulfuric  acid,  for  distilling 
strong  nitric  acid  from  the  mixture  of  nitric  and  sulfuric  acids, 
and  for  preconcentrating  the  weak  nitric  acid  by  direct  contact 
with  the  hot  gases. 

APPARATUS  FOR  PRODUCING  CHLORIDS  OF  CARBON. 

U.  S.  Patent  No.  1,009,428,  to  James  MacKaye,  of  Cambridge, 
Massachusetts.  Assignor  to  Stone  and  Webster. 
This  is  an  apparatus  for  producing  chlorides  of  carbon,  com- 
prising a  reaction  chamber  with  branches,  the  walls  being  of 
material  which  will  resist  cold  chlorine,  said  chamber  and  its 
branches  being  filled  with  a  porous  corrosion  resisting  material, 


a  lining  adapted  to  resist  hot  chlorine  in  the  main  body  of  the 
chamber  within  the  walls,  and  heating  means  within  said  lined 
part    ol    the   chamber,    a    liquid    cooling   circulation    about   the 


branches  of  the  chamber,  inlets  for  chlorine  and  methane  at 
one  end  of  the  branches  of  the  chamber,  and  means  for  supplying 
the  gases  in  the  proper  proportions  to  said  branches  and  mixing 
them  therein  in  the  presence  of  the  porous  medium  before  they 
are  permitted  to  react,  and  an  outlet  for  the  products  of  the 
reaction,  and  means  for  collecting  and  retaining  tin-  same. 

ELECTRIC  FURNACE. 
U.  S.  Patent  No.  1,009,625,  to  William  C.  Arserrt,  of  Schenectady, 
New  York,  Assignor  to  General  Electric  Company. 
This  invention  comprises  an  electric  furnace  having  a  heating 
chamber  and  a  condensing  chamber,   and   hating   various  ele- 
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ments  so  constructed  and  arranged  that  metals  or  compounds 
may  be  vaporized  in  the  hot  zone  and  then  condensed  in  the 
cooler  zone.  According  to  this  invention,  the  whole  operation 
of  vaporizing  and  condensing  can  be  carried  out  in  a  vacuum 
or  in  a  suitable  gas  or  gases. 

The    invention    comprises   a   furnace,    the    combination    of    a 
metal    envelope,    water-cooled    terminals    passing   through    said 
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envelope  and  insulated  therefrom,  a  heater  connected  with  said 
terminals  ant!  consisting  of  a  plurality  of  grids  connected  in 
series  and  forming  a  rectangular  space  for  the  reception  of 
a  crucible  to  be  heated,  and  a  heat-reflecting  screen  consisting 
of  graphite  boxes  packed  with  refractory  powder  and  enclosing 
said  grids  to  concentrate  the  heating  effect  on  the  crucible  .md 
its  charge. 


MARKET  RKI'ORT. 


A.VBRAOB   \\ 
ORGANIC   CHEMICA 

Acetanilid Lb, 

Acetone  (drums)  Lb. 

Alcohol,  grain  (188  proof) Gal. 

Alcohol,  wood  (95  per  cent.) Gal. 

Alcohol,  denatured  (180  proof  .  .Gal. 

Arnyl  Acetate Gal. 

Acetic  Acid  (28  per  cent.) C. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Carbon  Tetrachloride  (drums). .  .Lb. 

Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals.  .Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn) C. 

Ether  (U.  S.  P.',  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallie  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC  CHEMICALS 

Acetate  of  Lime  (gray) C. 

Acetate  of  Lead  (brown,  broken)Lb 

Alum  (lump) C. 

Ammonium  Carbonate,  domestic  Lb. 

Ammonium  Chloride,  gray Lb. 

Aluminum  Sulphate C. 

Aqua  Ammonia  (drums)  160.  .  .  .Lb. 

Arsenic,  white Lb. 

Brimstone  (crude,  domestic) .  .  .  .Ton 

Barium  Chloride C. 

Barium  Nitrate Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) .  . .  .Lb. 

Bromine,  bulk Lb. 

Bleaching  Powder  (35  per  cent.)   C. 
Barytes  (prime  white,  foreign). .  .Ton 

Blue  Vitriol Lb. 

Calcium  Chloride C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth,  powdered C. 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (180) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Lithium  Carbonate Lb. 

Magnesite  (raw)   Ton 

Nitric  Acid,  36° Lb. 

Phosphorus Lb. 

Phosphoric  Acid,  sp.  gr.  1.75. . .  .Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bromide Lb. 

Potassium  Permanganate  (bulk)  Lb. 
Potassium  Cyanide  (bulk)  98- 

99  per  cent Lb. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Chlorate,  crystals.  . .  .Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Bichromate,  50  ° Lb. 

Quicksilver Flask 

Salt  Cake  (glass-makers') C. 


3ALB    PRICES 

OP   STANDARD 
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Silver  Nitrate Oz. 

Soapstone  in  bags Ton 

Sodium  Acetate LI). 

Sodium  Chlorate Lb. 

Sodium  Bicarbonate  (English)... Lb. 

Sodium  Bichromate Lb. 

Sodium  Hydroxide,  60  per  cent.    C. 

Sodium  Hyposulfite C. 

Sodium    Nitrate,    95    per    cent., 

spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulphur,  Roll C. 

Sulphur,  Flowers  (sublimed).  .  .  .C. 

Sulphuric  Acid,  6o°  B C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  1 .  .  .C. 

Tin  Bichloride  (500) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 

OILS,  WAXES,  El 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity  .  .  .  Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil   (crude),  f.  o.  b. 

mill Gal. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (double-boiled) Gal. 

Paraffine  Oil  (high  viscosity). .  .  .Gal. 
Paraffine     (crude     120    &      122 

m.  p.) Lb. 

Rosin  Oil  (first  run) Gal. 

Spindle  Oil,  No.  1 Gal. 

Sperm  Oil  (bleached  winter)  38 °. Gal. 
Stearic  Acid  (double-pressed) .  .  .  Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

METALS. 

Aluminum  (No.  1  ingots)   Lb.  20       @ 

Antimony  (Hallet's) Lb.  73A  @ 

Bismuth  (New  York) Lb.      2  .  10       @ 

Copper  (electrolytic) Lb.  16       @ 

Copper  (lake) Lb.     16.05       @ 

Lead,  N.  Y Lb.      4.22'A@ 

Nickel Lb.  40       @ 

Platinum  (refined) Oz.    45  .  50       @ 

Silver Oz.  598A  @ 

Tin .Lb.  433A  @ 

Zinc Lb.      6.85       @ 

FERTILIZER  MATERIALS. 

Ammonium  Sulphate C. 

Fish  Scrap,  domestic,  dried Unit 

Blood,  dried Unit 

Tankage,  high  grade Unit 


36'/l 

@ 

3«'A 

0.00 

@ 

12  .OO 

4'A 

@ 

5 

8 'A 

@ 

9'A 

2SA 

@ 

3 

5 

UH 

5'A 

1.70 

@ 

'•75 

1 .30 

@ 

1 .60 

2-35 

@ 

2-45 

65 

@ 

1-50 

6'A 

@ 

7% 

1.85 

(a, 

215 

2  .20 

@ 

2.60 

85 

@ 

1. 00 

5.00 

@ 

20.00 

75 

@ 

80 

>23A 

@ 

13 

47 

@ 

5' 

4'A 

@ 

5 

2 'A 

@ 

2  A 

40 

@ 

45 

12 

@ 

12  A 

9  A 

@ 

10A 

9 

@ 

15 

5.60 

@ 

5-70 

40 

@ 

— 

1 9 'A 

@ 

20 

9'A 

@ 

9'A 

80 

@ 

85 

75 

@ 

78 

23'A 

@ 

24 

3 

@ 

3'A 

38 

@ 

40 

14 

@ 

I4A 

74 

@ 

76 

9 

@ 

10 

60 

@ 

63 

30 

@ 

31 

20A 

8 
215 

1 6 'A 


45 
46.00 

44 


3.40  (0} 

2.90  @ 

2.85  @ 

2 .70  @ 

Bone,  4'A  &  50,  ground,  raw. . .  .Ton   27  .00  @ 
Potassium,    "muriate,"   basis   80 

per  cent Ton  38.55  @ 

Phosphate,  acid,  16  per  cent.  .  .  .Ton     7.50  @ 
Phosphate  rock;  f.  o.  b.  mine: 
Florida    land    pebble    68    per 

cent Ton     3.70  @ 

Tennessee,  68-72  per  cent.  .  .  .Ton     4.25  @ 

Pyrites,  furnace  size,  imported.  .Unit    o.  13 'A  @ 

Castor  meal Unit        nominal 

Mowrah  meal Ton     8.50  @ 


3-45 


7-75 


3-8o 
4-5» 


9.00 


The  Journal  of  Industrial 
and  Engineering  Ghemistry 

Published  by  THE  AMERICAN  GHEMIOAL  SOGIETY 


Volume  IV 


JUNE,  1912 


No.  6 


BOARD  OF  EDITORS. 

Editor:  M.  C.  Whitaker. 

Associate  Editors  : 

G.  P.  Adamson,  E.  G.  Bailey,    H.  E.  Barnard,  G.  E.  Barton,  A.  V.  Bleininger,  Win.  Brady.    C.  A.   Browne, 

F.  B.  Carpenter,   C.  E.  Caspari,    V.  Coblentz,    W.  C.  Geer,   W.  F.  Hillebrand,    W.  D.   Home,    T.  Kamoi,    A.   D. 

Little,    C.  E.  Lucke,    P.  C.  Mcllhiney,   Wm.  McMurtrie.   J.  M.  Matthews,    T.  J.    Parker,   J.  D.  Pennock,   W.  D. 

Richardson.  G.  C.  Stone,  E.  Twitchell.  R.  Wahl,  W.  H.  Walker,  W.  R.  Whitney,  A.  M.  Wright. 


Published  monthly       Subscription  price  to  non-members  of   the  American  Chemical  Society,  $6  00  yearly. 
Foreign  postage   seventy-five  cents,  Canada,  Cuba  and  Mexico  excepted. 

Entered  at  the  Post-Office,  Easton,  Pa  ,  as  Second-class  Matter 

ESCHENBACH   PRINTING  COMPANY,  EaSTON,  PENNA. 


TABLE   OF    CONTENTS 


Editorials: 

The  Scope  of  Pharmaceutical  Chemistry 396 

Original  Papers: 

Structure  of  Galvanized  Iron.  By  Walter  Arthur  and 
William  H.  Walker   397 

The  Estimation  of  Oxygen  and  Occluded  Gases  in 
Copper  and  a  Correction  to  the  Electrolytic  Assay  in 
The  Complete  Analysis  of  Copper.  By  George  L. 
Heath 402 

Some  Observations  on  the  Disintegration  of  Cinder 
Concrete.     By  George  Borrowman 405 

The  Manufacture  of  Chloroform  from  Bleaching  Powder 
and  Ethyl  Alcohol.     By  F.  W.  Frerichs 406 

Comparison  of  Some  Methods  for  the  Estimation  of 
Sulfur  in  Vulcanized  Rubber  with  Especial  Refer- 
ence to  Electrolytic  Oxidation.  By  D.  Spence  and 
J-  Young  ' 413 

A  Method  for  Determining  the  Value  of  Commercial 
Starches  for  Use  in  Cotton  Mills.  By  G.  M.  Mac- 
X  ider 417 

The  Chemistry  of  Anaesthetics,  IV:  Chloroform.  By 
Charles  Baskerville  and  W.  A.  Hamor 422 

Some  Data  on  the  Manufacture  of  Smoking  Opium 
and  Its  Chemical  Composition.  By  A.  B.  Adams 
and  James  M.  Doran 429 

The  Composition  of  the  Pacific  Kelps.  By  J.  W. 
Turrentine 4^1 

A  Note  on  the  Determination  of  Iodides  by  Direct 
Titration.     By  J.  W.  Turrentine 435 

Determination  of  Total  Potassium  in  Minerals.  Bv 
Charles  J.  Schollenberger 436 

Note  on  the  Neutral  Permanganate  Method  for  the 
Availability  of  Organic  Nitrogen.     By  John  Phillips 

,  Sfreel 437 

Activity  of  Organic  Nitrogen  as  Measured  by  the  Alka- 
line Permanganate  Method.     By  C.  H.  Jones 438 

The  Effect  of  the  "Wet   Process"  on  the  Availability 

of  Low-Grade  Nitrogenous  Materials.     By    Burt    L. 

Hart  well  and  F.  R.  Pember 441 

Neutral  Ammonium  Citrate  Solution.      By  A    J.  Patten 

and  C.  S.  Robinson 443 

Laboratory  and  Plant: 

The  Manufacture  of  Gelatine.     By  Ludwig  A.  Thiele       440 
A  Punch  for  Straight  Rubber  Test   Pieces       Bv  Harry 

P.  Mills ' "    452 

A   Laboratory  Generator  for   Hydrochloric   Acid   Gas. 

By  Edwin  Dowzard 452 

Two    Pieces    of    Laboratory    Apparatus.     By    Harold 

Canning  Chapin  453 

Unique  Water  Bath.      Bv  S.  W.  Wiley  454 


By    W 


Addresses: 

Occupational  Poisoning  in  Chemical  Trades. 
Oilman  Thompson 

The   Progress  of   the    Work   on   the    Revision   of   the 
United  States  Pharmacopoeia.     By  J.  P.  Remington 
Current  Industrial  News: 

The  Industrial  Uses  of  Ozone 

Non-Freezing  Mixtures 

A  New  Liquid  Mixer 

The  Sterilization  of  Potable  Waters 

Portland  Cement 

Bleaching  Powder  as  a  Soap  Substitute 

Water-Gauge  Glasses 

Packing  in  Steam  Plants 

Developments  in  Steam  Generation 

The  Contact  Process  of  Sulphuric  Acid  Manufacture 

Fortoline 

The  Utilization  of  Storage  Battery  Sludge 

The  Manufacture  of  White  Lead 

The  Purity  of  Commercial  Metals 

The  Cost  of  Chlorine 

Synthetic   Organic   Dyes   and    Patents    for    the    Manu 
faeture  of  the  Same,  1907-'!  1 

The  Manufacture  of  Aluminum  Foil 

Some  New  "Non-Corrosive"  Alloys 

Kupronizing 

Notes  and  Correspondence: 

The  German  Patent  System 

Originality  of  Inventions 

Report  of  the  Delegate  to  the  Joint  Conference  on  the 
Patent  System 

Report  of  the  Committee  on  Quantitative   Methods.      . 

The  Technical  Analysis  of  Brass  and  the  Non-Ferrous 
Alloys:  Author's  Note 

Volatility  of  Metals  of  the  Platinum  Group 

Chemistry  and  the  Lithographic  Industry 

Contamination  of  Laboratory  Samples  by  Iron  Derived 
from  Crushing  Machinery 

Combating  Miners'  Diseases 

Book   REVIEWS: 

Strength  of  Materials;  Fertilizer  and  Fertilizer  Hints, 
Die  Chemie  der  Cellulose  with  Particular  Referenc 
to  the  Textile  and  Cellulose  Industries:  Chemiker 
Kalender;  Tin.-  Manufacture  of  Varnishes,  and 
Kindred  Industries:  Technical  Methods  of  Chemical 
Analysis:  Cocoa  and  Chocolate,  Their  Chemistry  and 

Manufacture ;  A  Manual  of  Fire  Assaying         

New  Publications  

Recent  [nventions 
Market  Report 


454 
457 

459 
460 
460 
461 
461 
461 
461 
461 
462 
462 
462 
462 
462 
462 
463 

463 

4t>3 
4''3 
463 

4('4 
465 

466 
467 

469 

47" 
47° 

471 
47' 


471 

474 
47- 
47b 


;,><> 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


'<)> 


EDITORIALS 


THE  SCOPE  OF  PHARMACEUTICAL    CHEMISTRY. 
The    term    Pharmaceutical    Chemistry    conveys    no 
very  definite  idea  to  many  who  arc  engaged  in  other 
branches  oi   the  science;  and  with  these  indeed,  ma} 

be  included  main-  who  are  connected  with   this  bran.  I 

oi  chemistr)  For  this  condition,  the  pharmaceutical 
chemists 'themselves    an-    responsible,     Men    engaged 

in  the  various  divisions  of  pharmaceutical  work,  for- 
getting how  dependent  they  are  upon  the  other  classes 
of  workers  in  this  field,  have  failed  to  keep  in  touch 
with  one  another.  With  this  condition  existing 
among  the  pharmaceutical  chemists  it  is  not  difficult 
to  understand  why  other  chemists  often  have  vague 
ideas  as  to  what  pharmaceutical  chemistry    comprises. 

The  term  shotild  be  applied  to  the  chemistry  di- 
rectly involved  in  the  preparation  and  dispensing  of 
medicines,  in  other  words,  that  connected  with  the 
practice  of  pharmacy  in  any  of  its  branches.  The 
retail  pharmacist  often  makes  chemical  and  micro- 
scopical examinations  of  urine,  or  even  maintains  a 
general  commercial  laboratory;  and  the  chemist  in 
a  manufacturing  house  may  be  called  upon  to  ex- 
amine flue  gases,  coal,  paints  and  other  materials 
used  in  construction  work,  but  none  of  these  can  be 
included  in  the  branch  of  chemistry  under  consider- 
ation. 

There  are  four  well  defined  divisions  of  pharmacy 
in  which  chemistry  plays  an  important  part — Retail 
Drug  Business,  Pharmaceutical  Education,  Pharma- 
ceutical Manufacturing,  and  Drug  Inspection.  These 
divisions  originated  in  the  order  named  and  each  is 
directly  dependent  upon  those  preceding  it. 

The  retail  drug  store  is  the  unit  upon  which  the 
whole  structure  of  pharmacy  rests  and  from  which 
the  other  divisions  were  evolved.  A  considerable 
knowledge  of  chemistry  is  required  by  the  successful 
prescriptionist  to  whom  many  difficttlt  problems 
come.  The  retail  pharmacist  also  manufactures  a 
certain  number  of  his  preparations,  and  his  manu- 
facturing operations  should  differ  only  in  magnitude 
from  those  of  the  manufacturing  pharmacist  which 
we  shall  consider  later.  The  retail  pharmacist  should 
also  be  competent  to  inspect  his  purchases  of  drugs 
and  chemicals  and  this  requires  careful  analytical 
work.  Hence,  the  purchase  of  a  medicine  at  the  drug 
store  or  the  compounding  of  a  prescription  should  not 
be  considered  as  a  commercial  transaction,  but  as  a 
professional  service  and  should  be  paid  for  accord- 
ingly. While  conditions  in  pharmacy  are  not  ideal, 
rapid  advancement  is  being  made  and  the  attitude 
of  the  public  toward  the  pharmacist,  influencing  as 
it  does  the  financial  returns  of  the  business,  will  be 
an    important   factor   in   pharmaceutical   progress. 

In  the  early  days  of  scientific  pharmacy  the  edu- 
cation of  the  apprentice  was  an  important  duty  of 
the  proprietor,  but  as  pharmacy  developed,  schools 
were  organized  for  the  purpose  of  training  men  to  act 
as  retail  pharmacists.  Further  progress,  however, 
brought  a  demand  for  men  trained  to  fill  positions  as 


chemists  for  manufacturing    houses,    boards    ol 
macy,  drug  commissioners,  etc      The  schools  have  not 
met   this   demand   and    in    most  cases   men    musl 
lected    who    have    a    pharmaceutical    education    with 
very    little    chemical    training    or    a    good    training   in 
chemistry  and  no  knowledge  at  all  of  pharmacy.      The 
knowledge  of  chemistry  or  pharmacy  which  is  lacking 
must   then  be  obtained  and,  as  the  latter  is  mop 
acquired,  such  positions  are  usually  filled  by  men  who 
have  little  or  no  knowledge  of  pharmacy.     Thi 
dition   is  very  unsatisfactory  as  the  chemist  may  be 
handicapped  for  years  by  his  ignorance  of  pharmaceu- 
tical conditions  and  facts  which  have  never  happened 
to   come    to    his   attention.      It    is   true   that   at  i 
have   been   made  by  some  of  the  colleges,   to  provide 
courses    lor   chemists   who   wish    to    take   up    pharma- 
ceutical work,  but  most    of  them  have  failed    to  pro- 
vide training  of  the  proper  sort.      Four-year  pharmacy 
courses  are  often  built  up  by  taking  a  two-year  course 
as  a  basis  and  attaching  here  and  there  a  more  or  less 
unrelated   subject   until   the   time   is   reasonably  well 
filled.     Another  idea  is  to  devote  a  third  year,  after 
the  regular  two-year   pharmacy    course,   to  food  and 
drug     analysis.     Bacteriology,     botany,     mineralogy. 
toxicology,  urine  analysis,  water  analysis,  fire  assaying 
and  other   interesting   subjects   are   available   for  the 
construction    of    such  courses;  and  there  seems  to  be 
little  realization  of  the  fact  that  four  years  is  a  very 
short  time  in  which  to  train  men  for  pharmaceutical 
work,    even    if    the    curriculum    is    well    chosen.     The 
ideal  training  would  include  a  knowledge  of  the  retail 
drug  business  although  this  is  not  absolutely  essential; 
the    essential    features    are    instruction    in    pharmacy 
and  as  broad  a  training  in  chemistry  as  possible.     Of 
course,    it   is   understood   that   mathematics,    physics, 
languages  and  other  subjects   must  be   included  in  a 
course  of  this  kind.      Graduate  courses  of  study  should 
be  established  so  that  pharmaceutical  chemists  could 
pursue    their   studies    under   competent    instructors. 

We  believe  that  the  cause  of  this  unsatisfactory  con- 
dition in  pharmaceutical  education  is  found  in  the 
fact,  already  noted,  that  the  men  in  any  one  of  the 
divisions  of  pharmaceutical  work  have  not  sufficiently 
interested  themselves  in  the  work  of  the  other  divisions; 
and  thus  the  educational  men  have  had  little  oppor- 
tunity to  learn  what  is  required  in  the  other  lines  of 
work. 

The  chemical  work  of  the  manufacturing  pharma- 
cist is  varied  in  character;  and  in  order  to  gain  a  clearer 
idea  of  its  nature  it  may  be  well  to  consider  it  n 
several  steps.  The  inspection  of  crude  materials  is 
obviously  a  most  important  factor  in  the  production 
o!  a  good  product.  This  inspection  consists  in  the 
positive  identification  of  everything  purchase 
elusive  of  those  things  which  are  identified  by  a 
botanical  examination;  and  as  thorough  a  sti 
possible  of  the  purity  and  strength  of  the  material. 
Drugs  of  vegetable  or  animal  origin  containing  known 
active   principles   must   be  assayed   in   order   to   detei 
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mine  their  value.  The  determination  of  the  nature 
and  amount  of  impurities  in  organic  and  inorganic 
chemicals,  oils,  resins,  gums,  balsams,  etc.,  taxes  the 
. resources  of  any  chemist,  and  the  pharmaceutical 
chemist  is  often  driven  to  the  expedient  of  rejecting 
clearly  unsatisfactory  materials  on  account  of  the 
presence  of  unidentified  impurities.  In  choosing 
materials  it  is  understood  that  certain  amounts  of 
harmless  impurities  must  be  permitted  in  all  medici- 
nal substances  otherwise  their  cost  would  be  pro- 
hibitive. 

Having  determined  that  the  crude  materials  arc 
satisfactory,  the  manufacturing  processes  must  be 
controlled  by  the  examination  of  preparations  in 
different  stages  of  manufacture  in  order  to  give  di- 
rections for  finishing  products  of  proper  strength  and 
composition. 

The  finished  products  must  then  be  examined  to 
determine  their  compliance  with  standards  of  strength 
•and  purity,  and  also  by  aging  experiments  to  deter- 
mine something  of  their  keeping  qualities. 

It  is  said  that  it  is  impossible  to  remain  stationary; 
if  this  is  true  no  manufacturer  can  stop  when  he  has 
accomplished  what  has  been  outlined  above;  he  must 
strive  to  advance.  Many  of  the  analytical  methods 
used  in  this  work  leave  much  to  be  desired  and  a  con- 
stant effort  must  be  made  to  improve  them.  Manu- 
facturing processes  must  be  improved  in  order  to  pro- 
duce better  products  and,  to  make  them  more  eco- 
nomically, new  processes  and  new  products  must  also 
be  devised. 

With  the  enactment  of  food  and  drug  laws  the  in- 
spection of  drug  products  became  a  very  important 
division  of  pharmaceutical  work.  Extremely  valua- 
ble results  have  already  been  achieved  by  workers 
in  this  field  and  by  conservative  work  much  more 
will  be  accomplished.  The  sensational  methods  and 
arbitrary  rulings  which  have,  in  a  few  instances,  been 
resorted  to,  are,  however,  to  be  greatly  deplored. 

Having  discussed  our  subject  in  a  general  way  it 
may  be  of  interest  to  give  some  definite  idea  of  the 
number  of  substances  with  which  the  pharmaceutical 
chemist  has  to  deal.  A  certain  manufacturing  house 
lists  about  four  thousand  products,  in  the  preparation 
■  hich  about  seven  hundred  different  materials, 
which  must  be  examined  chemically,  are  used. 

Pharmaceutical  chemistry  presents  an  inviting  field 
"t  work  to  the  young  chemist.  Comparatively  little 
is  known  concerning  the  composition  of  many  of  the  hun- 
dreds of  vegetable  drugs  in  use.  Even  in  case  of 
some  of  the   most   important   drugs  our  knowledge   is 


very  defective.      Ergol    may  be  cited  as  an  example, 

the  most  important  contributions  to  our  knowledge 
of  its  composition  having  been  made  within  the  last 
few  years,  although  its  study  has  been  undertaken 
by  many  eminent  chemists  during  a  period  extending 
over  many  years.  The  composition  of  the  vegetable 
drugs  alone  offers  an  interesting  and  important  field 
of  work  for  the  pharmaceutical  chemist  for  genera- 
tions to  come.  The  effect  of  cultivation  upon  the 
chemical  composition  of  medicinal  plants  has  been 
almost  entirely  neglected,  although  the  remarkable 
increase  in  the  quinine  content  of  cinchona  bark 
through  cultivation  has  long  been  known.  The  re- 
lation of  chemical  constitution  to  physiological  action, 
and  the  study  of  the  enzymes  and  hormones  which 
may  be  used  medicinally  arc  merely  suggestive  of  the 
broad  fields  which  await  the  pharmaceutical  chemist 
of  the  future. 

While  a  review  of  the  progress  of  pharmacv  would 
not  be  appropriate  here  it  may  not  be  out  of  place  to 
call  attention  to  the  several  lines  of  cooperative  ana- 
lytical work  which  are  being  carried  on.  The  keeping 
quality  of  medicinal  preparations  has  already  been 
referred  to  and  this  subject  has  had  the  serious  con- 
sideration of  manufacturers  for  a  number  of  years. 
Several  of  the  largest  manufacturers  have  collaborated 
on  this  work  and  have  published  the  results  already 
obtained  in  the  form  of  a  brochure  on  the  "Stability 
of  the  Drug  Extracts."  The  work  has  shown  that 
preparations  of  this  class  arc  as  a  rule  remarkably 
stable. 

The  pharmaceutical  division  of  this  society  has  a 
Committee  on  Quantitative  Methods  whose  function 
is  the  study  and  improvement  of  analytical  methods 
used  in  pharmaceutical  work. 

The  U.  S.  Pharmacopoeia  and  the  National  For- 
mulary, which  are  our  official  standards  for  medicinal 
substances,  are  now  being  revised,  and  in  these  great 
undertakings  a  large  number  of  workers  in  all  branches 
nf  pharmacy  are  collaborating.  As  these  works  do 
not  include  all  articles  which  are  commonly  used  in 
medicine,  the  American  Pharmaceutical  Association 
has  a  standing  committee  for  the  establishment  of 
unofficial  standards  in  which  all  classes  of  pharma- 
ceutical workers  are  represented. 

As  the  pharmaceutical  chemists  are  thus  striving 
to  advance  this  branch  of  chemistry,  it  is  to  be  hoped 
that  they  will  not  neglect  any  opportunity  for  fur- 
thering closer  relations  with  one  another  and  with 
chemists  in  other  lines  of  work. 

F.   R.   Eldred. 
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STRUCTURE  OF  GALVANIZED  IRON. 

By   Walter  Arthur  and  William    H     Walker. 
Received  December  11.  1911.- 

Galvanized  iron,  by  which  term  in  this  article  we 
shall  include  all  zinc  protected  iron,  consists  not  of  a 
sheet  of  iron  covered  with  a  layer  or  skin  of  pure  /.inc. 


as  one  might  expect,  but,  on  the  contrary,  of  a  com- 
plicated system  of  iron-zinc  compounds,  starting  with 
pure  zinc  on  the  outside  and  passing  through  these 
alloys  to  the  iron  base  within.  We  shall  consider  the 
structure  of  zinc  protected  iron  under  the  three  heads: 
i.  Hot  galvanized — material  made  by  passing  the 
iron  through  a  bath  of   melted   zinc. 
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2,  Sherardized  the  article  heated  in  the  pres- 
ence "i    finely  divided   zinc  am  ide 

3  Wei  or  Electrogalvanized — a  layer  of  cither 
Bine  or  .i  zinc  alloy  deposited  electrolytically  on  the 
iron  article  from  an  aqueous  bath. 

H\  examining  the  zinc-iron  alloy  diagram  construe 
ted  b)    v    Vegesack,'  which  is  reproduced  in  pari   as 
Fig.    i,  we  sec  that   by  raising  the  temperature  iron 


F/g-J, 


will  dissolve  in  melted  zinc  to  at  least  24  per  cent. 
Bevond  this  point  it  is  impossible  to  go,  owing  to  the 
volatility  of  the  zinc.  Hence  the  composition  of  the 
crystals  separating  along  the  dotted  line  DX  is  not 
accuratelv  known,  and  will,  for  want  of  a  better  name. 


be  called  "binding  alloy."  From  the  molten  mass 
at  this  point,  crystals  of  this  "binding  alloy,"  FeZn3. 
FeZn7  (or  a  more  or  less  saturated  solution  of  zinc 
in  FeZn7),  separate  on  cooling,  the  nature  of  the 
primary  alloy   depending  on  the  concentration.      The 

1  v.  Vegesack.   Zeit.  nuo,o    Chem  ,  52,  .In  (1907) 


point    u    on    tin-    diagram    represents    the    maximum 
solubility  ol  zinc  FeZn„  and  it  is  probabl; 

ted    solid    solution    which    is    noticeable    in    certain    sec- 
tions ..i  galvanized  iron      A  fraction  ol  one  pei 
(0.5-0.7   i»i    cenl   i   ol    iron   remains  dissolved   in   the 
zinc  alter  solidification 

//,>/  ( ,  ( lonsider  firsl  the  ordin; 

<>i    galvanizing   with   reference   t"   the   equilibria 


cated  above.  A  piece  of  iron  dipped  into  melted  zinc 
at  once  begins  to  dissolve,  the  amount  of  solution 
depending  on  the  length  of  time  the  iron  is  in  the 
bath.  As  the  solubility  of  iron  in  zinc  is  very  low  at 
tins  temperature  the  zinc  bath  soon  becomes  satura- 
ted, and  a  separation  of  the  solid  solution  represented 
bv  the  point  n  occurs.  This  crystalline  compound 
is  the  "hard  dross"  of  the  galvanizer's  bath  and  is 
shown  in  the  photograph,  Plate  i.  There  is  also  a 
tendency  for  equilibrium  to  establish  itself  on  the  sur- 
face of  the  iron,  and  as  at  this  point  of  contact  be- 
tween molten  zinc  and  solid  iron  all  possible  concen- 


tration may  be  considered  to  exist,  the  specific  proper- 
ties of  the  individual  crystals  determine  the  charac- 
ter and  amount  of  each  constituent.  The  actual  be- 
havior under  varying  conditions  is  best  shown  by 
microphotographs  of  the  galvanized  plates  viewed  in 
cross  sections. 

The    preparation    and    polishing    of    plates    in 


|une,  igi: 
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sections  presented  some  difficulties,  the  chief  of  which       iron  surfaces,  thus  preventing  the  burring  of  the  edges 
lies  in  the  tendency  of  the  zinc  to  "flow"  in  polishing.      at  such  points  and   the  tilling  of  such  spaces  by  zinc 


Plate  4.  j,T  - 

and  the  ease  with  which  it  gives  rounded  or  "burred "  and    iron    particles    in    cutting    and    polishing.      After 

edges  when  cut  at  right  angles.      To  prevent  "burring"  the  sodium  silicate  had  thoroughly  hardened,  the  edges 

several    strips   of   the    iron   were    immersed    in   sodium  of  the  pieces  were  all  cut   to  the   same  plane   by  means 


silicate  solution  until  the  surfaces  were  thoroughly 
covered,  clamped  tightly  together  in  a  small  hand 
vise  and  dried   for  about   two  hours  at    ioo°  C.      The 


Plate  8. 

ot  a  fine  file,  the  final  strokes  being  made  in  alternate 
directions  so  as  to  prevent  any  flowing  of  the  zinc. 
The  file  was  followed  by  fine  emery  paper,  and  this  by 


»   * 


Plate  9. 


hardened  sodium   silicate  served   to   fill   out  the  inter-      still    finer   emery    paper   until    the   edges   presented   an 
;  resulting  from  the  unevenness  of   the  galvanized      unscratched    surface    to    the    unaided    eye.      The    final 
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polishing  was  doi  cotton  flannel,  mounted  on      mm    on  the  specimen.     Plate    a    shows    a   section  of 

•'  Piece  "<   rubber,<and  covered  with  jew.  I  1  ,        ordinary  ho1  galvanized  iron  in  which  A  is  the  iron,  B 


J    LA  I  L     1  <L  __  '        „ 

Plate  13. 

In  order  to  secure  the  best  results,  the  final  strokes  a  very  thin  layer  of  the  "binding  alloy"  of  undeter- 
were  made  very  slowly  and  with  a  light  pressure  mined  composition,  C  the  compound  FeZn„  I)  the 
and    always    in    alternate    directions:      0.5    per    cent.      zjnc  layer  which   is  filled   with   tiny  crystals  of   PeZn, 


l'i  ate   II.  Plate  14. 

nitric  acid  m  95  per  cent,  alcohol  was  used  as  an  etch-  not  visible  in  the  photograph,  and  finally  the  sodium 

ing  reagent.      By  means  of  a  micrometer  eye  piece  the  silicate.       Plate    3    shows    a    section    of    heavily   gal- 

thickncss   of    the    various   layers   found    in    the   etched  vanized   iron   inftwhich,  because  of  a   longer  period  of 


Plate  15. 


specimens  was  measured.      Each  division  of  the  scale       immersion    in    the   zinc   bath,    much   larger   crystals  of 
shown  in  certain  of  the  photographs  represents  0.072       FeZn7  have  formed.      The  large  increase  in  the  amount 
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of  the  compound   FeZn7  due  to  abnormally  long  im- 
mersion in  the  zinc  bath  is  shown  in  Plates  4  and  5. 

That  the  tiny  crystals  of  PeZn,  are  always  present 
in  the  outer  zinc  layer  can  be  determined  in  another 
way.  If  an  ordinary  galvanized  plate  is  cautiously 
treated  with  caustic  soda  it  is  possible  to  dissolve  the 
zinc   without    affecting   tine   compound.      On   a   .surface- 


prepared  in  this  way  the  tiny  needle-like  crystals 
of  the  compound  become  visible  against  the  darker 
polygons  of  zinc. 

Plate  6  is  a  cross  section  of  a  piece  of  galvanized 
pipe  used  and  left  by  the  French  at  Panama.  It  is 
remarkable  that  after  an  exposure  of  some  thirty 
years  there  should  still  remain  so  unusual  a  coating  of 
zinc.  The  layer  of  alloy  FeZn3  is  also  very  heavy  and 
the  zinc  is  full  of  small  crystals  of  FeZn7,  both  facts  in- 
dicating that  the  pipe  was  immersed  for  a  considera- 
ble length  of  time  in  the  galvanizing  bath,  and  that 
the  bath  was  fully  saturated  with  FeZn.. 


Plato  7  is  two  pieces  of  ordinary  galvanized 
iron,  one  very  irregular  in  thickness,  which  have  been 
so  etched  as  to  bring  out  more  stronglv  the  binding 
alloy  B. 

We  have  alfeady  corrected1  a  statement  erroneously 
made    by    one    of   us2    that   these   alloys   were    electro- 

k  and  Walker     Tills   JOURNAL,  3,   No.  4   I  1911  I, 
-'  Walker:  Proc    Am    Eleclrochem.  Soc, 


negative  to  iron.  While  not  so  electropositive  as 
zinc,  they  are  tn>t  electronegative,  and  hence  afford  a 
distinct  protection  to  the  iron  base.  Plate  8 
represents  two  parts  of  a  galvanized  sheet  which  had 
been  exposed  to  the  weather  for  a  number  of  years. 
The  left  side  is  from  a  spot  which  showed  no  corro- 
sion, and  exhibits  a  continuous  layer  of  zinc  on  the 
alloy  FeZn3.  The  right  side  was  selected  from  a  spot 
very  close  to  where  corrosion  of  the  iron  had  alreadv 
commenced.  Only  the  alloy  is  left  and  this  is 
broken  through  at  one  or  two  points.  Plate  <j 
shows  two  sections  of  heavily  galvanized  iron  which 
had  been  allowed  to  rust  in  a  damp  place,  but  which 
have  not  been  artificially  etched.  A  is  the  rusted 
iron  surface.  B  is  a  strip  of  iron  surface  next  to  the 
alloy  which  has  been  protected  from  corrosion  by 
the  electropositive  character  of  the  alloy.  ('  is  the 
alloy  and  D  the  /.inc. 

A  property  ol   galvanized  iron  with  which  all  user- 
are  familiar  is  its  tendencj   to  crack  and  peal  off  when 


sharply  bent.  Investigation  of  cross  sections  made 
of  specimens  which  had  been  bent  showed  that  the 
parting  of  the  galvanized  coating  from  the  iron  takes 
place  at  the  surface  of  the  "binding  alloy."  This  is 
as  would  be  expected,  inasmuch  as  the  high  iron  al- 
loys are  very  brittle.  Such  a  break  is  shown  in  Plates 
io  and  ii. 

Another  property  of  galvanized  iron  is  that  of 
blistering  with  subsequent  "flaking  off"  when  heated, 
such,  for  example,  as  is  seen  on  the  flue  of  a  house 
furnace.  It  was  at  first  thought  that  the  phenomenon 
was  clue  to  oxidation,  but  experiments  carried  on 
in  an  atmosphere  of  hydrogen  and  also  carbon  mon- 
oxide showed  that  this  flaking  occurred  when  the 
galvanized  article  reached  a  temperature  of  360° 
C,  or  thereabouts.  A  polished  section  shows  that 
in  this  case  the  parting  takes  place  between  the  zinc 
and  the  alloy  FcZn3.  Plate  12  shows  such  a  struc- 
ture. The  black  space  between  the  alloy  and  the 
zinc  is  sodium  silicate  which  has  flowed  in  between 
the  two  layers. 

Sherardized  Iron.  -The  material  known  as  sher- 
ardized   iron   is    not   a   definite   structure,    but   differs 
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according  to  the  temperature,  time  and  composition 
ol   the  zinc  powder  mass  employed.     When  the  zinc 
powder  is  diluted  with  inert   material,  bui 
ami  the  tunc  relativelj   short,  th  will  consist 

ol  .1  \rn  thin  layer  ol  the  alloy  PeZn„  together  with 
a  more  or  less  distinct  layer  of  binding  alloy  of  un- 
known composition.  If  the  time  is  increased,  and 
the  powder  richer  in  metallic  zinc,  a  Ilea-, 
obtained  as  shown  in  Plate  13.  If  continued  long 
enough,  a  layer  of  zinc  forms  on  the  surface  of  the  al- 
I03  as  shown  in  Plate  14.  In  all  sherardized  coat- 
ings arc  to  be  seen  many  cracks  running  through  the 
alio}  This  is  particularly  shown  in  the  upper  part 
of  Plate  13.  By  polishing  a  section  at  right  angles 
to  the  cross  section,  Plate  15  is  produced.  This 
shows  the  alloy  to  be  broken  into  numberless  fissures 
much  resembling  mud  cracks.  It  is  probable  that 
greater  study  of  etching  methods  would  bring  out 
still  other  alloys  in  this  complicated  structure.  Thus 
Plate  16  shows  two  sherardized  sections  which 
have  been  etched  by  slow  rusting  in  the  air.  They 
are  from  the  same  sheet  as  that  used  in  Plate  1,3, 
and  show  a  second  alloy  between  the  main  coating 
alloy  and  what  we  have  called  the  binding  alloy. 
The  blotched  portions  are  the  iron  surfaces  spotted 
with  rust  flecks.  Owing  to  the  brittleness  of  the 
main  alloy  a  regular  outline  at  the  sodium  silicate 
surface  is  difficult  to  obtain. 

Elcctrogalvanized  Iron. — The  metal  deposited  by  an 
electric  current  depends  upon  the  impressed  voltage 
and  the  composition  of  the  electrolyte  or  bath.  A 
coating  of  very  pure  zinc  may  be  produced,  or  an  alloy 
of  widely  varying  proportions  of  iron  may  be  ob- 
tained by  adding  iron  salts  to  the  bath,  or  as  is  some- 
times erroneously  done,  by  using  an  iron  anode.  In 
any  case  a  very  thin  binding  alloy  next  to  the  iron 
is  always  to  be  seen.  Plate  17  shows  a  piece  of 
ordinary  wet  galvanized  iron  in  which  the  coating  D 
is  pure  zinc.  E  is  the  sodium  silicate  layer,  and  B 
the  binding  alloy.  Plate  18  shows  two  pieces 
of  such  iron  which  have  been  bent  before  mounting. 
The  coating  is  seen  to  have  parted  from  the  iron  base 
along  the  line  formed  byr  it  and  the  alloy. 
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THE    ESTIMATION  OF  OXYGEN  AND  OCCLUDED  GASES  IN 
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ASSAY  IN  THE  COMPLETE  ANALYSIS  OF  COPPER. 
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The  only  strictly  quantitative  chemical  reaction 
for  the  estimation  of  the  oxygen  in  commercial  cop- 
per was  first  proposed  by  Dr.  W.  Hampe,1  of  Germany. 
He  subjected  the  finely  divided  metal  to  a  gentle  heat 
for  a  few  minutes  in  a  current  of  pure  carbon  dioxide, 
called  the  loss  (a  few  mg.)  moisture  and  ignored  it: 
the  oxygen  was  then  determined  by  the  loss  of  weight, 
or  water  produced,  on  heating  in  a  current  of  hydro- 
gen at  red  heat.     His  method  was  improved1  by  sim- 

«  Z.  f.  Berg  Hiitten-  and  Salinen  U'esen,  1873.      Fresenius  Zeit.,  1874 
-  Archbutt:  Analyst,  25,  253.      Hoffmann:  Trans.  A.  I.  M   E.,  34,  671. 
Heath:  Jour.  Am.  Chem.  Soc,  27,  313. 


plifying  the  cleaning  of  the  metal  and  by  absorbing 

olved  sulphur  in  an  ammoi 

t  loll     < 

To  secure  the  complete  evolution  of  all 
the    metal,    it   is   necessary   to   take   a     precautio 
mentioned  in  any  published  description  of  the  method. 
It  is  the  purpose  of  this  paper  to  correct  the  serious 
error  in   the      old   method1   and   to   report    the   result 
of   a    search  for  a  means  of  estimating   th 
gases  in  cast  refined  copper. 

The  loss  on  heating  copper  filings,  or  fine  drilling*, 
in  h\  drogen,  until  there  is  no  further  change  in  v. 
is   not   entirely2   due   to   oxygen   from   cuprous   oxide 
and   sulphurous  acid,  but  also  includes  the  ga 
rived  by  the  metal  from  the  fuel  and  the  refining  in 
tin-   turnace,  and  in  addition,  any  trace  of  moisture, 
mechanically  held,   and  finally  is  subject  to  th. 
to  be  explained. 

I  have  found  that,  within  the  limits  of  an  ordinary 
analysis,  red-hot  copper  has  practically  no  affinity 
for  carbon  dioxide.  It  has  been  proved  that  the 
gases  which  exist  in  cast  metal  (o .  005  per  cent,  or  more) 
can  be  driven  out  of  the  same  by  replacing  every  trace  \ 
of  air  in  the  glass  tube  with  perfectly  pure,  dry  car- 
bon  dioxide,  and  then  heating  the  copper  -in  contact 
with  the  gas  for  20-30  minutes.  The  loss  in  weight 
is  due  to  evolution  of  the  occluded  H,  with  traces  of 
CO,  C02,   N,  and  possibly  argon. 

The  loss  of  wreight  found  by  heating  subsequently  in 
hydrogen    does   not   express   the    true   oxygen    of    the 
cuprous  oxide  present  in  the  cast  metal,  for  the  metal , 
retains,  after  long  exposure  to  a  current  of  hydrogen,  i 
nearly  twice  as  much  hydrogen  in  an  occluded  state, 
or  solid  solution,  as  was  present  in  the  absorbed  gas' 
of    the    cast    metal;    the    original    occluded    hydrogen, 
gas   was   driven   out   by   the   preliminary   heating  in 
carbon  dioxide.     This  serious  error  has  hitherto  escaped 
attention.     The  hydrogen  held  back  after  heating  in 
hydrogen  should  be  finally  expelled  from  the  reduced 
copper  by  a  current  of  pure  carbon  dioxide,  exposing 
the  hot  metal  to  this  gas  for  twenty   minutes  before 
cooling  and  weighing  in  air. 

Carbon  Dioxide. — Carbonic  acid  free  from  even' 
trace  of  oxygen  and  other  impurities  cannot  be  pro- 
duced as  easily  from  marble,  or  calcite,  as  by  th< 
method  of  Bradley  and  Hale.*  They  use  a  paste  ol  , 
sodium  bicarbonate  and  water  in  a  700  cc.  nasi- 
surmounted  with  a  separator  tube.  The  generatoi 
is  started  half  an  hour  before  use  and  the  gas  allowe* 
to  flow  through  the  purifying  and  drying  tubes  (t< 
be  described),  as  far  as  a  three-way  valve  placed  jus' 
before  the  ignition  bulb  tube  containing  the  copper. 
If  the  gas  is  generated  from  marble,  or  calcite,  it  i: 
even  more  necessary  to  absorb  the  trace  of  oxygei 
constantly  given  off  from  the  mineral  after  the  ai 
is  all  driven  out  of  the  apparatus.  If  a  trace  remains 
it  will  tint  the  red-hot  metal  at  the  point  where  i 
enters  the  bulb. 

1  Described  by  the  author  in  Jour.  Am.  Chem.  Soc.  27,  313. 

2  /.  Elect.  Chem.,  16,  707.     Chem.  Abstracts,  1911,  p.  3384. 

3  /.  Am.  Chem.  Soc,  30,  1090  (1908.) 
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The  carbon  dioxide  is  purified  and  dried  as  follows: 
(A)  Casamajor  generator  with  elevated  pressure  bot- 
tje,  and  small  bottle  on  the  table,  containing  the  mar- 
ble on  a  bed  of  large  lead  shot;  the  upper  bottle  is 
filled  with  hydrochloric  acid  (1  part  to  2  of  water). 
(A.)  Bulb  of  saturated,  neutral  KMnO,.  (B)  Glass- 
stoppered  U-tube  sealed  at  the  bottom  with  a  solu- 
tion of  silver  sulphate.  (C)  Bowen's  (potash)  bulb 
rilled  with  strong  sulphuric  acid,  after  which  may  be 
placed  a  short  tube  of  anhydrous  calcium  chloride. 
(D)  A  tube  of  dry  chromous  chloride.'  (E)  Tube  of 
stick-phosphorus.  (F)  Two  tubes  of  phosphorus 
pentoxide.  (G)  Short  tube  of  dry  calcium  chloride. 
The  expensive  chromous  chloride  can  be  regenerated 
by  passing  a  current  of  pure  hydrogen  through  the 
tube  at  a  gentle  heat  as  long  as  any  hydrochloric 
acid  or  moisture  is  given  off. 

By  pulling  out  the  second  stopper  in  the  tube  B, 
the  gas  may  be  allowed  to  discharge  into  the  air  un- 
til the  air  is  swept  out  of  the  generator,  or  it  may  be 
discharged  under  pressure  from  under  a  seal  of  30  mm. 
of  mercury,  if  generated  from  sodium  bicarbonate 
by  the  method  of  Bradley  and  Hale.'  The  gas  should 
always  be  passed  through  the  bulbs  as  far  as  a  three- 
way  valve  placed  in  front  of  the  ignition  tube  until  a 
test  on  hot  copper  shows  that  the  gas  is  pure,  giving 
no  discoloration  whatever  at  the  point  nearest  the 
generator. 

Hydrogen  Gas. — The  part  of  the  generator  holding 
the  pure  granulated  zinc  should  be  rather  small,  in 
order  that  the  air  may  more  easily  be  swept  out. 
The  action  should  be  started  and  the  gas  passed  over 
the  copper  for  15  minutes  before  lighting  the  burners. 
The  purifying  train3  is  as  follows:  A  small  washing 
bottle  of  10  per  cent.  KOH,  saturated  with  KMnO,. 
Bowen*s  bulb,  cone,  sulphuric  acid,  (C)  pal- 
ladium asbestos  tube,  heated  by  alcohol  lamp, 
after  air  is  expelled.  (D)  An  Allihn  250  cc.  washing 
bottle  containing  100  cc.  of  water,  100  grams  of  KOH 
!(alcohol  free)  and  5  to  10  grams  of  pyrogallic  acid. 
|(E)  Two  tubes  of  dry  calcium  chloride  and  the  three- 
way  valve  in  succession  (C  and  D,  alternative, 
itube  of  stick  P,  and  two  tubes  of  phosphorus  pentoxide). 
I  Preparation  of  the  Copper  Sample  for  Ignition. — If 
|a  lot  of  copper  is  very  porous,  or  of  unknown  origin, 
;it  may  be  advisable  to  dry  it  at  ioo°  C.  in  an  atmosphere 
bf  pure  carbon  dioxide  or  nitrogen  (instead  of  heat- 
ing in  ignition  tube  to  a  heat  which  would  expel  some 
of  the  gases — an  operation  recommended  by  Hampe 
liriginally).  If  the  speed' and  size  of  drill  are  regu- 
ilated  to  produce  fine  drillings  without  any 
leating  and  oxidation,  or  contamination  from  grease, 
t  will  not  be  necessary  to  clean  the  drillings  with 
pther.  The  adoption  of  the  Copper  Specifications  of 
the  American  Society  for  Testing  Materials  will  se- 
cure a  fair  sample  of  any  casting,  although  equally 
|(ood  results  are  assured  by  boring  half  way  through 
Irom  both  top  and  bottom,  and  also  from  the 

1  Recommended   by   .1.  O.  Handy. 
■J.  Am.  Chem.  Soc.  30,  1090  (1908). 

3  Handy  proposes  the  following  alternative:  (1)  KOH,  (2)  cone.  HjSO,, 
3)  CaCl2,  (4)  heated  palladium  asbestos  tube,  (5)  dry  P2O5  opened  up  with 


With  very  pure  material,  an  inch  in  depth  is  suffi- 
cient, the  oxide  having  been  previously  removed  by 
starting  the  hole  through  the  surface  skin  with  a  larger 
drill. 

As  a  prominent  chemist  has  just  noted:  "It  is  im- 
possible to  remove  all  the  soapy  lubricant,  or  organic 
matter,  from  wires  by  washing  with  alcohol  or  ether 
directly."  In  such  cases,  it  is  suggested  that  the  wire- 
be  cut  in  three-inch  pieces  and  digested  for  a  few 
minutes  with  alcohol  KOH,  i  per  cent,  strength,  as 
warm  as  possible  without  producing  oxidation,  then 
wash  in  water,  alcohol,  and  ether  successively.  If  a 
slight  abrasion  of  the  "skin"'  is  not  objectionable, 
the  wire  could  be  scoured,  wet.  with  sharp  silica  (ground 
to  pass  a  40-mesh  sieve),  then  washed  with  alcohol,  etc. 
Extraction  with  petroleum  ether  (88°  to  85°Be.)  in 
a  Soxhlet  tube  will  sometimes  remove  the  offending 
material. 

The  ignition  is  performed  in  a  hard-glass  tube 
about  30  cm.  long  and  6  mm.  internal  diameter,  which 
has  one  long  bulb,  or  two  round  ones,  at  the  center. 
It  is  cleaned,  ignited,  weighed,  and  the  50  gram  sam- 
ple fed  into  the  tube  very  quickly  in  the  following  man- 
ner: Slide  a  tight  fitting  rod  into  one  end  as  far  as 
the  nearest  bulb,  and  attach  to  the  other  end,  by 
short  tubing,  a  short-stemmed  funnel,  whose  diameter 
equals  that  of  the  tube.  By  using  a  long  platinum 
wire,  and  tapping  the  tube,  the  drilling  can  be  packed 
in  the  bulbs,  after  which  the  tube  is  wiped  with  a  dry 
warm  cloth  and  allowed  to  stand  10  minutes  on  the 
balance  before  weighing.  When  connected  with  the 
apparatus,  the  ignition  tube  rests  on  a  lamp  ring  of 
10  cm.  diameter,  and  is  protected  from  overheating 
by  wrapping  it  with  a  fresh  piece  of  thin  asbestos 
paper,  held  in  place  by  a  short  piece  of  stiff  bent 
platinum  wire. 

IGNITION    OF    COPPER. 

For  Absorbed  Gases. — A  short  drying  tube  and  jet 
tube  can  be  attached  to  the  rear  end  of  the  ignition 
tube  through  a  glass  three-way  valve  and  the  carbon 
dioxide  passed  through  the  tube  system  for  30  min- 
utes to  sweep  all  the  air  out  of  generator  and  tubes. 
The  fan  burner,  or  triple  Bunsen  burner,  is  then 
lighted,  the  copper  kept  at  a  full  red  heat  for  20 
minutes,  the  tube  cooled  with  an  air  blast  and  the 
C02  replaced  by  air  which  will  require  10  minutes. 
The  tube  is  then  wiped  clean  and  allowed  to  stand 
on  the  scales  10  minutes  before  weighing.  The  loss 
is  due  to  gases  from  the  cast  metal. 

For  Total  Oxygen  and  Sulphur. — Pass  in  hydrogen 
for  15  minutes,  then  keep  at  a  red  heat  (not  high  enough 
to  distil  the  metal  into  the  glass)  for  1  hour  if  the  sam- 
ple is  filings,  or  2  hours  for  coarse  drillings.  The 
necessary  time  should  be  ascertained  in  each  labora- 
tory by  repeating  an  ignition  on  drillings  of  their 
standard  fineness,  until  the  weight  is  constant.  The 
three-way  valve  at  the  rear  of  the  ignition  tube  should 
be  turned  during  this  heat  so  that  the  gases  pass  through 
a  small  U-tube,  or  bottle,  containing  10  cc.  of  a  solu- 
tion of  ammoniacal  cadmium  chloride  (20  grams  per 
liter).     Start  the  current  of  CO,  through  its  own  set 
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oi    purifying   tubes  20-30  tninul  the  copper 

is  all  reduced,  so  that  every  trace  oi  air  shall  be  swept 
out     oi     the    tubes    as    far    as    the    three-way    valve    in 

in>nt    of  the  copper.     When  the  hydrogen   ha 
passed  long  enough  to  complete  the  reduction  <>i   all 

oxides    in    the    metal,    turn    oil    the    hydrogen  and    pass 
in  pure  CO,  for  at.  least  20   minutes.     Then  cool   the 
tube  with  an  air  blast  until  the  copper  is  but 
warm,    replace  the   C()2   with   air   and    weigh    with    the 
same   precautions  as   before. 

Sulph !</-.— About  70  cc.   of  water  are   placed   in   a 

No.  1  beaker,  the  cadmium  solution  and  sulphide 
washed  into  it  with  the  aid  of  dilute  hydrochloric 
acid  (  1  :  1)  and  the  sulphur  is  titrated'  at  once  with 
standard  iodine  (2  grams  of  I  per  liter).  1  cc.  of  this 
solution    =    0.00025  gram  of  S. 

Experimental  proof  of  the  completeness  of  the  re- 
duction  of   the   copper   by   ignition   in   hydrogen   and 


per   cent      011    complete    analysis    unless    one    sample    is 
us!  d    tor  all  tests. 

There    is    slightly    less    occluded    gas    in    low-  1 
oxidized,  casl  copper  than  in  copper  which  is  v 
fined  to  standard  grade,      tlighl)    refined   metal 
shows  "true"  over-poling  (due  not   to  sulphur, 

mi   the  furnace)   would  certainly  show 
in    occluded    gases,    mar    the    upper 
surface  ol    the  castings  of  chilled    metal. 

Since  t  In    1 11  eluded  gases  in  cast  copper  are  si 
in  weight,  a  sample  of  too  grams  in  a  bull'  1 
recommended    by    Dr.    II.    0.    Ilofmann    would 
better  result  than  the  quantity  I   have  specil 

CORRECTION      TO      ELECTROLYTIC      ASSAY      IN    com 
ANALYSIS  OF  COPPER. 

The  exact  electrolytic  assay  of  refined  copper  as 
described  elsewhere  by  the  author1  gives  results  suffi- 
ciently  accurate   for  valuation   of   the   metal,   but  the 


Sample  No.  1. 

a.  b. 

Pei  cent.  Per  cent 

Occluded  Oasis  and  Combined  Oxygen  in   Repined  Copper. 

Absorbed  gases — by  heating  in  COj 0.0064  0.0064 

Apparent  loss — heating  to  constant   weight  in 
II  gas  and  cooling  in  H  gas 

Additional  loss  by  heating  next  in  CO_.    

Total  Oxygen — by  heating  in    II    gas   followed 

byCOjgas 0.0238  0.0254 

Summary  of  Complete  Analysis. 

Oxygen  and  occluded  gas  averages 0  0310 

Foreign  metals  in  copper 0.0081 

Arsenic 

Copper  and  silver 99 .9560 

Total 99  9951 

Proof  of  Method  for  Oxygen.  Etc.,  by  Analysis  of  Co  from  Ignition  Tube. 

Sulphur  evolved  and  titrated 0  .0006 

Electrolysis  (Cu  and  Ag) 99 .9920 

Foreign  metals  in  Cu 0  .  008 1 

Total 100.0007 


No.  2. 
a,  b. 

l'er  cent  Per  cent. 


0   0523 
0  0156 


0.0659 
0.0132 


No.  3.  No.  I 

C.  "Low  set".  Ai 

Percent.  Per  cent.  Percent) 


0.0579 
0.0139 


0.0784 

0.1722 

0  0705 

0.0066 

0  0080 

0.0146 
0.0674 

99  9210 

99.8120 

99.8420 

1 00 . 0060 

99.9922 

99  9945 

0 .  0003 

0.0011 

99 . 9930 

99.9070 

0.0066 

O.O820 

99.9998 

99.9901 

carbonic  acid  may  be  obtained  by  a  careful  electro- 
lytic assay  of  the  reduced  drillings.  The  sum  of  the 
per  cent,  added  to  that  of  the  other  impurities  as 
found  by  complete  analysis  will  total  ioo  per  cent, 
without  any  oxygen,  if  the  work  and  sampling  are 
correct.  In  order  to  attain  such  a  result  it  will  be 
found  necessary  to  take  the  sample  for  oxygen  deter- 
mination from  the  very  same  bottle  of  drillings  em- 
ployed for  the  complete  analysis,  that  is  for  the  elec- 
trolytic assay  of  the  original  cast  copper.  In  sampling 
a  casting,  the  per  cent,  of  oxygen  varies  directly  with 
the  per  cent,  of  copper  and  silver  and  is  variable 
enough  in  different  samples  drilled  in  the  same  cast- 
ing   to    prevent    the    results    adding    up    exactly    ioo 

1  We  use  a  specially  prepared  starch  indicator  which  gives  a  very  clear 
blue,  with  none  of  that  disagreeable  muddy  red,  given  by  ordinary  starch 
{Am.  Chem.  Abstracts.  4,  26171.  The  starch  is  allowed  to  stand  over  night, 
covered  with  cold  water,  containing  0.001  per  cent,  of  hydrochloric  acid. 
The  next  morning  the  acid  is  carefully  washed  out  and  the  starch  dried 
for  two  hours  in  an  air  oven  at  100°  C.  Five  grams  of  this  prepared  ma- 
terial is  boiled  with  500  cc.  of  water,  filtered,  or  decanted  from  the  sludge, 
and  15  drops  of  oil  of  cassia  added  before  bottling,  to  render  the  solution 
permanent:  3  cc.  of  starch  indicator  are  used  in  each  test;  a  deduction  is 
made  for  the  iodine  required  to  produce  the  end  point,  us  determined  by  a 
blank  titration. 


deposition  on  the  cathode  is  not  absolutely  complete 
when  a  test  of  i  cc.  of  electrolyte  with  hydrogei 
sulphide  remains  colorless. 

As  noted  by  W.  C.  Ferguson  in  a  recent  paper,  w 
have  also  observed  that  about  o . 005  per  cent,  to  0.00 
per  cent,  remains  in  solution. 

When  an  accurate  complete  analysis  of  the  metal  i 
tlesired,    the   author  is  accustomed   to  treat  the  elec1 
trolytesfromthe5-  or  10-gram  battery  assays  with  hydn 
gen  sulphide  gas.     The  sulphides  are  collected  on 
filter,  roasted  directly  in  a  porcelain  crucible,  treatc 
with  a  few  drops  of  nitric  and  sulphuric  acids,  dilute 
with  a  little  water,  and  the  copper  deposited  on 
weighed  platinum  strip,   and  added  to  the  princip; 
cathode    copper.      Electrolytic    deposits  on    platinun 
as    obtained    by    strictly    following    the    method    ju; 
quoted,  have  been  found  to  be  free  from  any  appr< 
ciable  quantity  of  absorbed  hydrogen. 

The   methods  already  described   might  be   u 
gases    in    steel,2    by    substituting    nitrogen    for   carbc 
dioxide.      Only    of    late    has    the    effect    of    ox 
steel  received  the  attention  it  deserves. 

1  Tins  Journal.  3,   Feb.,   1911. 
'Ibid..  3,  June,  1911,  p.  372. 
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30ME   OBSERVATIONS      ON    THE      DISINTEGRATION     OF 

CINDER  CONCRETE. 

By  George  Borrowman. 

Received  Feb.  8,  1912. 

Cinders,  as  an  aggregate  in  concrete,  are  used  rather 
:ommonly  where  a  light,  cheap  mixture  is  desirable; 
ilso  in  fire-proof  construction  and  perhaps  in  the  lat- 
er capacity  this  kind  of  concrete  finds  its  most  im- 
>ortant  application. 

[ts  efficiency,  however,  has  been  the  subject  of 
onsiderable  discussion.  Various  tests  have  been 
nade,  the  results  of  which  tend  to  show  the  superi- 
>ritv  of  this  material  over  all  other  fire-resisting 
res.  There  are  also  several  patented  floors 
ng  cinder  concrete  which  have  been  used  suc- 
:essfully.  Nevertheless,  it  has  failed  in  some  in- 
itances  when  employed  for  ordinary  purposes,  crack- 
ng  and  disintegration  taking  place.  These  dis- 
•ordant  results  are  due,  no  doubt,  as  Freitag  suggests 
n  his  "Fire-proofing  of  Steel  Buildings,"  to  the  use 
if  cinders  of  varying  quality,  but  to  the  writer's 
cnowledge  the  matter  has  not  been  further  investi- 
gated. A  particular  case  of  disintegration,  aecom- 
lanied  by  a  powdery  efflorescence  on  the  surface  of 
he  concrete,  was  observed  by  Dr.  S.  Avery,  now 
Chancellor,  but  formerly  head  of  the  department  of 
:hemistry  in  this  University,  who  prompted  some 
itudy  of  the  phenomena  and  also  made  various  help- 
ul  suggestions  during  the  experiments. 

Blocks  of  concrete  containing  cement,  sand  and 
juarter-inch  cinders  were  first  prepared,  the  propor- 
ions  by  weight  being  1:2:3,  respectively.  The 
inders  were  from  steam  coal  and  slack  and  were 
arefully  screened.  The  cement  and  sand  were  of  good 
mality,  the  latter  being  sieved,  through  twenty-mesh 
into  thirty. 


Another  lot  was  then  made  up  using  cinders  from 
nc-half    to    one    inch    in    size,    the  proportions  being 

:  1  :  1.  In  each  case  just  enough  water  was  used 
p  insure  thorough  incorporation  without  running. 
Ill  the  blocks  were  placed  on  a  glass  plate  to  prevent 
!>ss  of  moisture  and  covered  with  a  damp  cloth  for 
•vo  weeks. 


At  the  end  ol  tin's  period,  the  specimens  having  the 
proportions  1:2:3  showed  no  change  but  were 
somewhat  porous  and  friable,  owing  to  the  relatively 
large  bulk  of  cinders.  A  little  later,  however,  fine 
cracks  developed,  with  general  disintegration.  The 
others    (1:1:1),    though    compact    and    hard,    also 


Fig.  2. 

showed  signs  of  cracking  and  in  a  short  time  the 
breaks  became  very  pronounced.  In  each  case  they 
radiated  from  certain  points. 

These  latter  specimens  were  broken  open  to  facili- 
tate examination  and  in  some  cases  the  breaks  origin- 
ated from  cinders  that  showed  oxidation  of  much 
iron.  The  accompanying  cuts  show  plainly  these  nod- 
ules and  the  mode  of  cracking.  The  surfaces  of  the 
concrete  bounding  the  cracks  crumbled  easily,  indi- 
cating more  or  less  general  weakening. 

The  appearance  of  these  oxidized  cinders  suggested 
the  presence,  originally,  of  much  ferrous  iron,  proba- 
bly  as  sulphide.  The  analysis  of  the  cinder  stock 
showed  considerable  sulphur  as  sulphide  and  sul- 
phate; also  iron,  though  the  proportion  of  ferrous 
iron  could  not  be  determined  in  material  of  this  sort, 
with  accuracy: 

An  \i  vsis  OF  Cinders. 

Per  cent. 

SK>2 37.86 

Total  Fe  as  Fe^j 21 .16 

U  "  17.40 

Cal  >  10.96 

Mg(  1     0.83 

S  "  '.11 

Mi  5X2 

Undetermined  ((     .1,    1  ....  5.37 

100.00 

It  seemed  probable,  then,  from  the  foregoing  data, 
that  oxidation  of  iron  and  sulphur  produced  internal 
stress  and  consequent  cracking,  aided,  no  doubt,  by 
the  general  weakness  produced  by  the  diffusion  of 
soluble  sulphates.  This  theory  was  further  strength- 
ened bv  finding  that  the  efflorescence,  found  on  the 
surface  of  the  disintegrating  concrete  before  men- 
tioned, was  ferrous  sulphate. 

On  this  assumption  attempts  were  made  to  bring 
about  similar  results  by  substituting  for  cinders 
artificial    iron    sulphide,    prepared    in    several    ways. 
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These  experiments,  however,  were  not  successful. 
On  breaking  open  the  blocks,  the  sulphide  was  found 
to  be  unchanged,  surrounded  by  hard,  compad  1  emi  til 
Soluble  sulphates  being  absenl  in  the  mixture,  the 
blocks  had,  of  course,  greater  initial  strength  than 
containing  cinders  and  would  have  withstood 
considerable  stress  had  then'  been  any      The  lack  oi 


oxidation,  though,  in  these  tests,  indicated  that  in 
the  case  of  the  cinders  the  necessary  oxygen  must 
have  come  from  the  cinders  themselves,  since  they 
were  equally  well  protected  from  the  air. 

•This  conclusion  drew  attention  to  the  fact  that 
about  one-third  of  the  cinder  stock  consisted  of  a  very 
porous  coke.  As  is  well  known,  this  substance  will 
persistently  occlude  large  amounts  of  oxygen.  Ac- 
cording to  Starr  and  Lewis,  air-dried  coke  contains 
absorbed  gases  in  the  proportion  of  about  seven- 
tenths  of  a  cubic  centimeter  per  gram  of  coke,  two  to 
six  per  cent,  of  the  gases  being  oxygen.  The  oxida- 
tion in  the  concrete  was  most  pronounced  in  the  coke. 
Moreover,  some  pieces  of  the  latter  were  picked 
from  the  cinder  stock  and  tested  for  sulphide  sulphur, 
about  one  per  cent,  being  found.  The  nodule  from 
which  the  cracks  radiate  in  Fig.  1  proved  to  be  a  piece 
of  coke  so  thoroughly  oxidized  as  to  look  like  a  mass 
of  ferric  oxide.  This  was  tested  and  found  to  con- 
tain but  a  trace  of  sulphur. 

As  a  final  experiment,  some  of  the  original  stock 
of  cinders  were  kept  exposed  to  air  and  moisture  un- 
til, on  washing,  they  showed  the  presence  of  no  sol- 
uble sulphate.  They  were  then  made  into  a  block  of 
concrete  similar  to  those  prepared  before  (1  :  1  :  1). 
Under  parallel  conditions  no  disturbance  took  place, 
the  material  retaining  perfect  stability. 

From  these  tests  we  may  conclude  that  cinders 
with  much  sulphide  and  sulphate  sulphur  are  likely 
to   give    unsatisfactory   results,    especially   if   there   is 


much  coke  01    p us  material  prcsenl     also  tha 

ma  terial    ma;     I"     improved    it    allowed    to    wi 
with    occasional    washing,    until   the  ferrous  iron  and 
sulphur  have  been  oxidized  and  leached  out. 

i  mvi  Ran  v  "i  Nebraska, 

1  1   . 

SOME  PROBLEMS  IN  CHEMICAL  ENGINEERING 
PRACTICE.' 

THE  MANUFACTURE  OF  CHLOROFORM  FROM  BLEACHING 
POWDER  AND  ETHYL  ALCOHOL. 
BY    P.    W.    Pri  1  r<  n 
Received  January  5,  1012, 
i(  ', included  from  the  May  No.) 
Experiments  Series    F,   comprising  six   experiments  and   rep 
resenting  six  days'  work  in  the  plant,  were  made  to  determine 
whether  that  part  of  ethyl  alcohol  which  is  destroyed  in  th(    n 
action  can  be  substituted  by  methyl  alcohol. 

Apparatus  Fig.  2  (page  350)  was  used,  with   1500  cc.  retort 
The  experiments  were  made  in   the  same  manner  as 
periments  of  Series  E,  only  the  larger  part  of  the  ethyl  alcohol 
was  substituted  by  methyl  alcohol. 

1.  Materials  used:  too  grams  bleach,  35  per  cent.;  enough 
water  to  make  500  cc. ;  20  cc.  ethyl  alcohol,  04  per  cent.;  500  cc. 
methyl  alcohol,  go  per  cent,  free  of  acetone;  mixed  at  200  C. 
and  distilled.  Products  obtained:  1.2  grams  .  chloroform 
washed,  s.  g.  1  .48;  700  cc.  diluted  mixed  alcohols  (distillate  A) 

2.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc. ;  20  cc.  ethyl  alcohol,  94  per  cent.;  700 
cc.  distillate  A;  mixed  at  200  C.  and  distilled.  Products  ob- 
tained: 3.7  grams  washed  chloroform,  s.  g.  1.48;  700  cc.  di- 
luted mixed  alcohols  (distillate  B). 

3.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  20  cc.  ethyl  alcohol,  94  per  cent.;  700  cc. 
distillate  B;  mixed  at  200  C.  and  distilled.  Products  obtained: 
5.2  grams  washed  chloroform,  s.  g.  1.48;  700  cc.  diluted  mixed 
alcohols  (distillate  C). 

4.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  ce.;  20  cc.  ethyl  alcohol,  94  per  cent.;  700 
cc.  distillate  C  mixed  at  200  C.  and  distilled.  Products  obtained. 
7.2  grams  chloroform  washed,  s.  g.  1.48;  700  cc.  diluted  mixed 
alcohols  (distillate  D). 

5.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  20  cc.  ethyl  alcohol,  94  per  cent.;  700 
cc.  distillate  D;  mixed  at  200  C.  and  distilled.  Products  ob- 
tained :  7.6  grams  chloroform  washed,  s.  g.  1 .  48 ;  700  cc. 
diluted  mixed  alcohols  (distillate  E). 

6.  Materials  used:  100  grams  bleach,  35  per  cent.;  enough 
water  to  make  300  cc;  20  cc.  ethyl  alcohol,  94  per  cent.;  700 
cc.  distillate  E;  mixed  at  200  C.  and  distilled.  Products  ob- 
tained: 7.8  grams  chloroTorm  washed,  s.  g.  1.48;  700  re. 
diluted  mixed  alcohols  (distillate  F). 

Table  VII. — Comparison  of  Experiments  Series  D  and  F. 

Chloroform  washed,  s.  g.  1  48, 


Number  of 

Bleach,  35  per 
cent.,  used. 

obtained 

in 

experiment. 

Grams. 

Series  D. 

Series  F. 

1 

100 

1  .2 

1.2 

2 

100 

3.6 

3.7 

3 

100 

5.4 

5.2 

4 

100 

7.5 

7.2 

5 

100 

6.7 

7.6 

6 

100 

9.0 

7.8 

Conclusions  from  Series  F. — Comparing  experi- 
ments Series  D  and  F,  it  is  proven  that  the  presence 
of  large  amounts  of  methyl  alcohol  (free  of  acetone), 

1  Address  read  at  the  Annual  Meeting  of  the  American  Institute  of 
Chemical  Engineers,  in  Washington.  D.  C.  December,  1911. 
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in  presence  of  a  small  amount  of  ethyl  alcohol,  does 
not  increase  the  yield  of  chloroform  from  bleach. 

Experiment  Series  G,  comprising  nine  experiments,  were  made 
for  the  purpose  of  studying  the  decomposition  of  chloral 
hydrate  with  water  and  hydrated  lime. 

It  is  supposed  that  the  decomposition  runs  by  the 
following  equation: 

2CC1,CH(0H)3  +  Ca(OH),   = 

2HCC13  +  (HCO,),Ca  +  2H20 

The  chloral  hydrate  crystals  and  hydrated  lime 
used  for  the  following  experiments  were  free  from 
hydrochloric  acid.  Apparatus  Fig.  2  was  used  with 
a  1500  cc.  retort.  In  each  of  the  following  experi- 
ments 30  grams  chloral  hydrate  were  used  which 
theoretically  would  require  6.71  grams  Ca(OH)2  for 
decomposition  and  would  make  21.6  grams  of  chloro- 
form. Hydrated  lime  was  taken  in  excess  of  theory. 
This  was  done  because  the  reaction  was  studied  as 
part  of  the  chloroform  formation  occurring  in  the 
action  of  bleaching  powder  upon  alcohol,  in  which 
:ase  hydrated  lime  was  always  present  in  excess.  To 
secure  quick  mixing  the  chloral  hydrate  was  used  in 
form  of  solution  having  30  grams  chloral  hydrate  to 
100  cc.  The  distillation  was  carried  out  as  in  the 
former  experiments. 

1.  Materials  used:  15  grams  Ca(OH)2;  1000  cc.  water;  30 
grams  chloral  hydrate  dissolved  in  70  cc.  water;  mixed  at  180 
2.  and  distilled.  Products  obtained:  15  grams  chloroform 
ind  40  cc.  water. 

The  40  cc.  water  were  separated  from  the  chloro- 
form and  returned  to  the  retort  together  with  addi- 
tional 15  grams  hydrated  lime,  and  the  distillation 
was  repeated  but  no  additional  chloroform  was  ob- 
tained. The  contents  of  the  retort  were  analyzed 
"or  chlorine  by  filling  up  to  1500  cc,  filtering  off  50 
:c.  solution,  neutralizing  these  50  cc.  exactly  with 
litric  acid  and  titrating  with  standard  silver  solu- 
:ion,  using  potassium  chromate  as  indicator.  As 
nuch  chlorine  was  found  as  is  contained  in  1 .  86 
jrams  of  chloroform. 

The  1450  cc.  of  material  not  used  for  this  analysis 
vas  acidulated  with  nitric  acid  to  dissolve  all  of  the 
lydrated  lime,  and  in  an  aliquot  part  of  the  solution 
:hlorine  was  determined  by  the  gravimetric  method 
)f  precipitating  with  silver  nitrate  and  weighing  as 
ilver  chloride.  The  result  was  the  same  as  the  value 
ound  by  titration. 

1  In  order  to  find  out  -whether  the  proportion  of 
nydrated  lime  would  influence  the  yield  of  chloroform, 
he  same  experiment  was  repeated  with  the  same 
[uantities  of  materials  and  under  the  same  conditions 
rith  the  only  exception  that  the  quantity  of  hydrated 
|ime  was  varied.  In  all  instances  the  materials  were 
itiixed  at  ordinary  temperature  and  slowly  heated 
intil  50  cc.  had  been  distilled  over.  The  chloroform 
•  as  then  separated  from  the  water,  the  latter  being 
'eturned  to  the  retort.  In  a  second  distillation, 
1  no  case  was  any  additional  chloroform  obtained, 
fhe  results  were  as  follows,  viz.: 

2.  Materials  used:  25  grams  hydrated  lime;  1000  cc.  water; 
b  grams  chloral  hydrate,  dissolved  in  70  cc.  water;  mixed  at 


180  C.  and  distilled.      Product   obtained:     15. 1  grams  chloro- 
form. 

The  contents  of  the  retort  were  analyzed  for  chlorine 
in  the  same  manner  as  described  in  Series  Gi,  and 
chlorine  was  found  equivalent  to  1.53  grams  chloro- 
form. 

The  experiments  with  these  proportions  and  the 
same  temperature  were  repeated  a  second  and  a  third 
time,  with  the  following  results: 

2a.  15.75  grams  chloroform  were  obtained  and  nitrate  of 
silver  would  precipitate  from  the  neutralized  contents  of  the  re- 
tort an  amount  of  chlorine  equivalent  to  1 .80  grams  chloroform. 

26.  15.7  grams  chloroform  were  obtained  and  nitrate  of  sil- 
ver would  precipitate  from  the  neutralized  contents  of  the  re- 
tort an  amount  of  chlorine  equivalent  to  1 .78  grams  chloroform. 

Average  of  Series  G2,  2a,  and  26.  15.5  grams  chloroform 
and  chloride  of  calcium,  equivalent  to  1.7  grams  chloroform, 
were  obtained,  out  of  a  possible  total  of  21.6  grams.  The  differ- 
ence of  4 . 4  grams  of  chloroform,  or  its  equivalent,  was  decom- 
posed into  other  organic  chlorine  compounds. 

3.  Materials  used:  50  grams  hydrated  lime;  1000  cc.  water; 
30  grams  chloral  hydrate  dissolved  in  70  cc.  water;  mixed  at 
18°  C.  and  distilled.  Products  obtained:  15.3  grams  chloro- 
form and  silver  nitrate  would  precipitate  in  the  acidulated 
contents  of  the  retort  an  amount  of  chlorine  equivalent  to  1.46 
grams  chloroform. 

Conclusion  from  Series  Gi,  2a,  2b,  and  3. — A  large 
excess  of  hydrated  lime  has  no  influence  upon  the 
yield  of  chloroform  from  chloral  hydrate.  In  using 
15,  25,  and  50  grams  of  lime,  respectively,  upon  30 
grams  of  chloral  hydrate,  15,  15.5  and  15.3  grams 
chloroform  were  obtained  in  the  respective  experi- 
ments, and  chlorine  in  inorganic  compounds  equiva- 
lent to  1 .86,  1 .  70  and  1 .46  grams  chloroform  could  be 
precipitated  from  the  residual  material  in  the  retort 
by  silver  nitrate.  The  respective  values  of  chloro- 
form added  would  give  16.86,  17.2,  and  16.76  grams 
accounted  for,  as  against  21.6  grams  required  by 
theory.  This  would  tend  to  prove  that  under  the 
conditions  of  the  experiments  a  large  proportion  of 
the  chloral  hydrate  is  decomposed  into  organic  chlorine 
compounds,  not  chloroform,  which  would  account 
for  part  of  the  loss  in  the  manufacture  of  chloroform 
from  bleach  and  alcohol. 

This  series  of  experiments  was  continued  by  vary- 
ing the  temperature  at  which  the  materials  were  mixed 
and  reacted  upon.  All  the  following  experiments 
were  executed  in  the  same  manner  as  Nos.  1,  2  and 
3,  with  the  only  exception  of  the  temperatures  ob- 
served. In  each  case,  the  first  50  cc.  water  distilling 
over  with  the  chloroform  were  returned  to  the  retort 
and  upon  repeated  distillation  no  additional  chloro- 
form was  obtained. 

Apparatus  Fig.  2  used  with  1500  cc.  retort  (long 
stem  funnel  in  retort). 

4.  Materials  used:  25  grams  hydrated  lime;  1000  cc.  water; 
heated  to  8o°  C;  30  grams  chloral  hydrate;  70  cc.  water;  180 
C.  warm  poured  by  a  long  stem  funnel  into  the  milk  of  lime  con- 
tained in  the  retort  and  distilled.  Products  obtained:  16.5 
grams  chloroform  and  silver  nitrate  would  precipitate  from  the 
neutralized  contents  of  the  retort  an  amount  of  chlorine  equiva- 
lent to  1 .52  grams  of  chloroform. 

5.  Materials  used:  25  grams  hydrate  of  lime;  1000  cc. 
water;  heated  to  boiling  point;  30  grams  chloral  hydrate;  70 
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>v,  w  1 1 1 1     18    i  ircd  b)  .i  long  stem  funnel  into  the 

boiling  milk  ol  linn  contained  in  the  retort  and  distilled.      Pro 
ducts  obtained      18    i    grams    chloroform    and    silver    nitrate 

would  precipitate  I i  the  neutralized  contents  of  the  retort 

an  amount  "i  chlorine  equivalent  to  i.n  grams  of  chloral 

;;  Experiment  No.  5  was  repeated  in  exactly  the  Bame 
m. urn 

grams  chloroform  were  obtained  and  silver  nitrate 
would  precipitate  from  the  neutrali  ed  contents  of  the  retort 
an  amount  oi  chlorine  equivalent  to  [.39  grams  chloroform. 

As  an  average  of  5  and  5a,  1.S.4  grams  chloroform  and  chloride 
ol  calcium  equivalent  to  1.25  grams  chloroform  were  obtained, 
out  of  a  possible  21.6  grams. 

Tlu  difference  of  1  .95  grams  of  chloroform  or  its  equivalent 
was  decomposed  into  other  organic  chlorine  compounds. 

(  'onclusions  from  Scries  (,'2,  2a,  26,  4,  5  and  5a. — The 
temperature  at  which  the  materials  are  brought  to- 
gether is -of  marked  influence  upon  the  yield  of  chloro- 
form from  chloral  hydrate  and  hydrated  lime.  The 
yield  is  greatest  if  the  materials  are  mixed  at  the  boil- 
ing point  of  their  solutions. 

The  yield  was.  in  three  experiments,  15. 1,  15.75, 
and  15.7  grams  out  of  a  possible  21.6  grams  of  chloro- 
form, if  the  ingredients  were  mixed  at  ordinary  tem- 
perature. 

The  yield  was  in  one  experiment  16.5  grams,  out 
of  a  possible  :  1  .  d  grams  of  chloroform,  if  the  ingre- 
dients were  mixed  at  80  °  ('. 

The  yield  was  in  two  experiments  18.4  and  18.4 
grams,  out  of  a  possible  21.6  grams  of  chloroform,  if 
the  ingredients  were  mixed  at  the  boiling  point  of 
their  solutions. 

The  destruction  of  organic  chlorine  compounds  bv 
action  of  hydrated  lime  was  equivalent  to  the  com- 
plete destruction  of  chloroform  ranging  from  1 . 1 1 
grams  to  1.86  grams,  out  of  a  possible  21.6  grams. 

In  all  instances,  some  organic  chlorine  compounds, 
not  chloroform,  were  produced,  the  amounts  of  which 
ranged  from  an  equivalent  of  1.95  grams  to  4.4 
grams  chloroform,  out  of  a  possible  total  of  21.6  grams. 

More  organic  chlorine  compounds,  not  chloroform, 
were  formed  if  the  solutions  were  mixed  cold  than  if 
they  were  mixed  hot. 

More  chloroform  was  destroyed  if  the  solutions  were 
mixed  cold  than  if  they  were  mixed  hot. 

Experiments  Series  H,  comprising  four  experiments  and 
representing  four  days'  work  in  the  plant,  were  made  to  ascer- 
tain the  influence  of  calcium  hydrate  upon  the  formation  of 
chloroform. 

The  experiments,  Series  Ea,  were  repeated  with  the 
variation  that  20  grams  hydrated  lime  were  added  to 
the  charge  in  the  retort  in  each  experiment. 

The  yield  in  washed  chloroform,  sp.  gr.  1.48,  in 
four  consecutive  experiments  was  6.5,  8.6,  10.3, 
and  11. 1  grams,  respectively. 

Experiments  Series  Ho,  comprising  four  experiments  and 
representing  four  days'  work  in  the  plant,  were  made  to  ascer- 
tain the  influence  of  calcium  hydrate  upon  the  formation  of 
chloroform. 

The  experiments,  Series  Ea,  were  repeated  with  the 
variation  that  the  15.5  per  cent,  of  free  calcium 
hydrate,  which  was  present  in  the  bleach,  was  neu- 
tralized by  10  per  cent,  hydrochloric  acid  before  ad- 
dition of  the  alcohol.     Temperature  in  mixing  20°  C. 


The  yield  in  washed  chloroform,  sp.  gr.  1.48,  in 
fi  mr  consecul  ive  6.8,  9. 1,  9 

10.5  grams,  respectively. 

Experiments  Series  ll'\  comprising  four  experiment  and 
representing  foui  days'  work  in  the  plant,  were  made  1 

tain  the   influence  of   calcium   hydrate   upon   the   formatii i 

chloroform. 

The   experiments,    Series    Ea,    were    repeated,    with 
tlie    variation   that    the    15  .  s    per  cent,    of    free   1 
hydroxide,    which    was    present    in    the    bleach,    was 
neutralized    by    10   per  cent,    hydrochloric   acid 
addition     of     the     alcohol.     Temperature     in     mixing 
20 °  C. 

Subsequently,    the    temperature    was    slowly    raised 
until    the    chloroform     reaction    was    induced 
8o°    ('.),    which    could    be    observed    by    the    mixture 
becoming  milky   from  separated  hydrated  lime.     The 
contents    of    the    retort    were    then    neutralized 
by  adding  io  per  cent,  hydrochloric  acid.      The  ai 
of   hydrochloric   acid    used    for  the   second   neuti 
tion   corresponded   to  6.5   grams  Ca(OH)2  as  an 
age   of   four  experiments:     2.4   grams   Ca(OH)2   were 
used    up    for    the    decomposition    of    organic    chlorine 
compounds. 

Finally,  the  chloroform  and  alcohol  were,  distilled 
off  in  the  same  manner  as  described  in  the  experiments, 
Series  E. 

The  yield  in  washed  chloroform,  sp.  gr.  1.48,  in 
four  consecutive  experiments,  was  67,  8.8,  9.9  and 
ro.8  grams,  respectively. 

Table  VIII. — Comparing  Results  of  Experiments  Series  II,   Ho,  lib 
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Conclusions  from  Series  Ea,  H,  Ha  and  Hb. — Larger 
or  smaller  quantities  of  hydrated  lime  present  during 
the  reaction  have  no  marked  influence  upon  the  forma- 
tion of  chloroform  from  bleach  and  alcohol,  but  part 
of  the  calcium  hydrate  generated  by  the  chloroform 
reaction  combines  in  statu  nascendi  with  chlorine 
coming  from  organic  chlorine  compounds.  As  an 
average  from  Series  H6,  8.9  grams  (CaOH)2  were 
formed  by  the  chloroform  reaction,  2.4  grams  of 
which  combined  again  with  chlorine  taken  from  or- 
ganic compounds,  to  make  calcium  chloride. 

Experiments  Series  I,  comprising  three  experiments  and 
representing  three  days'  work  in  the  plant,  were  made  for  the 
purpose  of  determining  the  temperature  at  which  the  chloro- 
form  reaction   takes   place,    and   to   ascertain   the   amount  of 
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Ca(OH)2  formed  in  the  chloroform  reaction.      Apparatus  Fig. 
2  was  used,  with   2500  cc.  retort. 

A  filtered  solution  of  bleach  in  water,  containing 
35  grams  of  active  chlorine  and  2.3  grams  Ca(OH), 
in  one  liter,  was  used  in  the  following  experiments. 
One  liter  of  this  solution  would  correspond  to  100 
grams  bleach,  35  per  cent.,  containing  2.3  per  cent. 
Ca(OH)2,  but  no  CaC03. 

1.  Materials  used:  1000  ee.  solution  of  bleach  =  35  grams 
CI;  200  cc.  alcohol,  94  per  cent.;  mixed  at  200  C.  and  distilled. 
Products  obtained:  8.2  grams  washed  chloroform,  s.  g.  1.48; 
700  cc.  diluted  alcohol  (distillate  A). 

The  chloroform  reaction  commenced  at  60  to  65 °  C.  and  could 
easily  be  observed  by  the  clear  solution  becoming  milky,  caused 
bv  separation  of  Ca(OH)2. 

The  residue  remaining  in  the  retort  after  the  distillation  con- 
tained 8.14  grams  Ca(OH),  by  titration,  a  small  part  of  which 
was  combined  with  CO,. 

Materials  used:     1000  cc.  solution  of  bleach    =   35  grams 
CI;  700  cc.  distillate  A;  mixed  at  200  C.  and  distilled.     Products 
obtained:     10.5  grams  washed  chloroform,  s.  g.   1.48;  700  cc. 
diluted  alcohol  (distillate  B). 
-  The  chloroform  reaction  commenced  at  60°  to  62  °  C. 

The  residue  remaining  in  the  retort  after  distillation  contained 
7.96  grams  Ca(OH)2,  some  of  which  was  combined  with  C02. 

j.  Materials  used:  1000  cc.  solution  of  bleach  =  35  grams 
CI;  700  cc.  distillate  B;  mixed  at  200  C.  and  distilled.  Products 
obtained:  10.5  grams  washed  chloroform,  s.  g.  1.48;  700  cc. 
diluted  alcohol  (distillate  C). 

The  chloroform  reaction  commenced  at  6o°  to  65 °  C.  and  the 
residue  remaining  in  the  retort  after  distillation  contained  7. 95 
grams  Ca(OH)2,  combined  with  a  small  amount  of  C02. 

Experiments  Series  J,  comprising  four  experiments  and 
representing  four  days'  work  in  the  plant,  were  made  to  ascer- 
tain the  temperature  at  which  the  chloroform  reaction  takes 
place  at  various  concentrations  of  alcohol. 

The  reaction  could  be  observed  by  the  clear  solution  becoming 
milky,  caused  by  separation  of  Ca(OH)2,  and  the  completeness 
of  the  reaction  could  be  measured  by  titrating  the  contents 
of  the  retort  for  Ca(OH),  with  normal  hydrochloric  acid  on  the 
basis  of  the  experiments  in  Scries  K. 

Apparatus  Fig.  2  used  with  2500  cc.  retort. 

1.  Materials  used:  1000  cc.  solution  of  bleach  =  35  grams 
CI  and  2.3  grams  Ca(OH),;  200  cc.  alcohol,  94  per  cent.;  mixed  at 
200  C.  and  slowly  heated.  Products  obtained:  8.2  grams 
washed  chloroform. 

The  chloroform  reaction  commenced  at  6o°  to  65  °  C.  and  was 
finished  after  boiling,  the  contents  of  the  retort  measuring 
8. 14  grams  Ca(OH)2. 

z.  Materials  used:  1000  cc.  solution  of  bleach  =  35  grams 
CI  and  2  .3  grams  Ca(OH)2;  1000  cc.  alcohol,  94  per  cent. ;  mixed  at 
200  C.  it  turned  turbid  very  slowly.  Titrated  for  Ca(OH)2 
after  standing  24  hours  at  200  C,  it  contained  6.97  grams 
Ca(OH)3. 

3.  Materials  used:  1000  cc.  solution  of  bleach  =  35  grams 
CI  and  2  .3gramsCa(OH)2;  1200  cc. alcohol,  94  per  cent.;  mixed  at 
20°  C;  reacted  at  once,  without  being  heated,  and  after  one 
hem  the  contents  of  the  retort  measured  6.99  grams  Ca(OH)2. 

Conclusions  from  Scries  I  and  J . — The  temperature 
at  which  the  chloroform  reaction  takes  place  and  the 
time  which  it  requires  depends  upon  the  concentra- 
tion of  the  alcohol  in  the  charge. 

Approximately  20  per  cent,  alcohol  will  react  with 
bleach  at  60  °  to  65  °  C. 


Approximately  50  per  cent,  alcohol  reacts  with 
bleach  at  20  °  C.  within  twenty-four  hours. 

Approximately  55  per  cent,  alcohol  reacts  with 
bleach  at  20  °  C.  instantly,  without  application  of  ex- 
ternal heat. 

Experiments  Series  K,  comprising  fourteen  experiments 
and  representing  fourteen  days'  work  in  the  plant,  were  made 
for  the  purpose  of  determining  the  amount  of  chloroform  and 
Ca(OH)2  formed  by  repeated  reaction  of  750  cc.  of  a  filtered 
solution  of  chlorinated  lime,  containing  35  grams  CI  and  1.7 
grams  Ca(OH)2  on  200  cc.  alcohol,  94  per  cent. 

No  alcohol  was  added  except  in  the  first  operation.  Ap- 
paratus Fig.  2  was  used  with  2500  cc.  retort. 

The  series  is  a  repetition  of  Series  Ea,  carried  on  to 
fourteen  operations,  the  difference  being  that  filtered 
solution  of  chlorinated  lime  was  used  instead  of  the 
solid  salt,  on  account  of  which  fact  the  Ca(OH)2  which 
was  formed  by  the  chloroform  reaction  could  be  meas- 
ured. 

1.  Materials  used:  750  cc.  solution  bleach  =  35  grams  CI, 
and  1.7  grams  Ca(OH)2;  200  cc.  ethyl  alcohol,  94  per  cent.; 
500  cc.  water;  mixed  at  200  C.  and  distilled.  Products  obtained: 
7.5  grams  washed  chloroform,  s.  g.  1.48;  700  cc.  diluted  alco- 
hol (distllate  A).  The  contents  of  the  retort  measured  7.4 
grams  Ca(OH)2  by  titration. 

2.  Materials  used :  750  cc.  solution  bleach  =  35  grams  CI  and 
1.7  grams  Ca(OH)2;  700  cc.  distllate  A;  mixed  at  200  C.  and 
distilled.  Products  obtained:  8.2  grams  washed  chloroform, 
s.  g.  1.48;  700  cc.  diluted  alcohol  (distillate  B).  7.1  grams 
Ca(OH)3  in  contents  of  retort. 

This  was  repeated  to  fourteen  operations  and  the  results  are 
entered  in  the  following  table : 


Table  IX. — Experiments 

Series  K. 

Ca(OH)2 

Chloroform 

in  750  cc. 

Ca(OH)2 

washed. 

Ca(OH)2 

n 

solution 

formed  by 

s.  g.  1.48 

residue 

chlorinated 

chloroform 

Operations. 

obtained. 

in  retort 

lime. 

reactions. 

No. 

'Grams. 

drams. 

Crams. 

Grams. 

1 

7.5 

7  4 

1.7 

5.7 

6.0 

5.5 
5  6 
4  9 


Conclusion  from  Series  K. — The  amounts  of  chloro- 
form and  calcium  hydrate  formed  in  the  chloroform 
reaction  are  in  direct  proportion. 

Experiments  Series  L,  comprising  twenty-six  experiments 
and  representing  twenty-six  days'  work  in  the  plant. 

The  experiments  of  Series  K  were  continued  with 
the  exception  that  determinations  of  lime  were  omitted 
after  the  fourteenth  operation,  to  determine  how  much 
chloroform  could  be  obtained  from  200  cc.  alcohol 
used  in  the  first  operation.  The  amounts  of  chloro- 
form obtained  in  the  subsequent  operations  are  en- 
tered into  the  following  table; 
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Series  I 

Mo 


m,  „l,     IS 
used 

!    I       .       I       . 
HI        ML, 

tiltrrod 

solution. 
Grams. 

mil 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

ioo 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Taiii  i     \l 
Materials  used. 


Alcohol, 

94?  pa 

cent.,   pres 

cut. 

cc. 

!00  (i 

190  6 

180.3 

169.0 

156.8 

144    1 

132.3 

120    1 

109.3 

99    1 

88.3 

78    1 

69.7 

59.7 

52   2 

45.6 

40  8 

35  .  2 

28.2 

20.7 

14.1 

9  3 

5.0 

2.6 

1.6 

0.2 


Chloroform 

s.  g.  1   48. 

obtained. 

Crams. 

7.5 

8  2 
9.0 

9  8 
10.2 

9.4 
9.8 
8.6 
8.2 
8  6 
8.2 
6.7 
8  0 
6  0 
5.3 
3.8 
4  5 
5.6 
6  0 
5.3 
3.8 
3  4 
1  9 
0.8 
1  1 
0  0 

159.7 


Ucohol, 

04  per 

cent.,  used 
[or  ihloro 
form  rc- 
.n  lion 

cc. 
9  4 

10.3 

11  .3 

12.2 

12.7 

II    8 

12.2 

10  8 

10  2 

10  8 

10  2 
8   4 

10.0 
7.5 
6.6 
4.8 
5.6 
7.0 
7.5 
6.6 
4.8 
4.3 
2  4 
1  0 
1  .4 
0.2 

200.0 


Alcohol. 
94  per 
cent  .  m 
. illcr  dis 
tillate. 
cc. 

190  6 
1 80  3 
169  0 
156.8 
144  1 
132.3 
120.1 
109.3 
99.1 
88.3 
78    1 


45.6 
40.8 


i  .25  cc.  alcohol,  94  per  cent.,  made  1  gram  chloro- 
form. 

Conclusion  from  Scries  L. — The  amount  of  alcohol, 
04  per  cenf.,  used  for  the  chloroform  reaction  at  a  con- 
centration of  10  per  cent,  or  more  is  less  than  1250 
cc.  of  94  per  cent,  alcohol  to  1  kilogram  of  washed 
chloroform,  or  less  than  15  gallons  alcohol,  94  per 
cent.,  for   100  lbs.  of  chloroform. 

Experiments  Series  M,  comprising  ten  experiments,  repre- 
senting a  run  of  ten  days  in  the  plant  and  designed  for  the  pur- 
pose of  determining  the  amount  of  alcohol,  94  per  cent.,  used 
up  in  successive  operations,  the  concentration  of  alcohol  in  the 
first  operation  being  approximately   10  per  cent. 

Apparatus  Fig.  2  was  used,  with  2500  ce.  retort. 

In  each  operation  750  cc.  diluted  alcohol  were  distilled  which 
was  used  in  the  subsequent  operation,  together  with  1.25  cc. 
alcohol,  94  per  cent.,  and  for  every  gram  of  washed  chloroform 
obtained  in  the  previous  operation. 

1.  Materials  used:  750  cc.  solution  bleach  =  35  grams  CI; 
150  cc.  alcohol,  94  per  cent.;  600  cc.  of  water;  mixed  at  20°  C. 
and  distilled.  Products  obtained:  7.8  grams  washed  chloro- 
form, 1 .48  s.  g. ;  750  cc.  diluted  alcohol  (distillate  A). 

2.  Materials  used:  750  ce.  solution  bleach  =  35  grams  CI; 
10  cc.  alcohol,  94  per  cent.;  750 cc.  distillate  A;  mixed  at  20°  C. 
and  distilled.  Products  obtained:  9.0  grams  washed  chloro- 
form, 1 .48  s.  g. ;  750  cc.  diluted  alcohol,  94  per  cent,  (distillate  B). 

This  was  repeated  to  ten  operations  and  the  results  arc  en- 
tered in  Table  XI. 

The  750  cc.  diluted  alcohol  coming  from  the  tenth 
operation  were  diluted  with  an  equal  volume  of  water 
and  redistilled  with  20  grams  hydrated  lime,  whereby 
3 . 7  grams  chloroform  were  obtained,  together  with 
diluted  alcohol,  containing  161  cc.  alcohol,  94  per 
cent. 


Bleach,  35  per  eel 

used  in  filtered 
solution. 


\li  ohol, 

94  per 
cent., 

n  nl 


Diluted  Diluted 

alcohol  alcohol 

from    Chloroform,  distilledofl 


drams. 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


cc. 
1350 
750 
750 
750 
750 
750 
750 
750 
750 
750 


previous 
operation. 


750 
750 
750 
750 
750 
750 
750 
750 
750 


S.  g.   I  .48,        altir 
obtained  1  hlorofom 

Crams.  cc. 

7   8  750 

9  0  750 

9   7  750 

9  4  750 

9   0  750 

'I   S  750 

9  6  750 

750 
750 
750 


10  I 
9.3 
9.8 


1000  ...  2S5  ...  93.5 

Conclusion. — 1000  grams  of  bleach,  35  per  cent., 
and  94  cc.  of  alcohol,  94  per  cent.,  had,  therefore, 
made  97  .  2  grams  of  washed  chloroform,  1.48  sp.  gr. 
The  amount  of  alcohol,  94  per  cent.,  used  for  the 
chloroform  reaction,  at  a  continuous  concentration 
of  10  per  cent.,  is  approximately  968  cc.  for  1000 
grams  washed  chloroform,  sp.  gr.  1.48,  or  not  quite 
1  cc.  alcohol,  94  per  cent.,  for  1  gram  of  chloroform. 

Experiments  Series  N,  comprising  ten  experiments  and  repre- 
senting a  run  of  ten  days  in  the  plant.  This  series  is'a  repeti- 
tion of  Series  M,  except  that  the  materials  were  mixed  near 
boiling  point.     (Compare  Experiments  Series  G.) 

Apparatus  Fig.  1  was  used,  with  2500  cc.  retort,  carrying  a 
long  stem  funnel,  reaching  toward  the  bottom  of  the  retort. 

The  diluted  alcohol  was  charged  into  the  retort  and  heated 
to  boiling,  whereupon  the  solution  of  bleaching  powder  was 
poured,  in  small  portions,  through  the  long  stem  funnel  into 
the  alcohol,  which  was  boiling  in  the  retort. 

The  quantities  of  materials  used  were  the  same  as  in  Series 
M,  except  the  fresh  alcohol,  94  per  cent.,  was  added  at  the  rate 
of  1  cc.  alcohol,  94  per  cent.,  for  every  gram  chloroform  ob- 
tained in  the  previous  operation.     (See  conclusion  above.) 

The  results  of  ten  operations  are  entered  in  the  following 
table: 

Table  XII. 
Materials  used.  Products. 


Diluted 

Diluted 

Bleach,  35  per  cent., 

alcohol 

alcohol 

used  in 

filtered 

Alcohol. 

from 

Chloroform. 

distilled 

solution 

94  per  cent. 

previous 

s.  g.  1.48. 

off  after 

used. 

operation. 

obtained,  chloroform. 

'  'pcr<itiv-»ii.' 

No. 

Grams. 

cc. 

cc. 

cc. 

Grams. 

cc. 

1 

100 

1350 

150 

7.2 

750 

2 

100 

750 

7 

750 

9.8 

750 

3 

100 

750 

10 

750 

10  4 

750 

4 

100 

750 

10 

750 

10.8 

750 

5 

100 

750 

II 

750 

10  9 

750 

6 

100 

750 

11 

750 

10.2 

750 

7 

100 

750 

10 

750 

11  .0 

750 

8 

100 

750 

11 

750 

10.8 

750 

9 

100 

750 

11 

750 

11    0 

750 

10 

100 

750 

11 

750 

10  6 

750 

102.7 


The 


750  cc.  of  diluted  alcohol  coming  from  the 
tenth  operation  were  treated  in  the  same  manner  as 
described  in  Series  M,  whereby  3.2  cc.  chloroform, 
sp.  gr.  1 .48,  and  146  cc.  alcohol,  94  per  cent.,  were  ob- 
tained. 

Conclusion. — 1000  grams  bleach,   35  per  cent.,  anc 
96  cc.  alcohol,  94  per  cent.,  had,  therefore,  made  105. 
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grams  of  washed  chloroform,  sp.  gr.  1 .48,  which  would 
make  103.4  grams  pure  chloroform  after  washing 
with  sulphuric  acid  66°  and  redistilling.  The  amount 
of  alcohol,  94  per  cent.,  used  for  the  chloroform  re- 
action, at  a  continuous  concentration  of  10  per  cent., 
is  approximately  922  cc.  alcohol,  94  per  cent.,  for  1 
kg.  of  washed  chloroform,   sp.   gr.    1.48. 

This  work  done,  the  most  favorable  conditions  were 
figured  from  the  conclusions  Nos.  1  to  40,  drawn  from 
126  experiments,  which  represent  126  days'  work  in 
the  plant.     They  were  found  to  be  as  follows,  viz.: 

1.  The  concentration  of  alcohol  in  the  charge  was 
to  be  about  10  per  cent. 

2.  There  was  to  be  not  less  than  100  cc.  alcohol, 
94  per  cent.,  present  for  every  100  grams  of  bleach,  35 
per  cent. 

3.  The  alcohol  and  the  solution  of  bleaching  pow- 
der was  to  be  brought  together  at  boiling  point,  or 
as  near  to  it  as  possible. 

If  these  conditions  could  be  given  in  the  plant. 
100  lbs.  pure  chloroform  could  be  expected  from  967 
lbs.  bleach,  35  per  cent.,  and  11. 5  gallons  alcohol,  94 
per  cent,  (see  experiments  Series  N),  in  place  of  from 
15 10  lbs.  bleach,  33' /s  per  cent.,  and  11.73  gallons 
alcohol,  94  per  cent.,  which  were  obtained  as  an 
average  in  the  manufacture  of  100,257  l°s-  chloroform 
in  actual  practice  (see  Table  I).  While  the  con- 
sumption of  alcohol  was  about  the  same  as  in  the  old 
process,  the  saving  in  bleaching  powder  was  approx- 
imately 34  per  cent. 

In  order  to  comply  with  these  requirements  one  old 
apparatus,  represented  in  Fig.  1  (p.  346),  was  changed  as 
indicated  in  Fig.  3,  by  closing  up  the  manhole  in  the 
still  and  riveting  to  the  top  of  the  still  a  funnel 
in  the  center  of  which  a  four-inch  pipe  reached  down 
toward  the  bottom  of  the  still.  In  place  of  a  square 
box  which,  in  the  old  process,  had  served  for  dissolv- 
ing the  bleaching  powder,  a  round  agitating  apparatus, 

A,  was  installed,  in  which  the  bleaching  powder  was 
more  readily  dissolved  in  the  necessary  amount  of 
water.  The  receiver  D,  taking  the  chloroform  and 
diluted  alcohol,  which  ran  from  the  cooler,  was  changed 
to  the  form  indicated  in  the  drawing  and  a  receiving 
tank,  E,  capable  of  holding  400  gallons  of  diluted 
alcohol,  was  set  in  the  ground  under  the  receiver,  for 
the  purpose  of  storing  the  diluted  alcohol  distilled 
in  one  operation.  The  bottom  of  the  receiving  tank 
was  connected  by  a  i-in.  pipe  with  the  upper  part  of  still 

B,  and,  by  air  pressure',  the  contents  of  the  receiver 
could  be  blown  out  into  the  still  as  soon  as  the  latter 
was  ready  for  a  new  operation. 

The  apparatus  was  operated  in  the  following  man- 
ner: 

•120  gallons  alcohol,  94  per  cent.,  were  charged  into 
still  B,  Fig.  3,  and  sufficient  water  added  to  make  the 
alcohol  about  20  per  cent.  This  would  fill  the  still 
about  2  ft.  One  cask  bleaching  powder,  holding 
about  1000  lbs.,  was  charged  into  agitator  A,  con- 
taining sufficient  water  to  fill  the  agitating  vessel  to 
within  6  inches  from  the  top.  Then  the  diluted  alco- 
hol was   heated   by   direct   steam   to   boiling,    and    the 


solution  of  bleaching  powder  was  introduced  into  B, 
in  small  quantities,  through  the  funnel  tube. 

The  reaction  would  take  place  at  once  and  the  chloro- 


CmhHuinC.  rtOOH 


form  would  distil  freely,  together  with  some  alcohol. 
When  all  the  bleaching  powder  was  introduced,  the 
chloroform,  and  subsequently  the  alcohol,  were  dis- 
tilled off,  about  400  gallons  of  diluted  alcohol  being 
obtained  in  each  operation. 

The  diluted  alcohol  thus  obtained  was  used  for  the 
subsequent  charge  and  sufficient  fresh  alcohol,  94  per 
cent.,  was  added  to  make  up  for  the  alcohol  which 
had  been  converted  into  chloroform  in  the  previous 
operation.  With  this  alcohol  and  another  1000  lbs. 
bleaching  powder,  dissolved  in  sufficient  water  to  fill 
the  agitating  tank  A  to  within  6  inches  from  the  top, 
the  operation  was  repeated  once  a  day  and  chloro- 
form was  thus  obtained  in  a  continuous  run. 

A  run  of  six  days  was  made  with  this  improved  ap- 
paratus, with  the  following  results,  viz. : 


Table  XIII. 

1000  lbs. 

Bleaching 

powder 

used. 

bleach,  35 

Alcohol 

Chloro- 

per cent.. 

Bought  for 

Equal  to 

94  per 
cent., 
used. 

form,  s.  g 
1  48,  ob 
tained. 

made 
chloroform 

s.  g.  1  48. 

Per  cent. 

l'er  cent 

Lbs.    CI. 

Lbs. 

CI. 

U.  S.  gal.  Lbs. 

Lbs. 

1 129     J 1 

1000 

35 

120 

81 

81 

1129     31 

1000 

35 

10 

100 

100 

1129     31 

1000 

35 

10 

102 

102 

1129      Jl 

1000 

35 

10 

108 

108 

1129      Jl 

1000 

35 

10 

106 

106 

1  1 29      31 

1000 

35 

10 

105 

105 

(  4000 
i  952 

35 
35 

421 

105 
100 

Not  counting  the  first  two  days,  in  which  the  pre- 
vious charges  have  an  influence  upon  the  yield,  an 
average  of  105  lbs.  washed  chloroform,  sp.  gr.  1.48. 
were  obtained  from   iooo  lbs.  bleach,  35  per  cent. 

An  attempt  was  made  to  increase  tin-  capacity  of 
the  plant  by  charging  1500  lbs.  of  bleach,  35  per  cent., 
into  agitator  .1  lor  each  charge,  adding  sufficient  water 
to   make   the  same   volume   of   solution   as   in   the  pre- 
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vigils  run.  ami  using  this  more  concentrated  solution 
of  bleach  in  the  same  manner  as  the  weaker  solution 
in  the  previous  work. 

Tabu  Xl\ 

1000  lb* 
bleach,  3S 
Bleaching  powda  "-.<<!  percent  , 

. • alcohol,   Chloro        made 


The  diluted  alcohol,  coming  from  the  last  operation, 
contain  alcohol,  94  per  cent.,  and  from 


Daj 


Bought  for 

Equal  to 

94  pa 
cent., 
used. 

Form,  b  t 
1  .48.  Ob- 

chloro- 
form. 
.  g.    1   48 

Per  cent. 

IV,  cent 

1  ba 

a. 

Lbs. 

CI.     u 

S.  gal 

Lbs 

Lbs 

1694 

31 

1500 

35 

120 

125 

83 

1694 

31 

1500 

35 

15 

147 

98 

1694 

31 

1500 

35 

15 

159 

106 

1694 

31 

1500 

35 

15 

158 

105 

1694 

31 

1500 

35 

15 

153 

102 

1694 

31 

1500 

35 

15 

159 

106 

6000 

3S 

629 

105 

'roport 

ions 

(  1000 
\    952 

105 
100 

A  run  of  six  days,  with  1500  lbs.  bleaching  powder 
for  each  charge,  was  made  with  the  result  given  in 
Table  XIV. 

Since  the  works  ran  smoothly,  the  contents  of  the 
apparatus  not  boiling  over,  and  since  still  B  was  less 
than  three-quarters  filled  at  the  completion  of  the 
charge,  the  larger  charge  was  thought  possible  in  the 
regular  run,  whereby  the  capacity  of  the  plant  was  in- 
creased by   50  per  cent. 

In  making  this  run  it  was  observed  that  the  first 
thousand  pounds  bleach  made  more  chloroform  pro- 
portionately than  the  following  500  lbs.  In  Experi- 
ments Nos.  3  to  6,  113,  116,  113,  116  lbs.  washed 
chloroform,  respectively,  were  obtained  from  the  first 
thousand  pounds  bleach,  35  per  cent.,  while  47,  40, 
40,  45  lbs.,  respectively,  were  obtained  from  the  fol- 
lowing 500  pounds. 

From  this  observation  it  might  be  concluded  that 
greater  concentration  of  alcohol  would  produce  a 
still  greater  yield.  But  the  advantage  did  not  seem 
sufficiently  large  to  justify  the  increased  consumption 
of  steam  and  the  decrease  of  the  capacity  of  the  plant, 
and  for  this  reason  experiments  in  this  direction  were 
not  carried  on. 

Following  these  runs,  all  six  apparatus  were  changed 
in  the  same  manner  and  they  were  operated  parallel 
with  bleaching  powder,  31  per  cent,  to  37  per  cent., 
for  several  years.  From  time  to  time,  operations 
were  discontinued  to  make  calculations,  or  for  other 
reasons,  and  the  following  are  the  results  obtained 
from  several  lots.  In  every  instance,  the  diluted 
alcohol  obtained  in  the  last  operation  was  redistilled 
with  calcium  hydrate,  and  the  amount  of  alcohol 
obtained  was  deducted  from  the  amount  of  alcohol 
used  in  the  aggregate  operations,  the  difference  be- 
ing the  alcohol,  94  per  cent.,  used  up  for  chloroform. 

Record  of  a  thirty-three  days'  run,  with  35  per 
cent,  bleach,  showed  the  daily  variations.  On  every 
day,  except  the  thirtieth  day,  six  apparatus  were 
used,  while  on  the  thirtieth  day  only  five  were  in  com- 
mission, one  being  in  repair.  One  and  one-half  casks 
bleach,  35  per  cent.,  weighing  about  1500  lbs.,  were 
used  for  a  charge  in  each  apparatus  in  every  day's 
run  except  on  the  first  day,  when  only  one  cask  per 
apparatus  was  charged. 


1 Mr 

Bleach  15, 

Ucohol, 

'  Mi  1 

per  cent., 

per  cent  . 

■ii  pet  1 1  hi 

.       s.   K      1     48, 

made  chlanj 

Da) 

used 

used. 

form 

No 

1   DS 

Lbs. 

Lbs. 

1 

6,322 

559 

M0 

81 

2 

9,055 

90 

940 

103 

3 

9,160 

120 

959 

f04 

4 

9,011 

120 

931 

103 

5 

9,196 

90 

968 

105 

6 

9,125 

120 

942 

103 

7 

9,075 

120 

949 

104 

H 

9,503 

90 

1,039 

109 

9 

9,268 

•Ml 

•        967 

104 

10 

9,206 

90 

930 

101 

1  1 

9.  100 

90 

943 

104 

12 

9,221 

120 

924 

100 

13 

9,172 

120 

954 

104 

14 

9,157 

120 

987 

108 

15 

9,274 

120 

1.001 

108 

16 

4 ,  240 

120 

927 

101 

17 

9,254 

120 

967 

104 

18 

9,352 

90 

942 

100 

19 

9,160 

120 

969 

105 

20 

9,263 

120 

1.001 

108 

21 

9,146 

90 

977 

100 

22 

9,107 

120 

1,016 

101 

23 

9,311 

90 

984 

105 

24 

9,327 

120 

985 

103 

23 

9,106 

120 

1  ,029 

103 

26 

9,154 

90 

970 

106 

27 

9,207 

120 

968 

105 

28 

9,140 

120 

957 

105 

29 

9,072 

100 

949 

105 

30 

7,576 

120 

838 

100 

31 

9,632 

90 

1,013 

105 

32 

9,047 

120 

993 

100 

33 

9,556 

152 

990 

103 

299,525 

4.081 

31,419 

105 

the  31,419  lbs.  washed  chloroform,  30,675  lbs.  pure 
chloroform  were  obtained.  The  net  result  of  the  run 
was,  therefore,  that  299,525  lbs.  bleach,  35  per  cent., 
and  3441  gallons  alcohol,  94  per  cent.,  made  30,675 
lbs.  pure  chloroform,  which  is  equivalent  to  102.4 
lbs.  pure  chloroform  from  1000  lbs.  bleach,  35  per 
cent.,  and  11.49  gallons  alcohol,  94  per  cent.,  or 
100  lbs.  pure  chloroform  required  977  lbs.  bleach, 
35  per  cent.,  and  11.22  gallons  alcohol,  94  per  cent. 

Record  of  8  lots  chloroform,  made  from  bleach  con- 
taining 31  to  37  per  cent,  chlorine  and  alcohol,  show- 
ing variations  by  different  strengths  of  bleach: 


TABJ.E 

XVI 

Bleaching  powder  used. 

. 

.  Alcohol. 

Chloroform  obtained. 

Bought  for 

Equal 

to 

94       . 

per  cent..   Crude, 
used.     s.  g.    1 .  48 

' \ 

Per  cent. 

Per  cent 

Pure. 

0.            Lbs. 

CI. 

Lbs. 

CI. 

U.  S.  gal 

Lbs. 

Lbs. 

353,375 

32 

323,085 

35 

.    3,710 

30,155 

29,446 

53,968 

32 

49,342 

35 

536 

4,244 

4,046 

185,414 

35 

185,414 

35 

1,930 

16,065 

IS, 982 

299,525 

35 

299,525 

35 

3,441 

31,419 

30,675 

168,178 

31 

148,958 

35 

1,732 

15,373 

14,925 

83,218 

37 

87,973 

35 

880 

8,279 

8,182 

577,871 

35 

577,871 

35 

6,646 

62,595 

61,124 

799,387 

35 

2 

799,387 

35 
35 

9,013 

77,916 

77,551 

,471,555 

27,888 

246,046 

241,931 

Proportions 

....  { 

1.000 
1,022 

35 

11.28 
11.53 

99.5 

97.9 

100  0 
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Comparing  this  with  the  results  obtained  by  the 
old  process  and  recorded  in  Table  I,  a  saving  of 
0.20  gallon  alcohol,  94  per  cent.,  and  415  lbs.  bleach- 
ing powder,  35  per  cent.,  was  effected  for  every  100 
lbs.  of  chloroform  made  by  the  new  process. 

The  saving  in  alcohol  was  insignificant,  but  there 
was  no  saving  expected,  the  experiments  indicating 
the  consumption  of  1 1 . 5  gallons  alcohol  for  every 
100  lbs.  of  chloroform,  while  11.53  gallons  were  used 
in  actual  work.  The  gain  in  bleaching  powder,  how- 
ever, was  29  per  cent.,  quite  near  to  the  34  per  cent, 
saving,  which  were  indicated  by  the  most  favorable 
experiments  in  Series  N.  The  consumption  of  steam 
was  larger  than  in  the  old  process,  since  about  400 
gallons  diluted  alcohol  were  to  be  distilled  off  in  each 
operation,  in  order  to  recover  all  the  alcohol.  About 
3  tons  steam  were  required  for  each  apparatus  in  a 
day's  work.  However,  1500  lbs.  bleach  could  be 
worked  daily  in  each  of  the  six  stills,  in  place  of  1000 
lbs.,  and  147  lbs.  pure  chloroform  were  manufactured 
per  day  in  each  still,  in  place  of  70  lbs.,  which  could  be 
made  by  the  old  process,  an  increase  in  capacity  of 
the  plant  of  over  100  per  cent. 

The  amount  of  steam  used  by  the  new  process  was 
2  tons  for  100  lbs.  chloroform,  against  1 . 1  tons  in  the 
process,  for  the  same  amount. 

The  same  number  of  laborers  ran  the  improved 
plant,  after  mechanical  washers  had  been  installed, 
ihe  same  laborers  making  more  than  twice  the  former 
product. 

There  are  localities  in  the  western  states  where  corn, 
limestone  and  salt  are  cheap,  where  coal  and  power 
are  abundant.  There  may  be  a  market  for  caustic 
soda  but  none  for  bleach,  which  cannot  be  disposed  of 
on  account  of  the  freight  rates.  By  making  chloro- 
form, many  pounds  of  material  can  be  condensed 
'into  one  and  can  be  shipped  to  the  centers  of  popu- 
lation. 


:OMPARISON   OF  SOME  METHODS  FOR  THE  ESTIMATION 

OF  SULFUR  IN  VULCANIZED  RUBBER  WITH  ESPECIAL 

REFERENCE  TO  ELECTROLYTIC  OXIDATION. 

By  D.  Spence  and  J.  Young. 

Received  Feb.  3,  1912. 

This   work   was   primarily   undertaken    in   order   to 

ind  a  rapid  and,  at  the  same  time,  accurate  method 

or  the    determination    of    combined    sulfur   in    vul- 

anized    rubber,     applicable     to    samples    containing 

videly  different    quantities    of    combined    sulfur.     A 

net  hud  such  as  this  is  well-nigh  essential  to  a  study 

f   the   kinetics   of   vulcanization    such   as    we    had    in 

iew  where  a  large  number  of  simple  compounds  of 

ubber    and     sulfur     containing     all     percentages    of 

ulfur  from  0.5   to  32   per  cent,   had    to    be    investi- 

ated.     Previous     experience     in     the     determination 

I     the    sulfur   of    vulcanization    had    shown    that    a 

lethod  which  might  be  applicable  to  one  compound 

'  necessarily  equally  applicable  to  every  other. 

is  a  condition,  however,  which  we  had  to  meet 

Kir  work  and  it  is  one  which  is  of  importance  in 

'Ty-day  analysis  of  vulcanized  rubber. 

In  view  of  the  ever-increasing  importance  of  methods 

'i'   the   chemical    analysis   of    India    rubber   and    the 


attention  which  is  being  directed  towards  this  subject 
by  committees  appointed  here  and  abroad,  this  pres- 
ent work  should  be  of  interest  not  only  as  furnishing 
the  solution  to  our  specific  problems,  but  as  offering, 
to  those  engaged  in  the  analysis  of  India  rubber  a 
method  lor  the  determination  of  sulfur  at  once 
simple,  rapid  and  accurate,  which  has  not  yet  re- 
ceived that  recognition  in  this  country  which  it  un- 
doubtedly merits. 

This  is  not,  and  does  not  pretend  to  be,  a  complete 
study  of  all  the  methods  which  have  been  published 
in  the  literature  from  time  to  time  for  the  determina- 
tion of  sulfur  in  India  rubber.  We  have  dealt  hen- 
only  with  those  methods  which,  from  previous  ex- 
perience or  from  other  reasons,  seemed  likely  to  meet 
the  requirements  of  our  work  and  our  attention  has, 
therefore,  been  confined  to  a  comparative  study  of 
the  methods  of  Carius,  Henriques  (methods  involving 
fusion)  and  Gasparini  (electrolytic  oxidation)  and  to 
modifications  of  these  by  ourselves  and  others. 

The  Carius  method  requires  no  description  here. 
It  has  long  been  recognized  as  an  accurate  one  for  the 
determination  of  sulfur  in  vulcanized  rubber  and.  we 
believe  it  is  still  in  very  general  use  where  the  highest 
accuracy  is  required.  The  disadvantages  to  the 
method  are  as  well  known,  however,  as  the  method 
itself.  We  need  only  refer,  for  example,  to  the  cum- 
bersome and  altogether  precarious  nature  of  the  work 
involved  in  the  process  which  even  the  modifications 
investigated  by  us  have  not  succeeded  in  eliminating. 
Similarly,  the  old  method  of  Henriques1  for  the  de- 
termination of  sulfur  in  rubber  and  the  methods  of 
Frank  and  Marckwald,2  Wagner,3  and  others,  which 
are  only  slight  modifications  of  the  former,  although 
perhaps  simpler  in  some  respects  than  the  Carius 
method,  require  time  and  attention  if  reliable  re- 
sults are  to  be  obtained,  which,  for  our  work  at  least, 
was  out  of  the  question.  The  fusion,  namely,  of  the 
products  of  oxidation  of  the  rubber  by  nitric  acid, 
we  have  found  to  be  so  delicate  and  precarious  an  oper- 
ation, even  when  carried  out  by  the  modified  method 
described  in  the  experimental  part  of  this  paper, 
that  if  constant  care  and  attention  is  not  given  results 
of  very  uncertain  value  may  be  obtained.  Our  ex- 
perience with  methods  of  fusion  indeed  has  been  that 
in  the  long  run  more  time  is  involved  and  less  assur- 
ance of  accuracy  in  the  final  result  obtained  than  by 
a  modified  Carius  method.  There  is  little,  if  any, 
advantage,  therefore,  in  fusion  methods  over  Carius 
methods. 

Far  more  interesting,  however,  than  either  of  these 
methods  is  that  of  electrolytic  oxidation.  Of  all 
methods  for  the  estimation  of  sulfur  in  India  rub- 
ber investigated  by  us,  this  method  proved  not  only 
the  simplest  but  also  the  most  reliable.  Not  onlv 
is  it  unequaled  in  these  respects,  but  we  have  found 
it  applicable,  and  without  modification,  to  the  deter- 
mination of  the  sulfur  in  rubber  of  any  degree  of 
vulcanization. 

The   method   was   originally    evolved    by    Gasparini-' 

1  Z.  angew.  Chem.,  34,  802  (1899). 
*  Gummi-ZeUung,   17,    71    (,1903). 
a  Ibid..  21,  552  (1907). 
*  Gaz.  chim,   Hal.,  37,   II,   4_'o  +ol    U907). 
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for  the  estimation  oi  sulfur  in  organic  compounds, 
including  vulcanized  rubber,  and  recently  has  been 
made  use  of  by  rlinrichsen1  in  his  work  on  vulcan 
ization. 

The  method  is  an  exceedingly  accurate  one.  In- 
deed,  in  view  of  its  simplicity  and  at  the  same  time  its 
accuracy,  doing  away  as  it  docs  with  all  the  objection- 
able features  of  other  methods,  it  is  surprising  to  us 
that  it  has  not  received  more  general  application. 
We  can  only  recommend  it  to  the  attention  of  those 
engaged  in  the  analysis  of  vulcanized  rubber. 

To  meet  the  case  of  complex  rubber  mixings  the 
method  is  subject  to  the  same  modifications  as  are 
common  to  all  existing  methods. 

In  conjunction  with  a  form  of  volumetric  process 
for  the  determination  of  sulfur  such  as  the  barium 
chromate  method3  investigated  by  us,  or  the  benzi- 
dine method  of  Raschig.s  we  believe  the  process  is 
capable  of  still  further  simplification  to  meet  the  re- 
quirements of  a  still  more  rapid  and  accurate  method 
for  the  determination  of  sulfur  in  soft-cured  rubber. 
Complex  mixings  would,  of  course,  require  special 
attention  where  the  volumetric  process  using  barium 
chromate  is  introduced.  It  is  only,  however,  by 
practical  work  directed  towards  the  solution  of  just 
such  problems  as  these  that  real  progress  towards 
standard  methods  of  analysis  of  rubber  can  be  hoped 
to  be  made. 

EXPERIMENTAL    PART. 

At  the  outset  of  this  work  it  was  necessary  to  adopt 
a  standard  method  of  analysis  to  which  all  our  work 
could  be  referred.  The  Carius  method  was  selected 
for  this  purpose  in  spite  of  the  fact  that  the  values 
obtained  by  it  are  stated  to  be  slightly  too  high4  on 
account  of  the  inclusion  in  the  precipitated  sulfate 
of  a  very  small  quantity  of  silica  dissolved  from  the 
glass.  The  error  by  this  method  we  have  found  to 
be  very  small,  however,  and  constant,  if  reasonable 
care  is  taken.  In  all  our  work,  therefore,  unless  other- 
wise stated,  our  figures  for  sulfur  are  compared  with 
those  by  the  Carius  method. 

In  carrying  out  the  Carius  method  it  has  long  been 
customary  here  to  modify  the  original  procedure  to 
the  extent  of  effecting  the  preliminary  solution  of  the 
rubber  in  the  acid  in  a  closed  bomb  at  as  low  a  tem- 
perature as  possible,  afterwards  opening  the  tube  and 
heating  it  on  the  steam  bath  until  further  vigorous 
action  ceases,  then  resealing  the  bomb  and  com- 
pleting the  oxidation  by  heating  the  tube  to  1700 
C.  for  3  hours.  In  this  way  the  intense  gaseous 
pressure  which  is  generated  in  a  closed  bomb  by  the 
first  action  of  nitric  acid  on  India  rubber  is  relieved 
and  the  complete  oxidation  of  the  rubber  takes  place 
under  conditions  which,  while  preventing  loss  of 
sulfur,  are  less  likely  to  bring  disaster  to  the  estima- 
tion by  the  bursting  of  the  bomb  in  its  final  heating. 

1  Koll.  ZtUsch..  8,  248  (1911  J.  The  statement  by  Waters  and  Tuttle, 
This  Journal,  3,  734  (1911),  that  this  method  is  due  to  Hinrichsen 
is.  therefore,  incorrect.  Gasparini  has  shown  how  the  method  may  be 
applied  to  the  oxidation  of  vulcanized  rubber. 

2  Amer.  Chem.  Jour.,  2,  567  (1880). 

3  Z.  angew.  Chem.,  1903,  617  and  818  See  Sutton's  "Volumetric 
Analysis,"  10th  edit.,  p.  353. 

*  Anelli.  Go*,  chim.  ital.,  41,  I,  334. 


In  this  modified  form  the  Carius  method  has  been 
found  to  be  safer  and  less  troublesome  than  the  ordi- 
nary Carius  process  when  applied,  in  particular,  to 
samples  of  vulcanized  rubber  having  a  high  content 
of  rubber.  The  method  has  been  tested  by  us  agaiul 
the  standard  Carius  method,  in  which  the  rubber  is 
first  brought  in  contact  with  the  acid  in  a 
bomb  and  is  heated  before  the  pressure  is  relieved 
and  has  been  found  to  give  satisfactory  results.  A 
comparison  of  results  obtained  by  this  method  against 
those  obtained  by  the  electrolytic  process  will  also  l» 
found  in  the  section  on  electrolytic  oxidation,  which 
follows. 

In  the  modified  method  just  described  the  Carius 
process  still,  however,  remains  tedious  and  somewhat 
precarious.  To  further  simplify  it  an  experiment 
was  made  in  which  the  rubber  was  added  directly 
but  slowly,  small  pieces  at  a  time,  to  the  acid  in  the 
bomb  which  was  warmed  or  cooled  as  required  in 
order  to  complete  the  solution  of  the  rubber  without 
a  too  vigorous  action  ensuing.  In  this  modification, 
therefore,  the  preliminary  solution  and  heating  took 
place  in  open  bomb.  A  sample  of  hard  rubber  analyzed 
in  this  way  gave  3 1 .  60  per  cent,  of  sulfur  as  against 
31.50  per  cent,  by  the  ordinary  Carius  method.  This 
method  of  treatment  is  somewhat  simpler  and  appar- 
ently gives  accurate  results.  Even  with  this  modi- 
fication, however,  the  Carius  method  is  cumbersome 
where  many  sulfur  estimations  have  to  be  made. 

More  promising,  at  first  sight,  as  a  rapid  method 
for  the  determination  of  sulfur  in  vulcanized  rubber, 
appears  the  process  of  fusion  with  alkaline  oxidizing 
agents.  This  process,  in  its  simplest  form,  consists 
in  the  fusion  of  an  intimate  mixture  of  the  finely- 
ground  material  with  an  excess  of  powdered  sodium 
carbonate  or  a  mixture  of  sodium  carbonate  with 
potassium  nitrate.  Such  a  method  has  recently  been 
applied  with  success1  by  one  of  us  to  the  determina- 
tion of  bromine  in  the  tetrabromide  of  India  rubber 
and  was  found  to  give  reliable  and  satisfactory  re- 
sults in  this  connection.  The  process  is  exceedingly 
simple.  In  our  efforts  to  apply  it  to  the  determina- 
tion of  sulfur  in  vulcanized  rubber  we  were  con- 
fronted, however,  with  the  difficulty  of  obtaining 
intimate  mixture  of  the  sample  with  the  alkali  fusion 
mixture.  Sulfur  values  were  always  lower  than 
those  by  the  Carius  method.  Even  in  the  case  of  a 
sample  of  finely  powdered,  hard  rubber  dust,  when- 
intimate  mixture  of  the  dust  with  the  alkali  was  pos- 
sible, 17.53  Per  cent,  of  sulfur  was  found  by  this 
method  as  against  30 .  80  per  cent,  by  the  Carius 
method.  One  can  only  conclude  from  this  that  the 
chemical  combination  of  rubber  and  sulfur  to  hard 
rubber  is  much  more  stable  towards  alkaline  oxi- 
dizing agents  than  the  corresponding  bromine  deriva- 
tive of  India  rubber.  Some  incineration  experi- 
ments carried  out,  using  Eschka's  mixture  directly 
proved     equally     unsuccessful     for    similar    reasons. 

The  root  difficulty  in  direct  fusion  methods  as  ap- 
plied   to    vulcanized    rubber    undoubtedly    lies   in  ol 
taining  intimate  mixture  of  the  rubber  material  with 

1  Lt  Caoutchouc  et  la  Gu.Ua  Ptrcha,  8,  88,  5313  (1911). 
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e  fusion  mixture.  It  was  to  overcome  this 
faculty  that  Henriques1  evolved  the  method  of 
st  dissolving  the  rubber  in  nitric  acid,  taking  the 
lution  thus  obtained  to  syrupy  consistency  before 
xing  with  the  fusion  mixture.  This  is  a  great  ad- 
nce  over  simple  fusion,  and  with  care  and  attention 
e  old  method  of  Henriques  has  been  found  reliable 
the  hands  of  experienced  analysts.  For  the  sake 
a  comparison  we  made  a  number  of  estimations  by 
e  Henriques  and  our  modified  Carius  method  on 
mples  of  vulcanized  rubber  having  widely  different 
lfur  content.  The  Henriques  method  was  car- 
■d  out  by  us  in  the  modified  form  as  described  by 
ank  and  Marckwald.'  The  results  obtained  by 
e  two  methods  are  given  in  tabular  form   in  Table  I. 

Table  I. 

Total  Combined  Total  Combined  Total  Total. 

sulfur,     sulfur,     sulfur,     sulfur,  sulfur,  sulfur. 

Per         Per            Per            Per  Per  Per 

Method.                        cent.       cent.       cent.         cent.  cent.  cent. 

:ariusmethod 13.14        3.95        22.73          5.21  8.04  4.59 

5.081 
Henriques  method..      12.97       3.67   •(  .      5.05 


(  21.65  1 
J  22.17 
(.22.50  J 


7.97        4.44 


The  results  are  not  as  satisfactory  as  we  had  hoped 
ey  would  be.  Our  practical  experience  with  the 
ethod,  besides  revealing  to  us  that  it  is  excessively 
imbersome  and  altogether  unsuitable  for  the  work  we 
id  in  view,  showed  that  it  still  contains  one  cardinal 
eakness  which  the  treatment  with  nitric  acid  in  the 
■st  instance  does  not  overcome.  The  treatment, 
imely,  of  the  rubber  by  nitric  acid  results  in  the  forma- 
3n  of  nitro  derivatives  of  the  rubber  ("nitrosites") 
hich  on  fusion  with  alkali  will  sometimes  cause 
iurting  and  small  explosions  with  loss  of  sulfur 
'en  when  the  utmost  care  and  constant  attention 
given  to  the  fusion  process.  The  results  by  the 
ethod  are  usually  low  in  consequence.  The  trouble 
^s  largely  in  the  fact  that  it  is  well-nigh  impossible 
',  obtain  a  uniform  mixture  of  the  syrupy  products 
l  decomposition  of  the  rubber  by  nitric  acid  with 
"e  solid  alkaline  mixture. 

iWe  lay  no  claim  to  be  the  first  to  draw  attention 
this  inherent  weakness  in  the  Henriques  fusion 
ocess.  To  overcome  it,  Wagner3  has  suggested 
le  diluting  of  the  syrup  obtained  by  treatment  of 
te  rubber  by  nitric  acid  with  water,  rendering  the 
cueous  solution  thus  obtained  faintly  alkaline  by 
pans  of  solid  KOH  and  afterwards  concentrating 
t  half  bulk  before  mixing  with  excess  of  sodium  car- 
tnate  and  fusing.  The  underlying  idea  we  believe 
t  be  a  happy  one.  We  have  gone  further,  however, 
ad  have  modified  Henriques'  method  to  the  extent 
c  mixing  the  products  of  oxidation  of  the  rubber  by 
rric  acid  with  the  alkaline  fusion  mixture  in  solu- 
t  n,  afterward  taking  the  whole  to  dryness  prior  to 
1  .ing.  In  this  way  complete  and  thorough  mixing 
I  the  products  of  oxidation  of  the  rubber  with  the 
f  ;ion  mixture  is  effected  and  the  subsequent  fusion 
ci  be  readily  carried  out  without  much  difficulty  or 

1  Loc.  cil. 

7  Gummi-Zeilunv.  Jl,  552  (1907). 


danger  of  loss  due  to  ignition  of  the  mixture.     The 
method  as  carried  out  by  us  was  as  follows: 

The  rubber  is  dissolved  in  a  mixture  of  10  cc.  fuming  HNO„ 
5  cc.  H20  and  3  g.  KNO,  with  cautious  warming,  if  necessary, 
to  start  the  reaction.  The  solution  obtained  is  evaporated 
almost  to  dryness,  the  residue  dissolved  in  a  solution  of  6  g. 
Na.CO.,  in  15  cc.  H20,  thoroughly  mixed  with  same,  and  again 
taken  to  dryness.  The  drying  of  the  mixture  and  subsequent 
fusion  arc  carried  out  with  the  usual  precautions: 

Modified  Henriques.         Carius. 
Sulfur  found.  Sulfur  found. 

Results.  Per  cent.  Per  cent. 


31.26 
23.07 


30.80 
23.34 


That  no  great  loss  occurs  in  the  process  of  fusion 
as  carried  out  by  us  was  shown  by  an  experiment  in 
which  the  rubber  was  dissolved  in  fuming  nitric  acid 
and  water  as  above  and  the  solution  afterwards  made 
up  to  a  known  volume  (50  cc.)  with  fuming  nitric 
acid.  One-half  of  this  standard  solution  was  treated 
by  our  modified  Henriques  method  while  the  sulfur 
in  the  other  portion  was  determined  by  Carius: 


By  fusion. 
Per  cent.  S. 

Results 31    09 


b. 
By  Carius. 
Per  cent.  S. 
31.22 


Some  experiments  on  the  modified  Henriques 
method,  using  nitric  acid  saturated  with  bromine,  as 
recommended  by  Waters  and  Tuttle,'  were  also  made. 

The  results  are  given  in  the  following  table  and  in 
comparison  with  the  values  by  Carius  are,  on  the 
whole,  satisfactory: 

Sample  I.       Sample  II.     Sample  III. 
Combined  S.  Combined  S.  Combined  S. 
Method.  Per  cent.  Ter  cent.        Per  cent. 

Modified  Henriques  (Waters 

and  Tuttle) 3  01  10.93  31.47 

Carius 3.05  11.28  31.44 

The  experience  derived  from  our  study  of  the  meth- 
ods of  fusion  outlined  above  showed,  however,  that 
although  accuracy  can  be  obtained  by  these  methods, 
great  care  and  constant  attention  is  required  if  they 
are  to  be  reliable  in  every  instance.  Even  the  best 
of  them  are  cumbersome  and  are  not  adapted  to  rapid 
and  at  the  same  time  accurate  work.  This  is  an  im- 
portant point  where  the  accurate  estimation  of  sul- 
fur in  India  rubber  is  a  routine  laboratory  opera- 
tion. 

Very  different,  on  the  other  hand,  were  our  ex- 
periences with  the  electrolytic  process  of  decomposi- 
tion. This  process,  originally  designed  by  Gas- 
parini'  for  the  estimation  of  sulfur  in  organic  com- 
pounds in  general,  depends  on  the  decomposition  of 
the  organic  substance  by  nitric  acid  in  presence  of  an 
electric  current.  Gasparini  designed  a  somewhat 
complicated  apparatus  to  carry  out  the  oxidation  of 
the  organic  substance  without  loss  of  sulfur.  We 
have  found,  however,  that  as  far  as  the  sulfur  of 
India  rubber  is  concerned,  any  complication  of  this 
kind  is  unnecessary  and  that  accuracy  can  be  obtained 
by  very  simple  means.  In  the  early  stages  of  our 
work  on  this  method  we  were  confronted,  as  was  to 
be  expected,  with  difficulties,  difficulties  not  confined, 

1  This  Journal.  3,  10,  734  (1911). 

2  Loc.  cil. 
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however,  to  this  method  only,  bul   these 

one  bj   ''Hi   .is  we  became  better  acquainted  with  the 

method  so  that  m  the  form  in  which  we  now  pre  1  n1 

it,  tin-  method  cm  be  readil)  carried  ou.1  even  by  the 

inexperiem 

Fhc  sample  "i  rubbei  weighing  about  0.5  gram1  is  put  mi"  .1 
i.ill  ".>  <v  Jrn, 1  glass  beaker  and  covered  \\ i t li  concentrated 
HNO,  (sp  -;i  1  |).  The  beaker  is  covered  by  a  clock  glass 
.mil  is  then  very  gently  warmed  on  the  steam  bath.  As  soon 
as  the  reaction  starts  the  beaker  is  removed  from  the  steam 
bath  and  the  solution  allowed  to  continue  without  further 
heating.  If  too  much  heat  is  applied  at  the  beginning,  it  may 
be  necessary  to  put  the  beaker  in  cold  water  in  order  to  mod 
crate  the  reaction.  In  about  J  i  minutes  the  solution  of  the 
rubber  is  complete  and  all  frothing  of  the  liquid  ceases.  To 
this  solution  is  now  added  30  ce.  of  fuming  nitric  acid  (sp.  gr. 
1.5)  with  which  the  clock  glass  is  washed.  A  current  of  elec- 
tricity is  now  passed  through  the  solution  between  electrodes 
of  platinum  foil.  The  most  suitable  current  is  3  amperes 
with  a  potential  of  6-8  volts  between  the  electrodes.  The 
,h  1  h  ical  connections  are  made  as  shown  in  the  diagram  (Fig.  1). 
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The  current  may  be  taken  from  an)'  d.  c.  source  and  if  necessary  is 
reduced  by  means  of  a  variable  resistance,  R.  The  ammeter 
A  is  shunted  at  the  terminals  of  the  switch  S2  so  that  by 
opening  the  switch  it  is  thrown  into  the  circuit.  The  voltmeter 
V  is  introduced  between  the  terminals  of  the  electrodes.  Any 
number  of  estimations  may  be  connected  up  in  series,  the  volt- 
age in  each  cell  being  tested  separately.  The  time  required  for 
the  complete  oxidation  of  the  rubber  varies  with  the  sample. 
For  soft-cured  rubber  containing  a  high  percentage  of  rubber 
we  have  found  that  2  to  3  hours  are  required.  With  hard 
rubbers  containing  a  lower  percentage  of  rubber  the  oxidation 
is  complete  in  3/4  to  1  hour.  At  the  end  of  the  action  the  elec- 
trodes are  removed  and  washed  with  water.  About  one  gram 
of  pure  Na2C03  is  then  added  and  the  solution  evaporated 
to  dryness  on  the  steam  bath.  The  residue  is  moistened  with 
cone.  HC1  and  taken  to  dryness  again.  The  residue  which 
should  be  free  from  nitric  acid  and  nitrates  is  dissolved  in  hot 
water,  filtered  if  necessary  from  insoluble  matter  and  the  sul- 
fur precipitated  as  barium  sulfate  in  the  usual  way. 

The  solution  of  the  rubber,  when  carried  out  as  de- 
scribed, proceeds  smoothly  and  without  difficulty. 
The  electrolysis,  when  the  current  and  voltage  have 
once  been  determined,  proceeds  quietly  and  requires 
no  attention  whatsoever  on  the  part  of  the  operator. 
The  final  stage  of  the  process  is  common  to  all  meth- 
ods for  the  determination  of  sulfur  where  nitric 
acid  is  used  and  requires  no  criticism  here. 

In   order  to    still   further  simplify   the   method   the 

1  More  may  be  conveniently  used  where  the  sulfur  content  of  the  sara- 
plc  is  very  low. 


r,9. 2.  r 

apparatus   enables   six    estimations    to    be   earn 

at  one   time   and   does  away   with   all   binding   screws 

and    cumbersome   connections — a  very   desirabli 

ture,    particularly    where    nitric    acid    is    in    cot 

use. 

The  decomposition  of  the  sample   is  carried 
beakers    as     before.      These    are    the    regular    "high 
form    type"    of   beaker   of   Jena   glass   and    hav   the 
following  dimensions  approximately:    Height  100  mm., 
diameter  55  mm.,  capacity  200  cc.     The  beakers  are 
covered  by  clock  glasses  split  in  two  in  order  to  ad- 
mit of  the  wires  carrying  the  electrodes.     The  electrodes 
A  are  of   platinum   foil  (one  sq.  inch  in  are.a)  riveted 
to  a  piece  of  platinum   wire,   B.      The  free  end  of  the 
wire    is   fused    into   a   glass   tube   filled  with  mercury. 
The  glass  tubes  slide  in  grooves  cut  in  the  cross  sup- 
port, and  the  electrodes  can  in  consequence  be  fixed 
at  any  height  by  means  of  the  wooden  binding  screws 
G,G.     Connections    are    made    by    means    of 
bridges  of  copper  wire,    D,  dipping   into  the  mercury 
in    the   glass    tubes.     The     binding    screws    F, 
connected  by  means  of  a  wire  with  the  mercury  cups 
E,E.      With    the    connections   arranged   in   thi 
it  is  a  simple  matter  to  remove  or  introduce  an  esti- 
mation   at    any  stage,  connection  being   made 
the  gap  with  a  double-length  bridge. 

If    the    dimensions    and    quantities    specified 
are    adhered    to,    a    determination    of    the    po1 
difference  between  the  electrodes  of  each  cell  becomc- 
unnecessary  in  each  estimation,  for,  with  the  elei 
placed  at  the  extreme  circumference   of  the  beaker, 
opposite    one    another    and    completely    immersed   ii 
the  acid,  we  have  found  that  the  required  voltage  is 
at  once  attained  with  sufficient  accuracy  for  the  pur- 
pose of  the  estimation. 

The  reaction  in  the'  cell,  which  is  fairly  vigorous 
at  first  giving  rise  to  a  considerable  evolution  of 
heat,  soon  moderates  and  when  decomposition  is  com- 
plete almost  ceases,  the  potential  difference  meantime 
falling  gradually. 

Some   results   of   analyses   of   products  of   di 
degrees    of    vulcanization    are   given    in    the    fol 
tabic.      These    show    the    applicability   of   the   mettle* 
to  the  analysis  of  rubber  of  all  degrees  of  vulcaniza- 
tion: 


Electrolytic  oxidation.. 

Carius 1.32 


Sulfur 

Sulfur 

Sulfur 

Sulfur 

Sulfur 

found. 

found. 

found. 

found. 

found. 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

.,{ 

3.02  \ 
3.11  j 

'4.19 

11  .35 
11.39 

1.32 

3.05 

4.27 

11.28 

31.44 
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The  method  of  electrolytic  oxidation  is  now  in  regu- 
lar use  here.  A  great  deal  of  work  has  recently  been 
earned  out  by  means  of  it  where  both  total  and  com- 
bined sulfur  in  vulcanized  samples  of  rubber  mix- 
fogs  had  to  be  determined.  These  results  have  not 
only  served  to  establish  beyond  all  doubt  the  accuracy 
of  the  method  but  they  have  shown  that  it  leaves 
little  to  be  desired  in  the  way  of  a  simple  process  for 
the  determination  of  sulfur  in   India  rubber. 

Bv  introducing  a  volumetric  process  for  the  deter- 
mination of  the  sulfur  we  have  found  it  possible  to 
still  further  simplify  this  method.  We  have  found, 
namely,  that  the  Pennock  and  Morton1  rapid  process 
for  the  determination  of  sulfur  in  coal  and  coke 
^an  be  advantageously  employed  where  the  varia- 
tion in  the  amount  of  sulfur  present  in  different 
samples  is  not  great. 

This  process  depends  on  the  decomposition  of  barium 
:hromate  by  sulfuric  acid,  the  liberation  of  iodine 
from  potassium  iodide  in  acid  solution  by  the  chromic 
acid  set  free  and  the  titration  of  the  iodine  liberated 
by  sodium  thiosulfate.  1  cc.  N/10  thiosulfate 
is  equivalent  to  0.001067  gram  sulfur. 

A  rigorous  investigation  of  this  process  was  first 
m  standard  solutions  of  potassium  sulfate 
af  different  concentration.  We  will  refrain,  however, 
rrom  quoting  our  results  in  this  connection.  The 
method  was  found  to  be  satisfactory  where  the  sul- 
fur present  did  not  vary  within  wide  limits.  Several 
analyses  of  India  rubber  were  then  carried  out  by  this 
method  and  checked  against  the  ordinary  gravi- 
metric process.      Results: 

Volumetric.  Gravimetric. 

Per  cent.  S.  Per  cent.  S. 

1.602  1.43 

3.38  3.29 

22.31  23.34 

( )nly  the  results  of  the  lower  values  are  in  agreement 
ivith  the  gravimetric  figures.  In  carrying  out  this 
process  one  of  the  first  essentials  appears  to  be  that 
the  sulfuric  acid  and  excess  of  barium  chromate 
used  in  each  experiment  shall  be  as  nearly  as  possi- 
ble constant  quantities.  This  is  a  comparatively  easy 
matter  to  arrange  where,  as  in  the  case  of  normal  cured 
soft  rubber,  the  sulfur  does  not  usually  exceed 
5-6  per  cent,  and  is  a  fairly  constant  quantity.  But 
,vhen,  as  in  the  examples  cited,  the  variation  is  great 
ind  the  correction  to  be  applied  is  unknown  and  a 
Constantly  varying  quantity,  errors  arise  in  the  volu- 
jnetric  process.  That  it  is  impossible  to  overcome 
!  his  difficulty  by  selecting-  a  suitable  weight  of  sample 
or  analysis  is  fairly  evident.  This  is  not  always  an 
asy  matter,  however,  where  the  sulfur  content  of 
he  sample  may  vary  between  0.5  per  cent,  and  32 
)er  cent.  In  our  work,  therefore,  in  the  meantime, 
ve  have  adopted  the  gravimetric  process  until  the 
oundations  of  the  volumetric  method  shall  have 
)een  more  fully  investigated. 


1  METHOD  FOR  DETERMINING  THE  VALUE  OF  COMMER- 
CIAL STARCHES  FOR  USE  IN  COTTON  MILLS. 

By  G.   M.   MacNtider. 
Received  Jan.  16,  1912. 

In   the   manufacture   of  all  grades  of  cotton   cloth 

1  Jour.  Am.  Chem.  Soc,  25,   1265. 


the  yarn  is  prepared  for  the  loom  by  a  process  known 

as   sizing,    in    which    it    is    treated    with   a    solution    of 

starch   to   give   it  certain    properties  essentia]    to  ; 

weaving. N.  With  many  grades  of  cloth,  the  cloth  go 
through  a  process  known  as  finishing,  where  it  is 
again  treated  with  starch  to  produce  a  "finish"  be- 
fore it  is  put  on  the  market.  It  is  thus  seen  that  the 
cotton  mills  use  annually  large  quantities  of  standi 
and  the  purchase  of  the  best  starch  for  the  purpose 
in  hand  becomes  a  very  important  matter. 

The  value  of  starch  for  cotton  mill  purposes  de- 
pends on  its  property  of  swelling  and  forming  a  viscous 
solution  when  treated  with  hot  wrater.  It  is  the  pur- 
pose of  this  paper  to  give  a  method  for  determining 
the  viscosity  of  starch  solutions  which  will  show  the 
comparative  value  of  the  different  starches  for  use- 
in  cotton  mills.  The  sizing  and  finishing  of  cotton 
goods  are  very  technical  operations  and  will  not  be 
taken  up  in  detail.  Sufficient  reference  will  be  made 
to  them  to  show  the  function  of  the  starch  solution. 

The  object  of  sizing  is  to  make  the  yarn  stiller, 
increase  the  strength  and  put  it  into  proper  condi- 
tion for  weaving.  To  accomplish  this,  the  size  must 
penetrate  the  yarn  to  some  extent  and  also  form  a 
coating  on  the  surface  of  the  thread,  which  prevents 
wear  of  the 'thread  in  the  loom.  The  size  is  prepared 
by  boiling  the  starch  (and  other  ingredients)  with 
water  and  is  applied  to  the  yarn  while  hot.  The  ma- 
chinery is  so  constructed  that  the  threads  are  dried 
immediately  after  passing  through  the  size. 

The  object  of  finishing  is  to  give  a  stiffness  to  the 
cloth  and  produce  a  certain  finish  and  "feel"  which 
are  very  important  factors  in  marketing  cotton  goods. 
As  in  sizing,  the  cloth  is  passed  through  a  hot  solu- 
tion of  the  finish  and  then  dried  and  rolled  with  hot 
rollers  to  bring  out  the  finish.  The  use  of  the  starch 
solution  alone  in  these  operations  would  make  the 
goods  too  stiff  and  produce  a  harshness  which  is  not 
desirable.  To  modify  this,  various  softening  agents 
are  used,  viz.:  tallow,  various  oils,  soaps,  magnesium 
chloride,  magnesium  sulfate,  glycerine,  etc.,  and  in 
many  mills  various  sizing  and  finishing    ;-•  •>] ■nations. 

The  principal  starches  used  by  the  cott  >n  mills  are 
corn,  potato,  cassava,  and  to  a  small  extent  wheat, 
sago  and  rice.  In  England,  wheat  flour  and  rice  flour 
are  used  to  a  considerable  extent,  but  in  America 
they  are  used  very  little.  As  will  be  seen  later,  each 
one  of  these  starches  has  a  different  viscosity  and 
therefore  must  be  used  in  a  different  manner.  Some 
authors  attribute  the  differences  in  the  characteristics 
of  the  starch  solutions  to  the  size  and  shape  of  the 
starch  grains.  There  is  no  definite  relation  existing 
to  prove  this.  The  appearance  of  the  different  starch 
grains  under  the  microscope  are  shown  in  the-  follow- 
ing cuts.3 

A  number  of  methods  have  been  proposed  for  deter- 
mining the  viscosity  of  starch  pastes,  but  in  none  of 
them  has  an  attempt  been  made  to  determine  the  vis- 
cosity of  the  starch  under  conditions  similar  to  those 
under   which   it   is   used   in   the   cotton    mills;   conse- 

2  These  cuts  were  very  kindly  furnished  the  author  by  Mr.  IS.  J.  Howard, 
of  the  Bureau  "f  Chemistry,  Washington,  D.  C. 
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quentl  QOl  slmw  the  value  of  the  starches  for 

purposes      Following    is  a    briel    description   ol 
the  methods  which  have  been  proposed; 

Whewell"  uses  a  method  for  determining  the  vis- 
cosity of  starch  pastes  whieh  depends  upon  measuring 
the  ability  of  thick  pastes,  made  oi  definite  amounts 
.  h,  to  support  a  known  weight  for  a  definite 
length  of  time.  This  method  is  .1  measure  of  the 
strength  of  the  film  formed  on  the  surface  of  the  paste 


3> 


Potato  Starch   X  200. 
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Cassava  Starch   X  200. 

and  is  not  a  measure  of  the  viscosity;  it  frequently 
gives  results  which  are  the  reverse  of  actual  viscosity 
measurements. 

Saare2  and  Martens  propose  a  method,  the  essen- 
tials of  which  are  making  in  a  beaker  a  paste  of  defi- 
nite weight  and  immersing  in  it  a  brass  disc  attached 
to  a  wire;  the  disc  is  supported  at  a  definite  point  in 

1  Chem.  News,  39,  97. 

1  Zeits.  Spiritusind.,  26,   1903;     Abs.  in  /.  Soc.  Chem.  Ind.,  22,   1903. 


laste    and    the    whole     allowed    to    stand    for   20 
hours  at  17.  50  ('.;  by  means  of  a  bal  -  hed  to 

the  disi      the   weight  required  to  draw  the  first 
out  of  the  paste  is  then  me  id  the  last 

is  taken  as  an  indication  of  the  viscosity  of  th 

Benz1  and  Marx  propose  a  method  for  determining 
the  stiffness  of  starch  paste  which  is  very  similar  to 
the  one  given  by  Saare  and  Martens. 

Coppenberg2  describes  a  viscosimeter  for  starch 
pastes  in  which  a  spherical  weight  is  drawn  up 
through  a  column  of  the  paste  of  fixed  height  and 
temperature.  The  time  in  seconds  occupied  in  do- 
ing this,  under  the  pull  of  a  known  load  in  grams, 
constitutes  an  observation.  The  apparatus  is  adapta- 
ble only  to  thick  liquids. 

Ermen3    proposes    a    method    for    determine 
viscosity  of  starch  in  which  the  starch  paste  is 
by  treating  the  starch  with  a  solution  of  sodium  hy- 
droxide.    The  paste  is  allowed  to  stand  for  a  certain 
length  of  time  and  the  viscosity  determined  in  a 
wood  viscosimeter. 
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Corn  Starch   X  200. 

The  use  of  alkali  in  making  the  paste  prevents  this 
method  from  being  a  measure  of  the  viscosity  of  the 
starch,  as  the  paste  formed  by  treatment  with  alkali 
has  entirely  different  properties  from  the  straight 
starch  paste. 

Bean^  gives  the  following  method  for  testing  the 
consistency  of  wheat  flour  and  starches.  The  sam- 
ples are  placed  in  beakers  with  the  proper  amount 
of  water;  the  beakers  are  immersed  in  boiling  water,  al- 
lowed to  remain  15  minutes,  removed  and  allowed  to 
cool  for  12  hours.  A  sample  of  the  standard  starch 
or  flour  to  be  used  for  comparison  is  treated  in  the 
same  manner.  "Any  variation  in  the  consistency 
may  be  judged  by  pressing  the  fingers  into  eac 
sample." 

1  Chem.  Ind.,  32,  1909;  Abs.  in  J.  Soc.  Chem.  Ind.,  28,  1909. 

2  Chem.  Zeit..  34,  1910;  Abs.  in  J.  Soc.  Chem.  Ind.,  29,  1910. 

3  J.  Soc.  Chem.  Ind.,  26,  1907. 
*  "The  Chemistry  and  Practice  of  Sizing." 
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In  both  sizing  and  finishing  the  starch  is  boiled 
with  water  for  a  certain  length  of  time  and  the  solu- 
tion applied  to  the  yarn  or  cloth  at  a  temperature  a 
few  degrees  below  boiling.  The  temperature  is  not 
allowed  to  fall  below  700  C.  and  is  usually  maintained 
at  about  90  °  C. 

These  methods  do  not  test  the  viscosity  under  con- 
ditions   similar    to    those    under    which    the    starch    is 
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used  in  the  mills,  and  consequently  no  deductions 
can  be  made  from  the  results  as  to  the  value  of  the 
starches  for  mill  purposes. 

In  the  following  method  the  starch  solution  is  pre- 
pared by  boiling  the  starch  with  water  for  a  definite 
length  of  time  and  the  viscosity  of  the  hot  solution 
is  measured  by  means  of  a  Scott  viscosimeter.  In 
this  way  the  viscosity  of  the  starch  solution   is  ob- 


tained under  conditions  practically  identical  with 
those  under  which  it  is  used  in  the  mill. 

Before  starting  the  determination,  the  viscosim- 
eter bath  should  be  filled  with  water  which  is  kept 
boiling  throughout  the  operation.  The  method  is 
as  follows: 

Twelve  grams  of  the  starch  are  weighed  into  a  600 
cc.  beaker,  300  cc.  distilled  water  added  (thus  making 
a  4  per  cent,  solution)  and  heated  over  a  Bunsen 
burner  with  constant  stirring  to  the  boiling  point 
and  boiled  for  ten  minutes;  200  cc.  of  this  solution 
are  then  poured  into  a  viscosimeter  cup,  the  tempera- 
ture allowed  to  become  constant,  and  50  cc.  run  out 
into  a  graduate,  the  time  being  accurately  measured 
with  a  stop  watch.  The  number  of  seconds  required 
to  deliver  50  cc.  of  the  solution  divided  by  the  num- 
ber of  seconds  required  to  deliver  50  cc.  of  boiling 
water  gives  the  viscosity. 

Before  the  starch  is  weighed  out  it  should  be  thor- 
oughly pulverized  to  remove  the  lumps.  During  the 
heating  and  boiling  it  is  very  necessary  that  the  solu- 
tion be  constantly  stirred  to  prevent  the  formation 
of  lumps  and  caking  on  the  bottom  and  sides  of  the 
beaker.  Glass  beakers  break  so  easily  in  boiling  the 
heavy  solutions  that  aluminum  beakers  were  substi- 
tuted and  used  for  all  determinations. 

A  number  of  determinations  were  made  at  first 
to  determine  the  best  amount  of  starch  to  use  and  the 
necessary  length  of  time  to  boil  the  solution.  It 
was  found  that  a  four  per  cent,  solution  of  starch 
was  the  most  satisfactory  strength  to  use.  With 
thin  boiling  starches  this  strength  solution  is  heavy 
enough  to  measure  the  viscosity  satisfactorily  while 
the  starches  forming  thick  solutions  are  not  too 
heavy  to  interfere  with  the  accuracy  of  the  determina- 
tion. With  potato  and  cassava  starch  it  would  be 
practically  impossible  to  obtain  accurate  results  with 
a  stronger  solution.  Ten  minutes  was  decided  upon 
as  the  best  length  of  time  for  boiling,  as  this  is  long 
enough  to  develop  the  characteristics  of  the  starch 
and  at  the  same  time  the  solution  has  not  been  ef- 
fected by  loss  from  evaporation.  The  temperature 
at  which  the  determinations  were  made  was  the  tem- 
perature which  the  boiling  solutions  assumed  on  being 
poured  into  the  viscosimeter  cup,  the  viscosimeter 
cup  being  surrounded  by  boiling  water.  With  most 
of  the  starches  this  was  94  °  C.  With  rice  starch  the 
temperature  fell  to  92. 5  °  C.  It  was  found  that  at 
such  high  temperatures  a  variation  of  one  or  two  de- 
grees does  not  appreciably  effect  the  viscosity,  though 
at  lower  temperatures  a  variation  of  less  than  a  de- 
gree produces  a  marked  effect.  ..n  all  determinations 
checks  were  obtained  which  did  not  show  a  variation 
greater  than  two-fifths  of  a  second  and  most  of  them 
checked  within  one-fifth  of  a  second.  With  the  vis- 
cosimeter used,  the  time  required  to  deliver  50  cc. 
was  9  seconds.  This  figure  was  used  in  calculating 
all  determinations. 

The  following  table  shows  the  viscosity  of  the 
starches  examined  and  the  variation  in  the  viscosity 
of  different  lots  of  the  same  kind  of  starch: 
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From  the  above  table  it,  is  seen  that  there  is  a  wide 
variation  in  the  viscosity  of  the  commercial  starches 
and  consequently  an  equally  wide  variation  in  their 
value  for  mill  purposes.  It  will  be  noticed  that  there 
is  a  considerable  variation  in  the  viscosity  of  different 
samples  of  the  same  starch.  This  may  be  due  to 
several  factors:  the  maturity  of  the  plant  from  which 
the  starch  is  made,  the  method  used  in  manufacture 
and  the  manner  in  which  the  starch  is  dried;  the  lat- 
ter will  effect  the  amount  of  moisture  in  the  starch. 
Starches  of  the  same  kind  with  different  moisture 
content  will  show  a  variation  in  viscosity.  This 
variation  will  be  small  unless  the  variation  in  mois- 
ture content  is  very  large.  While  no  attention  is 
paid    to    the   viscosity   at   present,    it   would   be   very 
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advantageous  to  the  mills  for  each  lot  of  starch  /of 
the  same  kind)  to  have  a  uniform  viscosity.  This 
would  enable  them  to  obtain  the  same  results  in  siz- 
ing and  finishing  without  changing  the  formula  for 
each  lot  of  starch.  By  the  above  method  a  very 
small  variation  in  the  viscosity  of  a  starch  may  be  de- 
tected. 

In  practice  the  starch  solution  is  boiled  for  a  certain 
length  of  time  before  being  used.  To  determine  what 
effect  this  has  on  the  viscosity  of  the  solution,  vis- 
cosity determinations  were  made  at  different  periods 
of  boiling  with  each  starch.  The  results  obtained  are 
shown  by  the  accompanying  curves. 
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In  boiling  the  starch  solutions  no  attempt  was  made 
to  keep  the  volume  constant,  as  the  addition  of  water 
to  a  starch  solution  materially  reduces  the  viscosity. 
The  loss  from  evaporation  was  practically  the  same 
with  all  solutions,  and  as  they  were  carried  out  under 
the  same  conditions  the  results  are  comparable.  In 
boiling  rice  starch  30  minutes  the  loss  from  evapora- 
tion was  greater  than  with  the  other  starches,   but 


as  this  ll,,,,    in   viscosi 

tinned  boiling  this  need  not  be  considered. 

From    the  curves   it   will   be   seen   that   the   vr 
ol     '"in    starch    increases    uniformly    with    the    length 
of  time  of  boiling.       This  increase  is  about  whal 
be   expected    with   the   concentration   of    the    solution 
when  there  is  no  change  in  the  starch.      This  is 
valuable   property    of   corn   starch   as  compan  id 
-  'i  her  starches. 

Potato  starch  reaches  its  maximum  viscosit- 
being  boiled  five  minutes.      From  this  point  the  vis- 
cosity decreases  rapidly  with  the  increase  in  time  of 
boiling,  the  concentration  of  the   solution   app' 
having  no  effect  on  the  viscosity.     After  boilii 
minutes,  potato  starch  has  a  viscosity  slight]; 
than  five  times  as  great  as  corn  starch,   while  after 
thirty  minutes  the  viscosity  of  potato  starch  is  less  than 
that  of  corn  starch  which  has  been  boiled  the  same- 
length  of  time.     The  author  has  found  a  number  of 
references  to  the  fact    that  potato    starch  "loses  its 
strength"   or  liquefies  on  boiling,   but  has  found  no 
reference  to  the  degree  to  which  this  takes  place.     The 
data    given    here    show    very    strikingly    the    effect*of 
boiling  on  this  starch.     Corn  and  potato  starch  form 
the  two  extremes  in  regard  to  this  property .- 

Cassava  starch  attains  its  maximum  viscosity  at 
the  boiling  point.  The  solution  apparently  has  a  higher 
viscosity  shortly  after  complete  gelatinization  takes 
place,  but  no  measurements  were  made  of  this  as 
starch  is  not  used  until  it  has  been  boiled.  After 
reaching  the  boiling  point  the  viscosity  decreases  uni- 
formly with  the  length  of  time  of  boiling.  After  boil- 
ing thirty  minutes  there  is  an  increase  in  the  viscosity 
over  that  of  the  solution  boiled  twenty  minutes. 
This  increase  is  probably  due  to  increased  concentra- 
tion. With  both  potato  and  cassava  starch  the  solu- 
tions contain  a  good  many  air  bubbles  which  some- 
times interfere  with  the  accuracy  of  the  determina- 
tion. As  will  be  seen  from  the  curve,  cassava  starch 
behaves  in  a  manner  very  similar  to  potato  starch  as 
regards  the  liquefaction  of  the  solution,  but  not  to 
the  same  extent.  Cassava  starch  therefore  has  a  much 
broader  application  in  sizing  and  finishing  than 
potato  starch. 

Wheat  starch  has  a  much  lower  viscosity  than  any 
of  the  starches  so  far  considered.  It  shows  a  gradual 
increase  in  viscosity  with  the  time  of  boiling,  similar 
to  corn  starch,  though  the  total  increase  is  small,  the 
viscosity  of  the  thirty-minute  determination  being 
only  slightly  higher  than  the  determination  made  at 
the  boiling  point.  Wheat  starch  foams  more  in  boil- 
ing than  any  other  starch. 

Rice  starch  has  the  same  viscosity  as  water.  At 
the  end  of  thirty  minutes'  boiling  it  shows  only  a  very 
slight  increse  in  viscosity. 

It  is  a  fact  that  starch  goes  into  solution  on  con- 
tinued boiling,  that  is,  it  is  converted  into  soluble 
starch.  The  degree  to  which  this  takes  place  varies 
with  the  different  starches.  This  is  the  only  way  of 
accounting  for  the  marked  differences  in  the  viscosi- 
ties of  the  various  starches.  Why  the  rate  of  solu- 
tion should  be  so  high  in  potato  and  so  low  in  corn 
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is  not  known.  It  is  a  remarkable  fact  that  the  starches 
from  roots  and  tubers,  developed  under  ground, 
potato  and  cassava,  show  a  high  rate  of  solution 
while  the  starches  from  the  grains,  developed  above 
ground,  corn,  wheat  and  rice,  show  a  very  low  rate  of 
solution. 

SPECIAL    OR    TREATED    STARCHES. 

A  number  of  starches  are  now  used  which  are  sold 

1   trade  name,  the  advantages  claimed  for  them 

usually  being  that   they  are   "thin   boiling  starches." 

ire  usually  corn  starch,  which  has  been  treated 

in  some  way  to  reduce  the  viscosity.       The  viscosities 

of  six  such  starches  are  shown  in  the  following  table: 

Viscosity  of  Special  or  Treated  Starches. 
12  grains  starch  i  11  300  cc.  water;  boiled  10  minutes;  temperature  94°  C. 
Seconds  to  do- 
's .                            Starch.                      liver  50  cc.  Viscosity. 

506                          finishing 10.4  1.15 

519             N  starch,  alkaline 19.2  2.13 

511              Hlue  River,  Pearl 19.2  2.13 

529  Famous  N 10  6  1.17 

530  Th  in   hoiling  Crystal 11.2  1  .  24 

531  Thin  boiling  Pearl 11.0  1.22 

The  Eagle  finishing  starch  is  corn  starch  treated 
with  borax.  The  viscosity  is  less  than  half  as  great 
as  that  of  straight  corn  starch.  It  will  be  seen  from 
data  given  later  that  this  starch  has  been  treated  in 
some  manner  other  than  the  addition  of  a  small  amount 
of  borax. 

The  N  starch  is  corn  starch  made  slightly  alkaline. 
The  alkalinity  of  this  starch  is  equivalent  to  o .  oo  i 
gram  of  sodium  hydroxide  to  each  gram  of  starch. 
The  viscosity  of  this  starch  is  a  few  points  lower  than 
corn  starch. 

The  other  samples  are  treated  corn  starch,  which 
are  neutral  and  do  not  show  any  evidence  of  the  way 
in  which  they  have  been  treated. 

Some  determinations  were  made  to  ascertain  the 
effect  of  several  reagents  known'to  be  used  invtreat- 
ing  starches,  on  the  viscosity  of  corn  starch. 

The  effect  of  boiling  corn  starch  with  borax  is  shown 
in  the  following  table: 

1 .1    Borax  on   Viscosity  op  Starch. 
12  grains  starch  in  300  cc.  water;  boiled  10  minutes;  temperature  94°  C. 
Borax  added.   Seconds  to  de-      Vis- 


No. 

Starch. 

Gram 

liver  50  cc. 

cosity 

510 

Corn 

22.4 

2.49 

510 

Corn 

0.0771 

19.0 

2.11 

521 

Corn 

24.6 

2.73 

521 

Corn 

1.0 

26.0 

2.86 

From  the  data  given,  it  is  seen  that  a  small  amount 
J  of  borax  reduces  the  viscosity,  but  a  slightly  larger 
amount  increases  the  viscosity.  Bean'  found  that 
borax  added  to  a  thick  starch  paste  while  hot  causes 
the  sticky  paste  to  lose  its  power  of  adhering  to  other 
substances  and  develop  strong  cohesive  powers.  The 
paste  thus  formed  has  the  appearance  of  a  jelly  and 
may  be  rolled  in  the  hands  without  any  of  it  adhering 
to  the  hands.  The  properties  of  the  starch  are  com- 
pletely changed.  The  author  has  found  a  finishing 
preparation  which  is  composed  of  starch  treated  with 
borax  in  this  manner.  Boric  acid  docs  not  produce 
this  effi 

-it  of  borax  calculated   from    ash   determination   of   No.   506. 
1  "The  Chemistry  and  Practice  of  Sizing." 


The  effect  of  boiling  corn  starch  with  alkali  is  shown 
in  the  following  tabic: 

1  •:  I  1  1  <  1    01     Ai  1.  \ Vis.  OS]  1  '.    "i     Si 

12  grams  starch  in  100  cc   water ;  boiled  10  minutes ;  temperature  94    C 
Nal  Hi    Seconds  to 
added.        deliver 

No  Starch  Cram.  50  cc.         Viscsilv 

521  Corn  24.6  2 .73 

521  Corn 0  06  20.8  2.31 

The  amount  ol  sodium  hydroxide  used  was  calcula- 
ted from  the  alkalinity  of  the  sample  of  N  standi. 
From  this  it  is  seen  that  a  very  small  amount  of  alkali 
produces  a  decided  decrease  in  the  viscosity.  Some 
determinations  were  made  using  one-half  of  one  per 
cent,  of  sodium  hydroxide,  but  as  soon  as  gelatiniza- 
tion  took  place  the  solution  foamed  so  much  that  it 
was  not  possible  to  boil  it.  This  excessive  foaming 
would  prevent  the  use  of  any  considerable  amount 
of  alkali  in  sizing.  The  data  obtained  shows  that  a 
very  small  amount  of  alkali  reduces  the  viscosity  of 
starch,  but  a  larger  amount  increases  the  viscosity. 

In  analyzing  some  sizing  preparations  it  was  found 
that  boric  acid  was  frequently  used  in  them.  Some 
determinations  were  made  to  determine  the  effect  of 
boric  acid  on  the  viscosity  of  starch.  The  results  arc 
given  in  the  following  table: 

Effect  of  Boric  Acid  on  Viscosity  op  Starch. 
12  grams  starch  in  300  cc.  water;  boiled  10  minutes;  temperature  9  I     C. 
Boric 
acid     Seconds  to 
added.  deliver 

No.  Starch.  Grams.         50  cc.         Viscosity, 

508  Corn 25.8  2.86 

508  Corn 1  23.2  2.57 

508  Corn 3  21.8  2.42 

508  Corn 6  23.0  2.55 

From  this  it  is  seen  that  a  very  small  amount  of 
boric  acid  reduces  the  viscosity,  but  when  the  amount 
is  increased  to  as  much  as  one  gram  of  boric  acid  to 
two  grams  of  starch  the  reduction  in  viscosity  is  not 
as  great  as  when  a  smaller  amount  is  used.  If  boric 
acid  is  used  in  sizing  it  should  be  used  only  in  small 
amount. 

It  is  often  stated  that  some  starches  give  a  smooth 
finish  to  goods  while  others  give  a  harsh  finish.  This 
property  adapts  the  starches  which  produce  a  smooth 
finish  for  use  on  the  finer  grades  of  cloth  which  must 
have  a  smooth,  soft  finish,  while  the  starches  which 
do  not  produce  such  a  finish  are  better  adapted  to 
the  heavier  grades  of  cloth.  With  must  grades  of 
cloth,  no  matter  which  one  of  the  starches  is  used, 
some  softening  ingredient  must  be  used  with  the 
starch  to  produce  the  desired  result,  and  it  is  therefore 
more  economical,  in  the  majority  of  cases,  to  use  a 
cheap  standi  and  control  the  finish  by  use  of  softeners 
than  to  control  the  finish  by  varying  the  kind  of  starch 
used. 

From  the  data  which  has  been  presented  it  is  seen 
that  the  viscosity  of  the  starch  solution  is  the  most 
important  point  to  be  considered  in  sizing  and  finish- 
ing cotton  goods  As  has  been  previously  stated,  to 
give  satisfactory  results  the  solution  must  penetrate 
the  yarn  or  cloth  and  also  form  a  coating  on  the  out- 
side.     The  viscosity  does  not  show  the  stiffness  which 
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will  be  -i\<  '    or  cloth      Tins  would  be  very 

to  determine,  but   it   shows  the  comparative 

ability   and    the  effecl    of   boiling  on   the 

I  from  this  can  be  judged  the  effect  which 

any  given  starch   will   produce  on  yarn  or  cloth.     As 

there    is    so    much    difference    in    the    viscosities    of    the 

several  commercial  starches  it   is  very  important  for 

tin-  manufacturer  to  use  the  starch  which  will  give 
the  most  satisfactory  results.  When  the  costs  of 
the  different  starches  are  considered  this  becomes  a 
still  more  important  matter.  If,  in  sizing  and  finish- 
ing, the  manufacturers  will  vise  only  the  kind  of  starch 
and  softeners  which  are  actually  necessary  to  pro- 
duce most  economically  the  desired  results,  it  will  re- 
sult in  a  great  saving  to  all  the  mills  engaged  in  this 
class  of  work. 

I'l  1  !■    wii  Mu' kih  ill  UK  m     I    IBORATORY, 

X  C.  Department  op  Agriculture, 

Raleigh.  N.  C. 


THE  CHEMISTRY  OF  ANAESTHETICS,  IV:  CHLOROFORM. 
By  Charles  Baskerville  and  W.  A.   Hamor. 

Received  December  13,  1911. 

(Continued  from  May  No.) 
VIII.     The  Examination  of  Anaesthetic  Chloroform. 

I.    THE    TESTS    FOR    ODOR. 

Pure  anaesthetic  chloroform  possesses  a  character- 
istic odor,1  and  such  chloroform  volatilizes  entirely 
without  disagreeable  or  foreign  odor.  This  property 
may  be  altered  more  or  less  by  the  presence  of  impuri- 
ties, however,  and  this  applies  in  particular  to  poorly 
rectified  anaesthetic  chloroform  and  commercial  chloro- 
form. The  substances  giving  rise  to  a  foreign  or 
evil  odor  are  the  result  of  impurities  present  in  the 
alcohol,  acetone,  etc.,  employed  in  the  manufacture 
of  the  chloroform,  or  they  are  produced  by  various 
decompositions  which  occur;  yet,  as  in  the  case  of 
ethyl  ether,  there  have  been  instances  of  sophistica- 
tion, although  these  are  now  rare.  There  are  more 
frequent  cases  of  contamination  resulting  either  from 
a  lack  of  control  in  manufacture  or  from  careless 
storage.  We  shall  concern  ourselves  here  with  the 
impurities  which  are  less  volatile  than  chloroform, 
and  which  may  consequently  be  recognized  by  evap- 
oration tests. 

About  1850,  chloroform  was  found  to  be  frequently 
contaminated  with  "oils"  and  in  1865,  and  there- 
about, it  was  considered  that  " empyreumatic  oils" 
were  among  the  principal  impurities  of  chloroform. 
It  was  known  at  this  time  that  chloroform  prepared 
from  wood  spirit  was  much  less  pure  than  that  obtained 

1  Passy  (Compt.  rend.,  116,  769)  made  comparative  experiments  on 
the  odorous  power  of  chloroform,  bromoform  and  iodoform,  which  afforded 
the  following  sharp  results  in  millionths  of  a  gram: 

Chloroform 30 .  00 

Bromoform 2-5 

1  odoform 0 .  06-0 . 7 

We  may  mention  here  that  the  odor  of  chloroform  vapor  may  be  masked 
by  means  of  oil  of  cloves  (Xussbaum,  Rundschau,  1888,  759),  but  more  satis- 
factorily, from  a  medical  standpoint,  by  the  use  of  terpineol,  for  example. 
The  authors,  in  conjunction  with  Dr.  J.  T.  Gwathmey,  have  devised  an 
effective  means  of  masking  the  odor  of  both  chloroform  vapor  and  ether 
vapor;  this  method  is  now  being  used  in  practice. 


from   eth    I  alci  >hol ;'  and  l 

erallj     spe<  ifically    light;  n   madi 

di  oho],  |)i  issessed  a  repulsive  emp2  r<  umatic  odor 
when  crude,    and,    unless  carefully   purified,  pn 
unpleasant   sensations  when   inhaled.'      It  was  li 
that  such  chloroform  was  contaminated   with  approx- 
imately 6  per  cent,   of  an   " empyreumatii 
taining  chlorine;'   and   a   similar  oil   was  obtained   b| 
Soubeiran  and   Mialhe,4  although  in  smaller  quantity] 
in  the  preparation  of  chloroform  from  alcohol. s 

About  1875  the  presence  of  fusel  oil  in  comn 
chloroform  was  noted,6  and  it  is  likely  that  the 
thetic  chloroform  in  use  from  i860  to  about  this  time 
was  generally  contaminated  with  higher  alcohols. 
A  sample  of  anaesthetic  chloroform  made  in  1863  was 
found  by  the  authors  to  contain  propyl  alcohol.' 
Several  even  regarded  the  sickness  following  the  use 
of  chloroform  to  be  due  to  the  presence  of  amyl  alco- 
hol.8 It  was  incorrectly  pointed  out  that  chloroform 
containing  amyl  or  butyl  compounds  had  a  higher 
density  than  1.500;  and  Gay9  proposed  a  test  for  the 
presence  of  amyl  alcohol  based  on  odor.10  The  source 
of  such  contamination  was  both  the  impure  alcohol 
used  in  the  manufacture  as  well  as  that  added  as  a 
preservative;  and  it  was  pointed  out  by  Regnault  and 
Hardy"  that  chlorinated  compounds  were  formed  by 
the  action  of  bleaching  powder  on  isopropyl,  isobutyl, 
and  isoamyl  alcohols,  and  that,  therefore,  the  alcohol 
used  in  the  preparation  of  chloroform  should  not 
contain  fusel  oil. 

In  view  of  the  possible  contamination  of  anaesthetic 
chloroform  with  such  substances,  the  value  of  a  care- 

1  Ulex  (V ear-Book  Pliarm.,  1875,  109)  reported  that  certain  chloro- 
form conforming  to  all  the  requirements  of  the  German  Pharmacopoeia 
of  that  time  was  still  unfit  for  medicinal  use,  and  that  upon  the  evapora- 
tion of  a  sample  the  residue  developed  an  empyreumatic  odor,  resembling 
that  of  wood-spirit. 

2  Gregory  (Pharm.  J.,  9,  580)  considered  that  the  unpleasant  effect 
observed  by  Simpson  and  Carmichael  in  using  one  kind  of  chloroform  was 
due  to  oily  impurities.  He  stated  that  chloroform  purified  by  means  of 
sulphuric  acid  and  then  distillation  over  lime  or  barium  carbonate,  contained 
traces  of  "oils." 

3  This  was  found  to  burn  with  a  smoky  flame,  to  be  lighter  than  water 
and  to  boil  between  85°  and  133°  C. ;  this  oil,  it  was  learned,  could  not  be 
completely  separated  by  simple  rectification,  but  it  was  found  to  be  nearly 
destroyed  by  distillation  with  sulphuric  acid 

4  Ann.  chim.  pharm.,  71,  225 

5  20  kg.  of  chloroform  from  alcohol  (presumably  crude)  were  found  to 
yield,  when  rectified  over  a  water  bath,  40  grams  of  oil  residue;  this  was 
heavier  than  water,  had  an  odor  differing  from  that  of  the  oil  from  wood- 
spirit,  and  possessed  a  boiling  point  varying  from  68°  to  117°  C.  Pem- 
berton  {Pharm.  J.,  12,  599)  considered  that  Soubeiran  and  Mialhe  had 
erred  in  describing  the  oily  substance  as  a  chlorinated  oil ;  he  believed  it  to 
be  a  mixture  of  paramylene  and  metamylene,  with  possibly  traces  o 
amylene,  and  that  the  slight  volatility  would  prevent  injurious  effect 
during   inhalation. 

6  Rump,  Archiv.   Pharm.,   October,    1874. 

7  In  Section  IX,  of  this  paper,  the  results  of  the  examination 
sample  will  be  given. 

8  For  example.  Martindale  (Pharm.  J.,  [3],  12,  734)  and  Werner 
(Archiv.  Pharm..  [3],  12,  481).  Werner  rectified  about  5  kg.  of  chloroform 
and  found  in  the  residue  a  small  quantity  of  a  substance  resembling  fusel 
oil  in  odor.  Valeric  acid  was  obtained  on  distilling  the  residue  with  •su! 
phuric  acid  and  potassium  dichromate,  thus  showing  the  presence  of  amyl 
alcohol,  which  undoubtedly  owed  its  origin  to  the  fact  that  crude  80  per 
cent  alcohol  was  often  used  at  that  time  in  the  preparation;  and  during 
rectification  it  is  possible  for  vapors  of  chloroform  to  carry  over  traces  of 
fusel  oil. 

»J.  Pharm    Chim.,  4,  259. 

10  This  test  was  as  follows;  A  piece  of  filter  paper  saturated  with  the 
chlon  >form  should  dry  completely,  and  the  odor  remain  pleasant  to  the  end 
the  contrary   was  said  to  indicate  the  presence  of  amyl  alcohol. 

»  /.  Pharm.  Chim.,   [4]   30,  405. 
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fully  conducted  test  for  odor  has  been  generally  recog- 
nized, notwithstanding  the  fact  that  it  sometimes 
happens  that  only  a  very  impure  chloroform  will 
leave  any  unpleasant  odor  after  evaporation  and  that 
occasionally  the  residue  is  of  a  pleasant  odor.'  The 
first  condition  is  dependent  upon  the  nature  of  the 
test,  especially  its  lack  of  delicacy;  but  even  if  the 
residue  possesses  a  pleasant  odor,  if  this  is  foreign,  the 
chloroform  must  be  contaminated. 

Tildcn2  recommended  the  hand  evaporation  test  for 
odor,  while  Regnault3  recommended  the  method 
which  has  come  into  general  use — evaporation  on 
paper.  It  is  generally  stated  that  "pyrogenous 
oils,"  etc.,  may  be  detected  in  anaesthetic  chloroform 
by  allowing  a  definite  volume  to  evaporate  from  a 
large  piece  of  filter  paper  placed  on  a  warm  plate, 
when  no  foreign  odor  should  be  perceptible.  The 
British  Pharmacopoeia  employs  20  cc.  for  this  test; 
the  Pharmacopoeia  of  the  United  States  10  cc. ;  while 
the  German  Pharmacopoeia  specifies  no  particular 
amount.  The  British  Pharmacopoeia  requires  that 
no  odor  should  be  perceptible  at  any  stage  of  the 
evaporation;4  the  Pharmacopoeia  of  the  United  States 
that  an  odor  should  not  be  perceptible  at  the  later 
stages  of  the  evaporation  and  that  the  paper  should 
remain  odorless;5  and  the  German  Pharmacopoeia 
that  the  paper  retain  no  foreign  odor  after  the  evapo- 
ration of  the  chloroform.  We  have  found  that  the 
anaesthetic  chloroform  now  on  the  market  rarely 
imparts  an  odor  to  filter  paper,  on  evaporation,  even 
when  50  cc.  of  the  sample  are  tested,  notwithstanding 
the  fact  that  it  frequently  contains  small  amounts 
of  contaminants  productive  of  a  foreign  odor  but 
unrecognizable  by  the  tests  in  general  use,  owing  to 
their  lack  of  delicacy.  Since  a  carefully  conducted 
test  for  odor  is  essential,  principally  owing  to  the  fact 
that  such  impurities  affect  the  keeping  qualities  of 
chloroform  per  se,  although  they  may  not  occur  in 
such  amounts  as  to  interfere  with  its  physiological 
action,  it  has  been  noted  by  several  investigators 
that  it  is  necessary  to  employ  a  test  which  will  render 
the  presence  of  these  evident. 

Schwarz  and  Will6  proposed  a  very  rigorous  test 
for  the  presence  of  amyl  compounds  in  chloroform. 
300  g.  are  distilled  on  a  water  bath  until  about  2  cc. 
remain  in  the  flask;  on  the  addition  of  concentrated 
sulphuric  acid  to  this  residue,  no  darkening  should 
occur  nor  should  an  odor  of  amyl  compounds  be  de- 
veloped.?    Brown8  proposed  that  the  sample  of  chloro- 

1  Pharm.  J..   [2]    6,  576. 
-  Ibid..  [3]  1,  623. 

3  J.  Pharm.  Chim.,   [4]  29,  4Q2. 

4  The  Ph.  Brit.  Committee  of  Reference  in  Pharmacy  recommend  that 
(he  test  for  odor  be  made  with  10  cc.  (Chem.  and  Drug.,  69,  863).     White 

Pharm.  J..  [4]  25,  540)  has  suggested  that  the  test  for  odor  be  made  as  fol- 
lows: 10  mils,  are  poured  on  a  10  cm.  filter  paper;  no  foreign  odor  should 
pecome  perceptible  as  the  lastjportion  disappears,  and  the  filter  paper 
khould  be  left  odorless. 

"If  10  cc.  of  chloroform  be  poured  upon  a  piece  of  clean,  odorless 
filter  paper  laid  flat  upon  a  warmed  plate,  and  the  plate  be  rocked  from 
side  to  side  until  the  liquid  is  all  evaporated,  no  foreign  odor  should  be- 
come perceptible  as  the  last  portions  disappear  from  the  paper,  and  the 
paper  should  be  left  odorless"  (The  Pharmacopoeia  of  the  United  Stales. 
1905,  99). 

6  Pharm.  Ztg..   1888,   551. 

7  See  the  Test  with  Sulphuric  Acid. 
«  Pharm  J..   [3]   23,  229. 


form  under  examination  be  carefully  fractionated 
until  a  residue  of  15  per  cent,  remains,  then  that  this 
be  slowly  evaporated  at  from  80  °  to  90  °;  bad  or  for- 
eign odors  are  looked  for  during  and  at  the  conclu- 
sion of  the  evaporation,  and  the  dry  non-volatile 
residue  is  weighed.  Later'  Brown  specified  this  test 
as  follows:  When  distilled,  the  first  10  per  cent, 
fraction  and  the  15  per  cent,  residue  should  be  free- 
from  color  and  foreign  odor,  and  the  weight  of  the 
15  per  cent,  residue  after  evaporation  at  32  °  C.  until 
constant,  should  not  exceed  1  in  900,000  parts  by 
weight.  Langgaard*  recommended  a  test  for  odor 
which  is  similar  to  that  of  Schwarz  and  Will.  Ac- 
cording to  this  method,  the  chloroform  is  vaporized 
in  a  long-necked  flask  on  a  water  bath,  down  to  a  resi- 
due of  2  to  3  cc,  care  being  taken  that  the  chloroform 
does  not  boil;  this  residue  is  then  placed  on  a  watch- 
glass  and  allowed  to  evaporate  slowly.  The  residue 
should  be  odorless  and  should  show  no  reaction  with 
formalin-sulphuric  acid.3  Such  a  test  shows  the  pres- 
ence of  impurities  not  made  evident  by  the  usual  offi- 
cial tests.  A  modification  of  these  fractional  evapora- 
tion methods  is  to  be  found  in  the  Pharmacopoeia 
Nederlandica*  however.  In  this  pharmacopoeia  it 
is  stated  that  "  chloroformum  ad  narcosin"  shall 
conform  to  the  following  test:  50  cc.  of  the  chloro- 
form are  distilled  until  about  2  cc.  are  left;  the  residue 
is  then  allowed  to  evaporate  on  filter  paper.  There 
should  then  result  no  odor  of  alcohol,  fusel  oil  or  pun- 
gent matters. 

The  authors  find  that  when  anaesthetic  chloro- 
form is  fractionated  in  the  usual  way,  any  chlorina- 
ted decomposition  products,  fusel  oil,  or  higher  alco- 
hols present  are  concentrated  in  the  residue  remain- 
ing above  64  °;  and  that  when  no  indications  of  the 
presence  of  such  compounds  were  had  by  the  test 
prescribed  by  the  United  States  Pharmacopoeia,  the 
residue  resulting  from  the  distillation  of  100  cc.  gave 
a  marked  response.  Anaesthetic  chloroform  should 
conform  to  the  following  requirement: — - 

100  cc.  of  anaesthetic  chloroform  are  slowly  evap- 
orated over  a  water  bath  until  about  10  cc.  remain 
in  the  flask.  This  residuum  should  be  colorless  and 
possess  no  foreign  odor; -and  when  it  is  allowed  to 
evaporate  on  filter  paper,  there  should  result  no  odor 
of  fusel  oil,  empyreumatic  matter,  or  other  substances 
than  chloroform  and  ethyl  alcohol,  as  the  last  por- 
tions disappear.  If  a  decided  odor  is  imparted  to 
the  filter  paper,  after  the  evaporation  of  the  residue 
or  if  any  foreign  odor  is  observed  during  the  course 
of  evaporation,  the  chloroform  should  be  rejected  for 
anaesthetic  purposes,  but  for  further  information 
may  be  tested  for  such  impurities  as  fusel  oil,  chlorin- 
ated derivatives  of  alcohol,  acetone,  or  the  higher 
alcohols,  extractive  matter,  etc.  The  nature  of  the 
impurity  in  this  case  is  often  indicated  by  the  odor 
itself.  This  test  is  indeed  comparatively  stringent 
and    its    adoption    would    necessitate    rigid    chemical 

'  Pharm.  J.,  [3]  26,  865. 

-Theraf.  Monatsk..  May,   1902;  see  also  Apolh.  Ztg.,  17,  341;  Pharm, 
Centralh.,  43,  543;  J.  Pharm.  Chun..    [6]  16,  305. 

~  See  Tests  for  Residue  and  the  Test  with  Sulphuru   Acid. 
*  1905,  p.  90. 
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control  on   th  the   manufacturers;  bul    pure 

anaesthetii    chloroform   may   be,   and   is  beini       na  i 
n  ial  scale. 

2.     RESIDUE, 

Until  quite  recently  anaesthetic  chloroform  usually 
contained   fixed  matter,  as  shown  by  the  residue 
mail  '     evaporation    at     ioo°    C.      Such    con- 

tamination was  generally  due  to  carelessness  in  manu- 

:  lire'    and    storage.2 

At  the  present  time,  although  sufficient  care  is  gen- 
erally exercised  in  manufacture  and  purification  to  pre- 
vent extraction,  yet  anaesthetic  chloroform  sometimes 
contains  extractive  matter,  especially  when  it  has  been 
stored  in  unprotected  cork-stoppered  containers.  For 
example,  we  found  that  anaesthetic  chloroform  sold,  as 
chemically  pure  might  contain  as  much  as  o.oon  per 
cent.,  by  weight,  of  extractive  matter  non- volatile 
at  ioo°  C,  while  in  the  case  of  commercial  chloroform 
the  residue  of  ten  amounted  to  0.004  7  percent,  by  weight. 
It  is  almost  needless  to  point  out  that  although  such 
matter  would  not  interfere  with  the  applications  of 
chloroform  of  either  grade,  for  its  special  purposes, 
except  when  employed  in  certain  analytical  work, 
its  presence  affects  the  keeping  properties  of  chloro- 
form, and  moreover  is  unnecessary  when  proper  care 
is  exercised  in  manufacture  and  storage. 

In  the  opinion  of  the  authors,  when  100  cc.  of  anaes- 
thetic chloroform  are  allowed  to  evaporate  in  a  plati- 
num dish  at  100  °  C,  there  should  be  left  no  weighable 
residue.  In  every  case  this  should  be  determined 
gravimetrically  and  not  by  vision.3 

3    (a)    THE    TEST    WITH    SULPHURIC    ACID. 

Pure  chloroform  is  not  appreciably  soluble  in  con- 
centrated sulphuric  acid;  but  when  anaesthetic  chloro- 
form is  agitated  with  that  reagent,  the  alcohol  present 
is  removed-1  and  decompositiom  occurs  on  exposure 
to  air.  It  is  therefore  important  that  any  treatment 
with  sulphuric  acid  be  not  unduly  prolonged ;  for  even 
if  the  conditions  are  such  that  the  sulphuric  acid  does 

1  From  the  use  of  impure  chemicals.  Scholvien  (Apoth.  Ztg.,  1887 , 
14;  Z.  anal.  Chem.,  26,  Part  3)  found  that  with  many  samples  of  chloroform 
then  on  the  market,  silver  nitrate  produced,  after  a  short  time,  a  dark  brown 
turbidity,  which  could  be  removed  by  nitric  acid  and  which  did  not  form 
at  all  if  the  solution  did  contain  a  little  nitric  acid  from  the  first;  this  he 
traced  to  the  presence  of  arsenic  in  the  chloroform  examined.  As  a  test 
for  this  impurity,  he  suggested  that  the  chloroform  he  stirred  with  a  dilute 
potassium  hydroxide  solution,  evaporated,  and  the  residue  tested  by 
Marsh's  or  Bettendorf's  method.  When  such  chloroform  was  distilled, 
Scholvien  found  that  tlic-  arsenic  remained  in  the  residue,  none  passing 
into  the  distillate.  The  presence  of  arsenic  in  chloroform  could  have  origin- 
ated from  the  use  of  an  arsenical  bleaching  powder,  which,  with  the  alcohol, 
would  form,  it  is  likely,  arsenical  organic  compounds  which  would  first  dis- 
til over  with  the  chloroform,  yet  not  be  capable  of  distillation  from  the 
chloroform  itself;  but  more  likely  to  the  use  of  impure  sulphuric  acid  in 
purification.  Although  other  experimenters  also  reported  having  found 
traces  of  arsenic  in  samples  of  commercial  chloroform,  its  presence  is  now 
improbable,  even  in  commercial  chloroform.  Mentha  {Pharm.  J.,  [3]  19, 
991)  reported  that  49  cc.  of  Saxon  "Chloroformum  Purissimum"  gave  a  resi- 
due weighing  0.0006  g.,  possessing  an  odor  of  rancid  butter;  and  that  an- 
other chloroform  manufactured  from  chloral  yielded  a  residue  weighing 
0.0011  g.,  possessing  a  sweet,  aromatic  odor. 

2  When  chloroform  is  supplied  in  tin  containers,  it  sometimes  happens 
that  a  small  amount  of  zinc  chloride,  used  as  a  llux  in  soldering  "tins"  by 
manufacturers,  is  introduced  accidentally  into  the  chloroform.  Tixed  mat- 
ter is  more  gi  uerallj   introduced  through  the  use  ol  mil  stoppers,  however. 

-White  [Pharm.  J.,  Ml  25,  >40  pro] I  thai  when  10  mils  of  chloro- 
form are  all, ,weil  to  evaporate  in  a  i  lean  ^l.iss  beaker  or  dish,  which  is  after- 
wards heated  on  a  water  bath,  there  should  be  hit  no  visible  residue. 

V  cording  to  Kessler  \J.  Pharm.  Chim.,  |3J  13,  162).  chloroform  con- 
taining alcohol  dimini  b  on  aettatiou  with  sulphuric  acid. 


not    acl    directlj    upon    the   chloroform,1    il    musl    bf 
borne  in  mind  thai  its  presence  accelerates  the  oxida- 

"  '1  pun  i  hloroform  '  As  has  been  indicated.,1 
it   was  earl}    ascertained   thai   treatment  with  < 

sulphuric  acid   was  an  efficient    means 
purification  ol   crude  chlorofoi  m;  il  I  hi  refore  fol 
that    the    reagenl     would    serve    as    an    indication    d 
purity     that,  no  coloration  should  be  imparted  to  the 
acid    when    it    was   shaken    with   chloroform        I 

esl    has   been    pharmaceutical!)    recognized    sine" 
1847, ■»  and   has  been   generally   regarded 
and    useful,    although    it     has    been    variously 
and    modified    to    suit    local    conditions    of    production 
and  trade  requirements. 

Gregorys  considered    that  chloroform  that  wa 
employed     in    surgical    operations    should     not 
any    yellow    or    brown    coloration  when  it    was  shaken 
with  sulphuric  acid;  and  Vulpius,6  in   the  coin 
study  of  anaesthetic  chloroform,   examined   six  differ- 
ent   grades    of    chloroform,    finding    that    that    which 
answered     most    satisfactorily    in    surgical     operations 
was   ordinary   chloroform    which,   however,  wit! 
the  test  with  sulphuric  acid.      In  dissidence  with  these 
findings  is  the  view  of  Abraham,?  who  expressed  doubt 
as  to  whether  the  substance  w-hich  darkened  sulphuric 
acid  was  always  that   which  produced  the  unpleasant 
effects  sometimes  attributed  to  chloroform,  as  claimed 
by   Gregory;8   Abraham    inferred   that   the    substance 
which  blackened  or  otherwise  colored  sulphuric  acid  was 
not  always  the  same,'  in  agreement  with  which  we 
have  the  divergent  views  which  have  been  expressed 
as  to  the  source  of  the  coloration. 

Morson10  considered  it  probable  that  "heavy  muri- 
atic ether"  caused  the  darkening  of  sulphuric  acid; 
Hager"  gave  the  test  for  the  presence  of  acetone,  alde- 
hyde, and  ethyl  ether;  Regnault12  stated  that  a  colora- 
tion indicated  the  presence  of  "alcoholic  chlorides;"*3 
a  response  has  been  considered  indicative  of  prepara- 
tion from  methyl  alcohol;14  SchwanertIS  gave  the  test 
with  an  equal  volume  of  sulphuric  acid  for  hydro- 
carbons;   Traub16    found     that    chloroform    prepared 

1  On  the  action  of  sulphuric  anhydride  on  chloroform,  see  Armstrong 
Proc.  Roy.  Soc.,  18,  502;  /.  prakt.  Chem..  [2]   1,  244. 

-  See  Decomposition.  Brown  [Pharm.  J.,  [2]  6,  576)  pointed  out  thai 
a  sample  of  chloroform  tested  with  sulphuric  acid  should  not  be  returned 
to  the  stock,  since  chloroform  twice  treated  with  sulphuric  acid  is  likely 
to  decompose.     See  Alcohol. 

3  Under  "Purification. 

4  Cf.  Codex  Medicamenlarius  Hamburgensis,  1847,  wherein  it  is  speci- 
fied that  chloroform  should  not  color  concentrated  sulphuric  acid. 

6  Proc.  Roy.  Soc.  Ednb.,  1850,  391. 
it  Archill.  Pharm.,  [3]   13,  37;  25,  998. 

I  Pharm.  J.,   10,   25. 
'Chamber's  J.,  May  4.  1850. 

0  Abraham  stated  that  pure  chloroform    left    no    odor    when 
to  evaporate  from  the  hand  or  cloth,  and  that  impure  chloroform  afforded 
,  an  odor  which  was  generally  proportional  to  its  effect  in  coloring  the  acid. 
He  also  reported  that  the  specimen  which  colored  sulphuric  acid  considera- 
bly left,  if  any,  the  least  odor. 

10  Pharm.  J..  8,  280. 

II  Kommentar,  1865,   p.  443. 

12  J.  Pharm.  Chim.,    [4]    29,  402. 

,:i  Brown  {Pharm.  J.,  [3]  23,  229)  suggested  that  the  extent  t 
sulphuric  acid  decomposed  such  impurities  be  determined. 

11  Cf.   Archiv.  Pharm.,   December,   1874. 

's  H&lfsbuch  mti     Wsjiihrung  1  kemischei  Arbeiten,  1891,  p.  169. 
'« Z.   angew.    Chem.,    1892,    192.     Traub   reported   that  sometimes  an 
odor  of  peppermint  was  developed  when  the  sulphuric  acid  test  was  applied 
to  crude  chloroform  {Pkarm.  Centralh.&SZ,  245). 


June,  1 91 2  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


425 


from  alcohol  by  means  of  chloride  of  lime  contained 
ethylidene  chloride  and  "other  impurities"  which 
gave  colored  products  with  sulphuric  acid;1  Gay* 
stated  that  when  the  sulphuric  acid  became  brown, 
the  presence  of  chloro-derivatives  of  ethyl  acohol 
or  of  the  higher  homologues  was  indicated;  Schacht 
'and  Biltz3  reported  that  when  chloroform  which  was 
pure  and  free  from  alcohol,  and  which  did  not  color 
sulphuric  acid,  was  left  to  undergo  decomposition,  and 
the  sulphuric  acid  after  that  became  brown,  this 
coloration  was  due  to  ethyl  chloride;4  others  have  em- 
ployed the  test  to  prove  the  absence  of  ethyl  chloride 
and  other  ethane  chlorides,3  amyl  and  isobutyl  alco- 
hols,6 amyl  compounds,7  or  empyreumatic  oily  matter;8 
the  test  has  been  employed  to  show  the  presence  of 
'excessive  amounts  of  alcohol  or  water;9  and  finally 
it  has  been  stated  that  "pure  chloroform"  floats  on 
.concentrated  sulphuric  acid  with  a  contact-surface 
Iconvex    downwards,    but    if    "impure"  gives  a  plane 

Eontact-surface.10 
It  has  been  universally  conceded,  however,  that 
naesthetic  chloroform  should  not  afford  a  coloration 
with  sulphuric  acid,  notwithstanding  the  fact  that 
(the  cause  of  the  coloration  appears  to  be  variable 
and  consequently  has  not  been  determined.  As  to 
jjust  how  the  test  should  be  performed,  especially  the 
roportion  of  reagent  to  use  and  the  proper  time  limit, 
as  been  the  subject  of  much  discussion  and  even  now 
totally  diverse  opinions  are  held — a  condition  at- 
tributable, in  the  main,  to  the  demand  of  the  trade 
for  pure  anaesthetic  chloroform  at  a  minimum  cost, 
and   the   position    taken    by    the    manufacturers    and 

fheirchemists  that,  on  theotherhand,  if  the  requirements 
re  rigorous,  the  price  must  be  proportionally  in- 
reased,  to  which  the  trade  is  not  ready  to  accede, 
except,  apparently,  in  Germany,  France,  Russia, 
Holland,  and  Belgium. 

Brown"  suggested  that  the  quantity  of  sulphuric 
acid  used  be  fixed  at  10  per  cent,  and  that  it  be  shaken 
»vith  the  chloroform  continuously  for  20  minutes, 
Hfter  which  the  acid  should  remain  colorless  or  nearly 
=0;"  it  has  been  stated  that  "good  and  genuine" 
chloroform  should  remain  colorless  when  mixed  with 
in  equal  volume  of  concentrated  sulphuric  acid, 
vithout  specifying  a  time-limit;1^  Gay1*  directed  that 

1  Moreover.  Traub  found  that  by  treating  chloroform  with  sulphuric 
•cid  and  other  reagents,  a  chloroform  might  be  obtained  which  in  all  respects 
fas  equal  to  Chloroform  Pictet. 

2  J.  Pharm.   Chim..   4,    259. 

3  Pkarm.  Centralh,  33,   269. 

*  Dott  (Pharm.  J.,  [3]  22,  10801  maintained  that  ethyl  chloride  and 
thyl  alcohol  gave  no  appreciable  coloration  with  sulphuric  acid.  He  stated 
hat  it  is  easy  to  arrive  at  false  conclusions  from  the  sulphuric  acid  test, 
ince  chloroform  containing  a  mere  trace  of  linseed  oil  derived  from  the 
iting  will  give  a  decided  reaction. 

limidt.  Z  angew.  Chem.,  23,  1547. 

"  Cf.   Schacht,  Archiv.  Pharm..    [3]    27,   865. 

I  Schmidt.  Loc.  ctt. 

ed  Stales  Dispensatory.   18th  Ed.,  p.  380. 
"Ibid. 
10  Allen's   Commercial   Organic   Analysis,    1,    236.     According    to    Sou- 
eiran  (Ann.  chim.  phys.,   [2]   48,   131),  pure  chloroform  sinks  in  a  mixture 
f  equal  parts  of  sulphuric  acid  and  water. 
"  Pharm.  J..   [3]  23,  229;  26,  865. 

-  Brown  stated  that  on  diluting  with  3  volumes  of  water,  the  mixture 
'lould  remain  colorless  and  clear,  and  should  give  off  only  a  slight  foreign 
dor. 

13  Polyt.  Notitblatt,   1875,    16. 
■*/.  Pharm.   Chim..  4,   259. 


io  cc.  be  shaken  violently  with  an  equal  volume  o'f 
sulphuric  acid  and  that  the  mixture  should  remain 
colorless  even  for  an  hour;  Vulpius1  considered  that 
no  perceptible  yellow  color  should  result  within  one 
day;  Schwarz  and  Will2  proposed  that  40  g.  of  the 
chloroform  be  shaken  with  30  g.  of  concentrated 
sulphuric  acid  in  a  glass-stoppered  bottle,  previously- 
rinsed  with  sulphuric  acid,  and  that  the  acid  should 
not  darken  within  48  hours;  and  Traub3  stated  that  a 
mixture  of  equal  volumes  of  chloroform  and  sulphuric 
acid,  when  repeatedly  shaken  in  the  dark,  should  pos- 
sess no  discoloration  after  six  to  eight  days.4  From 
these  variable  recommendations  it  can  readily  be 
understood  why  important  differences  exist  in  the 
test  as  prescribed  by  various  pharmacopoeias. 

According  to  the  British  Pharmacopoeia,  chloro- 
form, when  shaken  with  one-tenth  its  volume  of  sul- 
phuric acid  for  20  minutes,  and  then  set  aside  for  15 
minutes,  should  acquire  practically  no  color  in  either 
the  chloroformic  or  sulphuric  acid  layer  and  both 
should  be  quite  transparent.3  The  Pharmacopoeias 
of  Switzerland  and  Belgium  specify  a  more  rigorous 
test,  namely:  15  cc.  of  acid  are  shaken  with  20  cc.  of 
chloroform  in  a  stoppered  glass  cylinder  of  3  cm. 
diameter  previously  rinsed  out  with  sulphuric  acid; 
the  acid  should  not  become  colored  within  one  hour. 
A  similar  test  is  given  in  the  Pharmacopoeia  of  Japan. 
In  Germany,  it  is  now  required  that  "narkose  chloro- 
form" give  no  color  to  sulphuric  acid  even  after 
48  hours,  when  20  cc.  of  the  sample  are  agitated  with 
15  cc.  of  acid.  Formerly  the  time-limit  was  one  hour,6 
but  at  present  the  test  for  this  period  of  contact  is 
restricted  to  chloroform  other  than  that  intended  for 
anaesthesia.7  According  to  the  Pharmacopoeias  of 
France,  Sweden,  Austria,  Hungary  and  Spain,  an  equal 
volume  of  sulphuric  acid  is  used ;  that  of  France 
states  that  no  coloration  should  result  even  at  the  end 
of  several  hours,  while  the  Pharmacopoeias  of  Austria 
and  Hungary  place  a  time-limit  of  one  hour.  The 
Pharmacopoeia  of  Denmark  specifies  that  20  g.  of 
chloroform  and  25  g.  of  acid  be  employed,  and  places 
the  time-limit  at  one  hour;  the  Norwegian  requirement 
is  similar;  the  Pharmacopoeias  of  Italy  and  Holland 
require  that  the  test  extend  for  24  hours;  while  the 
Pharmacopoeia  of  Russia  merely  states  "some  time." 

The  test  as  given  in  the  Pharmacopoeia  of  the  United 
Statess    for    "impurities    decomposable    by    sulphuric 

i  Archiv.  Pharm.,  [3)   25,  998. 
2  Pharm.  Ztg..  1888,  551. 
'Z.  angew.  Chem.,  1892,   192. 

4  Traub  recommended  that  the  chloroform  and  acid  be  then  separated, 
and  that  the  acid  be  next  diluted  with  5  parts  of  water,  to  which  1  cc.  of 
N/10  silver  nitrate  is  added;  no  alteration  should  result,  although,  accord- 
ing to  Traub,  only  a  "very  pure"  product  will  stand  this  test. 

5  2  cc.  of  the  sulphuric  acid  obtained  on  shaking  with  chloroform,  as 
described,  is  then  diluted  with  2,1;  times  its  volume  of  water,  alter  which 
it  should  remain  clear,  almost  colorless,  and  should  possess  a  pleasant 
odor.  It  is  required  that  the  liquid  should  still  retain  its  transparency 
and  freedom  from  color,  even  when  further  diluted  with  10  cc.  of  water 
and  stirred  with  a  glass  rod,  and  that  the  transparency  should  not  be  more 
than  slightly  diminished  on  the  addition  of  4  drops  of  silver  nitrate  solu- 
tion. 

''  Such  a  test  is  given  by  Krauch  (Testing  of  Chemical  Reagents,  1902, 
p.  78). 

7  See  Deutsche*  Arzneibuch,  1910,  118. 

B  1905,  99.  For  reference  to  the  other  Pharmacopoeias  mentioned 
above,  see  Specific  Gravity  tables. 
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acid"  hardly  bears  comparison  with  the  above  in 
point  ol  delicacy.  It  is  required  thai  "ii  40  cc.  of 
chloroform  be  shaken  with  1  cc.  of  colorless,  concen- 
trated sulphuric  acid  in  a  50  cc.  glass-stoppered 
cylinder  during  20  minutes,  and  the  liquids  be  then 
allowed  to  separate  completely,  so  thai  both  arc  trans- 
parent, the  chloroform  should  remain  colorless,  and 
the  aeid  should  appear  colorless,  or  very  nearly  color 

less,  when  seen  in  a  stratum  of  not  less  than  15  mm. 
in  thickness."  This  test  has  been  required  since 
1893,'  and  the  test  as  specified  until  the  seventh  re- 
vision of  the  Pharmacopoeia  was  considerably  more 
stringent,  it'  less  specific." 

3   (6)  Tin-:  tkst  with   formalin-sulphuric  acid. 

Langgaard3  recommended  a  test,  by  means  of 
which  the  slightest  traces  of  amyl  compounds  arc 
said  to  be  detectable.  Concentrated  sulphuric  acid 
and  chloroform  are  mixed  in  the  proportion  in  which 
the  German  Pharmacopoeia  indicates  when  testing 
for  amyl  compounds,  etc.,  in  a  glass-stoppered  vial 
which  has  been  previously  rinsed  with  sulphuric  acid, 
and,  after  the  addition  of  3  or  4  drops  of  formalin 
(35-40  per  cent,  solution  of  formaldehyde),  the  mix- 
ture is  well  shaken;  no  coloration  should  result.  The 
Deutsches  Arzneibuch4  requires  that  20  cc.  of  "nar- 
kose  chloroform"  shall  afford  no  coloration  with  15 
cc.  of  sulphuric  acid  and  4  drops  of  formaldehyde 
solution,  but  gives  the  test  for  the  presence  of  organic 
decomposition  products. 

3     (c)    DISCUSSION    OF    3   (a)    AND    3   (b). 

A.  Sulphuric  acid  is  well-known  as  a  reagent  for 
the  presence  of  furfural  in  amyl  and  methyl  alco- 
hols; of  fusel  oil.  "empyreumatic  oils,"  or  "non- 
volatile carbonizable  organic  impurities"  in  ethyl 
alcohol  and  ethyl  ether;  and  of  "readily  carbonizable 
organic  impurities"  in  acetic  ether,  glycerin,  and  sali- 
cylic, lactic  and  benzoic  acids.  The  authors  have 
pointed  outs  that  in  the  case  of  ethyl  ether,  the  color 
reaction  may  be  caused  in  general  by  the  following: 

1.  Furfural  with  isobutyl  alcohol,  tertiary  butyl 
alcohol,  tertiary  amyl  alcohol,  acetaldehyde,  acetal, 
aceto-acetic  ether,  acetone,  methyl  alcohol,  or  iso- 
propyl  alcohol,  or  mixtures  of  these.6 

2.  Fusel  oil. 

3.  Extractive  matter  from  cork,  etc. 

1  See  Pharmacopoeia  of  (he  Untied  States,  7th  revision,  p.  88. 

2  The  Pharmacopoeia  of  1851  (p.  76)  required  that  with  an  equal 
volume  of  sulphuric  acid,  chloroform  should  not  assume  a  reddish  brown 
color  nor  should  the  acid  become  discolored;  the  Pharmacopoeia  of  1869 
(p.  87)  specified  that  the  acid  and  chloroform  should  remain  in  contact  24 
hours,  at  the  end  of  which  time  no  color  should  be  imparted  to  either  liquid 
or  but  a  faint  yellowish  tinge  to  the  acid;  in  the  fifth  revision  (1873,  p.  78) 
the  last-mentioned  test  was  retained;  and  in  the  sixth  revision  (1882)  it 
was  required  that  on  shaking  10  cc.  of  chloroform  with  5  cc.  of  sulphuric 
acid,  no  color  should  be  imparted  to  either  liquid  after  24  hours. 

3  Tkerap.  Monatsh  .  May.  1902;  on  the  employment  of  the  reagent  of 
Marquis  for  testing  anaesthetic  chloroform,  see  also  Stadlmayr,  Z.  angew. 
Chem.,  23,    1548;     Linke,  Apoth.   Ztg.,  25,    189.  285,  426. 

4  1910,  p.  118;  see  in  this  connection.  Braun,  Afroth.  Ztg.,  26,  166, 
who  favors  a  time  limit  of  48  hours  for  the  sulphuric  acid  test,  and  consid- 
ers that  the  formalin-sulphuric  acid  test  is  of  value  only  when  used  upon 
chloroform  before  the  addition  of  the  alcohol  necessary  to  prevent  decom- 
position. It  will  be  shown  later  that  pure  anaesthetic  chloroform  gives 
no  reaction  with  formalin-sulphuric  acid. 

5  This  Journal,  3,  306. 

8  It  may  be  mentioned  here  that  the  authors  have  had  occasion  to 
examine  various  samples  of  so-called  higher  alcohols  and  their  derivatives. 


We  can  now  report,  alter  examinin 
samples  ol    .■  i  differenl   varieties  ol  anai    thetii    - 
form,  that  when  a  properly  stored    i  mpli   ol  chloroform 

gives  a  response  when   tin    tesl    with   sulphuric  acid  is 
applied,   this  is  usually  due  to  the  presenci    ol 
more  of  the  above  contaminants. 

We   have   found    that    anaesthetic   chloroform   which 
led  only  a   faint    coloration    with   sulphurii 
originally,  being  apparently  tree  from  fusel  oil,  i 
tive   matter,   etc.,   gives   a    marked    reaction  on 
ment  with  oxygen,  on  continued  agitation  in  th< 
ence  of  air,  after  lengthy  exposure  to  air  and  li^ht, 
and  on  long  standing  in  anactinic  glass  with  the  cus- 
tomary amount  of  air  present.      The  last  condition  is 
of   particular   interest,    since  anaesthetic  chloroform  is 
frequently  one  year  old,  or  more,  when  it  reaches  the 
consumers,  and  for  this  reason  the  matter  was  inves- 
tigated   in    the   laboratories   of   one   of   the    largi 
ducers   of   chloroform.     This   concern   reports  as  fol- 
lows   concerning    the   experiments    made    and   conclu- 
sions arrived  at: — 

Three  varieties  of  chloroform  were  used,  the 
ing  obtained  from  independent  manufacturers  of 
known  reputation.  They  were  exposed  in  two  ways: 
1st,  in  amber  bottles  exposed  to  only  indirect  light 
on  the  dark  side  of  a  room;  and  2nd,  in  white  glass 
bottles  exposed  to  bright,  diffused  light  near  a  window. 
The  experiments  covered  one  year,  from  January, 
1908,  to  January,  1909.  All  samples  were  tested  by 
the  sulphuric  acid  test  of  the  U.  S.  P.  on  fresh  samples 
before  starting.  In  every  case  the  acid  showed  some 
color  in  a  15  mm.  layer.  This  color  was  matched  in 
every  case  by  a  one-thousandth  normal  iodine  solu- 
tion, the  latter  being  diluted  until  it  exhibited  the 
same  color  as  the  acid.  In  the  beginning,  the  acid  in 
all  three  samples  showed  the  same  degree  of 
namely,  that  corresponding  to  0.3  cc.  of  A'1 1  oooth 
iodine  solution  diluted  to  3  cc.  After  one  year's  keep- 
ing in  brown  bottles,  the  color  had  become  more 
than  three  times  as  deep  as  at  the  beginning,  since  now 
1  cc.  of  A*/ 1 oooth  iodine  solution  diluted  to  3  cc.  was 
required  to  match  this  color.  The  samples  kept  in 
the  white  bottles  showed  in  some  cases  the  same  amount 
of  change  in  color;  others  showed  a  greater  change 
the  maximum  being  five  times  as  deep  as  the  color 
at  starting.  All  bottles  were  closed  with  ground' 
glass  stoppers. 

In  another  series  of  experiments,  the  samp 
chloroform  were  sealed  in  white  glass  test  tubes  aw 
submitted,  as  before,  to  the  sulphuric  acid  test  befon 
and  after  exposure  for  one  \rear  to  bright  light  unde 
a  skylight.  In  this  case  the  color  deepened  to  a  tin 
from  four  to  thirteen  times  darker  than  at  starting. 

"It  appears,   therefore,   that  the  best  chlorot 
be  obtained  imparts  a  very  decided  color  to  sulphuri 
acid  when  shaken  with  it  after  keeping  in  brown  glas 

sold  as  chemically  pure.  Samples  of  normal  butyl  alcohol  ami 
ether  invariably  contained  furfural;  samples  of  active  amyl.  iso  aim'l  iv 
propyl  alcohols  and  propyl  aldehyde  gave  marked  reactions  with  sulphur 
acid,  but  only  very  faint  reactions  for  furfural;  while  samples  ol  i>r"i>' 
isobutyl.  tertiary  butyl  and  methyl  alcohols  gave  a  yellow  color  w> 
sulphuric  acid,  but  no  reaction  for  furfural  All  of  the  samples  were  proper 
stored,  except  that  air  was  invariably  present,  and  we  can  only  attn 
utc   the   results   to   oxidation   products. 
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bottles  shaded  from  bright  light  for  one  year,  and  at 
the  end  of  that  time  decidedly  fails  to  meet  the  pharma- 
copoeial  requirement  in  this  regard." 

At  the  end  of  the  series  all  the  samples  were  sub- 
mitted to  the  U.  S.  P.  tests  for  chlorides  and  free 
chlorine.  One  sample  in  brown  glass  showed  a  faint 
opalescence  under  the  chloride  test  and  one  sample 
of  the  same  producer  in  white  glass  showed  a  very 
marked  opalescence  under  the  same  test.  All  other 
samples  gave  no  reaction  for  chlorides.  None  of  them 
gave  any  color  when  submitted  to  the  test  with  potas- 
sium iodide 

■•It  therefore  appears  that  the  samples  of  chloroform, 
after  keeping  under  favorable  conditions  for  one  year, 
show  no  deterioration  as  measured  by  the  formation 
of  chlorides  or  free  chlorine,  while  they  nevertheless 
fail  to  meet  the  U.  S.  P.  sulphuric  acid  test." 

It  may  be  mentioned  that  these  samples  were  ex- 
amined not  merely  at  the  end  of  the  year,  but  at  the 
L>nd  of  each  quarter,  which,  of  course,  necessitated  the 
opening  of  the  containers.  The  change  was  pro- 
gressive, although  in  only  one  case  was  there  any 
alteration  between  the  third  and  fourth  quarter. 

"We  cannot  help  thinking  that  these  results  at  least 
suggest  the  desirability  of  considering  a  modification 
of  the  sulphuric  acid  test  for  chloroform,  possiblv 
in  the  direction  of  defining  more  closely  what  is  meant 
by  'very  nearly  colorless.'  The  use  of  a  standard 
iodine  solution  affords  a  convenient  method  for  de- 
fining this  color." 

The  results  obtained  by  the  authors  on  samples  of 
anaesthetic  chloroform  agree  with  those  given  above 
in  these  respects: 

1.  Fresh  samples  of  American  anaesthetic  chloro- 
form very  frequently  afford  a  slight  coloration  with 
sulphuric  acid.1 

2.  Samples  exposed  to  air  in  colorless  glass  bottles 
ire  usually  oxidized  to  a  greater  degree  than  those 
stored  in  bottles  of  anactinic  glass. 

t,.  After  prolonged  exposure  to  air  and  light,  a  re- 
action for  chlorides  is  rarely  obtained.  In  a  few  of 
the  cases  where  the  presence  of  chlorides  was  indi- 
:ated,  we  found  that  the  oxidation  of  the  alcohol  pres- 
ent had  reached  a  maximum  and  decomposition  of 
:he  chloroform  itself  had  consequently  resulted;  but 
:his  represents  the  extreme  condition,  and  only  oc- 
curred when  the  anaesthetic  chloroform  originally 
■ontained  an  amount  of  alcohol  less  than  0.25  per 
?ent.  and  had  been  very  'carelessly  stored.  In  most 
<f  the  cases,  the  reaction  with  silver  nitrate  solution 
vas  not  due  to  the  presence  of  chlorides,  but  to  acet- 
ildehyde,  etc. 

a.  The  oxidation,  as  we  prefer  to  term  the  altera- 
ion  which  undoubtedly  occurs,  is  progressive  when 
tonstant  conditions  are  maintained,  and  the  presence 
>f  air  is  necessary.  It  will  therefore  be  seen  that  re- 
peated opening  of  chloroform  containers  favors  de- 
omposition;  and  as  more  air  is  introduced  after  each 

1  One  large  firm  of  manufacturing  chemists  state,  in  fact,  that  they 
have  never  examined  a  sample  of  chloroform  that  would  not  become 
plated  to  some  extent  when  shaken  with  sulphuric  acid  under  the  con 
itions  of  the  U.  S.  P.  test." 


sampling,   the  conditions   for  oxidation    are    progres- 
sively rendered  more  favorable. 

We  have  previously  emphasized  the  importance  of 
having  anaesthetic  chloroform  free  from  the  so-called 
"organic  impurities,"  which,  as  a  rule,  afford  a  color- 
ation with  sulphuric  acid,  since  these  accelerate  the 
oxidation  of  anaesthetic  chloroform.  Here  we  may 
mention  that  samples  of  anaesthetic  chloroform  which 
showed  absolutely  no  response  to  sulphuric  acid  origin- 
ally, became  only  very  slightly  oxidized  after  seven 
months'  storage  in  bottles  of  anactinic  glass,  and  ex- 
posed to  diffused  daylight,  and  afforded  no  reaction 
with  sulphuric  acid  after  this  time.  We  are  there- 
fore of  the  opinion  that  if  pure  anaesthetic  chloroform 
is  properly  stored,  it  may  be  kept  in  an  unaltered 
condition  for  at  least  seven  months,  and  that  it  is 
unnecessary  to  modify  the  test  with  sulphuric  acid. 

Six  samples  of  anaesthetic  chloroform,  which  had 
been  stored  in  brown  glass  bottles  for  twenty-one 
months  in  the  factory  of  a  well  known  chemical 
manufacturer,  were  given  to  the  authors  for  examina- 
tion, and  every  sample  was  found  to  comply  in  full 
with  the  tests  prescribed  by  the  Pharmacopoeia  of 
the  United  States.  None  contained  "impurities  de- 
composable by  sulphuric  acid,"  although  the  presence 
of  higher  alcohols,  evidently,  was  detected  by  the 
formalin-sulphuric  acid  test. 

In  order  to  ascertain  the  secondary  causes  of  the  re- 
action with  sulphuric  acid — that  is,  to  determine 
what  compound  or  compounds  are  formed  in  the  oxida- 
tion of  anaesthetic  chloroform  which  may  produce  the 
coloration — the  deportment  of  the  following  possible 
oxidation  products  and  chlorinated  derivatives  was 
determined  in  chloroformic  solution :  acetaldehyde, 
acetic  acid,  chloracetic  acid,  ethyl  acetate,  ethyl 
chloride,  "ethyl  chloride  polychlorated"  (a  mixture 
of  tri-,  tetra-,  and  pentachlorethane),  ethylidene 
chloride,  ethylene  chloride,  carbon  dichloride,  carbon 
trichloride,  and  chloral  hydrate.  Of  these,  only 
"ethyl  chloride  polychlorated"  afforded  a  decided  re- 
action, although  we  were  inclined  to  attribute  it  to 
the  presence  of  an  impurity.  Since  acetal,  which  re- 
sults in  the  imperfect  oxidation  of  ethyl  alcohol,  is 
decomposed  by  sulphuric  acid,  the  conduct  of  this 
compound  in  chloroform  solution  towards  sulphuric 
acid  was  also  investigated.  It  was  found  that  the 
presence  of  1  part  of  acetal  in  2000  of  chloroform 
gave  a  marked  reaction  with  sulphuric  acid,1  but  that 
1  part  in  3000  afforded  only  a  very  faint  coloration. 
We  concluded  that  acetal  alone  could  not  cause  the 
reaction,  since  the  coloration  afforded  by  the  presence 
of  small  amounts  is  not  sufficiently  intense  and  traces 
gave  no  reaction ;  but  acetal  is  one  of  the  possible  prod- 
ucts of  the  oxidation  of  anaesthetic  chloroform,  and 
the  reaction  may  be  attributed  in  some  cases  to  its 
formation. 

Another  probable  contaminant  of  anaesthetic  chloro- 
form is  furfural,  with  which  acetal  and  acetaldehyde 
give  a  coloration  to  sulphuric  acid,  although  "  meta- 
furfural"  alone  gives  the  reaction.  The  presence  of 
furfural   in   anaesthetic   chloroform    is   likely    to   result 

1  The  acetal  used  was  furfural-free. 
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either  from  the  use  of  impure  alcohol,  in  which  case  a 
coloration  would  be  had  with  sulphuric  acid  just  as 
soon  .is  the  alcohol  became  oxidized  01  from  the 
oxidation  of  anaesthetic  chloroform,"  although,  in 
our  opinion,  this  is  less  likely,  since  we  have  been 
unable  to  deteel  its  presence  in  samples  oi  anaesthetic 
chloroform  exposed  to  air  and  light  for  seven  months, 
even  when  saturated  with  water  and  hydrogen  dioxide 
solution,  or  in  samples  one  year  old  customarily  stored. 
In  every  ease  where  we  found  furfural  in  samples  of 
anaesthetic  chloroform,  higher  alcohols  were  also 
present,  and  in  these  cases  its  presence  was  to  be 
attributed  to  the  occurrence  of  fusel  oil  in  alcohol  used 
in  the  production;  such  chloroform,  of  course,  gave  a 
marked  reaction  with  sulphuric  acid. 

B.  In  order  to  determine  the  value  of  the  test  with 
formalin-sulphuric  acid,  20  cc.  of  various  anaesthetic 
chloroforms  were  thoroughly  shaken  with  15  cc.  of 
concentrated  sulphuric  acid  and  4  drops  of  formalin,2 
and  then  any  coloration  was  observed.  Only  those 
American  products  were  used  which  gave  a  negative 
or  very  faint  reaction  with  sulphuric  acid  alone;  these 
were  then  compared  with  anaesthetic  chloroforms 
of  German  manufacture. 

The  results  may  be  thus  tabulated: 

American  Products. 





Results. 
Yellowish    brown    color    at    once; 
brown    color     after    standing    5 
minutes. 


Very  faint  color  after  1  minute; 
faint  yellow  color  after  5  min- 
utes. 

Faint  yellow  color  after  1  minute; 
faint  brown  color  after  5  min- 
utes. 


Simple. 

1.  "Chloroform     U.     S.     P."      This 

sample  contained  0.7  cc.  ab- 
solute alcohol  in  100  cc,  and 
conformed  to  all  the  U.  S.  P. 
tests. 

2.  "Purified    chloroform."  This 

sample  contained  0.97  cc.  ab- 
solute alcohol  in  100  cc,  and 
was  of  full   U.  S.   P.  grade. 

3.  "Chloroform    Purified."  This 

sample  contained  0.5  cc.  ab- 
solute alcohol  in  100  cc.  and 
conformed  with  all  the  require- 
ments of  the  U.  S.  P..  except 
that  it  gave  a  faint  coloration 
with  sulphuric  acid  (unpro- 
tected cork  stopper).  This 
chloroform  was  made  from  ace- 
tone. 

4.  "Purified    Chloroform."         This 

sample  contained  0 .  74  cc  ab- 
solute alcohol  in  100  cc,  and 
answered  all  the  U.  S.  P.  tests. 
This  chloroform  was  made 
from   carbon   tetrachloride. 

5.  A  sample  of  anaesthetic  chloro- 

form 21  months  old,  but  of 
full  V.  S.  P.  quality. 

6.  "Chloroform  Pure."       A  sample 

which  contained  0.56  cc.  ab- 
solute alcohol  in  100  cc.  and 
which  was  of  full  U.  S.  P. 
standard. 

7.  "Purified  Chloroform."     A  sam- 

ple of  chloroform  made  from 
acetone,  containing  0-84  cc. 
of  absolute  alcohol  in  100  cc 
and  which  passed  all  the  U. 
S.  P.  tests,  except  that  it  gave 
a  faint  color  with  sulphuric 
acid. 

1  From   ethyl    alcohol    through   chlor-acetal    (Lieben,   Ann.,   104,    114; 
146,    193. 

2  The  formalin  used  dissolved   in  sulphuric  acid  to  form  a  perfectly 
transparent,  colorless  solution. 


Very    faint    after    1    minute;    faint 
yellow   color   after  5    minutes. 


Reddish  yellow  color  after  1  min- 
ute; marked  brown  color  after  5 
minutes. 

No  coloration  after  5  minutes. 


A  very  faint  yellow  color  after  5 
minutes. 


Remits, 
No  coloi  'i  i""    ill"  i   5  mi" 

density         Nn  coloration  after  S  mini 

No  color  after  5  mini] 

Exceedingly     I ;  •  i  1 1 1     color 

minutes 
Very  faint  after   1   minute;  yellow 

color  after  5  minutes. 
No  coloration  after  5   D 

No  color  after  5  minw 


Sample 

I,    "Chloroform      Pictet,"      densitj 

1  .49   .,1    h    I 

2    "Salicylid  Chloroform, 

1  .497  at  15/15°. 

3.  "Chloroform  chem  rein .,"  den 
sitv  1    488  at  15/15°. 

i  "Chloroform  chem.  rein,"  den- 
sity 1  .4887  at  15/15°. 

5.  "Chloroformium     Purissimum," 

density    1.4888    at    15/15°. 

6.  "Chloroform  chem.   rein.,"  den- 

sity  1  .487   at   15/15°. 

7.  "Chloroform  Ph.  G.  IV.,"    den- 

sity 1.489   at    15/15°. 

These  results  show  that  the  test  with  formalin- 
sulphuric  acid  is  indeed  sensitive  and  that  it  will 
serve  to  detect  impurities  not  made  evident  by  sul- 
phuric acid  alone.  We  found  that  pure  chloroform 
as  well  as  pure  anaesthetic  chloroform  gave  no  re- 
sponse, when  ioo  cc.  were  allowed  to  evaporate  un- 
til but  io  cc.  remained,  and  this  residue  was  then 
tested  with  formalin-sulphuric  acid. 

Among  the  substances  detectable  by  means  of 
formalin-sulphuric  acid,  are:  morphine  -(Marquis); 
morphine  derivatives,  such  as  codeine,  heroine,  pero- 
nine,  and  dionine  (Robert);  and  Linke  showed  that 
many  alkaloids,  phenol,  salicylic  acid,  resorcin,  phloro- 
glucin,  benzol,  toluol,  xylol,  and  other  organic  com- 
pounds, give  color  reactions.  Casein,  milk-whey, 
etc.,  give  a  blue  color  with  the  reagent.  We  have  ob- 
served that  samples  of  ethylene  chloride,  carbon  di- 
chloride,  chloracetic  acid,  ethyl  acetate  and  chloral 
hydrate,  supposedly  pure  and  which  afforded  no  color- 
ation with  sulphuric  acid  alone,  gave  a  yellow  color 
.with  formalin-sulphuric  acid.  In  fact,  it  may  be  said 
that  the  reagent  gives  no  distinctive  reactions — it 
cannot  be  employed  for  purposes  of  identification; 
but  we  have  found  that  pure  anaesthetic  chloroform 
gives  no  coloration  with  the  reagent,  and  since  anaes- 
thetic chloroform  should  be  pure,  it  is  of  no  direct 
importance  just  what  the  contamination  is.  We 
have  found  that  it  is  generally  one  or  more  of  the 
higher  alcohols,  however,  and  that  the  greater  sensi- 
tiveness of  the  reagent  over  sulphuric  acid  alone  is 
due  to  the  fact  that  a  reaction  is  had  in  the  absence 
of  •  furfural — that  is,  when  amyl,  propyl  or  butyl 
alcohol  is  present  in  chloroform,  the  presence  of 
furfural  is  unnecessary  to  obtain  a  reaction. 

Samples  of  purified  isopropyl,  propyl,  isoamyl, 
active  amyl,  tertiary  amyl  and  isobutyl  alcohols, 
free  from  detectable  amounts  of  furfural,  and  which 
gave  but  a  pale  yellow  coloration  with  sulphuric 
acid,  afforded  a  red-brown  color  with  formalin-sul- 
phuric acid;  in  fact,  the  deportment  was  strikingly 
similar  to  the  conduct  of  such  compounds  towards 
sulphuric  acid  when  furfural  is  present,  and  showed 
the  presence  of  furfural  is  not  essential  for  a  positive 
response.2 

1  All  of  the  above  anaesthetic  chloroforms  of  German  manufacture 
were  of  full  Ph.  G.  IV.  quality.  It  should  be  remembered,  however,  that 
the  test  with  formalin-sulphuric  acid  was  not  specified  until  the  5th  revi- 
sion of  the  Arzneitmch.  The  comparison  with  the  American  chloroform; 
is  thus  on  a  more  relative  basis. 

2  It  may  be  pointed  out  in  this  connection  that  the  test  with  aniline- 
acetic  acid  is  not  characteristic  of  furfural,  as  is  generally  supposed,  sin 
formaldehyde  also  gives  the  reaction. 
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In  order  to  determine  the  delicacy  of  the  reagent 
as  a  test  for  the  presence  of  higher  alcohols  in  anaes- 
thetic chloroform,  the  following  comparative  experi- 
ments were  made,  the  observations  being  recorded 
immediately  after  mixing: 


Chloroform,  20  c< 

I  alcohol, 
1  :  6000 
Propyl  alcohol, 

1   :   6000 
Isobutyl  alcohol. 

1  :    12,000 
Propyl  alcohol. 

1  :    12,000 
Isobutyl  alcohol, 

1       18,000 

Propyl  alcohol, 
1       18,000 

Isobutyl  alcohol, 
1  :  54,000 

Propyl  alcohol. 
1  :   54,000 


Sulphuric  acid,  15  cc. 


Kaint  coloration 


Very  faint  color 


Exceedingly  faint  colo 


Result  on  adding  4  drops 

of  formalin. 
Yellowish  brown  color. 

Yellowish    brown    color; 
marked  after  5  minutes. 
Dark  yellow. 

Yellow  color;  brownish 
yellow  after  5  minutes. 

Yellow  color  which  be- 
came more  marked  on 
standing. 

Yellow  color. 

Yellow  color. 

Yellow  color,  easily  dis- 
cernible after  5  min- 
utes. 

We  have  found  that  even  the  presence  of  1  part  of 
isobutyl  alcohol  in  600,000  of  anaesthetic  chloroform 
may  be  detected  by  means  of  the  formalin-sulphuric 
acid  test,  and  therefore  conclude  that  this  test  is 
indicative  of  the  mere  presence  of  higher  alcohols 
in  chloroform.  A  sample  of  anaesthetic  chloroform 
complying  with  the  test  as  prescribed  by  the  Dcutsches 
Arzucibucli  is  assuredly  free  from  such  contamina- 
tion, and  the  indication  is  that  it  has  been  thoroughly 
purified,  that  pure  alcohol  is  present,  and  that  there 
is  no  contamination  with  impurities  decomposable 
by  sulphuric  acid  whatsoever — that  is,  the  chloro- 
form has  been  properly  prepared  and  stored.  Gen- 
erally, when  higher  alcohols  are  present  in  anaesthetic 
chloroform,  furfural  is  also  present,  and  therefore 
the  test  with  sulphuric  acid  alone  is  sufficient  to  show 
the  presence  of  likely  impurities  in  any  probable 
amounts;  but  the  formalin-sulphuric  acid  test  is  much 
more  intense  in  such  cases,  and  is  consequently  more 
rapid  and  delicate.  This  is  shown  in  the  above  ex- 
periments, and  it  is  only  necessary  to  mention,  in 
conclusion,  that  when  sulphuric  acid  alone  is  used, 
often  the  time  necessary  for  the  reaction,  if  any  at 
all  is  obtained,  is  four  or  five,  and  sometimes  even 
twelve  hours,  with  a  sample  of  anaesthetic  chloro- 
form which  affords  a  decided  coloration  with  formalin- 
sulphuric  acid  in  five  minutes  as  a  maximum. 

C.  It  has  been  stated1  that  "salicylous  acid"  and 
concentrated  sulphuric  acid  afford  colorations  with 
amy!  and  other  higher  -alcohols;  but  owing  to  the 
;difficulty  in  obtaining  salicylous  acid  (C6H,.OH.COH) 
which  affords  no  intense  red  coloration  with  sulphuric 
acid  alone,  this  test  is  not  to  be  recommended  for  the 
detection  of  such  compounds  in  chloroform.  It  was 
the  authors'  original  intention  to  employ  pure  fur- 
fural and  sulphuric  acid  as  a  test  for  the  presence  of 
higher  alcohols  in  chloroform;  but  this  was  rejected, 
wing  to  the  difficulty  of  obtaining  furfural  which 
!affords  no  coloration  with  sulphuric  acid  itself,  and 
also  because  of  the  satisfactory  delicacy  of  the  formalin- 
sulphuric  acid  test. 

1  Chan.  Ztg.,  34,  470. 


D.  Anaesthetic  chloroform  should  comply  with 
the  following  test: — 

When  20  cc.  of  anaesthetic  chloroform  are  mixed 
with  15  cc.  of  concentrated  sulphuric  acid  in  a  glass- 
stoppered  tube  of  50  cc.  capacity,  which  has  been  pre- 
viously rinsed  with  concentrated  sulphuric  acid,  no 
visible  coloration  should  be  imparted  to  the  mixture 
after  the  addition  of  0.4  cc.  of  a  pure  40  per  cent, 
formaldehyde  solution,  and  then  shaking  throughout  a 
period  of  5  minutes. 

Anaesthetic  chloroform  which  conforms  with  this 
requirement,  may,  when  properly  stored,  be  kept  for 
long  periods  of  time  without  undergoing  oxidation; 
and  we  have  found  that  for  the  production  of  such 
chloroform  it  is  not  necessary  to  resort  to  the  several 
special  patented  processes  of  purification  in  use  by 
certain  European  firms. 

(To  be  continued  in  the  July  No.) 

SOME  DATA  ON  THE  MANUFACTURE  OF  SMOKING  OPIUM 
AND  ITS  CHEMICAL  COMPOSITION.1 

By  A.    li.    Adams  and  James  M.   Doran. 
Received  February  1,  1912. 

Under  the  Federal  laws  in  regard  to  the  manufac- 
ture, sale  and  consumption  of  opium  for  smoking 
purposes,  the  Internal  Revenue  laboratory  has  had 
occasion  during  the  last  two  years  to  do  some  work 
on  smoking  opium.  Finding  practically  no  literature 
on  the  subject,  at  least  on  the  manufacture  of  opium 
for  smoking  purposes  in  the  United  States,  it  is  thought 
that  some  of  the  information  gathered  on  the  subject 
as  a  result  of  the  work  might  be  of  interest. 

Briefly,  smoking  opium  is  an  aqueous  extract  of 
gum  opium  evaporated  to  such  a  consistency  that  it 
may  be  smoked  in  an  opium  pipe;  that  is,  the  con- 
sistency of  thick  molasses.  It  has  the  characteristic 
odor  of  opium. 

The  Federal  law  of  1890  imposed  a  heavy  Internal 
Revenue  tax  on  the  manufacture  of  opium  for  smoking 
purposes,  and  up  to  February,  1909,  prepared  smoking 
opium  could  be  imported  under  heavy  duties.  In 
February,  1909,  Congress  passed  a  law  prohibiting 
the  importation  of  any  opium  for  other  than  medicinal 
purposes,  after  April  1,  1909. 

In  the  year  1908  there  were  imported  into  the 
United  States  147,624  pounds  of  smoking  opium.  To 
supply  this  almost  constant  demand  for  smoking 
opium  in  the  United  States,  there  are  two  avenues 
open;  first,  to  smuggle  in  smoking  opium  already  pre- 
pared in  China  or  other  places  outside  of  the  United 
States,  or,  second,  to  illicitly  manufacture  the  opium 
in  the  United  States,  thus  evading  the  prohibitory 
customs  laws  and  the  Internal  Revenue  laws  relating 
to'  its  manufacture  in  this  country.  It  is  in  connec- 
tion with  the  prosecution  of  the  illicit  manufacturing 
of  smoking  opium  in  the  United  States  that  prac- 
tically all  of  these  data  were  obtained. 

Opium  is  the  exuded  juice  obtained  by  scarifying  the 
partially  ripe  seed-capsule  of  the  variety  of  the  poppy, 
papaver   somniferum.     It    is    gathered    in    a    partially 

1  Published  by  authority  of  the  Commissioner  of  Internal  Revenue. 
Read  before  the  Division  of  Pharmaceutical  Chemistry.  American  Chemical 
Society    Washington  Meeting,  Dec,   1911. 
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dried  gumm)  mass  and  packed  together  in  one  to  four- 
pound  cakes,  which  arc  the  crude  gum  opium  cakes 
oi  ci  immei 

The  black  poppy  is  cultivated  chiefly  in  Asia  Minoi 
•  m  obtained  from  it  is  high  in  contenl  oi   mor 
phine,   making   it   especially   valuable  for  pharmaceu- 
t  ical  purposes, 

The     white     poppy     is    cultivated     in     China,     India. 

Persia  and  Egypt.  The  opium  obtained  from  it  is 
uniformly  low  in  morphine. 

The  Chinese  gum,  likewise  the  Indian  gum,  is  en- 
tirely consumed  locally,  chiefly  in  the  manufacture  of 
smoking  opium. 

Thorpe'  states  that  the  Chinese  recognize  four 
varieties  of  opium,   namely: 

i.  Raw  or  crude  opium  (that  is,  the  crude  gum 
opium). 

2.  Prepared  opium  (or  the  finished  product  for 
smoking). 

3.  Dross  or  pipe  cleanings  (the  ash  remaining  after 
smoking.  This  is  known  among  Chinamen,  at  least 
in  the  United  States,  as  Yen-Shi). 

4.  Opium  dirt,  or  the  exhausted  marc  after  extrac- 
tion of  the  gum  opium. 

The  statement  is  also  made  by  Thorpe  under  the 
authority  of  MeCallum  that  the  Chinese  of  Hong- 
Kong  prepare  smoking  opium  by  extracting  the  gum 
opium  with  water  and  evaporating  the  clear  extract 
to  the  consistency  of  treacle. 

In  this  country,  so  far  as  known,  practically  the 
same  process  is  follow-ed;  the  gum  opium,  broken  in 
small  pieces,  is  extracted  with  boiling  water  in  a  suit- 
able vessel.  This  extract  is  drawn  ofif  through  a 
suitable  strainer,  usually  cheese  cloth,  to  separate  the 
refuse  matter,  poppy  leaves,  crude  fiber,  etc.  In  some 
instances  U.  S.  P.  powdered  opium  has  been  used  by 
placing  it  in  cloth  bags  and  boiling  it  in  water.  In 
either  case  the  clear  extract  is  evaporated  down,  or 
rather  boiled  down,  to  the  consistency  of  thick  molas- 
ses.    It  is  then  ready  for  use. 

In  this  country  there  is  added  to  the  evaporating 
mass,  in  some  cases,  the  water  extract  of  the  Yen- 
Shi,  or  pipe  residue,  and  in  other  cases  the  Yen-Shi  in 
toto.  This  practise  is  claimed  b\T  some  to  add  flavor 
to  the  finished  product,  but  as  the  use  of  Yen-Shi 
or  Yen-Shi  extract  has  not  been  detected  in  smoking 
opium  of  known  Chinese  manufacture,  it  is  fair  to 
assume  that  its  use  in  this  country  is  purely  a  matter 
of  economy  in  the  recovery  of  some  of  the  unconsumed 
opium  in  the  Yen-Shi,  or  possibly  the  familiar  process 
of  adulteration. 

Xo  record  is  shown  of  any  importation  of  Chinese 
gum  into  the  United  States.  All  gum  opium  imported 
and  used  commercially  in  the  United  States  is  the 
product  of  Asia  Minor,  or  Smyrna  gum. 

It  is  evident  that  we  may  assume  that  if  any  gum 
has  been  manufactured  into  smoking  opium  in  the 
United  States  it  was  Smyrna  gum;  consequently  the 
resulting  prepared  smoking  opium  should  be  of  uni- 
formly high  morphine  content. 

1  "Dictionary  of  Applied  Chemistry."  Vol.  3.  p.  72.       See    also    Hart- 
witch.  "Die  Meiischlichen  Genussmittel." 


On    the    1  'i  her    hand,    smoking    opium    pr< 
China  should  be  of  a  uniformly  low  morphii  i    • 
owing  to  its  Bource, 

Oui   analytical  results  showed  this  to  be  the  i 

nese  smoking  opium   is  put  up  for  the  market  in 
small  bronze  boxes  about  3'/,  X  4'/i   X    i'/2 

The    box    is   usually    about    '/a    ll,,1>    ''"'    "'  ' 
the    opium    being    5    tael    or   61/,  ounces.      Win  1 
cans   were   regularly   imported    they     wen-   1 
a  gummed  customs  strip  stamp. 

A    can    of    customs    tax-paid    smoking    opium    with 
stamp   intact  is  valued  at  about    S95.00,     ' 
to  the  fact  that  the  can  may  be  refilled  with  but  little 
chance   of    detection   as   long   as    the   Stamp   h< 
gether,  the  opium  in  the  can  being  in  a  legal  con 
A  can  of  smuggled  opium  is  worth  about  £40. 00. 

A  small  quantity  of.  smoking  opium  wa 
in  the  laboratory  from  Smyrna  gum.  The  weight  of 
the  gum  used  was  5V2  ounces;  the  weight  of  the  smok- 
ing gum  obtained  was  3'/8  ounces.  The  best  informa- 
tion seems  to  be  that  in  the  illicit  manufacture  of 
smoking  opium  in  the  United  States  the  weight  of 
the  finished  is  from  x/j  to  2/.,  that  of  the  raw  material 
used.  At  the  price  of  crude  gum  opium  in  this  coun- 
try the  manufacturing  of  smoking  opium  is  very 
profitable,  due  to  the  high  price  that  habitues  of 
"smoking"   will  pay  to  obtain  their  "hop." 

The  old  U.  S.  P.  extract  of  opium  is  a  product 
similar  in  every  way  to  the  smoking  opium  illicitly 
manufactured  in  the  United  States,  and  it  is  worth 
noting  that  considerable  U.  S.  P.  extract  of  opium, 
made  by  several  large  drug  firms,  has  been  found  and 
has  been  known  to  have  been  used  for  smoking  ii 
many  opium  dens  or  so-called  "hop  joints." 

Several  samples  of  genuine  Chinese  smoking  opium 
have  been  analyzed  in  this  laboratory,  some  being 
samples  smuggled  into  this  country  and  others  im- 
ported before  April  1,  1909. 

The   following   is  a   capitulation   of  the  analyses 
percentages: 


Smuggled 

Regularly  imported 

5  samples. 

13  samples. 

Morphine.   Moisture. 

Ash.     Morphine.   Moisture.     Ash 

Average.  . . . 

...      6  41           18.71 

5  53          7.86          15.50         5  98 

Maximun.  . 

...      7.40          21.55 

6.17          9.59           19.48         6  96 

Minimum.  . 

...      5.30           16  61 

4   66          5.91           11  .64         5  1« 

Of  the  many  samples  of  smoking  opium  illicitly 
manufactured  in  the  United  States  which  were  ex- 
amined in  the  laboratory  the  five  following  are  typical 
analyses: 


Morphine. 

Moisture. 

Ash. 

Per  cent. 

Per  cent. 

Per  cent 

17   49 

17.06 

9  43 

14.37 

10  51 

10.48 

18.47 

21.96 

16.98 

20.68 

4  61 

16  53 

17.67 

manufactured 

in     Den 

These     samples     were 
New  York  City,  Pittsburgh,  Terre  Haute,  and  Buffalo, 
respectively. 

An  aqueous  extract  of  Yen-Shi  was  made  in  the 
laboratory  and  it  was  attempted  to  evaporate  it  down 
to  the  consistency  of  smoking  opium.  It  became  h 
and  brittle  w-hen  the  moisture  content  was  about  t 
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me  as  that  of  smoking  opium.  It  is  evident  that 
tisfactory  smoking  opium  cannot  be  made  from 
:n-Shi  exclusively,  due  largely  to  the  lack  of  the 
>inous  and  gummy  matters  that  give  to  smoking 
ium  its  proper  consistency. 

The  extract  of  Yen-Shi  is  uniformly  high  in  ash,  in 
e  above-mentioned  instance  being   19.00    per  cent. 

appears  that  the  ash  of  opium  is  largely  water 
luble,  and  a  high  ash  content  of  a  prepared  smoking 
ium  is  a  rather  useful  indication  of  the  use  of  Yen- 
i  extract. 

Yen-Shi  and  Yen-Shi  extract  has  a  distinctive  and 
culiar  odor.  The  recognition  of  this  odor  in  the 
ished  product  is  a  valuable  indication  of  the  use  of 
>n-Shi. 

The  process  of  smoking  opium  is  substantially  as 
Hows : 

A  small  mass  of  the  material  about  the  size  of  a  pea 
taken  up  on  a  "dipper"  or  a  small  metal  rod,  known 

a  Yen-Hook.  This  lump  is  dexterously  rotated 
the  flame  of  a  small  lamp,  usually  a  peanut  oil  lamp, 
itil  the  excessive  moisture  is  driven  off  and  the  mass 
partly  incinerated,  or  until  the  "pill  is  cooked." 
It  is  then  placed  in  the  bowl  of  the  opium  pipe  and 
Id  just  over  the  flame  of  the  lamp,  and  the  smoke 
>m  the  "pill"  inhaled.  The  preparations  for  smok- 
l»  occupy  10  to  15  minutes,  the  actual  operation  of 
loking  about  30  seconds. 

Xo  attempt  is  made  in  this  paper  to  give  an  exhaus- 
.'e  analysis  of  smoking  opium,  which  is  the  same  in 
I  essentials  as  gum  opium  and  its  products,  on  which 
ere  is  already  a  mass  of  literature. 
Further  work  is  being  done  in  this  laboratory  on 
e  composition  of  Yen-Shi  and  Yen-Shi  extract,  the 
ianges  that  take  place  in  the  smoking  process  and 
i   quantitative    composition,    with    special    reference 

its  detection  in  finished  smoking  opium. 

Laboratory,  Bureau  of  Internal  Revenue, 
Washington.  D.  C. 


THE  COMPOSITION  OF  THE  PACIFIC  KELPS.1 

By  J.  W.   Turrentine. 
Received  Feb.  20,  1912. 

Originally  the  word  "kelp"  meant  the  ashes  of  sea 
a  product  which  was  lixiviated  for  the  ex- 
iction  of  alkali  salts  and  iodine.  Its  preparation 
nstituted  an  important  industry  in  Scotland  and 
eland  during  the  first  half  of  the  nineteenth  cen- 
ry.  The  term  then  came  to  be  applied  to  the  plants 
bm  which  these  ashes  were  prepared;  and  at  pres- 
t  it  is  used  by  many  to  designate  all  large,  dark 
lured  sea  weeds.  The  most  definite  sense  in  which 
|e  word  is  used  includes  all  plants  belonging  to  one 

the  families  of  the  brown  sea  weeds,  the  Lamina- 
iceae.  Members  of  this  family  are  found  on  both 
je  Atlantic  and  Pacific  littoral,  but  certain  ones  are 
culiar  to  the  Pacific.  The  most  important,  from  an 
•gnomic   standpoint,    because    of   their   size    and   re- 

irkable  content  of  potassium  salts,  are  the  giant 
*lps.  While  the  various  varieties  may  grow  from 
10  to  twelve  feet  in  height,  the  giant  kelps  are  found 

Published  by  permission  of  the  Secretary  of  Agriculture. 


from   thirty   to   two  hundred  feet  in   length  and    have 
been  observed  as  long  as  fifteen  hundred  feet. 

Comparatively  little  is  known  concerning  the  com- 
position of  kelps,  especially  the  Pacific  kelps.  The 
non-volatile  residues  of  the  incinerated  plant  can  be 
analyzed  easily,  but  to  determine  the  relationships 
and  the  combinations  existing  between  the  so-called 
inorganic  and  the  organic  constituents  of  the  live 
plant  is  not  a  simple  matter. 

The  composition  of  the  Pacific  kelps  has  been 
studied  by  Mr.  David  M.  Balch,  of  Coronado  Beach, 
Cal.,  the  pioneer  investigator  of  these  kelps,  whose 
interesting  article  on  that  subject  appeared  in  This 
Journal.1  He  has  analyzed  the  giant  kelps  of  the 
northern  and  southern  Pacific  coast  of  the  United 
States,  the  Nereocystis  luetkeana,  and  the  Macrocys- 
tis  pyrifera  and  Pelagofhyctis  porra.  Within  the 
last  few  days  he  has  submitted  to  this  Bureau  analy- 
ses of  various  other  genuses  from  the  Puget  Sound 
region. 

Samples. — Specimens  of  various  kelps,  80  in  all, 
were  collected  for  analysis  from  certain  points  of 
Alaska  by  Mr.  E.  C.  Johnston,  of  the  "Albatross;" 
from  Puget  Sound  (San  Juan  Co.),  Wash.,  by  Prof. 
G.  B.  Rigg,  of  the  University  of  Washington;  from 
the  region  of  Monterey  Bay,  Cal.,  by  Prof.  F.  M. 
MacFarland,  of  the  Leland  Stanford,  Jr.,  University; 
and  from  the  vicinity  of  San  Diego,  Cal.,  by  Captain 
W.  C.  Crandall,  of  the  La  Jolla  Marine  Biological 
Station.  These  embraced  about  thirty  different  varie- 
ties of  kelps  and  included  specimens  of  the  same  varie- 
ties from  different  localities,  of  the  same  variety  at 
different  ages,  and  of  different  parts  of  the  same 
plant.  Those  from  Alaska  were  mostly  of  the  smaller 
varieties  and  were  made  up  of  the  entire  plant ;  those  from 
Puget  Sound  represented  various  varieties,  large  and 
small,  and  consisted  of  the  entire  plant  or  of  special 
parts  of  the  plants,  cut  into  small  pieces  and  trans-  ■ 
mitted  in  the  dry  state,  in  glass  jars;  the  same  state- 
ments apply  also  to  those  from  Monterey  Bay.  Spec- 
imens from  San  Diego  consisted  of  part  of  the  two 
kelps.  Macrocystis  and  Pelagophycus.  They  were 
partially  dried  and  put  in  canvas  sample  sacks  for 
transmittal.  Further  drying  took  place  in  transit 
and  in  the  laboratory,  as  a  result  of  which  the  speci- 
mens were  in  the  form  of  hard  and  compact  masses, 
or  balls. 

In  sampling,  particular  care  was  taken  to  distrib- 
ute throughout  the  whole  sample  the  salts  which 
had  crystallized  on  the  surface  of  the  plants  in  dry- 
ing and  had  subsequently  fallen  oft".  In  some  in- 
stances it  was  found  more  expedient  to  grind  the  en- 
tire specimen,  thus  obviating  an  arbitrary  distribu- 
tion of  the  effloresced  salts. 

Drying  and  Grinding. — The  samples  chosen  were 
dried,  at  1030  C,  for  at  least  seven  hours.  They  were 
then  ground  in  an  iron  mortar.  If  hard  and  woody, 
they  were  ground  finally  to  extreme  fineness  in  a  ball 
mill,  while,  if  thin  and  papery,  they  were  ground  with 
ease  in  the  mortar  to  the  desired  fineness. — to  pass  a 
sieve  of  sixteen  apertures  per  linear  inch. 

1  Balch.  This  Journal.  1,  777    (1909). 
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Method  o)  Analysis.  The  method  oi  analysis  here 
described,  while  possiblj  fault)  in  some  particulars, 
was  adopted  because  of  the  speed  with  which  analy- 
ses would  be  made  thereby.  Samples  of  0.5  g.  or 
thereabouts,  were  weighed  directly  into  tared  plat- 
inum crucibles.  The  crucibles  were  then  placed  on 
an  asbestos  covered  gauze  and  heated  to  a  tempera- 
ture below  dull  redness,  when  destructive  distilla- 
tion took  place.  'The  gases  evolved  at  the  mouths 
lie  crucibles  were  ignited.  On  the  disappearance 
of  the  flame  the  material  was  thoroughly  stirred, 
with  further  heating,  until  all  tarry  matter  had  b 
driven  off.  Charcoal  remained,  black  or  gray  in  color, 
and  in  the  form  of  a  loose  powder,  if  the  temperature 
had  no1  been  carried  too  high.  The  char  was  trans- 
ferred to  a  200  cc.  beaker  containing  50  cc.  water. 
the  beaker  was  covered  and  the  solution  evaporated  to 
less  than  25  cc.  The  resulting  solution  was  filtered 
free  of  solid  matter  (the  filtrate  being  caught  in  a 
platinum  dish),  the  char  washed  by  decantation 
with  hot  water,  then  transferred  to  the  filter  and 
further  washed.  To  the  filtrate  was  added  a  small 
volume  of  ammonium  carbonate  solution  to  precipi- 
tate calcium  carbonate,  and  it  was  then  evaporated 
to  dryness  on  a  steam  bath.  Ammonium  salts  were  ex- 
pelled by  heating  for  an  instant  to  dull  redness.  The 
residue  was  taken  up  with  water  and  the  resulting 
solution  filtered  into  tared  platinum  dishes;  hydro- 
chloric acid  was  added,  the  solution  evaporated  to 
dryness  on  a  steam  bath,  the  dishes  and  their  con- 
tents were  heated  again  for  an  instant  to  dull  redness 
and  cooled  in  a  desiccator.  The  weights  of  the  solids 
were  taken  as  soluble  salts. 

This  procedure  was  adopted  in  order  that  the  salts 
obtained  might  represent  as  closely  as  possible  the 
actual  content  of  soluble  salts  of  the  charred  kelp. 
To  have  converted  them  into  sulfates  by  the  addi- 
tion of  sulfuric  acid  to  the  lixiviate  would  have  les- 
sened the  liability  of  loss  of  potassium  salts  through 
volatilization,  but  would  have  changed  materially 
the  weight  of  the  soluble  salts.  Where  no  value  is 
attached  to  knowledge  of  the  total  content  of  soluble 
salts,  or  when  one  is  content  to  calculate  the  total 
soluble  salts  from  a  determination  of  the  potassium, 
sodium,  chlorine  and  sulfate,  the  latter  procedure  is 
to  be  recommended. 

The  soluble  salts  were  dissolved  in  water,  the  solu- 
tions transferred  to  graduated  flasks  and  diluted  to 
50  cc.  Portions  of  this,  10  cc.  in  volume,  were  subse- 
quently analyzed  for  potassium  by  the  chlorplatinic 
acid  method. 

The  residue  of  charcoal  left  on  the  filter  after  the 
final  filtration,  together  with  the  precipitate  caught 
by  the  second  filtration,  was  ignited  to  whiteness. 
The  weight  was  recorded  as  ash. 

The  sum  of  the  weights  of  the  soluble  salts  and  of 
the  ash  when  subtracted  from  the  weight  of  the  sam- 
ple gives  a  value  which  represents  the  matter  which 
has  been  volatilized.  The  value  is  recorded  as  organic 
matter. 

For  the  determination  of  iodine,  two-gram  samples 
were   charred   and   lixiviated   in   the   manner  already 


described       Iodine    was    determined    in    this    sol 

daj)       ic  • » 

Itered  solution  was  transferred    to  a 
funnel  of  -'50  cc.  capacity,  containing  10  cm     ol 
tion  "i  sulfuric  acid  (1  cc.  cone.    H,SO,:  9  cc,    1 1  0 
10-15    cc.    carbon    tetrachloride.      The    solutioi 
titrated   with  a    solution    of    potassium    pern     ■ 
previously  standardized  against  pure  potassium 
the    manipulation    during    the    standardizati 
identical   with    that  employed    in    the   actual  an 
Fmm  the   solution   undergoing    titration   the   lib 
iodine  was  removed  as  fast  as  formed  by  shakin 
the  carbon   tetrachloride.      Persistence  in    the    51 
of    the  pink  color  of  the   permanganate  was    ta 
the  end  point. 

It    should   be   pointed  out  that    the    iodide  so 
titrated    by    permanganate    must   be   free   from   other 
substances    liable    to    oxidation    under    the    conditions 
observed.     In   the   ignition   of   kelps   the   sulfur  pres- 
ent is  liable  to  appear  as  sulfide  if  the  ignition  be  car- 
ried on  at  too  high  a  temperature  and    in  an  : 
phere  depleted  of  oxygen.     Such  a  result  has  not  been  j 
observed,    however,    as    coming    from    the    distillation 
of  kelp,  and  it  is  believed  that  when  the.disti 
'has  been  conducted  in  an  open  crucible  and  with  thor- 1 
ough   stirring,    the   absence   of  other  reducing  agents 
(than  iodides),  both  organic  and  inorganic,  is  assured.; 
This  belief  was  borne  out  in  the  analysis  by  the  fact; 
that  the  first  drop  of  permanganate  liberated  iodine, 
distinctly  visible  in  the  solution,  and  with  the  com- 
plete  setting  free  of  the  iodine,  the  next  drop  or  twoj 
gave    the    end    point.     Whether    the    above    manner' 
of  preparing  the  solution  for  titration  insured  the  com-; 
plete  recovery  of  all  the  iodine  is  not  known.     The  de- 
termination of  iodine  in  organic  matter  by  the  Carius 
method  was  too  difficult,  considering  the  large  num- 
ber  of    kelp    samples    analyzed.     In    the    distillation, 
some  iodine  may  have  been  lost  through  the  oxida- 
tion  of   the   iodide.     Information   on   this  point  wilt 
have  to  be  acquired  through  experimentation  rather 
than  conjecture. 

In  order  to  determine  whether  iodides  remained  in 
the  char  in  recoverable  amounts,  the  char  was  ignited 
to  whiteness  and  the  solution  of  the  resulting 
trated;  only  negative  results  were  obtained. 

Mr.  T.  C.  Trescott,  of  the  Bureau  of  Chemistry 
was  so  kind  as  to  determine  the  nitrogen  content  01 
the  various  kelps.  The  analyses  were  made  of  tht 
oven-dried  samples  by  the  Kjeldahl  method. 

DISCUSSION'   OF  TABLE  OF  RESULTS. 

In  the  second  column  are  given  the  serial  number: 
of  the  kelp  samples  examined.  There  are  four  serie 
consisting  of  four  collections  of  samples  secured  dur 
ing  the  summer  of  191 1;  they  are  designated  by  th< 
initial  letter  of  the  name  of  the  collector — as,  R 
Rigg;  M:  Macfarland;  and  J:  Johnston,  with  the  ex 
ception  of  the  Crandall  collection,  which  is  designatei 
by  the  letter  S  (Station). 

In   the   fourth   column   are   indicated   the  location 
from    which    the    samples    were    taken.      In    many 
tances   the   locus   is  given   with    precision.      Crandal 

1  J.  Am.  Chem.  Soc.  32,  1193  (,1910). 


Serial 
No. 
R     1 


R  10 

R  21 

R  12 

R  13 

R  14 

R  IS 

R  16 

R  17 

R  18 

R  19 

R20 

R21 

R  22 

R  23 

R  24 

R  25 

R  26 

R  27 

R  28 

R  29 

R30 

R  32 

J      1 

J     2 

J     3 

J      6 

M  9 

M  Hi 

M  11 

M  12 

M  13 

M  14 

S  1 

S  2 

S  3 

S  4 

S  S 

S  5  . 

S  6 

S  7 

S     9 
S     9. 
S   10 
S   li 

S    12 
S    13 


Name  of  kelp. 
Nereocystis  luetkeana 
Laxninaria  bullata 
Agarum  Bmbriatum 
Laminaria  bullata 
Nereocystis  luetkeana 
Laminaria  saccharina 
Alaria  valida 
Nereocystis  luetkeana 
Desmarestia  ligulata,  herbacea 
Laminaria  bullata 

Laminaria    saccharina 
Pleurophycus   gardneri 
Fncus  evanescens 
Egregia    menziesii 
Costaria  turncri 
Agarum  limbriatum 
Desmarestia  ligulata,  herbacea 
Cymathaere  triplicata 
Laminaria  saccharina 
Nereocystis  luetkeana 
Fucus  evanescens 
Cymathaere  triplicata 
Pleurophycus  gardneri 
Egregia  menziesii 
Postelsia  palmaeformis 
Macrocystis  pyrifera 

Pterygophora  californica 
Postelsia  palmaeformis 
Rhodymenia  palmata  linearis 
Fucus      evanescens      macro- 

cephalus 
F'ucus.  evanescens.  ag.  forma 
Alaria  (lanceolata  ?) 


Macrocystis  pyrifera 

Cystophyllum  geminatum 

Alaria  lanceolata 
Halosaccion  glandiformis 
Pastelsia  palmaeformis 
Macrocystis  pyrifera 
Egregia  menziesii 
Macrocystis  pyrifera 
Fucus  furcatus 
Postelsia  palmaeformis 
Gigartina  radula 
Fucus  evanescens 
Nereocystis  luetkeana 
Dictoncuron  californicum 
Costaria  turneri 
Nereocystis  luetkeana 
Gigantina  spinosa 
Laminaria  andersonii 
Macrocystis  pyrifera 


Pelagophycus  porra 
Macrocystis  pyrifera 


14 
15 
16 

16  A 
17 

17  A 
17  U 
17  C 
17  CX 
18 

19 


Pelagophycus  porra 


Macrocystis  pyrifera 


Taule  I. 

Location. 

Descrip- 
tion of 
sample. 

Nitro-  Soluble 

Potash  Iodine    gen    salts  i  Na 

(K20).    (I).      (NT).    KC1SO.I 

Sodiun 
salts 
esti- 
mated 

Ash  of 
lixivi- 
Organic  ated 
matter,   plant.  KCI. 

San  Juan  Co.,  Wash, 

Stipe 

25.7 

0.08 

1.29 

55  9 

15.3 

41.8 

2.3 

40.6, 

" 

15.9 

0  41 

1    99 

36  8 

116 

57.4 

5.8 

25.2 

12.2 

0.12 

1  .99 

28   7 

9.4 

60  3 

11    0 

19.3 

10.4 

0.29 

1  .90 

25.0 

8.6 

60.4 

14.6 

16  4 

Fronds 

13   3 

0.15 

2.52 

35.0 

14    0 

61.5 

3.5 

21.0 

16  9 

0.41 

1.66 

35.6 

8  9 

47.0 

17.4 

26.7 

9.2 

0.08 

1.94 

26.4 

119 

66.9 

6.7 

14.5 

" 

Fronds 

23.0 

0.17 

1.35 

51.3 

14.9 

46.2 

2.5 

36.4 

13.5 

0.12 

1.73 

41.9 

20.6 

48.3 

9.8 

21.3 

11.0 

0.35 

1.95 

26.4 

9.0 

64.0 

9  6 

17.4 

16.4 

0.41 

2.01 

37.9 

12.0 

56.4 

5.7 

25.9 

17.8 

0  53 

1.76 

38.4 

10.3 

50.3 

113 

28.1 

6.9 

0.12 

1  .93 

26.5 

15.6 

34.7 

8.2 

10.9 

3.1 

0.06 

1  .66 

20.1 

15.1 

75.3 

4.1 

4.9 

13.3 

0.08 

2.35 

30.4 

9.4 

61.2 

8.4 

21.0 

" 

17.0 

trace 

39.1 

12.2 

54.6 

6.3 

26.9 

12.4 

0.07 

1.95 

29.5 

9.9 

60.2 

10.3 

19.6 

" 

6.2 

0  06 

2.25 

24.3 

14.5 

69.7 

6.0 

9.8 

" 

13.4 

0.06 

1.40 

32.0 

1 1.0 

58.3 

9.7 

21.0 

16.4 

trace 

1.76 

36.3 

10.4 

50.4 

13.3 

25.9 

Fronds 

16.2 

0.15 

2.32 

40.4 

14.8 

55.3 

4.3 

25.6 

3.1 

none 

1.59 

19.0 

14.1 

77.0 

4.0 

4.9 

13.8 

trace 

1  .56 

34.6 

12.8 

59.7 

5.7 

21.8 

7.3 

0.12 

1.85 

27.0 

15.5 

65.0 

8.0 

11.5 

10.3 

0.07 

2.49 

32.1 

15.8 

60.3 

7.6 

16.3 

Neah  Bay.  Wash. 

Fronds 

13.9 

0.15 

1.83 

29.9 

7.9 

64.4 

5.7 

22.0 

19.6 

0.20 

1  .81 

32.5 

1.5 

51.5 

16.0 

31.0 

14.0 

0.22 

2.18 

30.4 

7.3 

49.6 

19.2 

22.1 

Stipe 

0.37 

-    14.8 

14.2 

5.2 

0.59 

20.0 

0.17 

1.01 

41.1 

9.5 

54.9 

4.0 

31.6 

Yakutat.  Yakutat  Bay 

Ala.  Entire  plant 

2.8 

none 

7.2 

2.8 

91.0 

1.8 

4.4 

Sitka.  Baranof  Island, 

Alaska 

" 

2.7 

none 

16.3 

12.0 

81.1 

2.6 

4.3 

Sitka.  Baranof  Island, 

Alaska    " 

2.9 

0) 

13.9 

9.3 

82.7 

3.4 

4.6 

Biorka  Island.  Sym- 

onds  Bay,  Alaska 
Biorka  Island,  Sym- 

onds  Bay,  Alaska 
Biorka  Island,  Sym- 

onds  Bay,  Alaska 
Sitka.  Baranof  Island,  Alaska 
Sitka,  Baranof  Island,  Alaska 
Montara  Point,  Cal. 
Monterey  Bay,  Cal. 
Point  Pinos,  Cal. 
Off  Point  Aulon,  Cal. 
Point  Alones,  Cal. 
Montara  Point,  Cal. 
Monterey  Bay,  Cal. 
Point  Alones,  Cal. 
Point  Pinos,  Cal. 
Point  Pinos,  Cal. 
Point  Alones,  Cal. 
Off  Point  Pinos.  Cal. 
Monterey  Bay,  Cal. 
Near  Point  Pinos,  Cal. 
Station  1 
Station  2 
Station  3 
Station  4 
Station  5 

Station  6 
Station  7 
•Statu. n  8 
Station  9 

Station  10 
Station  1  1 
Station  12 
Station  13 
Station  14 
Station  1  5 
Station  16 

.Station  17 


Portion  of  plant       3.0     0.12 


3.1      0.23      1.96 


20.3      70.6       4.2 


Stipes  and  float 
Stipes  and  fronds 


Young  plant 
Leaves 

Bulbs 
Stems 
Stems  and  leave 


Station   IS 
Station   19 


S   20  A 

Faint  trace. 


Pelagophycus  porra 


7.3 

0.26 

1.95 

27.0 

15.5 

64.7 

8.3 

11.5 

3.4 

trace 

13.5 

8.1 

79.4 

7.1 

5.4 

6.5 

trace 

24.1 

13  8 

70.1 

5.8 

10.3 

22.8 

0.09 

0.94 

44.5 

8.5 

52.3 

3.2 

36.0 

18.3 

0.26 

2.32 

35.7 

6.8 

57.0 

7.3 

28.9 

11.9 

0.12 

2.25 

27.7 

8.9 

65.6 

6.7 

18.8 

23.0 

0.32 

1.83 

48.3 

7.0 

51.2 

5.5 

36.3 

4.9 

trace 

1   42 

22.5 

14.8 

73.2 

4.3 

7.7 

9.7 

0.15 

1.40 

29.7 

14.4 

66.0 

4.3 

15.3 

3.9 

trace 

2.18 

24.5 

18.3 

72.1 

3.4 

6.2 

5.6 

0.13 

1.53 

20.5 

11.7 

75.1 

4  4 

8.8 

19.4 

0.12 

1  .70 

42.8 

12.1 

53.1 

4.1 

30.7 

15.3 

0.09 

2.11 

33.1 

8.9 

60.0 

6.9 

24.2 

14.4 

trace 

2.10 

30.5 

7.7 

61.0 

8.5 

22.8 

26.1 

0.15 

1.12 

55.5 

14.3 

40  6 

3.9 

41.2 

9.2 

trace 

1  .84 

25.9 

14.3 

70.5 

3.6 

14.5 

6.3 

0.6 

1  .77 

19.4 

9  4 

45.8 

4.8 

10.0 

15.7 

0.15 

0.90 

35  0 

10.1 

60.9 

4.1 

24.9 

13.4 

0.23 

0.74 

31.2 

10.0 

62.9 

5.9 

21.2 

13.4 

0.29 

1.17 

29.3 

8.1 

66.7 

4.0 

21.2 

13.6 

0.38 

1  .04 

30.6 

8.2 

64.4 

5.0 

21.4 

12.1 

0.27 

1    10 

29.6 

10.5 

65.5 

4.9 

19.1 

12.5 

0.24 

0  81 

28.8 

9.0 

67.3 

3.9 

19.8 

13.7 

0.29 

0.95 

30.2 

8.5 

63.7 

6.1 

21.7 

12.3 

0.2 

0.98 

28.9 

9.5 

66.2 

4.9 

19.4 

12.1 

0.17 

1.56 

29.0 

9.9 

61  .8 

9.2 

19.1 

12.9 

0.17 

0.83 

28.5 

8.1 

64.8 

6.7 

20.4 

9.8 

0.32 

0.9 

312 

15.7 

65.1 

4.7 

15.5 

16.7 

0.17 

0.995 

36.6 

10.2 

56.7 

6.7 

26.4 

14.1 

0.29 

0.898 

32.2 

9. 

63.5 

4.3 

22.3 

16.9 

0.26 

1.35 

.36.3 

9.6 

58.3 

5.4 

26.7 

12.6 

0.26 

0  95 

30.4 

10.5 

64.4 

5.2 

19.6 

17.4 

0.32 

1  .57 

44.1 

lo  6 

49.4 

6.5 

27.5 

17  4 

0.26 

1.09 

39.0 

11.5 

55.7 

5.3 

27.5 

16.4 

0.29 

1.54 

41    2 

15.3 

50  6 

8.1 

25.9 

8    4 

0.41 

1    01 

22.1 

8.8 

71    7 

6.2 

13.3 

19.5 

0.5 

1    01 

41    0 

10.2 

52    4 

6.6 

30.8 

15.6 

0.27 

1  .63 

37.38 

12.8 

56.2 

6.4 

24.6 

29  9 

0.35 

0.53 

60.6 

13.1 

36.4 

3.0 

47    5 

18.7 

0.3,8 

1.24 

40.3 

10    7 

54.4 

5.3 

29.6 

12.4 

0.38 

1    04 

28.3 

8.7 

64.8 

6.9 

19.6 

10   6 

0.19 
0  41 

0.53 

28.6 

11    9 

61.3 

10.  1 

lo    7 

7.2 

0.32 

(1    s< 

19.2 

7    7 

76.3 

4   5 

11.5 

0.38 

0.62 

27.95 

67.0 

5.  1 

22  4 

0  41 

0.69 

4',   8 

12.4 

48.4 

•4.8 

34.4 

13  i 
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has  marked  as  Stations  the  points  from  which  his  sam- 
ples were  collected,  and  has  "placed"  each  station 
in  degrees,  minutes  and  seconds,  as  follows: 


Si 

ition     1 

i  in  Pt  Lama 

i.'          !■>        ..I 

117'    1.. 

>. 

(  hi  Bird  Rock 

.12°  45'     6" 

117°  17' 

3. 

I. a  folia 

32°  51'  30" 
117°  16'     6" 

4. 

San    luall 

33°  27' 
117°  43'     (." 

5. 

l't   Fermin. 

33°  43'  12" 
118°  21'  30" 

"           6. 

Malaga  Cove 

33°  48' 36" 
118°  24'  26" 

7. 

Bet.  Pt.  Gorda  &  Las  Pitas 

34°  14'  20" 
119°  15' 

8. 

Summerland 

34°  24'  15" 
119°  35'  45" 

9. 

Santa  Barbara,  outside  edge.. 

\    |     34°  24' 

9a. 

Santa  Barbara,  inside  edge.  .  . 

1    \  1 19°  40'  36" 

10. 

St.  Naples                     

34°  25'  12" 
119°  56'  45" 

11. 

C.  Quemada 

34°  27' 24" 

120°     7' 

12. 

Little  Caxo 

34°  26'  15" 

120°  24'  30" 

13. 

Anacopa.   Wreck  of  \V.  Scott 

34°  0'  55" 
119°  23'  22" 

14. 

Santa  Cruz.  Gull  Is 

33°  56'  30" 

119°  49'  15" 

15. 

San  Miguel,  Cuyler  Cove 

34°  3'  10" 
120°  21' 

16. 

Tylers  night,  San  Miguel 

34°  0'  33" 
120°  24'  15" 

16a. 

Johnstons  Lee,  Santa  Rosa   . 

33°  53'  45" 
126°     0'     0" 

17. 

St.  Nicholas 

33°  16'  50" 
119°     1'     6" 

17a. 

St    Nicholas  Is 

33°  16'  50" 

119°  37'  45" 

18. 

Santa  Barbara  Is    

33°  28'     6" 

119°     1'     6" 

19. 

Clemente.  West  side 

32°  57'     9" 

118°  35'  12" 

20. 

Clemente.  Smugglers  Cove  .  . .  . 

32°  48'  12" 
118°  23' 

Where  no  statement  is  made  concerning  the  nature 
of  the  sample  it  should  be  understood  that  it  was  com- 
posed of  the  leafy  parts  of  a  large  variety,  or  the  en- 
tire plant,  of  a  young,  smaller  kelp.  Thus  the  sam- 
ples of  the  southern  Macrocystis  consisted,  in  prac- 
tically every  instance,  of  branches,  bearing  fronds 
and  floats. 

The  soluble  salts,  given  in  the  ninth  column,  repre- 
sent the  weights  of  the  combined  sodium  and  potas- 
sium sulfates  and  chlorides  and  the  soluble  magne- 
sium salts.  The  solution  from  which  these  had 
been  precipitated  had  been  treated  with  ammonium 
carbonate  and  were  probably  free  from  calcium  salts. 

In  the  test  analyses  it  was  found  that  there  were 
but  negligible  amounts  of  both  calcium  and  magnesium 
salts  in  the  solution  obtained  on  lixiviating  the  charred 
kelp.  Whether  it  is  safe  to  conclude  that  the  lix- 
iviate from  the  char  of  every  kelp  is  so  free  from  cal- 
cium and  magnesium  salts  is  an  open  question.  It 
is  the  writer's  opinion  that  the  question  is  answera- 
ble in  the  affirmative.  In  very  rare  cases  did  the  ad- 
dition of  ammonium  carbonate  to  the  lixiviate  pro- 
duce any  precipitation  of  calcium  carbonate;  this 
shows  a  constant  freedom  from  calcium  salts  and  may 
be  taken,  by  analogy,  as  an  indication  of  a  similar 
absence  of  magnesium  salts. 

In    the    tenth    column    the    estimated    sodium    salts 


.  i  orded.     These   values  are   mere  est  imati     and 
most     probably     an     inaccurate      They   an'   obtained 
by   subtracting   the   percentage   ol    potassium  . 
from   the  pereem  luble  salts;  wen    both 

sium   and   sodium    present    as  chloride  alone  in    I 

enci  ot  magnesium,  these  values  would 
curate.  It  has  been  shown  that  sulphates  are  | 
in  variable  amounts.  To  calculate  the  p.,' 
to  chloride  when  it  is  present  wholly  or  in  part 
fate,  throws  the  entire  error  thereby  intr 
upon  the  sodium,  making  it  appear  disproportii 
large, 

When    the    average    potassium    chloride 
the  twenty-nine  samples  of  the  northern  kelp 
Puget  Sound)   is  compared  with  that  of  the  twenty- 
seven  samples  of  the  southern  (from  the  region 
Diego),    the    respective   values   being    21.3    per  cent 
and  23.4  per  cent.,  it  appears  that  the  content  of  the 
southern  plants  exceeds  that  of  the  northern.     It   i 
seen,    however,    that    the    northern    collection    com- 
prises numerous  varieties  not   included  in   the  south- 
ern.     Choosing  the  four  varieties  in  the  northern  collec- 
tion which  occur  in  the  greatest  quantities  (the  g< 
Nereocystis,  Macrocystis,  Postelsia,  and  Egregia 
specimens),  the  average  KC1  content  is  25.7  per  cent 
Drawing  the  comparison  still  closer  and  comparing  the 
two  genuses  of  the  North  considered  as  a  commercial 
source  of   potash,    Nereocystis  and   Macrocystis.  with 
the   two  of   the   south   likewise  so   considered,   .Man-. 
cystis  and  Pelagophycus,  the  average  content  of  the 
former  (six  specimens)  is  29.4  per  cent.  KC1,  a  valut 
considerably  in  excess  of  that  obtained  for  the 
ern  varieties   (23.4  per  cent.).     The  average  content 
of    the    two    specimens    of    Macrocystis    from 
Sound  is  26.5  per  cent.;  that  of  the  twenty-two  speci- 
mens  from  the  South  is   21.6  per  cent.      It  is  hardly 
just  to  draw  conclusions  from  the  last  comparison;  but 
considered  as  a  whole,  indications  are  that  the  north- 
ern kelps  are  richer  in  KC1  than  the  southern. 

The  average  iodine  content  of  the  thirty  spei 
from  Puget  Sound  is  o.  155  per  cent,  and  of  the  foui 
main  varieties  (ten  specimens)  is  0.14  per  cent.  Thi 
average  of  six  specimens  of  the  two  giant  kelps,  the 
Nereocystis  and  the  Macrocystis,  is  0.16  per  cent 
The  average  percentage  content  of  the  southon 
kelps  is  0.29,  a  value  nearly  twice  that  from  tht 
northern  kelps.  From  these  figures  it  appeal 
to  conclude  that  the  northern  kelps  are  richer  in  pot 
ash  but  poorer  in  iodine  than  the  southern  kelps. 

The  average   KC1  and   I   content  of  the  three  giant 
kelps  as  derived  from  the  table  are: 


Percentage  KC1.  I. 

Nereocystis 32.6  (av.  of  6)  0.14  (av.  of« 

Macrocystis 22.2  (av.  of  27)  0.27  (a> 

Pelagophycus 31 .3  (av.  of  5)  0.36  (a 

In    addition    to    the    variations    in    composition   be 
tween  the  varieties  of  kelps  it  will  be  noted  tha 
is  a  marked  variation  between  members  of  th« 
oenus    from  .  different    localities    and    from    the    sann 
locality.      There    is   also   a   variation   strikingly  shout 
in    the    case    of    Pelagophycus    (Nos.    72,    73    and    74 
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etween  the  different  parts  of  a  single  plant.     These 
iffercnces  have  been  pointed  out  by  Balch.1 

•horns. — Phosphorus  was  determined  by  the 
Fficial  method  proposed  for  the  determination  of 
lat  clement  in  organic  substances.  The  results  ob- 
tined  are  <;iven  in  the  following  table: 

Table  II. — Analyses  by  J.  A.  Cullen. 


Serial 

l',o-,. 

No. 

Name  of  Kelp. 

Location. 

Per  cent 

R      1 

Nereocystis  luetkeana 

San  Juan  Co.,  Wash 

0.70 

R    16 

Egregia  memiesii 

" 

1    79 

R   27 

Postelsia  palmaeformts 

Xeah  Bay,  Wash. 

1  .04 

R  28 

Macroiystis  pyrifera 

0.81 

M     2 

Macrocystis  pyrifera 

Monterey  Bay.  Cal. . 

1.84 

U      9 

Nereocystis  luetkeana 

Point  Pinos.  Cal. 

0.83 

S     10 

Macrocystis  pyrifera 

St.  Naples.  Cal. 

0  66 

S    15 

Macrocyslis  pyrifera 

San    Miguel.    Cuyler 

Cove.  Cal. 

0.71 

S    17  B 

Pelagophycus  porra 

St.  Nicholas.  Cal. 

0   51 

Sulfur. —  Sulfur  was  determined  as  barium  sulfate 
i  the  lixiviate  of  the  charred  kelp  and  ash  com- 
ined.  The  char  from  two-gram  samples  was  lix- 
•iated  in  the  manner  described  in  a  foregoing  para- 
raph  and  then  burned  to  whiteness.  The  ash  was 
issolved  in  hydrochloric  acid  and  the  resulting 
)lution  evaporated  to  dryness  to  dehydrate  silicic 
she  residue  was  taken  up  with  acid,  the  solu- 
on  filtered  and  the  filtrate  added  to  the  lixiviate 
om  the  char.  Sulfuric  acid  was  determined  in  the 
tmbined  solution  in  the  usual  way.  The  results 
led  in  the  following  table: 


St 

ial 

Table  III. 

SO:i. 

N 

o. 

Name  of  Kelp. 

Source. 

Per  cent 

R 

6 

Nereocystis  luetkeana 

San  Juan  Co..  Wash. 

1  .68 

R 

29 

Macrocystis  pyrifera 

Neah  Bay,  Wash. 

2  24 

M 

4 

Macrocystis  pyrifera 

Off  Pt.  Aulon,  Cal. 

2.42 

M 

12 

Nereocystis  luetkeana 

Off  Pt.  Pinos.  Cal. 

1  .08 

S 

14 

Macrocystis  pyrifera 

Santa  Cruz,  Gull  Is. 

3.45 

S 

20  A 

Pelagophycus  porra 

Clemente.  Smugglers 
Cove,  Cal. 

2.33 

Organic  Constituents. — Little  or  nothing  is  known 
)ncerning  the  organic  constituents  of  the  Pacific 
-lps.  From  the  figures  in  Table  I,  it  can  be  seen 
lat  the  organic  matter  in  them  rarely  falls  below 
>  per  cent,  or  exceeds  75  per  cent.  On  the  average 
*  'ntain  about    1.5   per  cent,   of  nitrogen  which, 

calculated  to  protein  by  the  usual  factor,  is  equiva- 
nt  to  9.4  per  cent,  protein.  This  value  is  about 
liial  to  that  of  other  sea  weeds  examined  for  that 
■nstituent. 

Our  knowledge  concerning  the  organic  constituents 

sea  algae   in   general,    from    which   we   may   derive 

•"me   idea   of   what    may   occur   in    the    Pacific    kelps, 

ay  be  summed   up   thus:     The   simple   sugars  have 

:en  identified  in  certain  algae,   but  they  are  of  rare 

d  scanty  occurrence ;  starch  has  been  said  to  occur 

varieties,  but    its  identification  has  not  been 

Kiterl;   mannan    and    levulose   are   of   rare   oc- 

<rrence;  galactan  is  common  and  abundant,  and  pen- 

'san  is  the  most  abundant  of  all. 

Hlrf.au  of  Soils. 
!     S   Department  of  Agriculture, 
Washington   d.  C. 
1  Loc.  cit. 


A  NOTE  ON  THE  DETERMINATION  OF  IODIDES  BY 
DIRECT  TITRATION.1 

By  J.  W.  limn  ni  i\  1 
Received  February  20,  1912. 
Pray  and  Mac  Kay2  have  described  a  method  for 
the  determination  of  iodides  in  the  presence  of  brom- 
ides and  chlorides  wherein  the  iodine  is  liberated  from 
the  iodides  by  standardized  potassium  permanganate, 
added  titrimetrically,  and  is  extracted  as  formed  by 
shaking  with  successive  portions  of  carbon  tetra- 
chloride. When  the  last  of  the  iodine  has  been  set 
free,  the  carbon  tetrachloride  extract  is  run  off  from 
the  supernatant  aqueous  layer  and  is  shaken  with  a 
solution  of  potassium  iodide  for  the  extraction  of  the 
iodine.  The  potassium  iodide  extract  is  titrated  in 
the  usual  way  with  standard  thiosulfate  solution. 

In  the  analysis  of  kelps  for  iodine  a  method  was 
sought  which  would  admit  of  the  determination  of 
small  amotints  of  iodide  with  the  minimum  expendi- 
ture of  time.  For  this  purpose  the  initial  liberation 
of  the  iodine  was  effected  by  standardized  potassium 
permanganate  and  the  amount  of  iodide  thereby 
determined.  The  method  then  became  strictly  a 
direct  titration  of  iodide  in  the  presence  of  bromide 
and  chloride.  The  results  obtained  were  satisfactorily 
consistent,  and  the  rapidity  with  which  determinations 
could  be  made  by  means  of  it  was  such  that  this  ac- 
count of  the  method  is  deemed  warranted. 

The  permanganate  solution  was  standardized 
against  solutions  of  potassium  iodide  of  known  con- 
centration (1.0  g.  KI  to  1000  cc.  H20),  the  iodide  of 
which  had  been  purified  by  recrystallization  and 
thorough  drying. 

Portions  of  the  standard  iodide  solution  were  trans- 
ferred, in  graduated  pipets,  to  a  250  cc.  dropping 
funnel;  15  cc.  of  sulphuric  acid  solution  (10  cc.  cone. 
H2S04  to  90  cc.  H20)  and  15  cc.  of  carbon  tetra- 
chloride were  added.  For  the  removal  of  reducing 
agents,  the  carbon  tetrachloride  had  been  treated 
for  several  hours  with  iodine  which  was  subsequently- 
removed  by  shaking  with  sodium  thiosulfate  solution. 

The  solution  of  the  permanganate  was  run  in  from 
a  burette,  and  as  the  titration  proceeded  the  liberated 
iodine  was  removed  from  the  aqueous  layer  by  shaking. 
With  the  decrease  in  the  concentration  of  the  iodide 
in  this  layer,  the  solubility  of  the  iodine  therein  de- 
creased, until,  astheend  of  the  titration  was  approached, 
the  solution  became  entirely  colorless.  The  per- 
sistence for  one  minute  of  the  pink  color  of  the  per- 
manganate was  taken  as  the  end  point.  The  pro- 
cedure was  identical  with  that  observed  in  the  actual 
analysis. 

At  first  the  color  of  the  carbon  tetrachloride  layer 
caused  some  trouble  in  discerning  the  end  point,  but 
with   experience  the  trouble  disappeared. 

Bray  and  MacKay  have  pointed  out  that  in  the 
direct  titration  of  iodides  by  a  permanganate  solution 
there  is  an  error  introduced  by  the  incomplete  re- 
duction of  the  last  of  the  permanganate  to  a  form 
intermediate  between  the  heptavalent  and  the  divalent 
condition.     This  would  appear  to  be  due  to  the  de- 

1  Published  by  permission  of  the  Secretary  of  Agriculture. 
-'  J.  Am.  Chem.  Soc.  32,  1193  (1910). 
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tive  mass  of  the  iodide,  since  it  is  not 
observable  in  the  presence  oi  an  excess  of  thai  sub- 
stance, For  a  definite  amount  « .  t  tin  ■.mah, 
then,  the  intermediate  form  of  the  manganese  should no1 
.nt  in  the  solution  until  after  the  iodide  had  been 
reilueeil  to  a  definite  concentration.  When  th 
centration  of  the  former  is  very  low  (as  is  normally 
the  ease  as  the  end  "i  the  titration  is  approached), 
that  ot  the  iodide  likewise  would  he  very  low  before 
the  reaction  leading  to  the  formation  of  the  inter- 
mediate manganese  compound  appeared.  In  the 
titration,  accordingly,  the  incomplete  reduction  dors 
nut  occur  until  a  detinue  and  very  low  concentration 
df  the  iodide  is  reached.  This  poinl  it  follows — since 
the  reaction  is  irreversible-  must  be  independent 
of  the  original  active  mass  of  the  iodide.  For  that 
reason  the  error  should  be  a  constant  rather  than  a 
variable  one;  and  if  the  latter,  certainly  a  correction 
could  be  introduced  whereby  it  would  be  neutralized. 
It  was  observed  that  values  obtained  for  small 
amounts  of  iodide  undergoing  titration  were  relatively 
greater  than  those  obtained  for  larger  amounts. 
When  the  blank  solutions  were  titrated  in  the  absence 
of  the  iodide,  it  was  found  that  a  small  amount  of  the 
permanganate  (0.2  cc.)  w-as  reduced.  As  this  was 
not  observable  in  the  absence  of  the  carbon  tetra- 
chloride, the  reduction  of  the  permanganate  was 
attributed  to  the  carbon  tetrachloride,  or  to  some 
constituent  thereof.  When  a  correction  was  made 
for  this  error  the  values  obtained  from  the  titration 
of  the  various  volumes  of  standard  iodide  were  found 
to  be  concordant  within  the  probable  error  of  experi- 
mentation. These  values  are  given  in  the  following 
table: 


KI  value 

Cc.  KMnOj 

per  cc.  KM11O 

corrected. 

corrected. 

1.6 

0.00625 

1.6 

0.00625 

1  .55 

0 . 00645 

1.5 

0.00666 

1.6 

0.00625 

1.55 

0 . 00645 

3.2 

0.00625 

3.2 

0.00625 

3.3 

0.00606 

4.05 

0.00617 

6  55 

0.00611 

6  5 

0.00615 

6.5 

0.00615 

16.5 

0 .  00602 

Mean,     0  00624 

The  range  in  values  in  iodide  of  the  solutions  titrated 
in  the  standardization  was  the  same  as  that  which 
was  expected  to  be  found  in  the  substances  to  be 
analyzed.  For  that  reason  they  cover  only  a  small 
range.  Whether  the  method  is  applicable  to  the 
determination  of  larger  amounts  of  iodide  can  not 
be  said,  but  a  priori  considerations  indicate  that  it 
may  be  employed.  It  should  only  be  necessary  to 
remove  the  iodide  with  successive  portions  of  carbon 
tetrachloride  in  order  that  that  layer  might  not  become 
too  concentrated  in  iodine.  Whether  new  corrections 
would  have  to  be  introduced  or  not  could  be  deter- 
mined experimentally. 

The  permanganate  solution   was  standardized  with 


solutions  containing   no  chloridi  i   01    bromides,   while 
-Unions  analyzed    contains  unts   of 

chlorides  and    presumably   some   bromides.      BromidM 
in    small    amounl  mnionly    found    amoi 

saline  constituents  of  sea  algae.      Whether   th< 
present    in    the    specimens   analyzed    has    not    1„ 
termined.      In    this    particular,    then,    th< 
existing   during   the   standardization  t rictlv 

reproduced    in    the    analysis.      However,    the    at 

method     is    here    applied    have    explain 
conditions    under    which    chlorides    and    bi 
liable  to  introduce  an  error  in  the   determination    of 
iodide  and,  it  is  believed,  those  conditions  were  strictly 
observed    in    the    adaptation    of    the    method 
analysis  of  kelps. 

It  is  a  truism  that  any  titration  method  is  reliable 
in  which  the  solutions  employed  are  standardized 
against  the  compound  which  is  to  be  determined, 
provided  the  standardization  and  the  analyses  be  made 
under  identical  conditions. 

Bureau  of  Soils, 

1".  S.  Department  of  Agriculture, 

Washington,  D.  C. 


DETERMINATION  OF  TOTAL  POTASSIUM  IN  MINERALS. 

By  Charles  J.   Sciiollenberc.fr 
Received  December  18,  1911. 

In  very  many-  instances  only  the  percentage  of 
potassium  in  a  sample  is  required  to  be  determined, 
while  the  amount  of  sodium  present  is  a  matter  of  in- 
difference. In  such  cases,  the  method  of  J.  Lawrence 
Smith  is  long  and  tedious;  the  modification  of  Smith's 
method,  described  by  Pettit  and  Ystgard  in  Proceed- 
ings of  the  Association  of  Official  Agricultural  Chem- 
ists (1906),  while  shorter,  leaves  much  to  be  desired. 
It  has  the  disadvantage  that  a  large  amount  of  an  alka- 
line solution  must  be  evaporated  in  glass,  with  the 
attendant  liability  of  contamination.  The  calcium 
carbonate  which  separates  during  this  evaporation  is 
non-crystalline,  adherent,  and  difficult  to  wash.  Even 
after  filtration,  much  silica  remains  in  the  solution, 
causing  trouble  in  later  operations.  In  order  to  over- 
come these  difficulties,  and,  if  possible,  to  further 
shorten  the  time  required  for  a  determination,  the  fol- 
lowing method  was  worked  out  in  this  laboratory: 

Proceed  as  in  the  regular  Smith  method   for 
alkalies,  until  the  filtrate  from  washing  out  the  alka- 
lies from  the  fusion  is  obtained.     To  this  add  a  moder- 
ate excess  of  hydrochloric  acid  and    evaporate  to  dry- 
ness on  a  steam  bath,  remote  from    ammonia  fumes. 
Take  up  with  about  2  cc.  of  concentrated  hydrochloric 
acid  and  25  cc.  of  hot  water,  and  filter  through  a  speo£ 
suction  filter  into  a  150  cc.  beaker,  washing  the  large 
beaker   and    filter   well.     Add   the   proper  amount 
hydrochloroplatinic    acid    solution,    and  evaporate  c 
steam    bath    until    of    a    semi-solid    consistency.     The 
large  amount  of  calcium  chloride  present  crystallizes 
out   on   cooling,    but  is  readily  soluble  in  acidulated 
alcohol.      The  crystalline  precipitate  of  the  potassi 
chloroplatinate    is    washed    with  acidulated   alcohol.' 
Gladding  wash,  and  80  per  cent,  alcohol,  on  a  filter 
designed  especially  for  this  work.     After  drying  to 

'  Jour,  Am.  Chem.  Soc,  20,  341. 
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FILTER 
FOR 

rUPtCU. 


(1)  Glass  Wool. 
(2  S.3)  Linen  Cloth  Discs 

Asbestos  Between  Them, 
(■+)   Perforated 
Platinum  Disc    . 


move  alcohol,  the  precipitate  is  dissolved  in  hot  water, 
the    solution    being    received     in     a     tared    platinum 

dish,  and  after  evapora- 
tion, dried  and  weighed. 
The  special  filter  men- 
tioned was  designed  by 
Professor  J.  W.  Ames, 
chief  of  the  chemistry  de- 
partment, and  is  of  the 
form  and  dimensions 
shown  in  the  drawing; 
the  filtering  medium, 
supported  by  a  perfo- 
rated disc  of  platinum, 
consists  of  a  neatly  fit- 
ting circular  piece  of 
linen  cloth,  a  small 
amount  of  purified  asbes- 
tos, and  a  small  plug  of 
glass  wool,  to  prevent  the 
asbestos  being  disturbed. 
The  filter  is  intended 
to  be  used  with  suction;  it  has  many  advantages 
over  a  funnel  and  paper,  or  a  Gooch  crucible,  filtering 
much  more  rapidly,  and  being  much  more  easily  washed 
free  from  soluble  salts,  by  reason  of  the  decreased  area 
of  the  filtering  medium. 

The  advantages  gained  by  using  this  method  of 
filtration  are  increased  accuracy  of  results,  as  well  as 
a  great  saving  of  labor  and  time. 

The  above-described  method  has  been  in  use  for 
some  time  and  has  given  very  satisfactory  results  on 
several  hundred  soil  samples. 

Ohio  Agricultural  Experi- 
ment Station, 
Wooster,  Ohio. 

NOTE  ON  THE  NEUTRAL  PERMANGANATE  METHOD  FOR 
THE  AVAILABILITY  OF  ORGANIC  NITROGEN.1 

By  John  Phillips  Street. 
Received  January  12.  1912. 

When    the   neutral    permanganate    method    was    de- 
vised some  years  ago  by  the  writer,   a  series  of  mix- 
tuns  of  known  composition    was  prepared  by  which 
ii    was   possible   to   determine   the   availability   of   the 
(organic  nitrogen  both   in  the  raw  material  and  when 
mixed    with    the    usual    phosphatic    and    potassic    in- 
tts    of    commercial    fertilizers.      In    these    mix- 
tures arbitrary  amounts  of  acid  phosphate  and  muriate 
ish  were  used,  the  total  weight  of  the  mixtures 
equaling  50  grams,   the  acid    phosphate    vary- 
om    10   to    34.5    grams,    and   the   muriate   being 
ml    at    10  grams.     The   mixtures,   with   one  ex- 
each    contained    an    equivalent    of    i  .  50    per 
organic  nitrogen  in  varying  form's.      The  agree- 
ment in  availabilities  of  the  organic  form,  when  used 
iilone    and    when    mixed,   was  considered    quite    satis- 
actory;  at  any  rate  the  figures  obtained  were  suffi- 
cient, in  the*  writer's  estimation,  to  allow  of  a  differ- 
entiation   between    the    valuable    and    the    relatively 
ss  forms  of  organic  ammoniates.2 

1  Presented  at  the  American  Chemical  Society    Meeting   at    Washing- 
on.  D.  C,  December.    1911. 

-  This  Journal,  2,  312  (1910). 


A  more  extended  series  of  tests,  however,  has  shown 
that  the  method  as  originally  published  might  give 
misleading  results,  which  in  certain  cases  would  be 
most  unfair  to  high-grade  materials.  In  other  words, 
under  certain  conditions,  a  high-grade  material  like 
dried  blood,  which  showed  a  high  permanganate 
availability  unmixed,  when  mixed  with  acid  phos- 
phate and  muriate  of  potash  showed  availabilities 
which  would  class  it  with  garbage  tankage  and  only 
a  little  above  peat.  Apparently  the  cause  of  this 
discrepancy  in  results  lay  either  with  the  acid  phos- 
phate or  the  potash.  Accordingly,  another  series 
of  mixtures  were  made  in  which  the  quantity  of  these 
ingredients  was  varied,  while  the  amount  of  organic 
nitrogen  was  kept  constant  at  0.0450  gram.  These 
experiments  showed  at  once  that  the  muriate  of  pot- 
ash had  no  effect  on  the  results.  A  sample  of  dried 
blood  which  unmixed  showed  an  availability  of  97, 
when  mixed  with  muriate  showed  95  and  96.  This 
same  blood,  however,  when  mixed  with  2  grams  of 
acid  phosphate,  showed  only  90,  and  with  4  grams 
only  59.  In  three  samples  of  blood  the  presence 
of  4  grams  of  acid  phosphate  reduced  the  availabili- 
ties from  96,  94  and  96  to  53,  70  and  67,  respectively. 
While  this  discrepancy  was  most  marked  in  the  case 
of  dried  blood,  a  decreased  availability  was  also  noted 
in  tankage,  fish,  hide  and  skin  meal,  tartar  pomace, 
solubilized  organic  nitrogen  and  peat.  With  knuckle 
bone  and  cottonseed-meal  the  acid  phosphate  seemed 
to  have  less  effect,  and  with  garbage  tankage  the  avail- 
ability of  the  nitrogen  in  the  mixture  was,  as  has  al- 
ways been  my  experience,  considerably  higher  than  in 
the  raw  material. 

It  was  thought  at  first  that  the  relatively  large 
amount  of  acid  phosphate  (4  grams),  compared  with 
the  charge  of  dried  blood  (0.34  gram),  prevented 
complete  action  of  the  permanganate.  Experiments 
carried  on  by  Mr.  J.  E.  Breckenridge.  in  which  the 
permanganate  mixture  was  agitated  much  more  fre- 
quently than  directed  in  the  method,  however,  gave 
no  better  results.  Thinking  that  the  acidity  of  the 
acid  phosphate  might  be  the  determining  factor, 
another  series  of  tests  were  carried  out  in  which  one 
gram  of  sodium  carbonate  was  added  just  prior  to 
the  introduction  of  the  permanganate  solution.  The 
results  obtained  were  most  satisfactory,  as  the  table 
shows.  A  96  blood  with  2  grams  of  acid  phosphate 
showed  96,  with  4  grams,  90.  A  91  tankage  with  the 
same  amounts  of  acid  phosphate  showed  94  and  85. 
A  97  bone  showed  93;  a  93  fish,  92;  a  92  cottonseed- 
meal,  95;  a  54  tartar  pomace,  48;  a  65  solubilized 
organic  nitrogen,  65;  a  46  peat,  42.  Garbage  tankage 
again  showed  a  high  result,  the  availability  increas- 
ing from  47  to  68,  but  even  this  high  figure  is  too  low 
to  mislead  any  one  as  to  its  value. 

The  writer  makes  no  attempt  to  explain  just  what 
causes  these  discrepancies.  That  the}-  exist,  how- 
ever, is  an  undoubted  fact,  and  the  simple  modifica- 
tion, at  least  in  the  materials  tested,  appears  to  give 
true  and  reasonable  results. 

In  using  the  neutral  permanganate  method,  it  must 
be  remembered  that  it  is  not  an  absolute  method, 
and   that    no   pretense    is   made   that    by    it    the   exact 
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icultural  value  of  an  organic  nitrogenous  material 
may  be  determined.     A  long  seri<  however, 

shows  thai  n  does  differentiate  between  the  good  and 
the  bad  materials  oi  generally  recognized  value  like 
blood,  tankage,  ground  bone,  dried  fish,  cottonseed- 
meal   ami  castor  pomace  rarely  showing  availabilities 

less   than   oo,   while  leather,    mora   meal,   tobacco  stems. 

peat,  sheep  manure,  garbage  tankage,  tartar  pomace, 
beet  root  manure  and  tillerine  show  availabilities  from 
17  to  69.  The  method  possesses  the  further  advan- 
tages of  simplicity  of  manipulation,  of  easy  mainte- 
tce,  of  uniform  conditions  (a  very  important  mat- 
ter) and  of  measuring  a  definite  chemical  action, 
namely,  the  amount  or  organic  nitrogen  not  decom- 
posed by  a  definite  quantity  of  permanganate  of  pot- 
ash solution  of  fixed  and  uniform  strength,  acting  for 
a  definite  time  at  a  uniform  temperature  on  a  definite 
amount  of  organic  nitrogen.  Every  condition  can 
be  definitely  controlled  and  the  personal  equation  is 
almost  negligible. 

The  method  as  now  used  by  the  writer  is  as  follows: 


c    a 

i  e 
2 

■3     s 
—    .= 

< 

Blood,  No.  22160 

-0.34 

2.00 

0.50 

-0.34 

3.00 

0.75 

-0.34 

4   00 

1  .00 

-0.34 

2  00 

1.00 

-0.34 

4.00 

1.00 

Blood,  .No.  24003 

-0  33 
-0  33 

2.00 

1   00 

-0  33 

2.00 

1.00 

-0  33 

4  00 

1  .00 

Blood.  No.  22406 

0  44 

4  00 

1    00 

Blood.  No.  22965 

0.56 

4   00 

1    00 

Tankage.  No.  22346 

-0.96 

2.00 

0.50 

-0.96 

3   00 

0.75 

-0.96 

4  00 

1  .00 

-0.96 

2  00 

1 .00 

-0  96 

4.00 

1 .00 

Knuckle  bom-.    No.  22360.  . 

-1  .17 

2.00 

0.50 

-1  .17 

3   00 

0   75 

-1.17 

4  00 

1    00 

-1.17 

4  00 

1 .00 

Pish,  No.  22667 

-0  70 

2   00 

0  50 

-0.70 

3   00 

0.75 

-0   70 

4  00 

1    00 

-0.70 

2.00 

1.00 

Cottonseed-meal,  No.  22393 

-0.75 

1    95 

0.67 

-0   75 

2   00 

1 .00 

Hide    ;ind     skin    meal.    No. 

-0  58 

2  00 

1    00 

24009 

-0  58 

4   00 

1  .00 

Garbage  tankage.  No.  22383 

-2   25 

0.75 

0.75 

-2  42 

4   00 

1    00 

-2   42 

2  00 

1  00 

Tartar  pomace.  No.  24013 

-1    29 

4  00 

1    00 

-1    29 

4    00 

1 .00 

Solubilized    organic     nitro- 

-0   93 

4   00 

1    00 

trogen,  No    23998 

-0  93 

4    00 

1  00 

Peat.  No.  23392 

-1.67 

4  00 

1    00 

-1  .67 

4.00 

1  00 

-1.67 

2.00 

1 .00 

MODIFIED   NEUTRAL  PERMANGANATE   METHOD. 

Weigh  a  quantity  of  the  fertilizer,  equivalent  to  45 
mg.  of  water-insoluble  organic  nitrogen,1  on  a  moistened 
11  cm.  filter  paper,  and  wash  with  successive  portions 
of    water    at     room     temperature    until    the    filtrates 

1  Determined  by  washing  one  gram  of  the  material  on  a  1 1  cm.  filter 
with  water  at  room  temperature,  to  a  volume  of  about  250  cc  Dry  and 
determine  nitrogen  in  the  residue,  making  a  correction  for  the  nitrogen 
in  the  filter  paper  if  necessary. 


amount  to  250  cc.     Transfer  insoluble-  residue  with  m 
tepid  \\  ater  to  a  300  cc.  lo 

add  oik'    ."in,  sodium    carbonate    and     100    c 
cenl     perm  iolution.      Digest   in   a  st< 

Ltei  bath  lor  thirty  minutes  at  the  temperatuil 
o!  boiling  water,  covering  the  beaker  with  a  watch 
"lass  and  setting  well  down  into  the  bath  so  that  the 
level  of  the  liquid  in  the  beaker  is  below  that  of  the 
bath  Stir  twice  at  intervals  of  ten  minutes.  At  the 
end  ol  tin-  digestion  remove  from  the  bath,  add  100 
cc.  oi  cold   water   and    filter    through    a    heavy    15   cm. 

filter.       Wash  with  cold  water,  small  quantities 
at  a  lime,  until  total  filtrate  amounts  to  about  400  cc. 
Determine  nitrogen  in  residue  and  filter   ,  orrei  I 
the  nitrogen  of  the  filter. 


ACTIVITY  OF  ORGANIC   NITROGEN   AS  MEASURED  BY 

THE  ALKALINE  PERMANGANATE  METHOD.' 

By  C.  H.  Jonbs. 

Received  January  12,  1912. 

During  the  past  year  a  large  amount  of  work  has 
been  done  toward  securing  a  quick,  reliable  labora- 
tory method  for  determining  the  activity  of  organic 
nitrogen  in  crude  stock  and  commercial  fertilizers. 

A  committee  of  Experiment  Station  Chemists,  ap- 
pointed in  March,  ioio,  has  been  given  opportunity 
to  observe  the  methods  employed  in  "wet  mixing" 
and  to  secure  samples  of  both  the  raw  materials  used 
and  the  finished  product.  These  have  been  tested  by 
laboratory  methods  and  vegetation  experiments,  and, 
as  a  result  of  this  work,  the  following  method,  per- 
fected by  the  writer,  and  known  as  the  Alkaline  Per- 
manganate Method,  was  adopted  in  March,  191 1, 
by  the  directors  of  the  Experiment  Stations  of  Nen 
York,  New  Jersey,  and  the  New  England  States. 

ALKALINE    PERMANGANATE      METHOD    FOR    ORGANIC 
NITROGEN     ACTIVITY. 

(1)  With  Mixed  Fertilizers. — Transfer  an  amount 
of  material  equivalent  to  50  milligrams  of  water  in- 
soluble organic  nitrogen2  to  a  filter  paper  and  wash 
with  successive  portions  of  water  at  room  temperature 
until  the  filtrate  amounts  to  about  250  cc.  When  it 
is  found  necessary  to  use  four  or  more  grams  of  the 
original  material  to  secure  the  50  milligrams  of  water 
insoluble  nitrogen,  i.  c.,  when  the  percentage  of  water 
insoluble  nitrogen  is  1.25  or  less,  weigh  the  required 
amount  into  a  small  beaker,  wash  by  decantation, 
finally  transfer  to  the  filter  and  finish  the  extraction 
as  previously  directed.  When  a  relatively  large  amount 
(7  to  10  grams  of  a  fertilizer)  is  to  be  extracted  it  is 
desirable  to  weigh  out  duplicate  portions.  One  is  used 
for  the  determination  of  nitrogen  activity  by  the 
alkaline  permanganate  method,  and  the  other  is 
Kjeldahled  for  its  nitrogen  content.  Compare  the 
latter  figure  with  the  result  previously  obtained  from 
the  two  gram  extraction  (see  footnote)  and  in  case  of 
any  marked  discrepancy,  i.  e.,  over  0.05  per  cent,  of 
nitrogen,  calculate  the  nitrogen  activity  on  the  basis 
of  the  exact  nitrogen  equivalent  used.        . 

(2)  With   Raw  Materials. — Transfer  an  amount   ol 

1  Presented  at  the  American  Chemical  Society  Meeting  at  Washington. 
D.  C,  December,    191 1. 

-  Determined  by  extracting  2  grams  of  the  material  on  a  filter  paper 
with  water  at  room  temperature,  until  the  filtrate  amounts  to  about  25 
cc.  Determine  nitrogen  in  the  residue,  making  a  correction  for  the  nitro- 
gen in  the  filter  paper  if  necessary. 
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material  equivalent  to  jo  milligrams  of  water  insoluble 
organic  nitrogen1  to  a  small  mortar,  add  about  2  «rams 
powdered  rock  phosphate,  mix  thoroughly,  transfer  to 
a  filter  paper  and  wash  with  successive  portions  of 
water  at  room  temperature  until  the  filtrate  amounts 
to  about  250  cc.  When  much  oil  or  fat  is  present,  it 
is  well  to  wash  somewhat  with  ether  before  extracting 
with  water.  Dry  the  residue  at  a  temperature  not 
exceeding  80 °  C.  and  transfer  from  the  filter  to  a  500- 
600  cc.  Kjeldahl  distillation  flask  (round  bottom  pre- 
ferred, but,  if  flat  bottom  is  used,  incline  at  an  angle 
of  300).  Add  20  cc.  water,  1  5  to  20  small  glass  beads 
to  prevent  bumping,  and  100  cc.  alkaline  permanganate 
solution  (25  grams  pure  potassium  permanganate 
and  150  grams  sodium  hydroxide,  separately  dissolved 
in  water,  the  solutions  cooled,  mixed  and  made  to 
volume  of  one  liter).  Connect  with  an  upright  con- 
denser to  which  a  receiver  containing  standard  acid 
has  been  attached.  Digest  slowly,  below  distillation 
point,  with  very  low  flame,  using  coarse  wire  gauze 
and  asbestos  paper  between  flask  and  flame,  for  at 
least  jo  minutes.  Gradually  raise  the  temperature 
and  when  danger  (if  any)  from  frothing  has  ceased, 
distil  until  95  cc.  of  distillate  are  obtained,  and  titrate 
as  usual.  In  cases  where  a  tendency  to  froth  is 
noticed,  lengthen  the  digestion  period  and  no  trouble 
will  be  experienced  when  the  distillation  is  begun. 
During  the  digestion,  gently  rotate  the  flask  occasion- 
ally, particularly  if  the  material  shows  a  tendency  to 
adhere  to  the  sides.  It  is  recommended  that  as  nearly 
as  possible  90  minutes  be  taken  for  the  digestion  and 
distillation.  The  nitrogen  thus  obtained  is  the  active 
water  insoluble  organic  nitrogen. 

The  results  are  expressed  in  the  following  form: 

1.  Nitrogen  in  nitrates. 

2.  Nitrogen  in  ammonium  salts. 

3     Water  soluble  organic  nitrogen. 

4.  Active  insoluble  organic  nitrogen. 

5.  Inactive   insoluble   organic   nitrogen. 

6.  Total  nitrogen. 

The  first  two  divisions  include  the  mineral  forms  of 
nitrogen  derived  mainly  from  nitrate  of  soda  and 
sulphate  of  ammonia.  Roth  are  water  soluble  and 
ily  available  for  plant  growth. 

The  third  division  includes  that  portion  of  the  or- 
ganic nitrogen  which  is  soluble  in  water.  It  is  con- 
sidered  highly  available  as  plant  food. 

The  fourth  division  comprises  that  portion  of  the 
water  insoluble  organic  nitrogen  which  is  liberated  by 
the  alkaline  permanganate  method.  It  is  likewise 
available  for  plant  food,  and  hence  is  termed  "Active." 

The  fifth  division,  listed  as  "Inactive  Insoluble  Or- 
ganic Nitrogen"  is  that  portion  unaffected  by  the  alka- 
line permanganate  treatment  and  is  of  little  value  for 
the  immediate  use  of  plants.  It  is,  therefore,  rightly 
ed  "  Inactive." 

In  this  connection  it  should  be  mentioned  that  re- 
sults secured  by  the  alkaline  permanganate  method 
have  been   confirmed   by   vegetation    trials   on    a   con- 

1  Determined  by  extracting  2  grams  of  the  material  on  a  filter  paper 
with  water  at  room  temperature,   until   the  filtrate  amounts  to  about  250 

Determine  nitrogen  in  the  residue,  making  a  correction  for  the  nitro- 
;en  in  the  filter  paper  if  neeessary. 


siderable  number  of  prominent  crude  stock  nitroge- 
nous materials,  as  well  as  on  the  water  insoluble  por- 
tion of  many  high  and  low  grade  commercial  fertilizers. 

To  fully  illustrate  the  adaptability  of  the  method, 
and  form  vised  to  express  the  results,  the  accompanying 
table  has  been  prepared,  giving  results  by  the  alkaline 
permanganate  method  on  crude  stock,  commercial 
fertilizers  and  mixtures  of  known  composition.  The 
samples  reported  have  been  carefully  selected  from  a 
large  list  and  may  be  regarded  as  typical  of  the  ordi- 
nary materials  now  met  with  in  the  fertilizer  indus- 
try. 

The  interpretation  of  results,  when  the  suggested 
form  is  used,  is  very  simple.  It  is,  however,  neces- 
sary at  the  outset  to  understand  that  results  by  the 
laboratory  method  under  discussion  deal  wholly  with 
the  quality,  not  quantity,  of  the  organic  nitrogen 
and  that  any  amount  of  nitrate  or  ammonia  has  no 
effect  on  the  activity  of  the  organic  nitrogen  present. 

To  determine  whether  the  organic  nitrogen  has 
been  derived  from  materials  of  known  high  availa- 
bility, i.  c.  blood,  tankage,  cottonseed-meal,  etc..  or 
from  more  inert  or  slowly  available  sources,  i.  e., 
garbage  tankage,  peat,  etc.,  a  comparison  of  the  col- 
umns headed  "Active"  and  "Inactive"  will  at  once 
tell  the  story.  Organic  nitrogen  is  derived  from  high 
grade  materials  in  proportion  as  the  stated  percentage 
in  the  "Active"  column  is  greater  than  that  in  the  "In- 
active" column  and  its  class  and  its  availability  as  plant 
food  can  be  accurately  inferred  by  then  noting  the  relative 
quantity   of  water  soluble   organic   nitrogen    present. 

The  availability  of  the  total  nitrogen  in  a  fertilizer 
should  not  be  confused  with  the  availability  of  the 
organic  nitrogen  present.  Total  availability  can  easily 
be  calculated  by  assuming  nitrates  and  ammonia 
salts  to  be  entirely  available. 

To  further  illustrate  the  interpretation  of  results, 
let  us  consider  some  of  the  individual  samples  reported 
in  the  table. 

Crude  Stock,  Nos.    i-ij. 

No.  i,  Dried  Blood.  More  than  twice  as  much 
"active"  as  "inactive"  insoluble  nitrogen.  A  high 
grade  material. 

No.  2,  H.  G.  Tankage.  .More  than  twice  as  much 
"active"  as  "inactive"  insoluble  nitrogen.  Contains 
a  large  percentage  of  water-soluble  organic  nitrogen 
which  is  characteristic  of  many  tankages.  High 
grade. 

Xo.  5,  Base  Goods  (wet  mix)  made  under  Station 
supervision.  A  small  percentage  of  "active"  and 
"inactive"  organic  nitrogen,  the  latter  in  excess, 
indicates  a  small  amount  of  some  low  grade  material. 
The  relatively  large  water  soluble  percentage  1.03, 
which  is  readily  available,  is  characteristic  of  the  wet 
mix  process  and  at  once  places  the  material  in  the 
high  >,'rade  class. 

Xo.  ft.  Cottonseed-Meal.  "Active"  well  in  exeess 
of  "inactive."      High  grade. 

Xo.  12,  Garbage  Tankage.  "Inactive"  more  than 
twice  as  much  as  "active."      A  low  grade  material. 

Xo.  [3,  Peat.  "Inactive"  in  exeess  of  "active." 
A  low  grade  material. 
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Commercial  Fertilisers,  N,<s.  15-22. 
5,    "Active"     nearly     twice     tlie    "inactive" 


and    .1    generous  allowance    <>i   water  soluble    organic 
nitrogen  is  present.     High  grade. 

No.  ii>,  "Inactive"  greater  than  "active."  A 
small  amount  of  water  soluble  organic  nitrogen.  Poor 
grade.  The  large  percentage  (2.46)  oi  nitrate  and 
ammonia  present  would  make  the  total  availability 
ai  the  nitrogen  in  this  fertilizer  quite  high,  but  does 
not  alter  the  fact  that  the  organic  nitrogen  came  from 
low  grade  sources. 


Nos.    25    and    26,    "Active"    over   twice   as   much   as 

1 1 1"  1 1  grade 

Nos.    •;  to  33  an-  mixtures  oi    ■<>  pari     basi 
(we1    mix)    No.  5  with    <,  parts   ol    eighl 
'.mi'    ammoniates.     Nos.    27   to  31,  owing  to 

■  live"  over  "inactive,"  are  rated  as   high  grade. 

In  Nos.  32  and  ^^,  the  introduction  of  garbage 
tankage  and  peat  is  in  evidence,  as  shown  by  the  excess 
of  "inactive"  over  "active." 

No.  34.  The  nitrogen  is  obtained  from  dried  blood 
and  cottonseed-meal  and  shows  nearly  three  times  as 


Crude  stock. 
Material. 


Dried  blood 

High  grade  tank..^. 
Fish      


Hoof  meal 

Base  goods  (wet  mix 

Cottonseed  meal 

Castor  pomace 

Medium  tankage 

Bone  meal 

Treated  leather 

Charred  leather 

Garbage  tankage 

Peat 


Mora  meal 

Commercial  Fertilizers. 

Guaranteed  3  per  cent,  plus  nitrogen 

Guaranteed  3  per  cent,  plus  nitrogen 

Guaranteed  2  per  cent,  plus  nitrogen 

Guaranteed  2  per  cent,  plus  nitrogen 

Guaranteed  1  per  cent,  plus  nitrogen 

Guaranteed  1  per  cent,  plus  nitrogen 

Guaranteed  0  8  per  cent,  plus  nitrogen 

Guaranteed  0  8  per  cent,  plus  nitrogen 

Mixtures  of  Known  Composition 

50  Garbage  tankage,  70  Ac.  phos.,  20  KC1 

30  Garbage  tankage,  10  Am.  sal.,  70  Ac.   phos.,  20  KC1 

10  Blood,  70  Ac  phos..  20  KC1 

25  Blood,  70  Ac    phos  .  20  KC1 

26  Base  (5)  plus  3  blood  (1) 

26  Base  (5)  plus  3  H.  G.  tankage  (2) 

26  Base   (5  I  plus  3  fish  (3) 

26  Base  (5  i  plus  3  C.  S.  meal    (6)    

26  Base  (5  i  plus  3  med.  tank  (8) 

26  Base    (5    plus  3  garbage  T.  (12> 

26  Base   (5  I  plus  3  peat  (13) 

10  Dried  blood.  5  C    S.  M  .  50  Ac    phos.,  7  'A  KC1 

20  Treated  leather.  15  garbage  tankage,  10  peat,  50  Ac.    phos  .    5 

KC1 


Similarly,   the  organic  nitrogen  in   Nos.    17,    19  and 

21  is  of  high  availability,  while  that  in  Nos.  18,  20  and 

22  is  derived  from  inferior  sources. 

Mixtures  of  Known  Composition,  Nos.  2J-35. 

No.  23,  "Inactive"  far  in  excess  of  "active."  A 
low  grade  material. 

No.  24,  "Inactive"  far  in  excess  of  "active."  A 
low  grade  material  furnished  the  organic  nitrogen. 
The  total  nitrogen  availability  of  No.  24,  owing  to 
the  presence  of  ammonium  sulphate,  is  not  questioned, 
but,  nevertheless,  the  organic  nitrogen  in  the  mixture 
is  low  grade. 
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0.40 

7.26 

2.35 

10.29 

83.9 

11.7 

0.14 

0.94 

9.47 

4.25 

14.80 

81.4 

16.9 

0   25 

1.03 

0.21 

0.34 

1.83 

12.1 

4.5 

0.09 

0.54 

4.09 

2.30 

7.02 

67.7 

9.4 

0.06 

0.82 

2.55 

1.85 

5.28 

58.6  " 

7.5 

0.27 

0  92 

2.85 

1.61 

5.65 

48  7 

9.2 

0.59 

1.39 

0.68 

2.66 

24.4 

8.5 

0.27 

0.63 

2.88 

2.76 

6.54 

75.2 

7.5 

0.04 

0.07 

0.12 

0.79 

1.02 

22  5 

4  0 

0  06 

0.31 

0  84 

1   95 

3.16 

54.9 

5.1 

0.02 

0.04 

1.24 

1  .79 

3.09 

71.5 

4.2 

0.03 

0.31 

0.75 

1.60 

2.69 

51.0 

4.6 

0.77 

1  .26 

1.30 

0.70 

4.03 

14.7 

13.6 

1.31 

0  24 

0.36 

0.48 

3.54 

12.6 

6.7 

0.11 

0.51 

1  .06 

0.55 

2.44 

14.8 

10  9 

0.98 

0.09 

0.43 

0.48 

2.79 

13.2 

6.9 

0.14 

0.36 

0.40 

0.27 

1.63 

7.7 

8.7 

0.63 

0.18 

0   29 

0.31 

1  .41 

11.9 

5.1 

0.40 

0.34 

0.26 

1  .00 

6.4 

9.4 

0.21 

0.27 

0.37 

0.40 

1.25 

15.8 

4.9 

0.05 

0  01 

0.27 

0.78 

1.11 

20.4 

5.1 

1.62 

0.10 

0.22 

0.52 

2.46 

14.7 

5.0 

0.04 

0.10 

0.99 

0.45 

1.58 

11.5 

12.5 

0.04 

0   10 

2.12 

0.86 

3.12 

22.1 

13.4 

0.22 

0.87 

1.19 

0.70 

2.98 

22.1 

8  6 

0.23 

1.18 

0.59 

0.53 

2.53 

18.1 

6.3 

0.22 

0.90 

0.89 

0.62 

2.63 

19.6 

7.7 

0.22 

0.94 

0.61 

0.55 

2.32 

18.2 

6  4 

0.25 

0.97 

0.49 

0.46 

2.17 

16.6 

5.7 

0.22 

0.94 

0.27 

0.43 

1.86 

16.7 

4.2 

0.22 

0.90 

0.33 

0.44 

1.86 

19.2 

3.9 

0.03 

0  04 

1.75 

0.68 

2.50 

19.3 

12.6 

much  "active"  as  "inactive"  nitrogen.     High  grade. 

No.  35.  The  nitrogen  is  obtained  from  treated 
leather,  garbage  tankage  and  peat.  It  shows  an  ex- 
cess of  "inactive"  over  "active,"  and  the  low  grade 
of  the  nitrogen  material  is  thus  indicated. 

A  laboratory  method  for  nitrogen  availability 
should  not  only  differentiate  between  crude  nitroge- 
nous stock  of  high  and  low  agricultural  values,  but 
must  also  make  similar  distinctions  when  the  crude 
stock  is  incorporated  into  the  ordinary  mixed  fer- 
tilizer. A  comparison  of  the  results  under  crude 
stock  with  those  obtained  in    mixtures  of  known  com- 
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position  will  show  a  very  close  agreement  between 
"theoretical"  and  "actual"  results.  This  indicates 
that  "acid  phosphate"  and  other  ingredients  are  not 
"disturbing"  factors  and  that  the  manufacturer 
having  determined  in  advance  the  nitrogen  activity 
of  his  crude  stock  may  be  assured  of  getting  full 
credit  for  the  nitrogen  activity  of  his  finished  product. 

ORGANIC     AND    VOLATILE    MATTER. 

A  determination  of  the  organic  and  volatile  matter 
in  the  water  insoluble  portion  of  crude  stock  or  a  fer- 
tilizer will  furnish  a  reliable  clue  to  the  character  of  the 
organic  nitrogen  in  the  material.  The  procedure 
in  use  at  the  Vermont  Experiment  Station  labora- 
tory is  as  follows:  Weigh  two  grams  of  material  onto 
a  filter  paper  and  wash  with  about  250  cc.  of  water 
at  room  temperature.  Dry  the  residue  at  about 
80  °  C.  and  transfer  from  the  filter  to  a  small  tared 
porcelain  dish  (E.  &  A.  2963,  No.  00).  Place  in  an 
air  bath  and  dry  for  3  hours  at  ioo°  C.  Cool  in 
desiccator  and  weigh.  Burn  off  organic  and  volatile 
matter  over  a  Bunsen  flame,  stirring  occasionally. 
Cool  in  desiccator  and  weigh.  Calculate  percentages 
of  organic  and  volatile  matter  and  ash. 

The  nitrogen  in  the  washed  residue  (previously 
determined  for  the  alkaline  permanganate  activity) 
multiplied  by  100  and  divided  by  the  organic  and 
volatile  percentage  gives  the  "per  cent,  nitrogen  in 
the  organic  and  volatile  matter." 

Reference  to  the  last  column  in  the  table  shows 
that  this  figure  varies  in  crude  stock  from  4.0  to  16.9, 
the  relatively  high  figures  corresponding  to  materials 
of  recognized  high  grade  and  the  low  figures  to  those 
classed  as  inferior  for  plant  food  purposes.  Thus 
dried  blood  shows  16.3  "percent,  of  nitrogen  in  or- 
ganic and  volatile  matter,"  fish  11. 7,  cottonseed- 
meal  9.4,  medium  tankage  9.2,  while  garbage 
tankage  contains  5.1,  peat  4.2,  and  mora  meal  4 . 6  per 
cent. 

Applying  this  procedure  to  commercial  fertilizers 
licensed  in  Vermont  from  1908  to  191 1,  inclusive,  a 
range  from  4  to  13.6  per'  cent,  has  been  found,  the 
low  figures  without  exception  corresponding  to  low 
organic  nitrogen  activity. 

The  organic  and  volatile  matter  in  different  mix- 
tures of  acid  phosphate  and  muriate  of  potash  has 
been  found  to  vary  from  3  to  3  ¥>  per  cent.,  but  as 
only  a  comparative  figure  is  wanted,  we  have  thus 
far  made  no  correction  when  using  the  method  on 
commercial  fertilizers. 

Per  cent. 

nitrogen  Activity 

in  the  or-  by  alk. 

game  and  Herman, 

volatile  ganatc 

method.     Fertilizer.       matter.  method. 

9                   5.3  37 

10  5.2  33 

11  9.0  69' 

12  9.1  68' 
1499  11.6  83' 
1546                   9.6'  73' 

48  1560  8.9  74' 

10  6  71'  1573  6:7  52 

As  yet,   we   have   found   no   sample   of   crude   stock 
or  fertilizer  that  does  not   show  the   desired   relation- 
1  Nitrogen  readily  available  lor  plant  use. 


Per  cent. 

nitrogen 

Activity 

in  the  or- 

by alk. 

ganic  and 

Perman- 

volatile- 

ganate 

Fertilizer. 

matter. 

method 

1 

12.0 

65' 

2 

13.6 

65' 

i 

11.8 

73' 

4 

4.0 

39 

5 

5.1 

49 

5,  1 

48 

ship  between  the  percentage  of  "nitrogen  in  the  or- 
ganic and  volatile  matter"  and  activity  of  the  water 
insoluble  nitrogen,  as  measured  by  the  alkaline  per- 
manganate method  and  vegetation  tests.  Thus,  se- 
lecting at  random  from  our  results  with  commercial 
fertilizers  collected  during  the  past  four  years,  the 
accompanying  table  indicates  thegeneral  trend  of  results. 
The  point  that  the  writer  wishes  to  establish  is 
that  this  determination  of  "nitrogen  in  the  organic 
and  volatile  matter"  will  show  whether  the  source 
of  the  water  insoluble  organic  nitrogen  is  from  ma- 
terials rich  in  nitrogen  or  from  those  poor  in  this  ele- 
ment. 

Vermont  Experiment  Station. 
Burlington.  Vermont. 


THE  EFFECT    OF    THE  "WET  PROCESS"  ON  THE  AVAIL- 
ABILITY OF  LOW   GRADE  NITROGENOUS 
MATERIALS.1 
By  Burt  L.   Hartwell  and  F.   R.  Pember. 
Received  January  12,  1912. 

It  has  been  known  for  a  long  time  that  the  nitrogen 
in  such  materials  as  roasted  leather,  garbage  tankage 
and  peat  is  of  very  low  availability,  and  for  that  reason 
the  fertilizer  laws  of  certain  states  do  not  permit  their 
use  in  fertilizers. 

The  claim  has  been  made,  however,  by  certain 
manufacturers  that  the  so-called  wet  process  of  treat- 
ing such  materials  so  completely  changes  their  physical 
and  chemical  nature  that  their  availability  is  materi- 
ally increased;  and  that,  after  having  been  subjected 
to  the  wet  process,  they  shoujd  not  then  be  considered 
in  the  same  class  as  the  original  materials,  nor  dis- 
criminated against  in  the  same  way.  Although  these 
claims  seemed  reasonable,  those  charged  with  the 
inspection  of  fertilizers  could  hardly  accept  them 
without  experimental  proof. 

Largely  through  the  influence  of  a  certain  manu- 
facturer of  fertilizers,  a  fertilizer  works  was  finally 
thrown  open  in  1910  to  a  committee,  consisting  of 
C.  H.  Jones,  chairman,  J.  P.  Street  and  B.  L.  Hartwell, 
which  had  been  appointed  by  the  Directors  of  the 
agricultural  experiment  stations  of  the  New  England 
States,  New  York  and  New  Jersey  to  investigate  the 
subject  of  the  determination,  by  laboratory  methods, 
of  the  availability  of  organic  nitrogen. 

This  committee  witnessed  the  mixing  of  about  a 
hundred  tons  of  hair  tankage,  garbage  tankage,  roasted 
leather,  phosphate  rock  and  sulfuric  acid,  by  the  wet 
process,  took  samples  of  all  materials  used  in  the 
mixture,  and  securely  sealed  the  "den"  containing 
the  manufactured  material.  Two  days  later,  the 
chairman  of  the  committee,  who  was  present  at  the 
breaking  of  the  seals  and  opening  of  the  den,  took 
samples  of  the  finished  product.  The  identity  of 
the  nitrogenous  material  had  been  practically  des- 
troyed by  the  treatment.  The  maximum  thermom- 
eter placed  near  the  bottom  of  the  den  had  registered 
208 °  P. 

Tlie  following  determinations  made  by  C.  H.  Jones 
show  some  of  the  changes  which  took  place  in  the 
nitrogenous  material  during  the  process. 

lented   at  the  American   Chemical  Society  Meeting   at    Washing 
ton,  D.  C,  December.  1911. 


1 1  ' 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


""  ■ 


I'ik    li\i      .11      I..IM      Nhiou.is     I'kimvi    l\     Iiiiiikim     POKMS 

Bi  fore  putting      \iiiT  removi 
into  ti»-  den       ir.mi  t iw-  dei 


in  w.iwt  soluble  organic  matter 
in  water  insoluble  organic  matter 


6  5 

7  X 
85    7 


14    .1 

57    7 
>H    (I 


For  vegetation  experiments,  the  authors  secured 
from  the  committee  samples  of  the  different  nitrog- 
enous materials  which  formed  a  part  of  the  mixture, 
as  well  as  of  the  final  "hast-  goods."  Through  the 
cooperation  of  Mr.  Jones  they  were  also  supplied  with 
similar  low  grade  nitrogenous  materials  both  in  their 
unacidulated  condition,  and  after  they  had  been  sub- 
jected individually  to  laboratory  treatment  with 
phosphate  rock  and  sulfuric  acid  in  a  manner  similar 
to  that  employed  in  the  factory;  in  the  case  of  each 
nitrogenous  material,  500  grams  of  it  were  mixed 
with  750  grams  of  phosphate  rock  and  1250  grains 
of  sulfuric  acid. 

Mr.  Jones  kindly  furnished  the  following  analyses 
of  the  material  treated  in  the  laboratory. 

Per  cent,  of  nitrogen  in  the  material. 


Water 

Water  in- 

soluble 

soluble 

organic. 

organic. 

Total. 

0.23 

2  61 

2.86 

0.20 

0  27 

0.53 

0.65 

4    74 

5.42 

0.78 

0    16 

0  98 

0  60 

10.77 

11    65 

1  .2.? 

0.22 

1  .58 

niacal. 

Garbage  tankage 0  02 

Garbage  tankage,  acidulated  .  0  06 

Treated  leather 0.03 

Treated  leather,  acidulated.    .  0  04 

Hair 0  28 

Hair,  acidulated 0.  13 


The  nitrogen  content  of  base  goods  made  at  the 
factory  and  of  the  identical  materials  which  formed  a 
part  of  the  mixture,  as  finally  used  in  the  experiments, 
was  as  follows: 

Nitrogen. 

Per  cent. 

Hair  tankage 6.28 

Treated  leather  (roasted ■> 6.49 

Garbage  tankage 2  .87 

Base  goods,  including  the  above 1  ,  68 

Water  soluble  nitrogen  in  base  goods 1  .28 

Water  insoluble  nitrogen  in  base  goods 0.40 

The  materials  which  were  treated  with  phosphate 
rock  and  sulfuric  acid  in  the  laboratory  ("acidulated"), 
and  those  mixed  in  the  factory,  were  of  about  the 
same  grade  with  the  exception  of  the  hair  goods. 
The  hair  tankage  used  at  the  factory  was  a  mixture 
of  hair,  wool,  etc.,  which  had  undergone  some  de- 
composition, with  the  formation  of  ammonia,  whereas 
that  treated  in  the  laboratory  was  clean,  fine  hair, 
on  account  of  this  difference,  both  grades  were  in- 
eluded  in  the  pot  experiment. 

The  vegetation  experiments  were  conducted  in 
eight-inch  Wagner  pots.  Natural  soil  from  two 
different  localities  was  used.  Optimum  amounts 
of  lime,  potassium,  and  phosphorus  were  provided 
in  hydrated  lime,  sulfate  of  potash,  Thomas  phosphate 
and  acid  phosphate,  in  order  that  the  differences 
in  growth  might  be  attributable  only  to  differences 
in  the  availability  of  the  nitrogen.  Unless  stated 
otherwise  the  same  amount  of  nitrogen  for  each  crop 
io.i  gram)  was  added  per  pot  in  the  different  materials. 

The  results  are  given  in  the  accompanying  table. 


Gkamsoi  Aik  i>ky  Crops  Grown  Successively  with  mi  Sami    1 

Oi    s-<  .1  mil     \ni.i  i.   i-i  R    I',, i    POS    I:  u  li 

i  [-.  i 

Grown  in  "Station"         Grown  in  ■'0 

■oil  i  ii kin      Mil     *  i 

i  ~  3      3 .8  8 

B  -:  S  i  v  I 

%  -  <i  ,.  -~ 

I  "8  •        sjj 

I  j  .  j;  .  i  _      ^  C^ 

a.  —  r  a  ~  a  JS     P-S! 

Source   01   nitrogen.  ^  5  A  ~  —  J? 

None  (check)  48  5      220       10. 3      42  0      37  5        o 

50  0  23   5  9  3        48  5        35.5 

49  5  24.0  8  0        44   0        35   5 

Hair  tankage 53  0  30.5  14  5 

49  5  32.0  11    3  59 

Hair      48.5  28.0  II    0 

49  5  30  0  II    5  33 
Ditto,  acidulated 55.5  31.0  12   5 

52  0  31.0  11.0  64 
Treated  leather 510  25 . 5  12  5 

50  5  24.0  10   5  23 
Ditto,  acidulated    56  0  33.0  16  5 

56.0  29  0  10  0  80 

Garbage  tankage  48.0  22  5  10  5        48.0        40  0 

48  0  24.5  9.5        46.0        41.5        13 

Ditto,  acidulated 49.0  22.0         8  5       50.5       34  0 

48   5  215  10  0        54   0        34.5  8 

Hair    tankage,    garbage 
tankage,  and  treated 

leather 48.0  29  5  11    0        54.0        43.0 

47.0  29.5  10  3        56  0        44  0        49 
Ditto,       acidulated       (base 

goods) 52  5  30.5  17   0        54.0        52   0 

50.0  31.5  12  5        57.0        49^0        84 

Insoluble  part  of  base  goods  43  5  22.0  44.0       36.0 

48   0  20  6  46  0        43.0  0 

Dried  blood 50.5  33.0  12.01      50.0       48  0 

53  0  32.5  12  5        52.0       50.5       80 
52.0  30  0  21    0        54.5        49  0 

Ditto,      with     extra     phos- 
phorus     54.5  38   0-  26  5-      53.0        44  0 

50.5  40  5-  26   0-      53   0        46   5 
Water  soluble  part  of  base 

goods 55  0  41    52  53.0       51    0 

58.7  40.0-  62.0        47.0 

Extra  amt.  blood 56.5  40  0  28  0       55.0       61   0 

60  0  42.0  24.3        57.0        61.0 

Nitrate  of  soda 57.0  50. 02  61.0       49.0 

56   5  46. 52  54.0        52.0 

In  spite  of  the  fact  that  an  attempt  was  made  to 
secure  so.ils  which  were  deficient  in  nitrogen,  the  first 
crop  in  the  case  of  each  soil  proved  to  be  nearly  as 
large  from  the  check  pots,  which  received  no  nitrogen, 
as  from  the  others.  This  is  not  an  uncommon  ex- 
perience even  with  soils  which  have  grown  crops  for 
some  time  without  nitrogenous  manures.  It  results 
from  the  fact  that  the  application  of  lime,  which 
proved  necessary  to  maintain  a  soil  reaction  which 
was  neutral  to  litmus  paper  and  conducive  to  the 
utilization  of  organic  nitrogen,  led  to  the  liberation 
of  sufficient  nitrogen  to  support  a  nearly  maximum 
crop. 

Although  in  the  case  of  both  soils,  for  the  reason 
stated  previously,  distinct  differences  did  not  result 
from  the  different  applications,  it  was  decided  never- 
theless to  include  the  results  with  those  secured  with 
the  subsequent  crops  grown  in  the  same  soils  after 
renewing  the  manurial  applications  including  the 
nitrogenous  materials. 

The  different  nitrogenous  substances,  therefore, 
not  only  had  an  opportunity  to  exert  their  effect 
upon  the  crop  immediately  following  their  application. 

1  Omitted  from  the  average 

-  Received  the  same  amount  of  nitrogen  as  was  in  the  extra  amt  of 
blood. 
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but  also  their  after-effect  upon  one  or  two  succeeding 
crops. 

In  the  last  column  of  the  table  is  given  the  relative 
availability  of  the  nitrogen  in  the  different  materials, 
arbitrarily  considering  80  as  the  availability  of  the 
nitrogen  of  the  dried  blood  (13.62  per  cent,  nitrogen), 
and  deriving  the  availability  of  the  nitrogen  in  the 
other  materials  from  the  increase  in  growth  in  each 
case  over  the  appropriate  check  crops  as  compared 
with  the  increase  caused  by  the  dried  blood.  It  is 
evident  that  only  such  of  these  values  as  are  based 
upon  results  with  the  same  number  of  crops  should 
be  strictly  compared. 

The  comparisons  which  should  be  emphasized  in 
this  connection  are  those  concerning  the  availability 
ol  the  nitrogen  in  the  materials  before  and  after  being 
"acidulated,"  or  subjected  to  the  wet  process. 

It  may  be  seen  that  although  the  availability  of 
the  nitrogen  is  33  in  the  unacidulated  hair  and  23  in 
the  treated  leather,  the  availabilities  are  increased 
to  64  and  80,  respectively,  in  the  same  material  after 
being  subjected  to  the  wet  process  in  the  laboratory. 
The  nitrogen  in  the  garbage  tankage,  however,  had  a 
very  low  availability  both  before  and  after  treat- 
ment. When  the  identical  hair  tankage,  garbage 
tankage  and  -treated  leather,  which  were  used  in  the 
fertilizer  factory  for  the  manufacture  of  the  base 
goods,  were  applied  to  the  pots  in  the  same  propor- 
tions as  used  in  the  works,  the  availability  of  the 
nitrogen  was  49,  whereas  that  in  the  base  goods  made 
from  the  same  materials  was  84. 

About  90  per  cent,  of  the  nitrogen  in  the  various 
unacidulated  materials  was  insoluble  in  water,  and 
although  a  half  of  the  total  nitrogen  in  the  garbage 
tankage  was  still  insoluble  after  acidulation,  only 
about  a  fifth  of  the  nitrogen  in  the  acidulated  roasted 
leather  and  hair  tankage  remained  insoluble. 

That  part  of  the  nitrogen  of  the  base  goods  which 
was  rendered  soluble  by  the  wet  process  seems  to 
have  had  an  availability  higher  than  that  in  blood, 
whereas  the  insoluble  nitrogen  was  practically  useless. 

Vegetation  experiments  to  determine  the  availa- 
bility of  the  nitrogen  in  such  material  as  base  goods, 
containing  large  amounts  of  available  phosphorus, 
have  to  be  conducted  with  every  possible  precaution 
to  prevent  the  results  being  influenced  by  the  phos- 
phorus. The  details  of  the  consideration  given  to 
this  matter  in  the  present  instance  would  be  out  of 
place  in  this  brief  paper.  The  principle  was  followed 
of  supplying  phosphorus  so  liberally  that  more  would 
be  without  influence  on  the  crops.  It  may  be  seen 
by  reference  to  the  table  that  when  an  extra  amount 
hosphorus  was  furnished  in  addition  to  the  appli- 
cation  of  the  dried  blood,  which  served  as  a  standard, 
no  increase  of  crops  resulted.  Nevertheless,  it  is 
to  be  conservative  in  comparing  the  nitrogen 
availability  of  highly  nitrogenous  ndn-phosphatic 
materials,  like  hair,  leather  and  blood,  with  the  same 
■rials  when  existing  in  a  mixture  with  a  nitrogen 
rontent  of  less  than  2  per  cent,  and  with  a  high  content 
"I  phosphorus.  Furthermore,  when  such  compara- 
tively small  differences  as  exist  in  experiments  of  this 
kind  between  the  weights  of  the  crops  from  the  check 


and  from  the  dried-blood  pots  are  divided  into  80 
parts,  it  is  evident  that  the  "limit  of  error"  is  wide, 
and  that  certainly  a  difference  of  less  than  10  in 
availability   is  of  very  little  significance. 

In  view  of  these  considerations,  the  claim  is  not 
made,  therefore,  that  the  nitrogen  in  acidulated  leather 
and  base  goods  is  as  valuable  as  that  in  dried  blood. 
It  is  believed,  however,  that  the  experiments  prove 
the  efficiency  of  the  wet  process,  when  properly  carried 
out,  for  materially  increasing  the  availability  of 
certain  low-grade  nitrogenous  materials. 

Agricultural  Experiment  Station, 
Kingston.  R.  I. 


NEUTRAL  AMMONIUM  CITRATE  SOLUTION.1 

By   A    J.   Patten  and  C.  S.   Robinson. 
Received   January  12,  1912. 

Since  the  proposal  of  the  ammonium  citrate  method 
for  the  determination  of  available  phosphoric  acid, 
much  trouble  has  been  experienced  in  preparing  a 
strictly  neutral  solution  of  the  reagent.  The  weak- 
ness of  both  the  acid  and  the  base  renders  the  end 
point  quite  indistinct  with  ordinary  indicators,  and 
much  time  and  patience  are  required  on  the  part  of 
the  operator  to  obtain  the  desired  results.  Several 
modifications  of  the  simple  titration  method  have  been 
proposed,  but  each  has  objections  which  prohibit  its 
common  acceptation  by  practical  chemists.  The  im- 
portance which  the  method  has  assumed  in  agricul- 
tural work  demands,  however,  that  some  convenient 
means  be  devised  for  preparing  the  necessary  solu- 
tion. Such  a  method  has  recently  been  proposed 
by  Hall  and  Bell2  and  was  later  shown  by  Hall^  to  be 
quite  suitable  for  laboratory  use.  At  the  time  these 
articles  appeared,  the  authors  of  this  paper  were  en- 
gaged in  working  out  the  same  method,  and  the  re- 
sults are  here  offered,  not  with  the  hope  of  claiming 
the  credit  for  originating  the  method,  but  simplv  as 
corroborative  evidence  in  favor  of  its  general  adop- 
tion. 

Of  the  several  methods  proposed  as  substitutes  for 
the  present  official  method,  that  recently  suggested 
by  Hand.-t  using  purified  litmus  solution  or  azolitmin, 
seems  to  be  the  most  promising.  In  order  to  test  it 
out  and  compare  it  with  the  official  corallin  method 
as  well  as  to  obtain  some  data  as  to  the  accuracy  of 
the  latter  an  acid  solution  of  ammonium  citrate  was 
made  up  and  neutralized  by  these  two  methods  by 
each  of  four  analysts  working  independently. 

An  acid  citrate  solution  was  chosen  of  which  50  cc. 
required  7 .  50  cc.  of  the  dilute  ammonia  solution  for 
neutralization  as  determined  by  the  conductivity 
method  to  be  described  later.  The  dilute  ammonium 
hydroxide  solution  (about  3  per  cent.)  was  kept  in  a 
burette  enclosed  in  opaque  paper  to  prevent  the  read- 
ing being  taken  until  the  supposed  neutral  point  had 
been  reached.  In  this  way  each  operation  was  made 
independently  of  the  others.  Great  care  was  taken 
that    no    loss   of    ammonium    hydroxide    should    occur 

1  Presented  at  the  American  Chemical  Society  Meeting  at  Washington. 
D.  C,  December.   1911 

-'  Jour.  Am.  Chan.  Soc.  33.  711  (1911  |. 

'  This  Journal.  3,  559  (191  1 

'  U.  S.  Dept.  of  Agric  .  Bur.  of  Chem  .  Bull.  132,  p.  1  1 . 
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the  process.     The   results  arc  given  in  Tables 
1  and  1 1 
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Table  II. 

With  purified  Litmus  as  the  indicator. 

Cubic  centimeters  dil.  NH4OH.        Cubic  centimeters  dil.  NH4OH. 
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An  inspection  of  these  results  reveals  the  fact  that 
the  Official  Method  gives  extremely  inconsistent  re- 
sults even  in  the  hands  of  one  person.  In  only  one 
case  was  an  exactly  neutral  solution  secured.  The 
variation  in  the  results  obtained  by  one  analyst  using 
this  method  amounted  to  seventy-four  cc.  of  the 
dilute  ammonium  hydroxide  solution  per  liter  of  the 
acid  citrate  solution.  While  this  is  the  maximum 
variation  in  the  four  sets  of  determinations  given,  it 
must,  nevertheless  be  accepted  as  a  possibility  in  actual 
practice.  Such  a  condition  is  surely  anything  but  de- 
rirable  and  demands  immediate  attention.  The  other 
method  showed  to  much  better  advantage.  Not 
only  were  the  results  more  consistent,  but  one-third 
of  the  trials  actually  gave  neutral  solutions. 

These  examples  fairly  illustrate  the  difficulty  in 
making  an  exactly  neutral  reagent  by  the  methods 
most  in  use,  and  it  is  quite  possible  that  in  many  cases 
the  character  of  the  "neutral"  ammonium  citrate  solu- 
tion varies  more  than  in  the  cases  cited  and  that  con- 
siderable error  may  be  introduced  into  determinations 
in  this  way.  It  is  evident  that  not  only  is  there  a 
wide  variation  in  the  solutions  made  by  different 
individuals,  but  that  even  the  same  person  can  rarely 
duplicate  his  own  results. 

It  has  long  been  realized  that  it  was  impossible  to 
get  consistent  results  in  neutralizing  ammonium  cit- 
rate solution  by  the  Official  Method,  but  it  has  been 
assumed  that  the  differences  in  the  acidity  of  the 
solution  were  too  small  to  cause  any  appreciable  error 
in  the  determinations  made  with  them. 

In  order  to  test  the  correctness  of  this  assumption, 
several  actual  determinations  were  made.  The  solu- 
tions used  were  R  II,  C,1  M  IV,  and  I  III.  They 
were  carefully  diluted  to  a  specific  gravity  of  1 .  09 
and  the  determinations  were  all  made  at  one  time  so 
that  there  could  be  no  variation  due  to  temperature 
of  the  bath.     Determinations  were  made  on  two  sam- 

1  Neutralized  by  the  conductivity  method. 
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The  results  are  given  in  Table  III: 


Tabu    hi. 
..    dil    NH«OH.        Sample  1 


Sample  1 1 
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Number. 

Per   cent. 

2.84 

age. 
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8  86 
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6 .  00 
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2  83 
3.54 

2.83 
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9.82 
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C.  ..' 

7  .  50 

3   80 

3  74 

4  23 

3  69 

9.80 
10.10 

9.81 

M    IV 

. . . .      8.30 

4.07 
4.21 

4.17 

9.98 

4.79 

10.56 

I    III 

9 .  80 

4.77 

4.82 

10.46 

An  inspection  of  these  results  shows  a  marked  re- 
lationship between  the  reaction  of  the  ammonium 
citrate  solution  and  the  amount  of  phosphorus  pent- 
oxide  extracted. 

These  variations,  amounting  to  1 .  99  per  cent,  in 
one  case  and  1.62  per  cent,  in  the  other,  are  certainly 
significant.  The  results  prove  that  perfect  neutrality 
of  the  citrate  solution  is  of  the  utmost  importance  in 
securing  consistent  results,  as  the  above  differences 
are  of  sufficient  magnitude  to  make  the  method  ex- 
tremely uncertain. 

CONDUCTIVITY    METHOD. 

The    above-mentioned   method,     proposed   by   Hall 

and   Bell,   was  found  to  be  much  more    satisfactory. 

It  depends  upon  the  fact  that  when  different  quan- 
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tities  of  alkali  are  added  to  an  acid  solution  (or  vice 
versa)  the  electrical  conductivity  or  resistance  of  the 
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solution  will  vary  with  each  addition,  and  if  these 
resistances  or  conductivities  are  plotted  against  the 
amounts  of  alkali  or  acid  added,  there  is  a  sharp 
change  in  the  direction  of  the  curve  at   the   neutral 
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point.  This  property  has  been  made  use  of  for  the 
titration  of  various  liquids  where  color  changes  were 
difficult  to  observe  and  has  given  very  good  results. 

The  method  of  procedure  as  given  by  Hall  is  quite 
satisfactory.  A  solution  of  citric  acid  is  almost  neu- 
tralized, the  density  being  kept  above  1 .  09.  Small 
samples  of  this  solution  are  then  titrated  with  a  dilute 
solution  of  ammonium  hydroxide,  using  corallin  as  an 
indicator,  to  determine  the  approximate  amount  re- 
quired to  neutralize  the  remaining  acid.  Definite 
quantities  of  the  citrate  solutions  are  removed  with  a 
pipette  and  transferred  to  clean,  dry,  volumetric 
flasks.  To  these  portions  of  the  original  solution 
varying  quantities  of  the  dilute  ammonium  hydroxide 
are  added  in  such  a  way  that  some  of  the  flasks  con- 
tain more  and  some  less  than  the  approximate  amount 
required  for  exact  neutralization  as  determined  by 
the  titration  with  corallin.  These  solutions  are  then 
made  up  to  the  same  volume  with  distilled  water, 
placed  in  a  thermostat,  the  temperature  of  which  is 
held  constant,  and  allowed  to  come  to  the  tempera- 
ture of  the  bath  after  which  their  resistances  are  meas- 
ured by  the  Wheatstone  bridge  method.  Plotting 
the  cubic  centimeters  of  ammonium  hydroxide  against 
the  bridge  readings  gives  a  curve  from  which  may  be 
read  the  exact  amount  of  ammonium  hydroxide  re- 
quired to  neutralize  the  acid  in  a  given  quantity  of 
the  citrate  solution. 

The  following  are  some  of  the  results  obtained  and 
illustrate  the  sharpness  with  which  the  neutral  point 
may  be  read : 

Table   IV . 
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ACCURACY    OF     METHOD. 

In  order  to  test  the  accuracy  with  which  results 
may  be  duplicated  by  different  operators,  a  stock 
solution  of  acid  ammonium  citrate  was  made  up  and 
neutralized  independently  by  four  laboratory  assist- 
ants, three  of  whom  had  never  before  made  any  con- 
ductivity measurements.  One  hundred  cubic  centi- 
meter portions  of  the  acid  solution  were  transferred 
to  250  cc.  volumetric  flasks,  the  designated  amounts 
of  ammonium  hydroxide  added,  and  the  bridge  read- 
ings taken.  Each  operator  made  four  sets  of  deter- 
minations on  the  same  solution,  the  conditions  being 
altered  each  time  so  as  to  give  different  readings  for 
each  set,  thus  eliminating  any  error  due  to  the  opera- 
tor attempting,  unconsciously  or  otherwise,  to  dupli- 
cate his  previous  results.  Each  one  was  required  to 
plot  his  own  results  and  report  independently  the 
amounts  of  ammonium  hydroxide  required  to  neu- 
tralize the  acid  in  the  quantity  of  citrate  solution 
taken.      The  results  are  given  in  the  following  table: 

Table  V. 


Cc.  dil. 
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13.00 

I     III 
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IV 

13.90 

I      IV 

13.20 

For  the  sake  of  comparison,  averages  of  the  several 
determinations  made  by  each  method  are  given  in 
Table  VI : 

Table  VI. 
Corallin 
Average  of  method. 

P  series 13 .32 

R  series 12.98 

M  series 16.00 

I  series 15.32 

Av.  of  all  series 14.41 

Maximum  variation 3.02 

Maximum  variation +  1  .59 

Above   (+)   and  below   ( — ) 

average — 1  .43 

The  determinations  by  the 
methods  were  made  on  the  same  solution,  but  the  de- 
terminations by  the  conductivity  method  were  made 
upon  a  solution  of  slightly  different  strength.  The 
advantages  of  the  conductivity  method  over  the  other 
two  is  well  illustrated  in  the  above  table.  The  results 
by  the  corallin  and  litmus  methods  are  very  variable, 
the  greatest  variation  in  the  first  case  being  3.02 
while  in  the  second  maximum  variation  is  1.70. 
The  results  by  the  conductivity  method  are  very 
much  closer,  the  maximum  variation  in  the  averages 
being  only  0.43.      If  we  assume  the  average  of  all  the 
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series  l>\  this  method,  to  l>c  the  true  result,  then  the 
maximum  variation  below  tins  result  is  only  0.17  and 
the  maximum  variation   above  is  0.26. 

These  differences  might  well  be  considered  within 
experimental  em  ir, 

RATIO    OP     AMMONIA    TO    CITRIC     ACID. 

Dr.  McCandless,  the.  referee  on  phosphoric  acid 
for  the  Association  of  Official  Agricultural  Chemists, 
in  i()0(j.  suggested  thai  a  reagent  be  used  which  should 
have  the  same  ratio  of  ammonia  to  citric  acid  as  the 

pure  triammonium  salt.  This  ratio  is  1  :  3.765. 
He  made  some  codperative  tests  with  three  other  chem- 
ists, in  which  solutions  were  obtained  having  ratios 
from  1  :  3.775  to  1  :  4.189.  Sometime  later  the 
Division  of  Fertilizer  Chemists  of  the  American  Chem- 
ical Society  recommended  a  solution  in  which  the 
ratio  of  ammonia  to  citric  acid  was  1  :  4.25.  A  neu- 
tral solution  was  made  up  by  the  conductivity  method 
and  the  ratio  of  ammonia  to  citric  acid  determined. 
An    average    of    three    determinations  gave   a  ratio   of 


1  :  3-785.     This    would    probably    have    approached 

still  closer  to  the  theoretical  ratio  ii  the  neutral  solu- 
tion had  been  made  up  immediately  after  making  the 
Conductivity   measurements.       During    the  several  dayi 

that  elapsed  between  the  determinations  ol  the  quan- 
tity of  dilute  ammonium  hydroxide  solution  required 
to  give  periect  neutrality  and  the  actual  prepai 
o(  the  neutral  solution,  the  strength  ol  the  dilute 
ammonium  hydroxide  solution  was  probably  ch; 
It  seems  probable  that  this  method  could  be  used  to  give 
more  satisfactory  results  than  the  present  Official  Mi 

CONCLUSIONS. 

The  present  Official  Method  for  preparing  a  neutral 
solution  of  ammonium  citrate  is  extremely  unreliable 

The  purified  litmus  method  gives  somewhat  better 
results,  although  the  limit  of  error  is  too  great  for  re- 
liable W<  >rk . 

The  conductivity  method,  on  the  other  hand 
liable   and   not   difficult   of   operation   and   the   results 
obtained  by  different  workers  agree  very  closely. 
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THE  MANUFACTURE  OF  GELATINE.1 

By  Lcdwic  A    Thiele. 

Received  Dec.  22,  1911. 

INTRODUCTION. 

The  manufacture  of  gelatine,  originating  in  the  re- 
mote past,  when  jelly  was  produced  by  boiling  calves' 
feet  in  the  kitchen,  with  the  most  crude  and  primitive 
methods,  has  now  arrived  at  such  a  state  of  perfec- 
tion, through  the  application  of  chemical  as  well  as 
engineering  science,  that  this  industry  may  justly 
be  proud  of  its  progress. 

To-day  gelatine  is  manufactured  in  millions  of 
pounds,  and  plays  a  great  role  in  the  nutrition  of  the 
people. 

While  the  bulk  of  gelatine  is  manufactured  for 
edible  purposes — for  jellies,  jams,  for  the  candy  indus- 
try and  for  ice  cream,  which  product  comes  under 
the  Pure  Food  Law — the  gelatine  used  in  the  arts,  for 
photographic  dry  plates  and  papers,  for  medical 
purposes  in  the  form  of  capsules,  for  bacteriological 
purposes  and  for  decoration  of  fancy  goods,  does  not 
come  under  this  law ;  nevertheless,  all  these  varieties 
are  made  practically  the  same,  with  like  care  and  pre- 
caution, from  the  most  select  raw  materials,  and  un- 
der the  most  sanitary  conditions  which  may  be  ap- 
plied to  such  an  industry. 

The  manufacture  of  gelatine  comprises  the  follow- 
ing distinct  operations: 

I.   Treating  and  cleaning  the  raw  material. 
II.    Dissolving  the  gelatine. 

III.  Concentrating  the  gelatine  solution. 

IV.  Chilling  and  spreading. 
V.    Drying. 

VI.    Finishing  (grinding  and  packing). 

The  most  important  raw  material  consists  of: 

u.    Bones  (osseine),  hornpiths  and  button  bones. 

1  Presented  at  the  Fourth  Annual  Meeting  of  the  American  Institute 
•  >t  Chemical  Engineers.  Washington,  Dec.  22.  1911. 


b.  Hidestock  (calf-pates,  trimmings    and    fleshings). 

(a)  Osseine  is  the  organic  substance  contained  in  the 
bones,  the  manufacture  of  which  originates  from 
France. 

Raw  bones  are  not  used  in  the  manufacture  of 
gelatine  at  all,  but  have  to  undergo  a  preliminary 
treatment  in  order  to  produce  osseine.  The  treat- 
ment for  osseine  and  hidestock  is  then  practically 
the  same.  Let  us  therefore  first  consider  the  pre- 
liminary treatment  of  the  bones. 

Bones,  as  obtained  either  direct  from  the  slaughter- 
houses in  raw  and  wet  state,  or  in  dried  form  through 
dealers,  have  to  be  washed,  crushed  and  degreased 
in  special  extraction  plants  by  means  of  benzine  or 
carbon  tetrachloride.  In  this  stage  of  manufacture, 
from  8  to  io  per  cent,  of  bone  fat  is  produced  from  the 
bones,  while  the  water  contained  in  the  raw  bones 
is  nearly  eliminated.  The  crushed,  degreased  bones 
now  undergo  the  same  treatment  as  the  East  India 
crushed  bones,  which  contain  practically  no  fat,  by 
extracting  the  mineral  substance  by  means  of  diluted 
acids.  This  process,  called  maceration,  produces 
about  6o  per  cent,  of  acid  phosphate,  a  very  valuable 
by-product.  The  acids  to  be  used  in  the  manufac- 
ture of  osseine  are  either  hydrochloric,  phosphoric 
or  sulphurous,  or,  according  to  the  process  of  Berg- 
mann,  hydrochloric  combined  with  sulphurous  acid. 
Until  quite  recently,  the  drawbacks  attending  the 
use  of  sulphurous  acid  prevented  its  application  in 
the  extraction  of  osseine  from  bones.  In  order  to  pre- 
vent the  surface  of  the  bones  from  becoming  coated 
with  a  layer  of  tribasic  calcium  phosphate,  it  was 
necessary  to  keep  either  the  liquid  or  the  bones  in 
constant  motion. 

In  the  Bergmann  process  these  difficulties  are  ob- 
viated by  causing  the  solution  of  sulphur  dioxide  to 
circulate  through  a  battery  of  closed  tanks  in  which 
the  bones  are  treated,   the  solution  being  continually 
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enriched  bj  sulphur  dioxide  as  ii  is  neutralized  by 
the  calcium   phosphate.     Alter  bavin ne   through 

lour  i.mks  the  solution  is  still  sufficiently  acid  to  re- 
in solution  the  whole  of  the  extracted  phosphate. 
'The  resulting  saline  liquid  is  a  solution  oi  monobasic 
calcium  phosphate'  in  calcium  bisulphite  solution. 
In  order  to  separate  the  calcium  phosphate  in  the  form 
oi  dibasic  calcium  phosphate,  and  to  recover  the  sul- 
phur dioxide,   this  liquid   is   heated   b\    means  oJ    steam 

iii   a    lead-lined    autoclave,    termed    "The     Digester." 

This  reaction  liberates  from  the  calcium  bisulphite 
its  sulphur  dioxide,  which  is  then  conducted  back  to 
the  acid  tanks.  At  the  same  time  one  equivalent  of 
the  calcium  bisulphite  reacts  with  the  monobasic 
calcium  phosphate'  to  form  dibasic  calcium  phosphate, 
which  falls  to  the  bottom  of  the  boiling  liquid  and 
normal  calcium  sulphite.  In  order  to  decompose  the 
latter,  an  exactly  measured  quantity  of  hydrochloric 
acid  is  introduced  into  the  Digester.  The  liberated 
sulphur  dioxide  is  returned  to  the  acid  tanks,  while 
the  aqueous  liquid  containing  calcium  chloride  in 
solution  and  dibasic  calcium  phosphate  in  suspension, 
is  withdrawn,  decanted,  and  filtered,  and  the  separated 
phosphate  drained  on  a  porous  surface  and  dried. 
The  inventor  claims  that  the  so  obtained  dibasic 
calcium  phosphate  is  white  and  pure,  and  completely 
soluble  in  ammonium  citrate  solution,  which  is  not 
the  case  when  the  phosphates  are  separated  by  other 
methods.  The  loss  of  sulphur  dioxide  in  a  well 
managed  factory  is  said  not  to  exceed  5  per  cent,  of 
the  weight  of  the  bones.  The  osseine  thus  freed  from 
phosphate  appears  to  be  whiter  and  of  better  quality 
than  that  obtained  by  the  use  of  hydrochloric  acid 
entirely,  which  renders  the  osseine  yellow  and  makes 
the  preparation  of  colorless  gelatine  more  difficult. 

(b)  Hidestock  is  received  in  green,  salted,  limed  or 
dried  form  at  the  factor}-. 

Another  important  feature  in  the  manufacture  of 
gelatine  is  the  water,  which  should  be  soft,  nearly 
free  from  lime-magnesia-carbonates  or  sulphates, 
and  free  from  iron. 

I. .  From  this  stage,  the  process  of  manufacture  of 
gelatine  from  osseine,  as  well  as  hidestock,  is  prac- 
tically the  same,  and  the  material  passes  into  the  first 
stage  of  manufacture.  The  animal  matter  is  intro- 
duced into  steeping  vats,  in  which  it  undergoes  the 
process  of  washing,  a  treatment  with  lime  or  caustic 
soda  in  order  to  saponify  the  last  traces  of  fat  and  to 
swell  the  material.  After  liming  follows  another 
operation  of  washing,  followed  by  an  acid  bath  to 
destroy  the  alkali  and  bleach  the  raw  stock.  From 
the  steeping  vats  the  thus  prepared  raw  material 
passes  into  the  wash  mills  to  be  washed  perfectly 
neutral.  It  is  absolutely  necessary  to  observe  these 
preliminary  stages  of  manufacture  very  carefully,  as 
traces  of  acids  or  other  impurities  contained  in  same 
may  discolor  "the  gelatine  produced. 

There  are  several  distinct  types  of  wash  mills,  of 
which  the  following  may  be  mentioned: 

1.  Half-round  mills  of  about  6'  wide,  12'  long  and 
42"  deep,  provided  with  perforated  false  bottoms  and 
eccentrically  arranged  paddles. 


.'.    Revolving    I  ircular    Mills   into  which   water  is  in- 
1 .1  a  hi  illow  perforated  shal  I   1  ■ 
through    th     centei    oi    the    mill       Both    t  hese    types 
are  mainly  used  for  washing  osseine  and   matt 
finer  struct  ure. 

3,  For  washing  calf-pates  or  hidestock,  the  so- 
called  Roller  Wash  Mill  is  generally  used,  which  con- 
sists oi  a  circular  tank,  16'  in  diameter  and  about 
40"  high,   in  which  revolves  a  cone-shaped  roller. 

The   average   speed   of  these   wash   mills  ran;" 
twecn    14  to  20  revolutions  a   minute.      After  the  raw 
material   is   thus  prepared,    it   enters   into   the   second 
stage  of  operation. 

1 1.  Extraction  tanks  are  generally  about  6'  indiameter 
and  5'  high,  provided  with  false  bottoms  and  with 
perforated  circulation  chimney  arranged  in  the  center. 
The  extraction  tanks  are  provided  with  steam  coils 
below  the  false  bottom,  and  sometimes  surrounding 
the  tank. 

There  are  also  steam-jacketed  tanks,  which  other- 
wise are  practically  of  the  same  construction.  The 
raw  material  is  rinsed  from  the  wash  mills,  having 
absorbed  about  three  and  one-half  times  its  original 
weight  of  water.  It  is  then  conveyed  to  the  extrac- 
tion tanks,  covered  with  warm  water,  steam  turned 
on,  and  the  thin  gelatine  solutions  are  continually 
drawn  off,  as  soon  as  they  contain  from  4  to  6  per  cent, 
of  gelatine.  There  are  produced  from  4  to  8  subse- 
quent "runs,"  the  temperature  of  wrhich  varies  with 
the  different  factories  and  the  process  applied,  rang- 
ing from  1 30-200 °  F.  The  charge  of  one  extraction 
tank  being  about  2000  pounds  of  dry  raw  material, 
containing  about  60  per  cent,  of  gelatine,  will  result 
in  producing  from  3000-4000  gallons  of  thin  gelatine 
solution.  By  the  usual  process  of  extraction  making 
different  consecutive  "runs,"  these  are  all  of  different 
densities  and  the  process  is  comparatively  slow.  There- 
fore, many  manufacturers,  anxious  to  find  a  process 
to  produce  the  gelatine  solution  in  a  continual  run. 
patented  processes  of  continual  extraction  which  the 
following  may  exemplify. 


Fig.   1, — Cormack's  Extraction  Apparatus. 
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In  1903  Cormack  obtained  U.  S.  patent  No.  728,205 
for  a  process  under  centrifugal  force,  consisting  in 
washing  the  gelatinous  material,  cutting  it  up,  and 
subjecting  it  in  this  divided  state  to  the  simultaneous 
action  of  condensing  steam  and  centrifugal  force, 
dissolving  the  gelatine  out  of  the  material,  passing  the 
solution  from  the  material  by  gravity  and  centrif- 
ugal force,  and  thereby  filtering,  collecting,  and 
finally  drawing  off  the  solution. 

In  1910,  Lehmann,  Paris,  obtained  U.  S.  P.  No. 
964,980,  describing  the  combination  in  a  gelatine 
manufacturing  apparatus,  of  a  casing  for  the  recep- 
tion of  liquid,  means  for  heating  the  liquid,  and  rotable 
drum    composed    of    perforated    material    located    in 


coil  between  the  tank  and  cage,  a  steam  heater,  a 
water  pipe  passing  through  said  heater,  and  into  the 
tank,  a  spraying  device  on  said  pipe  \vithin  the  tank, 


Fig.  2. — Lehmann's  Extraction  Process. 

said  casing,  means  for  feeding  the  material  to  be  oper- 
ated on  into  said  drum,  a  screw  in  said  drum  consist- 
ing of  a  shaft  and  rotary  curved  blades  mounted  on 
the  shaft  for  the  purpose  of  discharging  the  insoluble 
materials  from  the  drum,  a  conical  outlet  pipe  in 
said  casing,  means  for  clarifying  the  extracted  gelati- 
nous solution  comprising  a  filter,  a  rotary  pump  and  a 
grease  reservoir,  means  for  desiccating  the  clarified 
solution  comprising  a  hopper  under  said  grease  cham- 
ber, and  a  rotary  heated  drying  cylinder  mounted 
beneath  said  hopper,  a  blade  in  contact  with  the  cylin- 
der mounted  beneath  said  blade,  and  means  for  has- 
tening the  cooling  of  the  finished  product. 

In  1911,  Thiele  obtained  U.  S.  P.  No.  989,826,  an 
appliance  for  reducing  animal  matter  to  gelatine,  a 
steam-tight  tank,  and  inner  perforated  cage,  a  steam 


Fig.  3. — Thiele's  Extraction  Apparatus. 

a  steam  pipe  leading  to  the  steam  coil  and  to  the 
steam  heater,  shut-off  valves  in  the  steam  pipe  be- 
tween the  steam  heater  on  one  side  and  the  steam 
coil  on  the  other  side,  a  settling  chamber  including  a 
filtering  device  below  the  cage,  a  receptacle  below  the 
filtering  device  for  receiving  the  filtered  substance 
from  the  cage,  and  a  siphon  for  drawing  off  the  con- 
tents of  the  receptacle. 

This  latter  device,  arranged  in  pairs,  enables  con- 
tinual operation,  producing  but  one  grade  of  gelatine 
from  the  entire  batch.  In  case  the  production  of 
different  qualities  is  required,  the  thin  gelatine  liquors 
should  be  divided  according  to  the  time  of  efflux. 
Neither  of  the  extraction  processes  produce  gelatine 
liquors  which  are  exactly  clear.  They  should  be 
screened  into  a  settling  tank,  from  which  these  thin 
gelatine  solutions  pass  through  a  filtering  device. 
Some  efficient  filters  for  gelatine  are  the  Karl-Kiefer 
filter,  the  Union  Schalen  filter,  or  the  International 
filter.  Filtering  paper  or  paper  asbestos  pulp  is 
generally  used  in  these  constructions. 

Utley,  in  U.  S.  P.  No.  961,180,  describes  a  charcoal 
filter  which,  besides  giving  a  brilliant  filtrate,  claims  to 
eliminate  discoloration. 

In  some  cases  the  last  extracted  portions  or  runs 
of  gelatine  are  very  cloudy  and  the  filters  before 
described  are  not  in  state  to  render  the  filtrate  of 
great  brilliancy.  In  such  cases  these  runs  should  be 
clarified,  either  by  the  alum-phosphoric-acid,  blood 
albumen-S02  or  egg  albumen  processes.  The  only 
drawback  to  these  chemical  clarifications  is  that 
the  gelatine  solutions  are  weakened,  and  in  some 
other  processes  there  remains  a  soapy  odor,  with  a 
tendency  to  foam  and  quicker  putrefaction.  The 
clarified  thin  gelatine  solutions  are  usually  kept  in 
storage  tanks  for  6-8  hours,  giving'  time  to  settle. 
Usually   a    very    slight    precipitation   occurs    in    these 
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solutions      These  purified  gelatine  solutions  now  pi^s 
into    th<-    third    stage   oi    manufacture, 


Fig.  4. — Utley's  Filtering  Apparatus. 

III.  The  concentration  of  the  thin  gelatine  solutions  is 
usually  made  by  evaporators.  Concentration  in  open 
pans  is  probably  entirely  eliminated  by  this  time. 
Single,  double  and  triple  effects  are  used  as  evapora- 
tors, depending  on  the  size  of  the  factory  and  the 
quality  of  gelatine  to  be  produced.  Very  common 
systems  of  evaporators  are  those  of  Yaryan,  Swenson, 
Zaremba,    and  Kestner. 

The  thin  gelatine  solutions  are  concentrated  in  the 
evaporators  from  4-6  per  cent,  to  10-20  per  cent., 
depending  on  the  quality  of  gelatine  to  be  produced. 
If  it  is  the  object  of  the  factory  to  produce  gelatine 
in  thin  sheets,  it  is  not  advisable  to  concentrate  the 
thin  solutions  too  strong,  but  rather  to  draw  off  the 
solutions  at  from  5-6  per  cent,  and  chill  them  direct. 
It  is  a  difficult  matter  to  spread  these  jellies  contain- 
ing but  4-6  per  cent,  of  dry  gelatine  by  hand.  This 
drawback  caused  many  attempts,  which  date  back 
as  early  as  1870,  to  construct  apparatus  which  would 
eliminate  spreading  by  hand. 

Following  are  some  patents  obtained  on  apparatus 
of  this  nature: 

1870,  Andrew  Dietz.  New  York.  U.  S.  P.  No.  103,852;  1870,  Wm.  Adam- 
son,  Philadelphia.  U.  S.  P.  No.  106.448,  1877.  Chas.  O.  Garrison.  New 
York,  U.  S.  P.  No.  185,825;  1878.  E.  W.  Leggett,  Elizabethport,  U.  S.  P. 
No.  205,968;  1886,  King  Upton.  Salem,  Mass.,  U.  S.  P.  No.  338,374;  1886, 
Wm.  P.  Upham,  Melrose,  Mass.,  U.  S.  P.  No.  343,507;  1888,  Chas.  Keller. 
Springdale.  Pa.,  U.  S.  P.  No.  386.590;  1893.  F.  A.  Wolff.  Heilbronn.  Ger- 
many. I  S.  P.  No.  496,469;  1894,  Peter  Cooper  Hewitt,  New  York,  U.  S. 
P.  No.  521.371;  1894,  Chas.  W.  Cooper,  New  York,  U.  S.  P.  No.  521.947; 
1899.  Schill  &  Seilacher,  Stuttgart,  Germany,  D.  R.  P.  No.  1 19.  477;  1907, 
O.  Koepff,  Goeppingen,  Germany,  Aust.  P.  33,510. 


At  the  present  tune  the  constructions  of  Wolff, 
Hewitt,  Schill  eJ  Seilacher,  Koepff,  and  Clyde  are  in 
use.  These  mechanical  spreading  devices  an  H  ed 
only  where  the  gelatine -is  to  be  manufactured  in  thin 
slices  or  sheets,  to  be  later  sold  in  packages,  or  for  tin- 
shredded  qualities.  In  most  cases  these  apparatus 
consist  of  rotary  drums  or  endless  belts  upon  which 
the  solution  is  run,  and  by  cooling  devices  chilled, 
scraped  off,  and  directly  laid  on  the  nettings.  I; 
nettings  is  understood  a  frame  6'  X  3'  upon  which 
is  stretched  a  cotton  or  wire  netting.  After  evapora- 
tion the  material  enters  into  the  fourth  stage  of 
manufacture. 

IV.  If  no  automatic  spreader  is  used,  the  thin,  concen- 
trated evaporated  gelatine  solutions  are  drawn  off 
into  moulds.  The  moulds  are  usually  pans  36"  long, 
5"  deep,  9"  wide  at  the  top  and  8"  wide  at  the  bottom, 
giving  them  a  tapering  form  in  order  to  allow  the 
jelly  to  be  easily  turned  out.  These  jelly  blocks  are 
then  separated  into  smaller  blocks  by  means  of  a  block- 
ing machine,  which  are  again  made  into  thin  slices 
by  means  of  a  slicing  machine.  The  slices  are  then 
laid  on  the  nettings  by  automatic  machines  or  by 
hand  and  the  nettings  subsequently  piled  one  upon 
another,  about  1  \.'>"  apart  for  the  purpose  of  circula- 
tion, to  a  height  of  twenty-five  or  thirty  racks  upon 
a  car  or  truck,  and  now  pass  into  the  fifth  stage  of 
manufacture. 

V.  In  the  sketches  on  p.  447  are  shown  four  distinct 
types  of  drying  processes. 

The  drying  of  the  gelatine  is  conducted  in  channels 
or  kilns,  which  are  provided  with  rails  for  the  easier 
handling  of  the  trucks.  These  alleys  have  a  total 
length  of  from  70  to  100  feet,  by  6'  6"  square,  are 
provided  with  heating  coils  at  one  end  and  exhaust 
fans  at  the  other,  or  with  blowers  arranged  before  the 
heaters,  a  continuous  current  of  air  being  blown  or 
drawn  through  the  channels,  while  the  cars  conveying 
the  gelatine  slices  are  passed  through  the  channels 
in  the  opposite  direction.  The  material  difference 
between  the  use  of  blowers  or  exhaust  fans  is  the  differ- 
ence in  H.  P.  required  to  run  them.  The  drying  pro- 
cess is  carried  on  at  a  temperature  varying  from  85° 
to  105  °  F.  This  process  is  a  most  important  one. 
as  an  inefficient  circulation  of  saturated  air  in  the  kilns 
will  produce  moldy  goods,  a  too  strong  current  of 
air  will  warp  the  sheets,  a  too  slow  current  will  cause 
the  gelatine  to  adhere  too' strongly  to  the  nettings, 
while  too  great  heat  will  cause  the  gelatine  to  turn 
liquid  and  run  through  the  nets;  therefore,  the  design 
of  the  drying  plant  should  have  the  most  careful 
consideration,  as  the  following  explanation  of  the  dry- 
ing theory  may  illustrate. 

The  process  of  desiccation  by  means  of  heated  air 
rests  entirely  upon  its  avidity  for  humidity,  but  the 
capacity  of  absorption  varies  enormously  with  in- 
creased temperature.  At  o°  F.  the  absorption  is 
very  low,  at  152 °  F.  considerable,  while  at  2120 
F.  it  is  infinite.  If  the  air,  for  example,  contains  a 
certain  quantity  of  vapor,  it  is  said  this  vapor  has  a 
certain  elastic  force,  which  is  expressed  in  inches  of 
mercury.      When  air  is  charged  with  all  the  humidity 
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it  can  carry,  it  is  said  to  be  saturated.  The  follow- 
ing table  gives  the  data  of  the  elastic  force  of  vapor 
in    saturated    air   at    temperatures    ranging    from    zero 

to    _>.2°  F. 

The  weight  in  pounds  of  the  vapor  mixed  with 
100  pounds  of  pure  air  at  any  given  temperature  and 
pressure  is  given  by  the  formula 


62. 


X 


X 


29.92  —  n 
where   E   equals    elastic    force 
ii    temperature    in    inches 


29-92 

P      ' 
of    the  vapor    at    the 
of    mercury,    p    equals 


solute 

pressure  in 

inches 

of  Mercury    = 

29.92   for 

linan 

atmospheric 

pressure. 

Elastic  force 

of  vapor. 

Weight  of 

vapor 

Weight  of 

Temperature. 

• 

. 

, — 



-vapor  mixed 

Inches  M/M 
Mercury. 

Pounds    per 
cu.  ft. 

Gram  per  with  1  lb. 
cu.   m.        of    air. 

0  F. 

0  c. 

0 

—  17.8 

0.044 

011 

0.000079 

1.25 

0  00092 

12 

— 11.1 

0.074 

0.18 

0.000130 

2.08 

0.00155 

22 

—  5.6 

0.118 

0.30 

0.000202 

3.22 

0.00245 

32 

±      0 

0.181 

0.46 

0.000304 

4.86 

0.00379 

42 

—  5  6 

0.267 

0  67 

0.000440 

7.04 

0.00561 

52 

11.1 

0.388 

0.98 

0.000627 

10.01 

0 . 008 1 9 

62 

16.7 

0.556 

1  .41 

0.000881 

14.08 

0.01179 

72 

22.2 

0.785 

1.99 

0  001221 

19.53 

0.01680 

82 

27.8 

1   092 

2.77 

0.001667 

26.68 

0.02361 

92 

33.3 

1    501 

3.81 

0.002250 

36.02 

0.03289 

102 

38.9 

2.036 

5.17 

0.002997 

47.96 

0.04547 

112 

44.4 

2.731 

7.63 

0.003946 

63.16 

0.06253 

122 

50.0 

3.621 

9.20 

0.005142 

82.31 

0.08584 

132 

55.6 

4.752 

12.11 

0.006639 

106.22 

0.11771 

142 

61.1 

6.205 

17.90 

0.008473 

235.65 

0.16170 

152 

66.7 

7.930 

20.14 

0.010716 

171.56 

0.22465 

162 

72.2 

10.099 

27.91 

0.013415 

214.76 

0.31713 

172 

•77.8 

12.758 

32.58 

0.016682 

266.91 

0.46338 

182 

83.3 

15.960 

40.53 

0.020536 

328.78 

0.71300 

192 

88  9 

19.828 

50.54 

0.025412 

402 . 52 

1 . 22643 

202 

94.4 

24.450 

62.10 

0.030545 

488 . 79 

2.80230 

212 

100.0 

29.921 

76.00 

0  036820 

589.49 

Infinite 

The  above  table  shows  that  the  capacity  of  air  for 
water  is  not  in  proportion  to  the  temperature,  but 
progressive.  The  degree  of  saturation  or  relative 
humidity  of  the  air  is  determined  by  the  use  of  the 
dry  and  wet  bulb  thermometer  (pychrometer)  which 
instrument  necessitates  the  use  of  hygrometric  tables. 

A  very  handy  device  for  the  determination  of  the 
humidity  in  air  is  manufactured  by  the  Taylor  Instru- 
ment Company  under  the  name  of  "Hygrodeik." 
In  order  to  get  the  most  satisfactory  results  in  dry- 
ing, it  is  necessary  to  make  the  aforesaid  observations 
in  the  ingoing  and  outgoing  air,  as  well  as  to  deter- 
mine the  velocity  of  the  air  current  by  means  of  an 
anemometer. 

In  the  process  of  drying  there  will  also  be  observed 
that  (1)  the  more  concentrated  a  solution,  the  longer 
it  will  take  to  dry;  (2)  the  thinner  the  solution  is  chilled. 
the  easier  the  process. 

This  paradox  may  be  explained  in  this  way:  A 
slice  of  gelatine  of  4  per  cent,  jelly  weighs  about 
75  grams;  a  dried  sheet  will  weigh  3  grams.  There- 
fore, from  one  sheet  of  gelatine  72  grams  of  water 
must  be  extricated.  The  first  50  parts  of  water  will 
be  readily  taken  up  by  the  air  current,  but  after  this, 
the  surface  of  the  gelatine  sheet  has  already  hardened 
to  such  an  extent  that  it  is  more  difficult  for  the  re- 
maining 22  parts  to  escape.  The  more  concentrated 
a  solution,  the  harder  the  surface  will  become  during 


the  first  part  of  drying,  and  a  much  slower  final  pro- 
cess will  be  the  result.  On  the  other  hand,  the  spread- 
ing of  thin  solutions  requires  very  much  more  labor,  a 
greater  number  of  trucks  and  nettings,  a  larger  space 
in  the  alleys,  and,  consequently,  a  larger  investment, 
as  will  be  explained  in  the  following  example  based 
upon  a  production  of  2400  pounds  of  gelatine  daily. 
This  production  has  been  chosen,  as  manufacturing 
on  a  lower  scale  has  proved  uneconomical. 

2400  Pounds  (1090  Kg.)  Gelatine  to  de  Produced. 
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There   will   be   drawn   off 

of  4  per  cent,  solutions  7200  gal.  (27270  liters 

Of  12  percent,  concentra- 
ted solutions 2400  gal.  (9090 liters) 

On   molds  required 1818  606 

Gelatine  slices  made 363600  121200 

Frames  and   nettings  re- 
quired   7575  2525 

Trucks  required 252  84 

Water  to  be  extricated  in 

alleys 57576  lbs.  17592  lbs. 

Alleys    necessary     (theo- 
retical)   10  4 

Alleys     necessary     (prac- 
tical)   14  7 

After  passing  through  the  drying  channels  the 
gelatine   enters   into   the   last  .  stage   of    manufacture. 

VI.  The  dried  gelatine  sheets  are  taken  from  the  net- 
tings, thrown  into  a  crusher,  running  at  250  revolu- 
tions a  minute,  and  requiring  about  two-horse  power. 
The  crushed  gelatine,  so-called  "Flake,"  passes  into 
a  silo,  from  thence  into  a  mill  of  the  dismembrator 
or  disaggregator  type,  is  screened  to  different  granula- 
tions, and  barreled  up  in  the  different  forms  as  re- 
quired. For  still  finer  powdered  goods  it  is  necessary 
that  the  gelatine  pass  through  another  mill  which 
will  reduce  all  the  crushed  or  granulated,  gelatine  to 
powdered  form,  from  50  mesh  upward,  according  to 
requirements: 

Proportion  of  power  to  production  =   HP  :    12-20  lbs.  gelatine 

(according  to  conditions) 
Capital  required  for  production 

of  1  pound  gelatine  =  31c.  to  25c. 

Consumption  =  55  gr.  per  capita,  U.  S.  A. 

Curve    I    shows    the    imports   of    gelatine    into   the 
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Curve  I.  Curve  II. 

United  States  during  the  past  eight  years,  while  Curve 
II  shows  the  fluctuations  in  price  during  the  same 
period. 
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A  PUNCH  FOR  STRAIGHT  RUBBER  TEST  PIECES. 

By     II  \KKY     P      Mil  I  S 

Received  ran   5,  191  ! 

Although  the  ring  form  of  test  piece  has  recently 
become  popular,  many  workers  still  prefer  the  straight 

test    purr,    as    the    use    of    the    latter   .Iocs    no1     involve 

certain  serious  errors  to  which  the  ring  piece  is  sub- 
ject. 

The  devices  for  preparing  ring  test  pieces  have 
been  perfected  beyond  those  for  handling  straight 
pieces,  ami  the  ring  pieces  are  therefore  easier  to  ma- 
nipulate;  but  by  the  use  of  the  punch  herein  described 
the  strip  pieces  can  be  prepared  with  even  less  trouble 
than  the  rings. 

All  those  who  have  tried  punching  test  pieces 
will  appreciate  the  difficulty  in  preparing  uniform 
pieces  of  a  regular  cross  section  that  can  be  easily 
measured.  The  softer  the  stock  the  more  it  yield's 
under  the  knife  or  punch,  and  the  more  likely  will 
the  section  depart  from  the  desired  shape.  Our  work 
deals  largely  with  pure  gum  stocks,  and  the  method 
described  has  been  found  to  work  quite  satisfac- 
torily. 

Several  workers  have  attempted  to  mould  the  strips 
into  the  desired  form,  but  it  is  difficult  to  obtain 
uniformity  throughout  the  narrow  portion.  It  is 
essential  that  the  section  should  be  uniform  and  easily 
measured  ;  also  that  th£  edges  should  be  clean,  as  a 
tear  will  readily  follow  a  slight  check.  It  has  been 
found  much  more  satisfactory  to  punch  away  the 
sides  of  a  flat  strip,  leaving  the  test  portion  between 
two  stout  ends,  as  in  Fig.   2. 

The  strip  is  moulded  to  the  form  shown  in  Fig.    1, 


3  i' 


T'gi— 


yt 


-/*,- 


-r,gZ- 


in  bolted  moulds,  each  mould  producing  eight  strips. 

The  punch  (Fig.  3)  is  equipped  with  a  sharp, 
thin,  curved  knife,  set  firmly  in  the  vertical  slide.  A 
stop  prevents  it  from  touching  the  cast  iron  bed  plate. 
A  "nest"  into  which  the  strip  fits  snugly  prevents 
the  rubber  from  spreading  while  being  cut. 

The  nest  is  secured  to  the  bed  plate  by  thumb 
screws,  and  it  can  be  adjusted  to  regulate  the  thick- 
ness of  the  strip. 

To  operate,  a  few  thicknesses  of  manilla  paper  are 
laid  in  the  nest:  the  knife  cuts  into  these,  but  does 
not  reach  the  bed  plate.  The  strip  is  then  placed 
in  the  nest  and  one  side  punched  out  by  operating 
the  pedal.  The  knife  is  so  shaped  that  a  little  of  the 
rubber  at  each  end  is  left  uncut;  thus,  when  the  strip 


IS     lilted    cut,     the    punched    piece    still    adheres    to    it. 

Without   removing   this  pi...    th<      tup  is  replaced  in 
the  nest,   this  time  with  the  cul  ward.     Care 

is    taken    to    have    the   same  surface  up   in   both 
as  the  parallelism   ..1    the  width  of  the  test  pieces  is 
thereby    assured.     The   second    side    is   punched   out, 
the  strip  taken  out   ol    the  nest  and   the  punched  pieces 


Fig.  3. 
"Punch  for  Straight  Rubber  Test  Pieces." 

torn  or  cut  free.  Two  marks  at  a  unit  distance  are 
then  placed  on  the  strip  and  after  measuring  is  ready 
for  testing. 

The  strips  are  uniform  to  within  a  few  thousandths 
of  an  inch,  and  the  cross  section  is  almost  a  rectangle, 
which  permits  of  accurate  measurement  by  platen 
calipers. 

The  knives  are  removable,  and  test  pieces  of  various 
lengths  and  widths  may  be  cut  from  strips  of  any 
thickness. 

Research  Laboratory, 

Continental-Mexican  Rubber  Company, 

torreon,  coah.,  mexico. 

A  LABORATORY    GENERATOR   FOR   HYDROCHLORIC 

ACID   GAS. 

By  Edwin  Dowzard. 

Received  January  4,  1912. 

In  laboratories  where  dry  hydrochloric  acid  gas 
is  frequently  or  occasionally  required,  the  apparatus 
illustrated  in  the  sketch  will  prove  of  value. 

On  referring  to  sketch,  the  apparatus  will  be  seen 
to  consist  of  a  storage  bottle  for  commercial  hydro- 
chloric acid,  a  flask  to  be  half  filled  with  concentrated 
sulphuric   acid,   and  a  bottle  containing  concentrated 
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sulphuric  acid  for  drying  purposes.  The  storage  bot- 
tle for  hydrochloric  acid  should  be  not  less  than  thirty- 
six  inches  higher  than  the  flask. 


By  means  of  the  thistle  headed  funnel,  the  lower 
part  of  which  is  drawn  out  to  not  more  than  Vie  incri 
diameter,  commercial  hydrochloric  acid  is  delivered 
to  the  bottom  of  the  flask  containing  concentrated  sul- 
phuric acid. 

The  advantages  of  this  apparatus  are  that  hydro- 
chloric acid  gas  is  evolved  immediately  after  turning 
on  the  acid.  On  turning  off  the  acid,  the  evolution 
ceases  within  a  few  seconds.  A  steady  flow 
of  gas  can  be  maintained  for  long  periods  of  time  with 
practically  no  attention. 

Unless  the  lower  portion  of  the  thistle-headed  fun- 
nel is  drawn  out  as  described  above,  the  apparatus 
will  not  work  in  a  satisfactory  manner. 

The  drawn  out  portion  should  commence  above  the 
sulphuric  acid  in  the  flask. 

The  above  apparatus  has  been  in  use  for  some  time 
and    has   given   great   satisfaction. 

Analytical  Department,' 

Parks,  Davis  &  Co., 

Detroit,  Mich. 

TWO  PIECES  OF    LABORATORY  APPARATUS. 

By  Harold  Canning  Chapin. 

Received  January  29,  1912. 

The  hydrogen  sulfide  generator  here  illustrated  has 
been  in  use  in  this  laboratory  for  more  than  two  years, 
supplying  classes  of  over  175  men.  For  an  apparatus 
of  its  capacity  it  is  simple,  inexpensive,  and  requires 
but  little  personal  attention.  With  the  exception  of 
the  iron  clamps  securing  the  cylinder  heads,  and  glass 
gauges  and  connections  which  can  be  put  together  by 


an  amateur  glass-blower,  the  parts  arc  all  stock  arti- 
cles. .1  is  an  ordinary  ice-water  tank,  B  and  D 
30-liter  earthenware  filter  cylinders,  C  a  15-liter  glass 
bottle,  and  /•.'  a  filter  flask.  It  is  regulated  by  a  de- 
vice of  Ostwald,1  already  found  efficient  on  a  smaller 
scale.  Sulphuric  acid,  previously  diluted  in  .4  with 
6  parts  of  water,  flows  from  B  through  glass  and  rub- 
ber connections  by  way  of  ( '  into  D,  which  contains 
ferrous  sulphide.  The  gas  thus  generated  passes 
through  the  upper  outlet  of  E  to  the  piping  of  the  lab- 
oratory. When  the  supply  exceeds  the  demand 
the  excess  gas  stores  itself  under  pressure  in  C  by  dis- 
placement of  acid  into  B,  at  the  same  time  stopping 


generation  until  it  is  itself  exhausted.  The  flask  E 
catches  and  renders  visible  the  overflow  in  case  D 
fills  with  spent  liquor.  Its  lower  cock  serves  to  ad- 
mit air  and  relieve  suction  when  liquor  is  drawn  off 
through  the  cock  on  D.  To  prevent  small  pieces  of 
sulfide  from  clogging  this  last  outlet  a  layer  of  brick 
is  placed  in  the  bottom  of  the  cylinder,  and  to  aid 
distribution  of  the  acid  an  inverted  dish  is  laid  on  top 
of  the  sulfide.  The  acid  reservoir  B  is  placed  hori- 
zontally to  lessen  fluctuations  in  the  gas  pressure, 
which  is  dependent  upon  the  difference  in  level  of 
the  contents  of  B  and  C.     The  connections  between 

1  Z.  anal  Chem.,  31,  183  (1892). 
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tin-  cylinders  and  their  covers,   which  are  ground   to 
fit  om  tight  with  soft  paral 

itus,  exceedingly  simple  but  so  effi- 
cient  .is  to  merit  brief  description,  is  a  glass  siphon 
for  emptying  carboys.  It  has  at  its  delivery  end  a 
cock  "i  the  diameter  of  the  tube,  and  at  the  bend  a 
smaller  cock  through  which  it  can  be  exhausted. 
While  one  arm  is  being  sucked  full  of  acid  from  the 
carboy  the  other  is  by  the  same  operation  exhausted, 
so  that  if  the  tube  be  of  large  diameter  the  liquid 
having  reached  the  summit  trickles  over  and  fills  the 
n  ci  impletely. 

\\m  mr  Laboratory, 

Rl  NSSBI  M  K   Pol  1  11  CHKIC  INSTITUTE. 


the  cup,  made  oi  heavy  spun  copper  with  a  '    ," 

top,  measures  ^'   h"  inside  diameter,  and  is  3  ■ .," 
deep.      To    the    point    of   supply,    -''/,"   above    thi 
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UNIQUE    WATER  BATH. 

By  S.   \V    W11  i  v 
Received  February  15.  1912. 

In  commercial  laboratories  where  a  large  amount  of 
work  is  carried  on  and  time  is  an  important  factor, 
the  chemist  has  found  it  necessary  to  devise  and  con- 
struct time-saving  apparatus.  We  have  designed  a 
rapid  heating  steam  bath  that  combines  several 
practical  and  economical  features. 

The  bath  is  made  of  heavy  copper  supported 
on  a  braced  stand  of  i"  angle  iron.  The  top  of  the 
bath  measures  2~,"  by  14  ^  ■>" ■  ar>d  is  supported  on  the 
under  side  by  a  triangular  copper  stripping  to  pre- 
vent sagging;  it  contains  twelve  3  }<>"  holes,  and  two 
S3  ,"  holes,  fitted  with  porcelain  rings.  The  bath 
proper  is  2"  deep  at  the  outside  edge,  and  the  bottom 
makes  an  angle  of  30  °  with  the  horizontal,  reaching  a 
depth  of  4"  at  the  center.  To  the  center  of  the  bot- 
tom is  riveted  a  threaded  ring,  soldered  to  make  a 
tight  joint.  A  collar  fits  over  a  cup  and  when  con- 
nected to  the  threaded  ring  makes  a  water-tight  joint; 
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torn,   it   contains   250  cc.      The  cup  is  fed  by   '    ,"  brass 
pipe  connected   by   means  of   a   riveted   should 
soldered    to    make    a    tight    joint.      The    feed    | 
connected    to    a    constant    supply    Water    I. 
la  tor  of  the  latest  pattern. 

As  is  often  the  case  with  municipal  water  su 
the  pressure  is  freakish  and  the  result  is  the  burning 
out  of  expensive  water  baths.  In  this  type  of  bath 
the  only  portion  affected  is  the  spun  copper  cup, 
which  costs  but  a  small  sum  and  can  be  replaced  in  a 
few  minutes. 

The  bath  just  described  gives  a  full  head  of  steam 
within  three  minutes,  and  a  uniform  distribution 
throughout  the  entire  bath.  One  has  been  used  daily 
for  a  year  and  a  half  in  our  laboratory,  and  has  given 
the  utmost  satisfaction.  From  the  standpoint  of 
economy  and  upkeep,  the  writer  feels  that  this  type 
of  bath  may  be  found  to  be  of  value  in  other  labora- 
tories besides  our  own. 


Laboratory  of 

Wiley  &  Company. 

Baltimore. 


ADDRESSES 


OCCUPATIONAL  POISONING  IN  CHEMICAL  TRADES.1 

By  W.   Gn  mas   Thompson. 
Received    March    19.    1912. 

In  this  brief  discussion  of  the  Occupational  or  In- 
dustrial Diseases  connected  with  the  chemical  trades, 
either  in  the  production,  manufacture  or  application 
of  chemical  substances,  the  following  subdivisions  of 
the  topic  will  be  considered: 

I.  To  what  extent  do  such  diseases  prevail  in  New 
York  City? 

II.  To  what  extent  are  such  diseases  fatal  or  in- 
capacitating? 

III.  What  measures  should  be  undertaken  to  mitigate 
or  prevent  the  manifold  evils  of  the  occupational 
disease  hazards? 

/.  Prevalence. — Only  within  a  very  short  time  has 
any  effort  been  made  to  secure  accurate  data  bearing 
upon  this  phase  of  the  question.  In  September,  191 1, 
a  law  became  operative  requiring  physicians  to  re- 
port to  the  New  York   State   Labor  Bureau  all  cases 

1  Read  before  the  New  York  Section  of  the  American  Chemical  Society. 
March  8.  1912,  by  Dr.  Thompson.  Professor  of  Medicine  in  the  Cornell  Uni- 
versity Medical  College  in  New  York  City. 


observed  of  six  diseases,  namely,  poisoning  by  lead, 
mercurv,  arsenic  and  phosphorus,  together  with 
anthrax  (or  wool-sorters'  disease)  and  the  caisson 
disease.  In  January,  1912,  a  sub-committee  for  the  in- 
vestigation of  occupational  diseases  was  appointed 
by  the  New  York  State  Branch  of  the  American  As- 
sociation for  Labor  Legislation.  This  committee, 
mainly  through  a  salaried '  investigator,  has  already 
gathered  many  interesting  facts.  In  the  past  few- 
years  isolated  reports  have  appeared  in  medical  pub- 
lications on  the  diseases  under  discussion,  a  number  of 
which  have  been  made  by  members  of  my  Medical 
Clinic  Staff  in  the  Dispensary  of  the  Cornell  Univer- 
sity Medical  College  and  Bellevue  Hospital,  where  we 
meet  annually  with  many  thousands  of  workers  in 
all  manner  of  trades.  The  latter  institution,  espe- 
cially, affords  perhaps  as  large  an  experience  of  this 
tvpe  as  may  be  met  with  anywhere  in  this  country. 
In  the  absence  of  extensive  published  data,  some 
reference  to  my  personal  experience  may  be  permitted, 
derived  mainly  in  the  two  institutions  mentioned 
and   in   the   wards   of   the   Presbyterian   Hospital.     In 
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the  records  of  these  three  institutions,  covering  the 
past  eight  years,  I  find  283  cases  of  serious  chronic 
lead  poisoning,  in  most  of  which  there  was  total  in- 
capacity for  work  lasting  for  months  or  years.  Some 
of  these  patients  had  complete  paralysis  of  the  hands, 
many  had  lead  colic,  and  most  had  hardening  of  the 
arteries.  Some  acquired  chronic  "Bright's  disease 
and  practically  all  suffered  from  anemia,  digestive 
disorders  and  muscular  weakness.  One  youth  of  23 
years  had  been  employed  for  eight  years  in  a  paint 
manufactory  as  a  helper.  He  had  the  hardened 
arteries  of  an  octogenarian,  a  greatly  enlarged  heart, 
diseased  kidneys,  and  difficult  breathing. 

Dr.  E.  E.  Pratt,  investigating  for  the  Committee 
of  the  Labor  Legislation  Association,  recently  found 
18  cases  of  lead  poisoning  among  men  employed  in 
the  Brooklyn  Navy  Yard  to  scrape  red  paint  from  the 
hulls  of  the  battleships. 

Dr.  John  B.  Andrews,  in  Bull.  95,  of  the  State 
Bureau  of  Labor,  reported  60  fatal  cases  of  lead  poison- 
ing occurring  in  Xew  York  State  in  igocj-'io.  Three 
more  fatal  cases  recently  occurred  in  a  single  smelt- 
ing establishment  in  Xew  York  City. 

Dr.  Alice  Hamilton,  in  a  report  on  the  white  and 
red  lead  industry  for  the  United  States  Department 
of  Labor,  found  examples  of  lead  poisoning  in  ^^  of 
56  establishments  where  lead  was  used  in  process  of 
manufacture,  with  a  yearly  average  of  665  cases.  It 
is  a  very  striking  fact  that  in  England,  in  the  white 
lead  works  near  Newcastle,  compulsory  medical  in- 
spection has  so  far  reduced  the  cases  of  lead  poisoning 
that  in  19 10  the  ratio  was  1  case  among  every  264 
employees,  whereas  in  Illinois,  without  legalized  in- 
spection and  control,  the  ratio  is  one  case  among  every 
7  employees.  There  are  fully  150  different  trades  in 
which  lead  constitutes  a  serious  hazard. 

With  arsenic  there  are  27  trades  in  which  this  con- 
stituent constitutes  a  similar  hazard.  I  have  seen 
complete  paralysis  from  arsenical  neuritis,  and  a 
man  employed  in  mixing  Paris  green  paint  came  re- 
cently to  my  clinic  with  a  diffuse  brownish  black 
pigmentation  of  the  skin,  derived  from  his  occupa- 
tion. The  lessened  use  of  arsenical  pigments  in  wall 
papers  and  artificial  flowers  has,  however,  considera- 
bly reduced  the  number  of  cases  of  arsenic  poisoning 
which  formerly  were  much  more  common.  Arsenic 
also  irritates  the  hands  and  eyes,  and  produces  grave 
-tive  disorders. 

Some  time  ago  a  man  came  to  my  clinic  showing  a 
perforating  ulcer  between  the  two  nasal  cavities, 
enough  to  admit  the  forefinger,  which  was  the 
result  of  chromic  acid  chronic  poisoning.  He  had  also 
suffered  from  double  vision,  nausea,  vomiting,  and 
difficulty  in  fixing  the  attention.  On  his  hands  were 
round  depressed  scars  of  old  ulcers  or  "chrome  holes" 
as  the  workmen  term  them.  The  patient,  who  was  a 
chemist,  had  found  chromic  acid  in  the  abundant 
nasal  mucus  and  in  his  urine.  There  were  40  work- 
mployed  in  the  chrome  works  with  this  patient, 
all  but  four  of  whom  had  chronic  inflammation  in 
the  nose,  and  half  of  them  had  perforation  of  the 
•  nasal    septum.      A    boy    employed    in    the    works    had 


recently  .died  in  a  sanitarium  having  violent  vomiting 
and  a  yellow  skin,  the  results  of  chrome  poisoning. 
Some  years  ago  Dr.  Heise  examined  176  men  who  had 
worked  in  a  chrome  manufactory  in  Germany;  126 
of  them  had  perforation  of  the  nasal  septum  and  20 
others  presented  ulcers  which  had  not  yet  perforated. 
Thirty-nine  men  had  unhealed  chrome  sores  of  the 
hands.  Perforation  has  been  known  to  occur  in  the 
nose  in  less  than  two  months  after  entering  upon  the 
employment.  "Chrome  holes"  may  appear  not  onlv 
on  the  hands  and  arms,  but  on  the  feet,  legs  and  eye- 
lids, and  sometimes  on  the  gums  and  back  of  the 
mouth.  Such  ulcers  are  very  slow  in  healing  and  may 
incapacitate  the  workman  for  many  months. 

Brass  poisoning,  giving  rise  to  "brass  founders' 
ague,"  is  a  well  known  condition  among  workers  in 
moulding  or  founding,  dipping  and  the  filling  or  pol- 
ishing of  brass  tubing  and  other  articles  of  manufac- 
ture. As  the  cheaper  grades  of  brass  contain  a  small 
percentage  of  lead  and  tin,  some  of  the  symptoms  may 
arise  from  poisoning  by  these  metals,  but  the  typical 
ague  is  believed  to  be  due  to  the  zinc  rather  than  the 
copper  component  of  brass.  Doctors  H.  J.  Schwartz 
and  M.  H.  Sicard  have  reported  in  detail  two  cases 
seen  in  my  clinic.  One  of  the  men,  a  brass  moulder, 
had  suffered  from  repeated  attacks  of  severe  chills, 
nausea,  vomiting,  sweats,  headache  and  muscular 
pains — symptoms  not  unlike  those  of  malaria,  but 
unaccompanied  by  fever.  The  attacks  are  worse  in 
wet  or  foggy  weather  when  the  fumes  of  the  metal 
linger  in  the  foundry.  The  other  patient,  a  founder, 
had  similar  symptoms,  and  both  declared  that  prac- 
tically all  their  fellow-workmen  suffered  from  time 
to  time  in  the  same  manner.  Other  common  symp- 
toms among  brass  workers  are  catarrh  of  the  stomach 
and  bowels,  nervousness  and  hypochondriasis.  The 
tartar  on  the  teeth  is  colored  green  by  the  copper. 
Brass  filings,  if  inhaled  in  a  dusty  workroom,  irritate 
the  respiratory  passages,  and  may  give  rise  to  "hard- 
ening of  the  lungs"  or  fibroid  phthisis. 

The  Secretary  of  the  Moulders'  Union  declares  that 
he  has  found  over  300  cases  of  founders'  chills  among 
brass  workers  in  New  York  State,  but  as  his  report 
is  not  yet  published,  I  am  unable  to  refer  to  it  in  de- 
tail. 

Mercury  poisoning  was  formerly  common  among 
makers  of  mirrors,  but  the  extensive  substitution  of 
silver  in  the  process  has  lessened  the  number  of  cases 
of  mercurialism.  The  latter,  however,  are  very  com- 
mon among  the  makers  of  felt  hats,  in  which  manu- 
facture mercury  is  volatilized  in  a  process  of  hot 
pressing.  Mrs.  Linden  W.  Bates,  in  a  report  made 
for  the  Woman's  Welfare  Department  of  the  National 
Civic  Federation  of  New  York,  studied  102  cases  of 
chronic  mercurial  poisoning.  The  fumes  of  the  metal 
give  rise  to  loosening  of  the  teeth,  ulcers  of  the  mouth, 
diseases  of  the  jaw  bones,  anemia,  weakness  and 
serious  digestive  disturbances. 

Phosphorus  poisoning  acquired  in  the  manufacture 
of  matches  has  been  the  subject  of  an  admirable  study 
by  Dr.  John  B.  Andrews,  of  the  American  Associa- 
tion for  Labor  Legislation.      The  results  of  this  poison, 
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althi  axe  numerically  few  i  |  ared 

with   thosi  soning   in   many   trades,    are    more 

disfiguring  than  those  of  any  other  substance,  for  the 
phosphorus  fumes  entering  the  mouth  cause  decay  of 
the  troth,  ami  rapidly  progressive  ulceration  and  de- 
struction of  the  jaw  bones,  which  must  be  removed. 
in  whole  or  in  part,  to  save  the  victim's  life.  Mr. 
Andrews   found    records   of   40   eases   of   necrosis  of    the 

jaws  in  a  single  factory  "of  which  15  resulted  in  the 
loss  of  one  or  both  jaws  and  several  eases  resulted  in 
death."  In  another  small  factory  were  records  of 
21  cases.  6  of  which  developed  in  a  single  year. 

Wood  alcohol,  often  used  as  a  solvent  in  varnish, 
if  inhaled  in  concentrated  form,  gives  rise  to  acute 
poisoning,  causing  permanent  blindness  and  grave 
disturbances  of  the  circulation  which  may  occasion 
death  by  paralysis  of  the  heart.  A  number  of  fatal 
cases  have  occurred  in  New  York  City,  and  recently 
three  men  who  went  down  into  a  large  beer  vat  in  a 
brewery  in  Buffalo,  to  varnish  it,  became  overcome 
by  the  vapor  of  wood  alcohol,  with  the  result  that 
twoTdied  and  the  third  became  permanently  blind. 

The  making  of  pottery  offers  many  hazards  to  the 
workmen.  Those  employed  in  mixing  the  damp  clay 
suffer  from  bronchitis  and  joint  pains.  Those  em- 
ployed in  applying  the  glaze  may  acquire  lead  poison- 
ing, and  the  grinders  and  polishers  inhale  dust  which 
may  contain  silica,  alumina,  charcoal  and  flint  which 
are  highly  irritant  to  the  respiratory  mucous  mem- 
branes, giving  rise  to  chronic  bronchitis  and  pneumo- 
koniosis  or  fibroid  phthisis.  Such  victims  often  sub- 
sequently acquire  puimonary  tuberculosis,  which  is 
graphically  called  "potter's  rot"  among  them. 

Time  does  not  permit  a  more  exhaustive  reference 
to  the  many  other  forms  of  hazardous  chemical  trades. 
Enough  examples  have  been  cited,  however,  to  af- 
ford some  idea  of  the  great  prevalence  of  the  occupa- 
tional disease  hazards,  which  in  many  instances  in 
this  country  are  still  regarded  as  necessary  evils,  but 
which,  in  reality,  are  practically  all  preventable  by 
the  exercise  of  common  sense  precautions,  if  not  by 
enforced  restrictions. 

In  concluding  this  subdivision  of  the  topic,  I  will 
merely  mention  the  very  large  group  of  skin  diseases 
due  to  occupation,  such  as  handling  tar,  creosote, 
paraffine,  acids,  alkalies,  lime  and  many  forms  of 
dyestuffs.  The  resulting  injuries,  which  are  very 
common  and  may  incapacitate  the  workman  for 
months,  include  such  serious  conditions  as  ulcers, 
boils,  a  form  of  cancer  or  epithelioma,  fissures  and 
chronic  eczema. 

77.  What  is  the  Nature  of  tin -Disease  Processes  Caused 
by  Chemical  Irritants? — Apart  from  symptoms  of  acute 
poisoning,  which  are  not  under  present  discussion, 
the  metals  produce  a  large  group  of  symptoms  in 
common,  besides  a  few  special  symptoms.  Being  in- 
haled in  the  mouth  as  dust  or  fumes,  or  taken  into 
the  mouth  by  means  of  food  or  tobacco  handled  by 
unclean  hands,  or  in  some  fewr  cases,  being  absorbed 
by  the  skin,  they  lower  the  tone  of  the  blood,  causing 
serious  anemia,  disorder  digestion,  injure  the  stomach 
and    bowels    and    irritate    the    nerves,    srivins:    rise    to 


paralysis,    neuritis,    and    painful    cramps.     Mon 
constantly    circulating    in    the    blood,    they    pi 

SSive    hardening    of    the    arteries       The    arteries 
rigid  and  impose   -n.it    strain  upon  the  hearty 
which    becomes    enlarged,      The    kidney    art 

■  1  ted.    or    the    kidm  Ives    irritated    by 

nstanl  1  fforl  to  eliminate  the  poison,  so  that  in 
time  chronic  Bright's  disease  develops.  It  1 
latter  changes  especially  which  constitute  thi 
serious  factor  in  chronic  chemical  poisoning,  for  a  man 
with  hardened  arteries,  an  enlarged  heart  and  Bright's 
e  has  acquired  structural  changes  in  his  system 
which  are  incurable  and  progressive.  He  may  die 
of  such  lesions  years  after  he  has  quitted  the  trade 
which  produced  them,  or  he  may  die  at  any  time  from 
the  effects  of  some  intercurrent  disease  which,  under 
more  normal  conditions,  he  might  easily  resist. 

With  many  chemicals,  the  insidious  effects  of  chronic 
poisoning  may  definitely  be  detected  at  a  compara- 
tively early  stage,  at  least  before  permanent  disability 
threatens.  This  is  notably  the  case  with  lead  poison- 
ing in  which,  in  addition  to  ordinary  anemia,  there 
are  specific  changes  in  a  particular  variety  of  white 
blood  corpuscle,  a  blue  line  of  lead  deposit  appears 
in  the  gums,  and  the  metal  may  often  be  detected  in 
the  urine.  All  these  symptoms  may  be  recognized 
by  skilful  medical  inspection,  even  before  the  work- 
man is  conscious  of  any  ailment  whatever. 

In  another  large  group  of  cases,  the  hard  particles 
of  the  metal'dust  of  filings,  etc.,  are  inhaled  and  prove 
severely  irritating  to  the  respiratory  passages,  causing 
chronic  catarrhs,  bronchitis  and  cirrhosis  or  harden- 
ing of  the  lungs.  These. forms  of  irritation  are  not 
only  serious  in  themselves  but  predispose  to  the  acqui- 
sition of  pneumonia  and  tuberculosis. *V  -%*&Sl  ■-  l-jKt 

In  other  cases,  fumes,  especially  of  phosphorus  and 
mercury,  besides  completely  disordering  digestion, 
give  rise  to  a  horribly  destructive  disease  of  the  bones, 
as  above  mentioned.  The  various  toxic  gases  and 
vapors  affect  chiefly  the  respiration  and  circulation, 
and  in  some  instances,  notably  in  carbon  monoxide 
poisoning,  form  a  destructive  compound  with  the  red 
blood  corpuscles.  Such  poisons  may  at  once  paralyze 
the  heart  as  in  the  case  of  wood  alcohol,  or  cause  ver- 
tigo and  possibly  coma  as  in  the  case  of  naphtha, 
gasolene  and  similar  products.  The  various  acid  and 
ammoniacal  fumes  produce  intense  irritation  and  swell- 
ing of  the  bronchial  mucous  membrane,  with  often 
fatal  suffocation. 

III.  The  means  of  mitigation  of  the  occupation 
hazards  may  be  summarized  briefly  as  follows: 

1.  A  campaign  of  education  is  needed,  particularly 
among  physicians,  to  direct  attention  to  the  impor- 
tance of  recognizing  the  early  symptoms  of  the  chem- 
ical poisons,  a  matter  which  heretofore  has  been 
much  neglected.  This  is  already  being  conducted 
by  the  State  Labor  Bureaus,  the  American  Associa- 
tion for  Labor  Legislation,  and  an  increasing  number 
of  instructive  articles  in  technical  medical  journals. 

2.  The  collection  of  accurate  statistics  regarding 
the  extent  and  severity  of  the  numerous  chemical 
industrial    hazards.      This    work    is    also    in    progress 
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under  the  auspices  of  the   institutions  above   named 
and  the  State  Factory  Investigation  Commission. 

3.  The  interests  of  chemists  in  devising  means  to 
render  dangerous  chemical  trades  less  hazardous. 
Already  much  has  been  accomplished  in  the  modern 
improvements  in  the  manufacture  of  phosphorus 
matches,  the  elimination  of  lead  from  pottery  glaze 
and  of  arsenic  pigments  from  the  coloring  of  wall 
papers,  artificial  flowers,  etc.  In  France,  the  com- 
pulsory substitution  of  zinc  for  lead  white  in  the  manu- 
facture of  paint  has  accomplished  great  good. 

4.  The  education  of  manufacturers  and  employers 
in  the  knowledge  of  the  economic  efficiency  which 
immediately  results  from  the  adoption  of  recognized 
methods  of  proper  ventilation  and  cleanliness  in 
foundries,  mills  or  factories  where  toxic  fumes,  gases, 
vapors  or  dusts  are  generated. 

5.  The  education  of  employees  in  hazardous  chemical 
trades  as  to  the  special  dangers  involved  and  simple 
expedients  to  avoid  them.  Such  a  system  of  instruc- 
tion as  that  practiced  by  the  Illinois  Steel  Corporation, 
in  methods  of  avoidance  of  accidents,  if  applied  to  the 
avoidance  of  disease  hazards,  would  soon  demonstrate 
an  equal  if  not  greater  economic  value.  These  meas- 
ures, upon  which  this  corporation  finds  it  an  economy 
to  expend  over  $1,000,000  annually,  comprise  furnish- 
ing workmen  with  printed  directions,  display  of  special 
danger  signs,  offering  of  rewards  for  compliance  with 
regulations,  the  formation  of  committees  of  safety 
among   the    workmen,    and    many    other    expedients. 

I  see  no  reason  why  there  should  not  be  warning  labels 
attached  to  the  containers  of  paints,  varnish  and  vola- 
tile chemical  irritants  of  all  kinds,  just  as  we  now  have 
compulsory  labeling  of  the  contents  of  all  containers 
of  dangerous  drugs.  Such  labels  should  state  con- 
cisely the  name  of  the  hazardous  chemical,  the  chief 
symptoms  it  produces,  and  the  means  of  avoiding 
the  hazard.  For  example,  such  a  label  might  read: 
"Warning!  This  paint  contains  lead.  If  the  lead 
reaches  the  mouth  by  means  of  unclean  hands,  food  or 
tobacco,  poisoning  may  result  with  symptoms  of  colic, 
paralysis,  hardening  of  the  arteries,  or  chronic  kidney 
disease.  Be  Careful!"  or  "Warning!  This  var- 
nish contains  wood  alcohol,  the  funics  of  which,  if  breathed 
in  a  confined  space,  may  cause  permanent  blindness,  or 
possible  fatal  paralysis  of  the  heart.  Use  only  where 
there  is  good  ventilation,  and  never  breathe  the  fumes 
directly."  Of  course,  in  this  case  the  use  of  wood  alco- 
hol should  be  prohibited  altogether,  but  such  a  label 
might  have  saved  the  lives  and  eyesight  of  those  un- 
fortunate men  in  the  brewers'  vats  in  Buffalo. 

6.  The  periodic  examination  by  physicians  of  work- 
men using  dangerous  chemicals,  conducted  at  least  as 
often  as  once  a  month,  in  order  to  detect  incipient 
cases  of  poisoning  and  give  proper  suggestions  as  to 
prevention  of  further  hazards. 

I  have  presented  only  a  brief  review  of  a  very 
I  broad  and  most  important  topic,  which  is  just  be- 
ginning to  attract  the  study  and  interest  in  this  coun- 
|try  which  it  has  commanded  abroad  for  many  years. 
It  is  a  topic  which  appeals  alike  to  humanitarian, 
scientific  and  purely   economic   interests,    for  there  is 


no  one  among  us  who  does  not  make  use  of  some  arti- 
cle of  necessity,  adornment  or  luxury  which  has  in 
its  process  of  manufacture  been  associated  with  possi- 
bility of  disease  hazard  to  the  workman,  from  the 
match  with  which  we  strike  a  light,  to  the  glaze  on 
our  porcelain  coffee  cup,  or  the  felt  hat  which  we 
"throw  into  the  ring."  The  problem  before  us  is 
to  make  first  a  rational  study  of  the  extent  and  gravity 
of  the  various  occupational  disease  hazards,  and  then 
seek  to  deal  with  them  through  education,  invention, 
common-sense  precaution,  and,  where  all  else  fails, 
through  appropriate  legislation. 


THE  PROGRESS  OF  THE  WORK  ON  THE  REVISION  OF  THE 
UNITED  STATES  PHARMACOPOEIA.1 

By  J.  P.  Remington. 

The  American  Chemical  Society,  having  represen- 
tation in  the  United  States  Pharmacopoeial  Conven- 
tion, should  be  kept  informed  of  the  progress  made 
from  time  to  time  in  the  work  of  revision.  The  sub- 
committee on  scope  have  been  wrestling  with  the  prob- 
lem of  admissions  and  deletions  for  over  one  year. 
Their  labors  cannot  be  said  to  be  concluded,  for,  al- 
though they  have  presented  a  tentative  list,  some 
modifications  will  be  required.  The  convention  recom- 
mended publicity  under  Section  14  in  the  Abstract 
of  Proceedings  in  the  following  words:  "It  is  recom- 
mended that  the  General  Committee  of  Revision 
make  public,  for  comment  and  criticism,  an  abstract 
of  new  descriptions  and  standards  and  of  changes  in 
descriptions  and  standards  proposed,  before  final 
adoption." 

Inasmuch  as  admissions  and  deletions  would  be 
properly  included,  the  Committee  of  Revision  decided 
to  give  the  lists  to  the  journals  for  publication.  The 
lists  have  excited  considerable  comment  and  the 
chairman  has  received  many  communications  advis- 
ing the  admission  of  this,  and  that,  and  the  other,  or 
the  deletion  of  this,  and  that,  and  the  other.  The 
committee  itself,  although  reasonably  harmonious, 
are  divided  on  the  scope  of  the  Pharmacopoeia.  A 
small  but  active  minority  have  clearly  expressed  the 
view  that  the  Pharmacopoeia  contains  a  large  num- 
ber of  articles  which,  in  their  opinion,  are  worthless. 
On  the  other  hand,  a  large  majority  of  the  committee 
are  opposed  to  dropping  so  many  drugs  and  medicines 
because  they  say  they  are  still  used  in  the  practice 
in  various  parts  of  the  country,  and  as  the  Pharmaco- 
poeia is  now  a  book  of  standards,  they  believe  that  the 
doctor  and  the  pharmacist  are  entitled  to  have  the 
benefit  of  the  best  quality  of  drugs  and  preparations 
and  that  this  consummation  will  be  brought  about 
most  effectually  by  retaining  the  drug  or  preparation 
in  the  Pharmacopoeia  and  attaching  definitions,  de- 
scriptions, and  tests,  so  that  those  who  do  use  the  arti- 
cle may  have  the  protection  of  the  National  and  State 
Food  and  Drug  Laws.  It  seems  difficult  at  times  for 
some  of  the  members  of  the  committee  to  realize 
that  the  Pharmacopoeia  is  intended  to  represent  all 
parts  of  the  United  States  and  that  there  always  will 

1  Chairman's  address  delivered  before  the  Division  of  Pharmaceutical 
Chemistry.  American  Chemical  Society,  December,  1911. 
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be  in  the  Pharmacopoeia  many  preparations  which  a 

doctor  has  never  used  and  probably  never  will  use  in 
his  life.  It  does  not  follow,  however,  that  some  other 
physician  living  in  a  different  section  of  the  country 

has  not  found  the  medicine  rejected  by  Dr.  A  a  most 
ient  remedy  and  Dr.  R  could  argue  with  just  as 
much  force  that  he  has  no  use  for  the  pets  recommended 
by  Dr.  A.  This  situation  is  a  perfectly  natural  one 
and  will  not  embarrass  the  committee 

So  far,  there  has  not  been  the  slightest  attempt  on 
the  part  of  the  manufacturers  of  specialties  protected 
by  trade  mark  or  copyrighted  label  or  controlled  by 
proprietary  rights  to  have  their  goods  introduced 
into  the  Pharmacopoeia.  In  former  revisions  there 
were  slight  evidences  of  the  pride  of  a  manufacturer 
to  have  his  product  paid  the  compliment  of  Pharma- 
copoeial  recognition,  but  since  the  passage  of  the  Food 
and  Drug  Laws  it  would  seem  that  the  manufacturer 
preferred  to  get  along  without  official  recognition, 
for  this  would  mean  that  he  must  always  maintain 
his  product  at  the  standard  of  strength  and  qualitv 
once  established  by  the  Pharmacopoeia. 

This  does  not  mean  that  he  would  like  to  lower  the 
quality;  he  might  want  to  improve  it  by  raising  the 
standard,  or  the  Pharmacopoeial  test  for  it  might  prove 
inadequate  or  faulty.  In  any  event  he  would  prefer 
freedom  of  action. 

Analytical  chemistry  has  proved  to  be  one  of  the 
foundation  stones  in  the  building  of  reform  struc- 
tures. "Without  it.  successful  prosecution  of  offenders 
could  not  be  maintained.  The  chemist  has  risen  im- 
mensely in  reputation  in  the  eyes  of  the  public.  The 
labels  of  the  manufacturer  must  now  represent  the 
truth  in  describing  the  contents  of  the  container. 
False  and  misleading  statements  are  no  longer  tolera- 
ted. This  puts  the  honest  manufacturer  in  the 
proper  light.  Advertising  artists  with  imagination 
have  prepared  labels  attractive  to  the  eye  in  the  past 
and  they  are  still  exploiting  preposterous  claims  of 
remedies,  but  much  more  intelligence  is  being  dis- 
played by  the  public.  Nowadays  it  is  amusing  to 
listen  to  the  remarks  of  young  people  who  ask  their 
elders  whether  this  or  that  statement  in  an  advertising 
circular  is  realty  true  or  likely.  The  old  idea  that  so 
many  people  used  to  have,  that  because  a  statement 
was  in  print  it  must  be  "gospel  truth,"  is  becoming 
obsolete.  Probably  no  other  influence  has  been  so 
great  in  improving  the  quality  of  chemical  prepara- 
tions as  the  requirement  of  the  Food  and  Drugs 
Act,  that,  if  an  article  labeled  with  an  official  name 
differs  in  quality  or  strength  from  the  standards  laid 
down  in  the  United  States  Pharmacopoeia,  such  differ- 
ence must  be  distinctly  printed  on  the  label.  A  manu- 
facturer in  nine  cases  out  of  ten  prefers  to  improve  his 
product  and  bring  it  up  to  the  official  standard  rather 
than  place  upon  the  label  a  qualifying  statement. 

The  tests  in  the  Eighth  Revision  of  the  chemical 
substances  are  undergoing  careful  investigation,  and  a 
number  of  the  old  tests  will  be  deleted  and  new  ones 
admitted.  The  sub-committee  on  organic  and  inor- 
ganic substances  have  their  hands  full  at  the  present 
time  in  trying  out  the  many  suggestions  which  have 


come  to  them;  it    is  this  part  of  the  work  which  will 
probably  delay  the  issue  of  the  book.     Much  time  has 

consumed  in  selecting  the  simplest  and  m< 
fective  methods  for  determining  the  physical  i. 
i.  < -.,  melting  points,  boiling  points,  solubilities,  specific 
gravities,  saponification  values,  iodine  numbers,  etc.  It 
is  obvious  that  in  a  law  book  it  is  necessary  to  designate 
uniform  methods  for  obtaining  these  physical  factors. 
The  figures  given  in  the  text  of  the  book  would  show 
that  the}' were  obtained  by  the  methods  given  in  the  book 
in  the  Introductory  Notices.  The  question  of  solu- 
bilities seems  to  be  the  most  difficult,  as  might  be 
supposed,  and  the  work  of  revising  all  the  solubilities 
in  the  text  according  to  the  Official  Method  will  call 
for  much  labor  and  time. 

Every  one  of  the  sub-committee  has  been  industrious 
and  active,  but  so  far,  the  sub-committee  on  nomen- 
clature have  not  been  called  upon  for  their  report. 
This  is  usually  the  last  sub-committee  to  send  in  its 
recommendations.  A  number  of  letters  have  been 
received  by  the  chairman  urging  the  necessity  for  re- 
taining the  present  system  of  nomenclature. 

While  there  may  be  some  members  who  desire  to 
introduce  changes,  it  is  believed  that  the  majority  of 
the  committee  are  opposed  to  radical  changes.  Of 
course,  these  members  will  listen  attentively  to  all 
suggestions.  When  it  is  considered  that  millions  of 
labels  of  official  products  are  now  in  use  and  a  large 
sum  of  money  has  been  expended  very  lately  in  re- 
vising these  to  conform  to  the  provisions  of  the  law, 
it  is  believed  that  it  would  not  be  wise  to  make  any 
change  in  the  general  form  and  style.  But  obviously 
any  errors  must  be  corrected,  and  new  drugs,  chem- 
icals, or  preparations  introduced  must  have  corrected 
titles  which  conform  in  style  with  those  already  in- 
troduced. Undoubtedly  some  of  the  names  will  be 
shortened  for  the  sake  of  conciseness  and  convenience 
in  printing.  Abbreviations  of  the  official  titles  will 
be  introduced  for  the  first  time  in  the  new  Pharmaco- 
poeia. These  will  serve  as  a  guide  to  physicians  and  to 
pharmacists  in  labeling  their  stock  bottles  and  con- 
tainers. 

Inasmuch  as  the  Pharmacopoeia  is  now  a  law  book, 
it  has  been  proposed  to  print  a  small  numeral  on  the 
left  hand  side  of  each  line  of  the  article  completely 
down  the  page  so  that  for  convenience  of  reference  one 
who  quotes  the  Pharmacopoeia  can  indicate  the  page 
and  the  numbered  line. 

On  the  whole,  it  may  be  said  that  the  work  is  being 
pushed  most  actively.  A  proper  sequence  and  sys- 
tem is  necessary  if  the  valuable  time  of  the  members 
is  not  to  be  wasted.  The  immediate  work  of  revision 
is  entrusted  to  fifteen  members  selected  by  the  general 
committee.  This  is  called  the  Executive  Committee 
of  Revision  and  each  member  is  chairman  of  a  sub- 
committee. He  and  the  other  members  of  the  sub- 
committees are  chosen  for  their  fitness  to  serve  under 
their  chairman.  When  a  sub-committee  is  ready  to 
make  its  report,  the  Executive  Committee  votes  upon 
it  and  the  text  of  the  book  will  be  framed  upon  the  re- 
sults as  reported.  It  will  be  seen  that,  by  this  plan, 
the  large  number  of  facts  accumulated  in  ten  vears 
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will  receive  minute  and  careful  consideration  by  the 
whole  Committee  of  Revision  and  probably  ninety 
per  cent,  of  the  final  work  will  stand  as  reported  by 
these  experts.  If  the  sub-committee  should  make  a 
mistake  or  an  error  in  judgment,  it  will  be  pointed  out 
by  some  member  of  the  Executive  Committee  and  a 
reconsideration  by  the  sub-committee  asked  for.  If 
the  whole  Executive  Committee  and  the  special  sub- 
committee should  differ  on  any  question,  the  Execu- 
tive Committee  has  the  right  under  the  By-Laws 
to  appeal  to  the  fifty-one  members  of  the  General 
Committee  of  Revision  for  final  statement.  Then 
again,  under  the  plan  of  publicity,  any  one  interested 
in  the  Pharmacopoeia  may  comment  through  the  jour- 
nals or  appeal  to  the  chairman  of  the  Committee  of 
Revision  for  a  reconsideration.  This  plan,  which 
differs  from  that  used  in  the  previous  edition,  is  work- 
ing out  satisfactorily:  it  is  constructive  work  on  a 
comprehensive  plan.  The  new  Pharmacopoeia  will 
not  represent  one  man's  work,  but  the  best  judgment 
of  men  selected  by  a  large  convention  for  their  special 
fitness  to  perform  certain  duties.  A  Pharmacopoeia 
should  represent  as  accurately  as  possible  the  present 
state  of  knowledge  and  a  committee  should  not  delay 
the  publication  of  the  work  because  some  one  believes 
he  has  discovered  a  new  test  or  an  improvement  and 
all  must  wait  until  such  has  been  tried  out. 

In  the  past  a  number  of  tests  were  introduced  into 
the  Pharmacopoeia  which  had  not  beeri  sufficiently 
tried  out  by  many  workers.  The  result  sometimes 
proved  to  be  unsatisfactory  and  an  old  test  had  been 
discarded  in  favor  of  a  new  one  which  had  practically 
failed.  Therefore  it  would  seem  to  be  common  sense 
to  "hold  fast  that  which  is  good."  A  Pharmacopoeia 
should  represent  advanced  knowledge  of  facts  known 
and  proved  at  the  time  the  book  is  written.  There 
should  be  no  guess  work  or  hope-so's.  It  is  far  better 
to  take  no  chances  on  an  untried  test,  no  matter  how 
promising  it  may  seem  to  be;  but  now  that  the  book 
is  the  standard  for  the  country,  it  is  of  the  utmost 
importance  that  the  definitions,  descriptions  and 
tests  should  be  selected  from  facts  which  are  tried,  and 
true. 

The  members  of  the  American  Chemical  Society 
are  requested  to  send  at  once  to  the  office  of  the  chair- 
man of  the  Committee  on  Revision,  1832  Pine  Street 
Philadelphia,  any  correction  or  suggestion  which  they 
believe   will   improve   the   present    Eighth    Revision  of 


the  United  States  Pharmacopoeia.  These  letters 
are  referred  first  to  the  sub-committee  having  such 
subject  in  charge.  They  are  then  carefully  treated 
under  the  plan  outlined  above  and  it  is  not  likely 
that  any  comment  or  suggestion  could  be  overlooked. 
Of  course,  no  one  can  promise  that  every  suggestion 
will  be  adopted,  for  many  of  the  suggestions  upon  the 
same  subject  are  opposed  to  each  other.  In  some 
cases  two  tests  for  the  same  substance  have  been 
suggested,  both  of  which  are  valuable.  It  then  be- 
comes the  duty  of  the  committee  to  choose  between 
them,  and  this  responsibility  must  be  assumed  by  the 
committee.  <  Outside  assistance  from  experts  will 
be  freely  sought.  Some  one  who  has  made  an  especial 
study  of  an  assay  or  the  habitat  of  a  plant,  or  some 
manufacturer,  who  is  willing  to  disclose  special  in- 
formation which  he  may  have,  will  find  the  committee 
responsive  and  eager  to  accept  whatever  is  tried  and 
true. 

Now  is  the  time  to  send  in  all  suggestions  for  improve- 
ment. Unfavorable  criticism  of  the  printed  book 
will  be  shorn  of  its  sting.  If  any  one  interested  in 
the  new  revision  holds  aloof  and  deprives  the  commit- 
tee of  a  valuable  fact  or  hint  which  he  has  discovered, 
it  will  tend  to  depreciate  the  value  of  the  Ninth  Re- 
vision. The  plan  of  revision  is  comprehensive  and  the 
system  is  the  best  that  could  be  devised  by  represen- 
tative convention  in  which  no  special  interest  has  been 
recognized  and  which  is  not  under  the  domination  of 
an}*  trust  or  clique. 

The  conclusions  of  the  committee  will  be  published 
in  advance  and  no  corporations  or  firms  will  have  any 
privileges  which  wrould  tend  to  give  them  any  finan- 
cial advantage  over  any  other  firm  or  corporation. 
Neither  the  chairman  of  the  committee  nor,  as  far  as 
he  knows,  any  other  member  has  been  approached 
by  any  one  seeking  such  an  advantage.  This  is  un- 
doubtedly due  to  the  fact  that  advance  information 
has  gone  abroad  that  it  would  be  useless  for  any  one 
to  attempt  to  obtain  special  privileges  which  would  be 
denied  to  others.  Investigation  will  always  prove 
that  the  confidence  and  the  trustworthiness  of  the 
members  of  the  Committee  of  Revision  are  well  placed. 

Finally,  let  me  appeal  to  the  members  of  this  Society 
to  cheerfully  render  every  assistance  in  order  that 
the  new  Pharmacopoeia  may  be  the  best  book  of  its 
kind  in  the  world. 


CURRENT  INDUSTRIAL  NLW5 


By   \V.  A.   Hamor. 


THE  INDUSTRIAL  USES  OF  OZONE. 
In  a  paper  on  the  production  and  application  of  ozone,  in 
a  recent  number  of  Katun  188,  No.  2208,  pp.  551-5),  F.  Mollwo 
Perkin  states  that  the  only  method  employed  commercially  to 
;  prepare  this  powerful  oxidizing  agent  is  to  subject  oxygen  to 
jthe  action  of  the  silent  electric  discharge,  the  oxygen  thereby 
receiving  electrical  energy  and  becoming  converted  into  ozone. 
Since  all  the  apparatus  employed  depends  upon  some  method 
[or  other  of  obtaining  such  a  discharge,  very  high  electrical 
potential  is  necessary.     In  general,  the  silent  discharge  occurs 


between  conducting  plates  separated  by  means  of  a  dielectric. 
The  original  ozoniz.er  of  this  type  was  the  invention  of  W,  von 
Siemens;  it  consisted  of  two  concentric  tubes,  coaced  on  their 
outside  surfaces  with  tinfoil,  the  glass  of  the  tubes  acting  as 
tin-  dielectric.  Berthelot  employed  glass  as  the  dielectric  and 
a  liquid  as  the  conducting  material.  Modifications  "I  both 
these  forms  are  now  used  commercially.  The  "Ozonair"  ap- 
paratus consists  of  wire  gauze  as  the  conductor,  separated  by 
mica  as  the  dielectric.  When  the  ozone  is  to  be  produced  lor 
water   sterilization — now   actually  employed   commercially — the 
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ozonize!  is  enclosed  in  an  iron  rase,  when  it  is  to  be  required 
foi  the  purification  of  the  aii  "i  For  ventilation,  it  is  open,  the 
;ui  being  drawn  through  the  apparatus  and  distributed  by 
means  of  a  fan.  The  electrical  tension  used  is  about  7,000 
volts  The  Siemens  Halske  type,  used  for  water  sterilizing, 
t.-< »n^i- 1  -  "i  concentric  pipes  placed  one  within  the  other;  the 
inner  one  is  of  aluminum  connected  with  the  leads  carrying  a 
high-tension  current;  a  glass  cylinder,  surrounded  by  water 
circulated  for  cooling  purposes,  and  "alive,"  is  the  other  pole. 
The  water  surrounding  the  glass  cylinder  receives  its  electricity 
from  the  iron  containing  box,  which  is  earthed,  and  conse- 
quently forms  the  negative  pole,  while  the  aluminum  pipe  is 
the  positive  pole.  The  annular  space  between  the  concentric 
pipes  is  where  the  silent  discharge  occurs.  The  complete  ap- 
paratus is  composed  of  a  cast-iron  box  divided  into  three  cham- 
bers: a  lower  chamber  for  receiving  and  conveying  the  air  to 
the  ozone  tubes;  an  hermetically  sealed  middle  compartment 
into  which  the  ozone  tubes  are  inserted  by  means  of  a  stuffing- 
box  gland;  and  an  upper  chamber  for  collecting  the  ozonized 
air.  An  alternating  current  at  8,000  volts  is  used.  The  Abra- 
ham Marmicr  apparatus  is  said  to  employ  a  potential  of  40,000 
volts ;  it  is  made  up  of  a  number  of  hollow  cylindrical  electrodes, 
insulated  by  glass  and  contained  in  a  box.  The  Otto  ozonizer 
consists  of  a  series  of  transverse  plates,  so  arranged  that  a  di- 
electric plate  is  placed  between  the  electrodes. 

The  "Ozonair"  process  is  said  to  be  used  in  England  for  the 
sterilization  of  water.  The  ozonization  takes  place  in  three 
stages — that  is,  the  same  water  comes  into  contact  with  ozone 
three  times.  The  Siemens-Halske  system  is  said  to  be  largely 
employed  on  the  continent,  the  largest  plant  erected  by  them 
being  at  St.  Petersburg.  In  this  plant  the  ozonizers  are  worked 
with  a  three-phase  alternating  current  at  7,000  volts  and  500 
periods;  and  2,000  cubic  meters  of  water  can  be  dealt  with  per 
hour.  Other  places  in  Europe  where  ozone  is  used  for  steril- 
izing the  public  water  supply  are  Paderborn,  Wiesbaden,  Paris, 
Hermannstadt,  Florence,  Nice,  Chartres,  Villefranche,  Rovigo, 
and  Chemnitz.  Two  new  ozone  plants  are  said  to  be  under 
installation  in  Paris  with  a  daily  output  of  45,000  cubic  meters 
of  water.  In  the  United  States  ozone  is  employed  at  Phila- 
delphia. Perkin  states  that  the  employment  of  ozone  for  steril- 
izing water  is  "not  only  efficient  but  also  very  cheap.  In  this 
country  (England)  to  sterilize-  1,000  gallons  of  water  the  cost 
is  from  one  halfpenny  to  one  penny,  depending  upon  the  size 
of  the  plant  and  the  cost  of  the  electrical  power."  Ozone  ap- 
paratus has  also  been  devised  for  fitting  on  to  the  ordinary 
water  mains,  the  ozonizer  only  functioning  when  the  water  tap 
is  turned  on :  and  by  means  of  petrol  motors,  ozone  may  be  used 
for  sterilizing  water  during  campaigns.  Comparing  the  ozone 
process  with  ultraviolet  sterilization,  Perkin  says:  "For  small 
scale  work  the  ultraviolet  sterilization  is  very  well  adapted,  but 
ozone  is  better  for  large  scale  operatiqns." 

Ozonized  air  is  said  to  be  very  largely  employed  in  the  ventila- 
tion of  theatres  and  other  large  public  buildings:  an  ozone  plant 
is  now  being  employed  in  the  ventilation  of  the  London  Tube 
Railways  "with  beneficial  results."  Perkin  recommends  that 
the  House  of  Commons  be  supplied  with  an  ozonizing  apparatus. 

Ozone  is  now  used  in  the  manufacture  of  vanillin  from  iso- 
eugenol;  in  the  strengthening  of  weak  yeast  in  brewing:  in 
bleaching  oils  and  fats;  in  blowing  such  oils  as  linseed  oil;  in 
bleaching  delicate  fabrics,  and  in  bleaching  flour.  The  maturing 
effect  of  ozone  on  wines  and  spirits  is  said  to  be  remarkable, 
since  spirit  which  requires  years  for  aging  is  matured  "in  a 
remarkably  short  time  by  emulsifying  with  ozone."  It  has 
been  suggested  that  ozone  be  used  in  tobacco  factories  to  aid 
the  maturing. 

A  study  of  the  influence  of  ozone  in  ventilation  has  recently 
been  published  by  Hill  and  Flack  [/.  Roy.  Soc.  Arts,  60,  344 
(1912)].     These  authors  point  out  that  for  efficient  ventilation, 


the  chemical  purity  ot  the  air  is  of  relatively  little  importance, 
what  is  required  being  air  of  the  propel  degree  "i  coolm  sad 
humidity,  and  movement  ol  th<  aii  so  as  to  vary  continually 
the  cutaneous  condition  ol   the  body     The  impulsion  of  hot 

air  into  a  room  is  regarded  as  the  most  objectionable  of  all 
systems  of  ventilation.  Hill  and  Flack  consider  that  tin  chief 
value  of  ozone  in  ventilation  lies  in  its  effect  on  the  olfactorj 
nerves  and  those  of  the  skin  and  respiratory  tract.  The  eon 
centration  of  ozone  must  be  very  low  (less  than  1  p 
million). 

Perkin  failed  to  note  that  there  is  an  ozone  plant  at  Great 
Falls,  S.  C,  which  handles  80,000  gallons  of  water  per  24  hours 
(Eng.  Record,  64,  12);  that  there  are  various  methods  of  apply- 
ing ozone  to  ventilation,  cleaning  and  sterilizing  purposes  in 
the  brewery  (Vctter  and  Moufang,  Wochschr.  Brau.,  28,  377); 
and  that  ozone  has  been  tried  as  a  sterilizing  agent  for  milk, 
cream,  butter  and  soft  cheese,  with  hardly  desirable  results 
(Freund,  Chetn.  Ztg.,  35,  905).  Another  discussion  on  the 
applications  of  ozone  is  contained  in  L'Industria  Chimica,  11, 
1 2 1-3.  On  the  preservation  of  food  and  medicine  by  means 
of  ozone,  see  Linder,  Chemical  Engineer,  12,  61. 


NON-FREEZING  MIXTURES. 

The   prevention  of  freezing  in  water  pails  and  chemical  fire 
extinguishers  is  discussed  by  Robinson  in  a  recent  paper  (ftid. 
Eng.,  ii,  No.  4,  310),  and  some  important  data  are  given. 
Fahrenheit  Freezing  Points  op  Solutions  Containing: 
Lbs.  per  Sodium        Calcium      Lbs.  per      Sodium         Calcium 

gal.  chloride.       chloride.         gal.  chloride.  chloride. 

0.5  24°  29°  3.5  —  8°  —  8° 

1.0  18  27  4.0  .  — 17 

1.5  .12  23  4.5  .  — 27 

2  0  6  18  5.0  .  — 39 

2.5  1  4  5.5  —50 

3.0  — 3  —1 

Calcium  chloride  is  superior  to  sodium  chloride  in  that  it 
does  not  corrode  steel  tanks  and  barrel  hoops.  When  calcium 
chloride  is  used,  wooden  barrels  should  first  be  well  coated 
inside  with  asphaltum  or  a  mixture  of  paraffin  and  resin,  to 
prevent  shrinkage  of  the  staves.  Calcium  chloride  attacks 
solder,  and  is  therefore  unsuitable  for  use  in  extinguishers  of 
metal.  A  40  per  cent,  solution  (specific  gravity  1.4)  can  be  pur- 
chased on  the  market;  when  this  is  diluted  with  an  equal  quantity 
of  water,  the  solution  will  not  freeze  at  — 9°  F.  It  is  recom- 
mended that  when  automatic  sprinkler  systems  are  installed 
in  warehouses  or  other  places  of  exposure  during  winter,  a 
calcium  chloride  solution  be  used,  as  this  will  do  away  with  the 
necessity  of  maintaining  a  dry-pipe  system  and  its  attending 
risks,  due  to  leaky  valves  and  possible  failure  of  the  air  supply. 
The  system  should  be  filled  with  a  solution  of  1.225  to  1.25 
specific  gravity  (3.36  to  3.76  lbs.  of  calcium  chloride  per  gallon 
of  solution),  and  a  check  valve  installed  to  separate  this  from 
the  source  of  the  water  supply.  - 

Glycerine  has  been  recommended  for  use  in  extinguishers, 
the  addition  of  3'/2  qt.  to  a  standard  extinguisher  making  a 
solution  capable  of  withstanding  — 40  F.,  and  4  qt.  a  tempera- 
ture of  — io°  F.     It  tends  to  disintegrate  rubber,  however. 

Denatured  alcohol — water  solutions  are  stated  to  have  the 
following  values:  20%,  10°  F.;  30%,  — 50  F.;  40^,  — 200  F.; 
50r;,—  35  °F- 


A  NEW  LIQUID  MIXER. 

The  liability  to  use  an  excessive  quantity  or  an  insufficient 
amount  of  solutions  of  chemical  reagents  for  the  purposes  of 
precipitation,  neutralization,  or  purification  in  manufacturing 
processes  where  the  financial  side  of  the  matter  is  an  important 
factor,  renders  the  question  of  economy  in  weighing  or  measur- 
ing such  reagents  a  point  to  be  accorded  careful  consideration. 
It  is  reported  (Chem.  Trade  J.,  50,  No.  1299,  411)  that  an  ap- 
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paratus,  which  is  self-acting  and  requires  very  little  attention 
in  its  use,  is  being  placed  on  the  market  by  a  London  firm  for 
the  chemical  treatment  of  water  and  trade  effluents,  in  which 
the  exact  proportions  of  reagents  are  maintained,  it  is  claimed, 
notwithstanding  any  change  which  may  occur  in  the  rate  of 
flow  of  the  liquid  under  treatment.  The  apparatus  is  said  to  be 
adapted  to  deal  with  large  quantities  of  liquid,  and  if  constructed 
on  a  small  scale  may  prove  useful  in  other  ways.  The  crude 
liquid  to  be  treated  passes  under  slight  pressure  through  a  pipe 
leading,  to  the  purifying  tank.  A  portion  of  the  pipe  being 
constricted  at  one  point  like  the  Venturi  tube  allows  the 
liquid  to  flow  at  this  point  at  a  greater  velocity  than  in  the 
full-sized  portion;  consequently,  as  the  velocity  increases,  there 
is  a  corresponding  decrease  of  pressure  in  the  narrower  portion, 
which  is  connected  with  two  vertical  pipes,  each  containing  a 
Boat  of  a  material  heavier  than  water.  A  cylindrical  vessel 
containing  the  reagent  is  attached  to  these  floats  by  a  lever, 
and  the  change  of  pressure  is  used  as  the  power  for  setting  the 
apparatus  in  action.  When  the  apparatus  is  at  work,  the  liquid 
in  the  two  vertical  pipes  stand  at  levels  depending  upon  the 
velocities  of  flow  in  the  two  portions  of  the  Venturi  tube,  the 
difference  of  these  two  levels  determining  the  amount  of  reagent 
entering  the  main  stream.  It  is  claimed  by  the  manufacturers 
that  under  the  most  extreme  conditions,  the  error  "in  use  will 
not  exceed  1.7  per  cent. 


THE  STERILIZATION  OF  POTABLE  WATERS. 

In  a  paper  on  the  "Sterilization  of  Drinking  Waters  by  the 
Action  of  Ozonized  Oxygen  and  of  Chlorine  Compounds  in  the 
Nascent  State,"  presented  before  the  Paris  Academy  of  Sciences 
(Compt.  rend.,  154,  447),  Rouquette  states  that  sodium  hypo- 
chlorite was  successfully  employed  for  the  sterilization  of  water 
during  a  recent  cholera  epidemic.  Water  containing  15,000 
B.  coli  per  liter  was  rendered  sterile  by  the  addition  of  1  mg. 
of  active  chlorine  per  liter  containing  1  mg.  of  organic  matter. 
Rouquette  states  that  the  best  form  in  which  to  use  active 
chlorine  for  this  purpose  is  as  a  mixture  of  one  part  of  the  salt 
Na,S20,  (obtained  by  mixing  hydrogen  dioxide  and  sodium 
hydrogen  sulphate  in  concentrated  solution)  and  two  parts 
of  the  compound  Na202Cl  (prepared  by  the  addition  of  sodium 
sulphate  to  calcium  hypochlorite  solution,  the  calcium  sulphate 
being  removed  by  filtration).  The  mixture  is  added  in  the 
proportion  of  0.02-0.1  part  per  100,000,  according  to  the  degree 
of  bacterial  contamination.  It  is  said  to  be  more  rapid  and 
intense  in  action  than  sodium  hypochlorite,  and  the  water  thus 
treated  is  reported  to  be  odorless  and  tasteless,  and  to  contain 
no  chlorine,  hydrochloric  acid  or  sulphuric  acid. 


PORTLAND  CEMENT. 

A  review  of  the  contributions  of  E.  Leduc  to  the  constitution 
and  formation  of  Portland  cement  is  contained  in  a  recent 
number  of  (Nature,  89,  No.  2216,  177),  and  many  useful  data, 
with  few  speculations,   are  given. 

Concerning  commercial  cements,  the  fact  recognized  in  prac- 
tice, that  the  mechanical  strength  falls  off  rapidly  as  the  con- 
tent of  clay  is  increased,  is  confirmed  in  Leduc's  "Sur  la  Con- 
stitution et  la  Formation  du  ciment  Portland,"  and  it  is  also 
shown  that  the  coarseness  of  grain  of  both  clayey  matter  and  of 
sand  has  at  least  as  great  an  influence  on  the  "falling"  of  clinker 
as  has  the  amount  of  their  constituents.  A  normal  clinkering 
temperature  is  set  down  at  1400-14500  C.  Leduc  shows  that 
cements  in  which  the  alumina  is  replaced  by  ferric  oxide  are 
mechanically  weak,  and  found  that  those  containing  large 
amounts  of  magnesia  (e.  g.,  25  per  cent.)  went  to  pieces  on  ex- 
posure to  steam.  "It  should  be  noted  that  Leduc  took  unusual 
pains  to  bring  his  raw  materials  to  an  extremely  fine  state  of 
division,  fully  comprehending  that  in  a  mass  which  is  almost 
plastic  the  occurrence  and  completion  of  the  reactions  concerned 


in  the  production  of  definite  silicates,  aluminates,  and  the  like 
are  dependent  on  the  intimacy  of  admixture,  as  well  as  on  the 
temperature  and  the  time.  Any  one  who  has  prepared  Portland 
cement  experimentally  knows  that  particles  of  sand  which  may 
be  only  0.1  mm.  in  diameter  will  each  produce  its  small  center 
of  'falling,'  the  diealcium  silicate  oozing  forth  from  the  site  of 
the  grain .  .  .  . ,  whereas  the  same  raw  materials,  really  finely 
ground,  will  not  'fall'  at  all." 

In  collaboration  with  Chenu,  Ledue  has  shown  that  Seger 
cones,  useful  as  they  are  for  a  number  of  purposes,  are  far  from 
exact  as  temperature  indicators;  that  they  may  well  be  used 
side  by  side  with  materials  of  the  same  class  which  are  to  be 
heated  in  the  same  way,  but  that  in  all  cases  they  must  be 
checked  by  whatever  kind  of  pyrometer  is  best  adapted  for  the 
temperatures  to  be  measured. 


BLEACHING  POWDER  AS  A  SOAP  SUBSTITUTE. 

According  to  Scientific  American  Supplement  (No.  1897,  3°4)> 
a  German  physician,  Sacher,  recommends  the  use  of  bleaching 
powder  as  a  cleansing  agent  for  the  hands  of  workmen  as  a 
preventive  agent  against  metal  poisoning.  Working  men 
handling  metals,  such  as  lead,  mercury,  antimony,  arsenic, 
bismuth,  zinc,  chromium,  or  manganese,  either  in  metallic 
form  or  in  the  form  of  compounds,  are  constantly  exposed  to 
the  danger  of  poisoning,  through  imperfectly  cleaned  hands. 
Small  particles  may  thus  be  transmitted  to  the  mouth  in  eating 
or  using  tobacco.  To  completely  remove  metallic  impurities 
from  the  hands  is  sometimes  difficult;  soap  alone  is  generally 
useless,  especially  since  it  forms  insoluble  compounds  with  most 
of  the  metals.  Bleaching  powder,  however,  is  said  by  Sacher 
to  be  an  ideal  material  for  the  purpose ;  it  has  no  injurious  effects, 
when  properly  used,  and  acts  chemically  as  well  as  mechani- 
cally. It  forms  a  saponaceous  lather  and  has  the  further  ad- 
vantage of  possessing  strong  disinfecting  properties. 

WATER-GAUGE  GLASSES. 
All  users  of  steam  boilers  are  familiar  with  the  trouble  which 
is  occasionally  experienced  in  connection  with  the  glasses  used 
in  water-gauges  as  the  result  of  the  corrosion  or  wasting  of  the 
ends  of  the  glass  tubes  inside  the  glands  of  the  fittings.  Efforts 
have  been  made  to  get  over  the  difficulty,  and  many  different 
kinds  of  glass  have  been  tried,  but  only  a  partial  measure  of 
success  appears  to  have  attended  the  experimentation,  while 
the  rapidity  with  which  the  glass  is  attacked  has  increased  as 
steam  pressures  have  become  higher.  The  corrosion  is  always 
worse  at  the  steam  end  of  the  tube  than  at  the  water  end,  and 
has  often  led  to  accidents.  According  to  Engineering  (93,  499), 
in  order  to  prevent  this  destruction  of  the  glass,  a  Berlin  con- 
cern has  recently  brought  out  a  method  for  protecting  the  ends 
of  the  tubes.  This  is  said  to  be  accomplished  by  providing  the 
tube,  on  the  inside  and  outside  of  its  ends,  with  a  metal  pro- 
tective coating  which  yields  to  the  expansion  of  the  glass.  This 
is  united  to  the  glass  by  means  of  a  cement  that  forms  a  com- 
pact whole,  which,  it  is  claimed,  can  not  be  dissolved  by  water. 
For  normal  pressures,  the  glasses  are  provided  with  a  metal 
sheath  at  the  steam  end;  while  for  high  pressures  and  for  water 
high  in  alkalies,  the  tubes  are  provided  with  metal  coatings  at 
both  ends. 

PACKING  IN  STEAM  PLANTS. 
Packing  for  cylinder  heads,  steam  chests,  pipe-flange  joints, 
valve  stems,  etc.,  is  now  regarded  as  indispensable,  and  the 
engineer  has  quite  a  large  line  of  packings  to  select  from.  Ac- 
cording to  Power  (35,  545),  the  development  of  the  manufacture 
of  packing  has  proceeded  hand-in-hand  with  the  utilization  of 
steam.  Up  to  1850,  for  example,  the  commonly  used  material 
was  a  composition  containing  red  lead,  hemp  and  oil,  made  into 
a  putty.     About  i860,  cloth  insertion  packing  was  introduced; 
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it  consisted  ol  rubbei  composition  with  insertions  of  duck  <>r 
and  was  used  between  t86o  and  1875,  when  the  steam 
did  ii"i  exceed  80  pounds  per  square  inch.  Afterwards 
came  plumbago  and  rubbei  compositions,  termed  "self-vul- 
canizing" packings;  these  were  found  to  be  more  durable  and 
ctorj  undei  the  conditions  then  existing  than  the  pre 
ceding,  but  had  the  disadvantage  that  they  had  to  be  baked 
into  the  joint.  In  1886,  several  semi-vulcanized  rubber  com- 
position packings  appeared  on  the  market,  and  a  composition 
of  rubbei  and  asphaltum,  suitable  for  liquid  conditions,  was 
next  introduced.  During  the  period  1900  to  19 10,  steam  pres- 
sures have  increased  from  80  to  200  pounds  and  over  in  station- 
ary plants.  This  increase  brought  a  corresponding  rise  in 
temperature,  which  was  further  increased  by  the  practice  of 
superheating.  Then,  too,  the  wider  use  of  the  air  compressor, 
ice  machines,  gas  engine,  superheater,  etc.,  created  extreme 
temperatures  demanding  a  packing  which  could  meet  exacting 
conditions.  It  is  said  that  composition  packings  have  been 
perfected  which  possess  great  resistance  to  extreme  heat  as 
generated  under  high  pressure.  The  basis  of  the  material  is 
pure  asbestos  fiber,  the  fibers  being  treated  with  a  waterproof 
compound  to  prevent  the  absorption  of  water.  The  treated 
fibers  are  compressed  into  sheets,  pliable,  resilient,  and  of  high 
tensile  strength. 

DEVELOPMENTS  IN  STEAM  GENERATION. 

In  the  United  States  the  employment  of  measuring  instru- 
ments in  the  boiler  room  has  rendered  it  possible  to  make  the 
boiler  conform  more  closely  to  the  load  curve  than  formerly. 
H.  G.  Stott  points  out  in  the  Electric  Railway  Journal,  38,  781, 
that  the  Venturi  meter  for  measuring  the  feed  to  the  individual 
boiler;  the  Pitot  tube  in  the  steam  pipe  for  giving  a  general 
indication  of  the  relative  amount  of  work  done  in  different 
boilers;  and  a  coal-measuring  instrument  in  the  chute  or  down- 
take  coal  pipe,  have  been  used  along  with  forced  combustion. 
He  studied  the  records  of  one-minute  indications  of  steam  and 
water-flow  meters  to  show  the  variations  in  power  due  to  varia- 
tions in  load.  To  meet  these  variations,  it  is  recommended 
that  the  boiler  room  should  be  designed  for  maximum  operating 
conditions  and  economy  at  average  load,  and  to  sacrifice  slight 
economy  at  light  loads  by  working  only  one  of  a  pair  of  grates 
to  each  boiler,  the  other  being  banked ;  or  to  employ  the  auxiliary 
use  of  liquid  fuel;  or  to  have  grates  capable  of  working  with 
natural  draught  up  to  a  given  power  and  thereafter  with  forced 
draught. 

THE  CONTACT  PROCESS  OF  SULPHURIC  ACID  MANU- 
FACTURE. 
Wieland  [Ber.,  45,  685  (1912)]  has  studied  the  catalytic  con- 
version of  sulphur  dioxide  into  sulphuric  acid.  When  palladium 
black  is  exposed  to  moist  sulphur  dioxide,  air  being  excluded, 
and  the  excess  of  sulphur  dioxide  is  afterwards  removed  by 
carbon  dioxide,  sulphuric  acid  is  found  in  the  palladium,  which 
can  only  have  resulted  by  the  removal  of  hydrogen  from 
sulphurous  acid : 

H2S03  =  H2  +  SO,;  S03  +  H20  =  H2S04 
The  equivalent  hydrogen  was  not  found,  but,  instead  of  it,  sul- 
phur;  and   Wieland   has  found   that  palladium-hydrogen  does 
reduce  aqueous  sulphurous  acid : 

S02  +  2H2  =  2H20  +  S 
He  therefore  suggests  that  the  ordinary  contact-process  of 
sulphuric  acid  manufacture  is  not  a  direct  oxidation,  but  a  re- 
action similar  to  the  above,  in  which  the  function  of  the  oxygen 
is  to  oxidize  the  hydrogen  produced,  forming  the  water  which 
is  itself  necessary  for  the  reaction  to  occur: 

S02  +  H,0  =  H.SO3  =  S03  +  H„;  2H2  +  O,  =  2H20 


FORTOLINE. 

In  1910,  K.  Hadorfl  (French  Patent    1.16,325,   Vpril  27,  1910) 
devised  a  fuel  "for  increasing  the  power  "I  internal  com 
engines,"  consisting  of  "benzene  picrate"  (prepared  by  di 
picric  acid  in  benzene,  heating  for  a  prolonged  period,  and  finally 
separating  the  excess  of  benzene  by  distillation)  mixei 
benzene  or  other  liquid  hydrocarbon.    This  fu<  I 
burn  without  the  formation  of  any  deposit  in  the  cylinder. 

The  fuel  claimed  in  First  Addition,  dated  September  25,  [911, 
to  French  Patent  416,325,  termed  "Fortoline,"  contains  nitro- 
benzene  in  addition  to  "benzene  picrate;"  10  parts  of  benzeni 
are  mixed  with  0.5  part  of  nitrobenzene  to  which  a  small  quantity 
of  picric  acid  has  been  added,  and  the  resulting  mixture  is  boiled 
for  a  long  time.  The  product  is  added  to  10  times  its  amount 
of  petroleum,  naphtha,  petrol,  benzene,  or  other  hydi 
and  is  claimed  to  "increase  the  power  of  internal-combustion 
engines"  when  the  treated  fuel  is  used  therein. 

THE  UTILIZATION  OF  STORAGE    BATTERY  SLUDGE. 

The  sludge  of  lead  peroxide  and  sulphate  which  accumulates 
during  long  periods  in  lead  batteries  has  a  value  on  account  of 
its  lead  content,  but  its  transportation  to  lead  smelteries  lias 
been  expensive  and  difficult  because  of  the  associated  acid. 
Moreover,  washing  and  pressing  are  out  of  the  question  because 
of  the  fine  state  of  division  of  the  lead  peroxide.  In  German 
Patent  236,343,  it  is  claimed  that  these  difficulties  are  over- 
come by  mixing  the  sludge  with  slaked  lime ;  the  mixture  quickly 
sets  to  a  firm  cake.  An  alternative  plan  is  to  mix  the  sludge 
with  the  sulphite  liquor  from  sulphite  cellulose  works,  the  lead 
peroxide  being  thus  converted  into  lead  sulphate ;  molasses  may 
also  be  employed  for  the  reduction  of  the  peroxide.  So  much 
heat  is  liberated  during  these  reactions  that  considerable  of 
the  water  is  evaporated. 


THE  MANUFACTURE  OF  WHITE  LEAD. 

It  is  reported  (Chem.  Trade  J.,  50,  386)  that  the  West  German 
Lead  Color  Works  are  now  in  the  possession  of  a  new  process 
for  manufacturing  white  lead  which  does  away  with  the  diffi- 
culties of  dissolving  the  lead,  encountered  in  the  old  Dutch  pro- 
cess. Finely  divided  lead  (readily  obtainable  now  in  a  uniform 
state)  is  put  into  a  chamber,  acetic  acid  is  added,  and  air  is  led 
through  for  agitation:  a  large  amount  of  lead  becomes  soluble. 
The  lead  solution  is  then  subjected  to  the  action  of  carbon  di- 
oxide under  pressure  in  another  chamber,  and  the  lead  lye  and 
white  lead  formed  are  removed  by  atmospheric  pressure.  The 
method  can  be  worked  in  a  few  hours  instead  of  weeks,  and, 
furthermore,  no  lead  residues  are  left  and  less  acid  is  used. 

In  German  Patent  244,509,  recently  issued,  a  novel  process  of 
making  white  lead  is  claimed.  Litharge  is  treated  with  a  boiling 
solution  of  amino  acids,  such  as  result  upon  the  hydrolysis  of 
albuminoid  substances,  and  the  lead  is  precipitated  by_  a 
current  of  carbon  dioxide.  Since  the  organic  acids  remain  in 
solution,  the  liquor  can  be  used  continuously  for  dissolving 
more  litharge. 

THE  PURITY  OF  COMMERCIAL  METALS. 

Mylius  (Z.  anorg.  Chem.,  74,  407)  suggests  that  instead  of  the 
existing  irregular  nomenclature  ("pure,"  "puriss.,"  etc.)  for 
denoting  the  purity  of  commercial  metals,  a  system  of  numerical 
classification  be  employed.  According  to  this  plan,  the  first 
degree  of  purity  would  represent  a  metal  in  which  the  total  true 
impurity,  with  the  exception  of  oxygen  and  the  products  of 
atmospheric   corrosion,   was  from    1-10   per  cent.;   the  second 
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degree  from  0.1-1  per  cent.,  and  so  on  to  the  sixth  degree.  It 
is  stated  that  as  technical  products  of  the  fourth  degree  and 
upwards  (less  than  0.0 1  per  cent,  impurity),  the  following  metals 
may  be  obtained:  cadmium,  copper,  gold,  lead,  mercury,  plati- 
num, silver  and  zinc.  Zinc,  cadmium  and  tin  (Kahlbaum)  have 
all  risen  from  the  third  to  the  fourth  degree  since  1895.  Redis- 
tilled zinc  was  found  to  contain  from  0.007-0.0088  per  cent,  total 
impurity,  whereas  a  sample  of  electrolytic  zinc  costing  ten  times 
as  much  contained  1.3  per  cent,  of  zinc  sulphate,  about  6  per 
cent,  of  zinc  hydroxide,  0.02  per  cent,  of  insoluble  silicate,  and 
0.04  per  cent,  of  metallic  impurity. 

THE  COST  OF  CHLORINE. 

The  following  costs  per  ton  of  active  chloride  are  compiled 
from  a  recent  paper  by  Kershaw  (Ckem.  Trade  J.,  50,  330,  385): 


Remarks. 

Taking 3  tons  3.59r  bleach 
and  assuming  5%  loss 
of  chlorine. 

Using  sodium  sulphate  to 
decompose  calcium  hy- 
pochlorite. 

Using  sodium  carbonate, 
ibid. 

6.07  kw.  hrs.  and  6.0  kg. 
salt  per  kg.  chlorine;  15 
kg.   CI  per   10-hour  day. 

Power   at  $0,008   per    kw. 

hr. 
Actual  cost  at  Poplar,  Eng- 
land,   where   50.726   gal. 
of  hypochlorite   solution 
were  produced  (1910). 


Method  of 

Form  of 

preparation. 

combination. 

Cost. 

Chemical. 

Calcium  hypo- 
chlorite. 

$68.82 

Chemical. 

Sodium    hypo- 
chlorite. 

98.62 

Chemical. 

Sodium  hypo- 
chlorite. 

$109.96 

Electrolytic.1 

Sodium  hypo- 
chlorite. 

$106.33 

Electrolytic. 

Sodium  hypo- 
chlorite. 

$112.13 

Electrolytic 

Sodium  and  mag- 

$392.28 

("Hennite" 

nesium  hypo- 

electrolyzer1. 

chlorite. 

SYNTHETIC  ORGANIC  DYES  AND  PATENTS  FOR  THE 

MANUFACTURE  OF  THE  SAME,  i9o7-'ii. 

(Lehmann,  Ckcm.  Ind.,  35,  No.  7,  207.) 

1907.  1908.         1909.  1910.  1911. 


123 

14 

S5 

23 

92 

13 

72 

19 

38 

11 

37 

6 

58 

27 

50 

18 

52 

8 

38 

10 

44 

19 

1 

37 

1 

13     40     30     54        13     50       24     93 


Groups.                   Q  (i 

Nitro 

Azo,  substantive 54  5 

Azo,  acid 35  11 

Azo,  chrome 37  20 

Azo,  basic 1  2 

Azo,  varnish 5  6 

Azo,  "ingrain" 2  11 

Triphenylmethane 8  5 

Pyronine 4 

Acridinc 1 

Nitroso 1 

Anthracene 16  32 

Indophenols 3 

Oxazine 6 

Thiamine 2 

Azine 7 

Quinoline 

Indigo,  Thioindigo.  ...       4 

Sulphur 37 

Constitution,  unknown       2 


THE  MANUFACTURE  OF  ALUMINUM  FOIL. 
Aluminum  foil  is  now  being  manufactured  at  La  Praz  and 
Charleville-sur-Andelle  by  a  French  company,  and  at  Ludwig- 
1  To  produce  one  ton  of  active  chlorine  per  day,  with  the  cheapest  of 
the  electrolytic  cells  described  by  Kershaw,  would  require  50  electrolyzers 
and  involve  a  capital'outlay  of  about  $37,500,  while  the  more  efficient  and 
expensive  types,  wherein  platinum-iridium  electrodes  are  used,-  would  cost 
double  this  amount. 


8        15 

59 

1- 

45 

21 

47 

8 

90 

6       64 

3          1 

24 
1 

40 

12 

2 

45 

21 

2 

22 

3 

shafen  a.  Rh.  by  a  German  concern.  The  German  product, 
termed  "Alolit-foil,"  is  being  marketed  as  a  substitute  for  tin- 
foil, and  is  said  to  be  "from  pure  aluminum,  and  to  be  lead-free 
and  non-poisonous." 

Guillet  [Rev.  Met.,  g,  147  (1912)]  has  given  an  account  of  the 
processes  conducted  in  France  for  the  manufacture  of  aluminum 
foil.  The  metal,  delivered  to  the  works  in  the  form  of  ingots, 
700  X  320  X  120  mm.  (cast  at  75o°-7750  C),  is  first  hot-rolled 
at  420 °  C.  to  a  thickness  of  3.5  mm.  and  then  cut  into  strips 
8  cm.  wide,  which,  after  being  annealed  at  420°  C,  are  cold- 
rolled  to  0.04  mm.  in  six  stages,  further  reduction  in  thickness 
being  then  effected  by  continued  rolling  or  by  hammering.  In 
the  former  case  the  metal  bands  are  first  greased,  then  rolled 
in  pairs  to  0.02  mm.  and  subsequently  in  fours  to  the  desired 
thickness  of  0.0 1  mm.,  the  foil  thus  being  had  in  lengths  of  about 
16  m.  In  the  latter  case  the  bands  are  made  into  packets  of 
500  each  and  beaten  by  pneumatic  hammers,  each  packet  being 
placed  between  two  thin  sheets  of  zinc;  when  the  thickness  of 
the  metal  reaches  0.03  mm.,  the  packets  are  hammered  in  pairs 
to  0.02  mm.,  and  finally  in  fours  to  0.01  mm.  The  waste  in 
either  case  is  considerable,  only  about  33-35  per  cent,  of  the 
0.04  mm.  metal  employed  being  obtained  as  good  foil  1  sq.  m. 
of  which  weighs  about  27  grams.  The  waste  foil  is  employed 
for  the  production  of  aluminum  ■  powder.  Prior  to  trimming 
and  cutting  to  size,  the  sheets  of  foil  are  mechanically  separated. 
In  the  manufacture  of  aluminum  powder,  the  comminution  of 
the  waste  foil  is  conducted  in  stamp  mills  in  which  the  closed 
mortar-box  is  provided  with  a  circle  of  1 2  stamps  actuated  from 
a  central  shaft. 


SOME  NEW  "NON-CORROSIVE"  ALLOYS. 

The  American  market  now  affords  a  grade  of  sheet  steel 
known  as  "Vismera,"  possessing  the  following  composition: 
Iron,  99.542  per  cent.;  copper,  0.200;  manganese,  0.190;  carbon, 
0.036;  phosphorus,  0.004;  sulphur,  0.018;  oxygen,  0.009;  and 
hydrogen,  0.00 1.  Particular  attention  is  called  to  the  copper 
and  manganese  content,  and  to  the  low  percentage  of  oxygen. 
It  has  been  known  for  some  time  that  the  presence  of  a  small 
amount  of  copper  increases  the  resistance  of  steel  to  corrosion, 
and  that  cupreous  steel  is  more  resistant  to  acid  mine  waters 
than  ordinary  steel.  It  is  said  that  another  producer  has  suc- 
ceeded in  obtaining  "an  alloy  steel  that  will  successfully  with- 
stand tests  with  sulphuric  acid,  the  chief  enemy  of  tubing  and 
sheets." 

Gaston  Jacquier,  of  Belgravia,  Transvaal,  has  patented  an 
anti-corrosive  alloy  said  to  be  suitable  for  employment  in  the 
manufacture  of  tanks,  piping,  ropes,  valves,  pumps,  etc.  (U.  S. 
Patent  1,019,963,  1912).  It  is  made  of  the  following  metals: 
Aluminum,  92  per  cent.;  bismuth,  2  per  cent.;  copper,  5  per 
cent. ;  and  silicon,  1  per  cent.  The  composition  may  also  be  as 
follows:  Aluminum,  91  per  cent.;  bismuth,  2  per  cent.;  copper, 
5  per  cent.;  and  magnesium,  2  per  cent. 

KUPRONIZING. 

According  to  Engineering  (93,  No.  241 1,  367),  a  London  firm 
mainly  concerned  with  copper-plating  wood  applies  the  name 
"kupronizing"  to  the  process  it  employs.  In  the  plating  of 
wooden  hand-rails,  the  wooden  core  is  first  impregnated  with  a 
preservative  material  and  then  flashed  with  either  plumbago 
or  a  metallic  salt.  The  actual  copper  deposition  is  then  carried 
out  in  a  bath  in  the  usual  manner.  It  is  the  present  practice 
to  deposit  a  layer  about  '/,„  of  an  inch  thick.  Iron  window- 
frames  and  iron  pump-rams  are  now  kupronized,  and  the  process 
gives  a  copper  layer  which  adheres  so  that  the  pieces  mav  be 
machined  after  the  copper  is  in  place. 
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NOTES  AND  CORRESPONDENCE 


THE  GERMAN  PATENT  SYSTEM. 

The  la«s  regulating  the  protection  of  intellectual  property  in 
the  German  Empire  arc  of  relatively  recent  date.  Previous  to 
1870,  some  of  the  many  Kingdoms  and  petty  states,  forming 
now  the  modern  German   Empire,   had   special   laws   to  that 

effect.  However,  all  these  laws  proved  to  be  rather  ineffective 
in  view  of  the  relatively  small  extent  of  each  individual  state. 
Only  the  peace  of  Frankfurt,  which  established  the  national 
unity  of  Germany,  removed  this  condition  of  affairs,  which  had 
for  so  many  years  handicapped  technical  and  scientific  progress 
in  Germany.  The  new  constitution  expressly  provides  that  the 
protection  of  industrial  property  is  under  the  jurisdiction  of  the 
Empire.  Since  then,  a  series  of  broader  laws  has  come  into 
force,  among  which  the  patent-law  is  undoubtedly  the  most 
important  one.  This  law  has  had  a  predominant  influence 
upon  the  unprecedented  rapid  development  and  high  standard 
of  German  industries.  The  number  of  native  and  foreign  in- 
ventors applying  for  patents,  increases  from  year  to  year;  it  is  a 
noteworthy  fact  that  among  foreign  applicants,  American  in- 
ventors predominate .  It  may,  therefore,  not  be  without  interest, 
for  Americans,  to  know  the  broad  outlines  of  the  principles  and 
rules  of  practice  and  procedure  of  the  German  Patent  Law. 

In  Germany,  a  patent  is  regarded  to  be  equivalent  to  a  promotion 
of  national  knowledge  by  the  disclosure  of  a  heretofore  unknown  art. 
The  inventor  is  judged  to  be  a  kind  of  teacher  to  the  nation.  There- 
fore, the  Patent  Office  does  in  no  way  care  for  the  real  father  of  an 
invention.  To  the  first  applicant  is  allowed  the  patent,  and  lack 
of  first  and  true  inventorship  does  not  invalidate  or  bar  the  grant 
of  a  patent  unless  the  invention  has  been  fraudulently  obtained, 
or  stolen.  If  in  this  case,  the  person  from  whom  it  was  stolen 
files  an  opposition  at  the  proper  time,  or  starts  an  annulling 
suit  against  the  granted  patent,  the  patent  is  refused  or  annulled. 
Moreover,  under  certain  conditions,  a  fraudulent  patentee  may 
be  compelled,  by  a  lawsuit,  to  assign  the  patent,  or  even  the 
patent  application  to  the  original  owner. 

This  broad  principle  regulates  easily  the  status  of  persons 
who  have  actually  carried  out  the  invention  previous  to  a 
patent  application  by  another,  as  well  as  the  question  of  in- 
terfering applications:  Such  persons  are  not  affected  by  the 
patent,  for  they  have  not  been  instructed  by  the  inventor; 
in  other  words,  they  have  not  derived  any  new  or  useful  knowl- 
edge by  the  disclosure  of  the  patent.  Therefore,  they  have  a 
legal  right  to  use  the  patent  for  their  own  business,  but  this 
right  can  only  be  assigned  to  others,  together  with  the  transfer 
of  their  whole  business.  In  other  terms,  they  are  entitled  to  a 
limited  free  license.  Patents  filed  later  on  for  the  same  subject 
matter,  for  which  a  former  application  was  filed,  are  simply 
refused,  if  the  earlier  application  results  in  a  patent.  So  all 
the  interfering  applications  are  rejected  in  favor  of  the  first 
applicant,  even  if  they  are  based  on  inventions  that  have  been 
conceived  at  an  earlier  date.  This,  of  course,  stimulates  in- 
ventors to  apply  for  a  patent  without  delay,  and  gives  the  public 
the  benefit  of  early  disclosure;  it  excludes  expensive  and  com- 
plicated interference  proceedings,  and  prevents  applications 
from  being  kept  pending  in  the  office,  for  endless  years,  as  fre- 
quently happens  in  the  United  States.  It,  furthermore,  pre- 
vents anybody  engaged  in  a  business  which  is  based  or  not  on 
patents,  being  threatened  at  any  time  with  unexpected  de- 
struction of  business,  on  account  of  some  hidden  or  creeping 
patent  applications  which,  several  years  later,  develop  into 
interference  proceedings. 

Every  application  for  a  patent  is  examined  by  an  examiner 
just  as  in  the  United  States,  and  substantially  along  the  same 
lines;  on  the  average,  the  requirements  as  to  inventive  quality 


are  more  rigid.     If  an  application  is  in  the  propel     li 
patentable  according  to  the  examiner's  opinion,  he   forwards 

it  to  a  Hoard  of  Examiners  for  a  preliminary  decision  If  the 
Hoard  of  Examiners,  which  is  composed  of  at  least  thr©  •■ 
aminers,  judges  that  the  invention  is  not  patentable,  they  re- 
ject the  application,  in  about  the  same  way  as  in  the  United 
States.  Otherwise,  they  issue  the  so-called  decision  of  publica- 
tion; that  is  to  say,  they  apply  for  a  supplementary  public 
examination  by  publishing  the  title,  filing  date,  name  and 
residence  of  the  applicant  in  the  "Reichsanzeiger,"  or  official 
journal.  Numerous  technical  periodicals  reprint  this  publica- 
tion for  their  readers,  and  thereby  inform  the  public  that  the 
Patent  Office  is  about  to  grant  a  'patent  on  the  published  in- 
vention. 

At  the  same  time,  the  drawings,  models,  specification,  and 
claims  are  rendered  available  to  public  inspection  for  a  period 
of  two  months.  During  that  time,  anybody  can  file  a  written 
opposition  against  the  grant  of  a  patent.  In  this  way,  the  in- 
ventor, as  well  as  the  public,  is  guarded  against  the  issue  of 
invalid  patents.  Anybody,  in  any  part  of  the  world  can  file 
such  an  opposition  without  any  costs.  The  law  prescribes  only 
that  the  opposition  be  filed  in  German  language  and  before  two 
months  and  that  it  embody  the  necessary  argument.  In  this 
way,  no  individual  who  can  show  that  the  grant  of  the  patent 
is  unjustified  is  withheld  from  formulating  his  arguments,  un- 
hampered by  any  other  formality  than  the  mere  writing  and 
stating  of  the  argument, — all  this  without  the  necessity  of  passing 
through  the  intermediary  of  an  attorney.  Opponents  who  file 
their  opposition  too  late  are  not  considered  in  the  further  pro- 
ceedings, though  their  information  may  be  given  consideration 
by  the  examiners  in  their  final  decision. 

If  no  opposition  has  been  filed  within  a  two  months'  period, 
the  Board  of  Examiners  issues  a  second  decision  by  which  the 
patent  is  finally  granted;  thereupon  the  specification  is  printed 
and  published,  just  as  in  the  United  States. 

If  an  opposition  has  been  filed  in  due  time,  the  opponent 
thereby  becomes  a  party  of  the  further  legal  proceedings.  He 
gets  information  of  all  the  arguments  of  the  applicant  and, 
■vice  versa,  the  applicant  is  kept  informed  of  all  opposition  argu- 
ments and  the  names  of  his  opponents;  after  the  situation  has 
been  cleared  up,  the  Board  of  Examiners  decides  whether  or  not 
the  opposition  was  justified  and  whether  the  patent  shall  be 
allowed  as  presented,  or  allowed  with  restricted  claims,  or 
refused  entirely. 

During  the  whole  period  of  examination,  up  to  the  final 
grant  of  the  patent,  the  Patent  Office  can,  if  it  deems  it  neces- 
sary, hear  witnesses.  However,  all  testimony  is  taken  by  the 
office  itself,  or  if  the  witnesses  live  at  distant  points,  by  the 
courts  of  justice  in  that  district,  at  the  request  of  the  Patent 
Office,  which  prearranges  and  formulates  all  the  questions  to 
be  put  before  the  witnesses.  No  opponent  or  applicant  can  be 
a  witness  in  his  own  behalf,  nor  has  he  any  influence  upon  the 
decision  of  the  office,  and  the  latter  alone  decides  what  witnesses 
shall  be  heard  and  which  not.  All  these  questions  are  decided 
by  the  Board  of  Examiners  as  far  as  the  interests  of  the  appli- 
cant and  the  public  may  require,  and  no  appeal  is  admitted 
against  such  a  decision.  Furthermore,  no  costs  can  be  charged 
by  the  Patent  Office  for  taking  testimony,  even  if  such  testi- 
mony has  to  be  taken  in  German  colonies  or  in  foreign  lands, 
under  the  provision  of  the  Convention  of  The  Hague.  Takiilg 
testimony  by  lawyers  as  in  the  United  States,  in  the  pr< 
a  notary  public,  is  unknown  in  Germany,  and  depositions  of 
witnesses  that  are  obtained  in  this  way  would  be  without  any 
consideration  whatever  before  the  German  courts. 

This  same  way  of  taking  testimony  is  followed  in  all  pro- 
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ccedings  whether  they  be  for  annulment,  for  compulsory  license, 
or  for  revocation,  as  I  shall  describe  hereafter. 

If  the  grant  or  rejection  of  a  patent  has  been  agreed  upon 
by  the  Board  of  Examiners,  every  applicant  or  opponent  who 
feels  himself  injured  by  that  decision  can  still  file  an  appeal 
to  the  Board  of  Appeals,  composed  of  five  officials.  The  Chair- 
man of  this  Board  of  Appeals  is  the  Commissioner  of  Patents, 
or  the  so-called  "Praesident,"  or  in  his  absence,  one  of  his  legal 
representatives.  The  Board  of  Appeals  reexamines  the  whole 
case  and  its  decision  is  final. 

The  life  of  a  patent  in  Germany  is  1 5  years,  which  begins  with 
the  day  succeeding  the  filing  day.  The  protection  it  confers 
becomes  effective  on  the  day  of  publication  of  the  invention 
in  the  Reichsanzeiger;  from  that  day  on,  the  inventor  can  sue 
infringers,  or  the  public  can  start  a  suit  for  a  compulsory  license 
against  the  inventor.  It  is  obvious  that  the  effective  life  of  a 
German  patent  is  therefore  always  shorter  than  15  years,  and 
can  be  badly  shortened  by  any  retardation  in  the  issue  of  the 
final  decision  of  allowance.  In  average,  if  no  opposition  is 
filed,  and  no  other  complications  are  met,  about  two  years  are 
absorbed,  until  the  patent  is  finally  granted.  This  represents 
one  of  the  most  serious  defects  of  the  German  patent  system, 
but  very  probably  the  next  revision  of  the  patent  law  which 
can  be  expected  in  19 14  will  remove  this  deficiency. 

The  maintenance  of  patent  rights  depends,  furthermore, 
upon  the  payment  of  certain  yearly  taxes,  small  during  the  first 
years,  but  increasing  from  year  to  year,  and  upon  the  non- 
payment of  which  the  patent  lapses  without  possibility  of  re- 
instatement. A  patent  lapses  at  once  if  the  patentee  renounces 
to  it  by  written  declaration. 

Other  persons  can  remove  a  patent  right  only  by  a  suit  for 
annulment  or  for  revocation;  such  suits  are  brought  before  the 
Annulment  Board  of  the  Patent  Office.  This  provision  re- 
presents one  of  the  predominant  differences  over  the  American 
system,  inasmuch  as  no  court  is  entitled  to  discuss  the  validity 
of  a  patent,  as  long  as  the  patent  has  not  been  annulled  by  the 
same  Patent  Office  by  which  it  was  granted;  the  courts  have  to 
take  the  patent  as  it  stands  and  it  is  only  left  to  them  to  inter- 
pret it  in  a  broad  or  narrow  sense,  if  the  scope  of  the  claims  is 
unclear. 

Fraudulent  possession  of  an  invention  is  always  a  reason  for 
annulling  a  patent,  if  the  annulment  suit  is  started  by  the  in- 
jured party;  suits  for  annulment  on  account  of  lack  of  invention 
can  only  be  instituted  within  the  period  of  five  years  after 
publication  of  the  final  grant  of  a  patent  in  the  "Reichsanzeiger." 
After  expiration  of  this  term,  the  patent  stands  valid  and  un- 
assailable. Probably  this  latter  provision  will  be  canceled  be- 
fore long,  in  as  far  as  it  has  caused  many  inconveniences  and 
injustices  to  the  public. 

Appeals  against  the  decisions  of  the  Annulment  Board  are 
not  decided  by  the  Board  of  Appeal,  but  by  the  highest  court 
in  Germany,  the  Reichsgericht  in  Leipzig.  In  all  the  legal 
decisions  in  patent  matters,  the  "Praesident"  of  the  Patent 
Office  has  no  other  intervention  than  to  act  as  the  Chairman 
of  the  Board  of  Appeals  and  of  the  Annulment  Board.  He  is 
never  Chairman  of  the  Board  of  Examiners,  and  his  other  official 
functions  are  more  of  an  administrative  character,  at  least  as 
far  as  patent  matters  are  concerned. 

Apart  from  annulment  suits,  the  Annulment  Board  and  the 
Reichsgericht  decide  all  the  actions  for  the  grant,  of  a  com- 
pulsory license,  or  the  revocation  of  patents.  Up  to  May  1, 
191 1,  a  patent  could  be  revoked  if  it  were  not  worked  in  Ger- 
man), or  if,  in  spite  of  the  offer  of  reasonable  royalties  and 
deposit  of  a  guarantee,  the  patentee  refused  the  grant  of  a 
license,  provided  such  a  grant  were  advisable  for  the  public 
interest.  Influenced  by  the  introduction  of  the  new  revocation 
practice  in  England,  and  since  a  decision  of  the  Reichsgericht 
in  a  revocation  suit  against  an  American  patentee,   it  was  held 


by  the  court  that  by  reason  of  the  German-American  treaty  of 
February  23,  1909,  no  American  could  be  compelled  to  work 
his  patents  at  all  in  Germany;  it  even  was  decided,  if  the  patent 
was  assigned  to  an  American  after  the  revocation  suit  had  been 
started,  these  compulsory  working  provisions  did  not  apply  to 
him. 

Under  later  provisions,  Germany  has  no  longer  compulsory 
working  of  patents,  to  whatever  nationality  the  patentee  may 
belong.  But  any  patentee  can  be  compelled  by  decision  of  the 
Annulment  Board  to  grant  a  license  in  exchange  of  payment  of 
reasonable  royalties,  and  deposit  of  a  guarantee,  provided  such  a 
compulsory  license  is  conducive  to  the  public  welfare,  all  this 
regardless  of  the  actual  working  or  non-working  of  the  patent 
by  the  patentee  or  other  persons.  However,  it  has  not  yet 
been  decided,  and  it  is  doubtful  whether,  in  view  of  the  above- 
mentioned  American  treaty,  patents  which  are  owned  by 
Americans  are  met  by  the  new  provisions  of  the  law.  Revoca- 
tion of  patents  on  account  of  non-working  is  now  possible  only 
if  the  patent  is  worked  exclusively  outside  of  Germany,  but 
even  then  this  does  not  seem  to  affect  American  patentees  on 
account  of  the  existing  treaty. 

As  the  courts  are  not  allowed  to  discuss  the  validity  of  patents, 
a  suit  against  infringers  is  relatively  simple.  Unintentional  or 
careless  infringers  can  be  sued  for  damage,  but  intentional 
infringers  are  moreover  liable  to  fine  and  imprisonment  on 
motion  of  the  patentee  or  his  representatives  to  the  public 
prosecutor  (Staatsanwalt).  Preliminary  and  final  injunctions 
can  be  issued,  or  an  infringer  can  be  sued  first  so  as  to  compel 
him  to  acknowledge  that  he  actually  infringes  a  patent.  On 
the  other  hand,  a  similar  acknowledgment  suit  can,  under 
certain  conditions,  be  started  against  the  patentee,  so  as  to 
compel  the  latter  to  acknowledge  non-existence  of  infringement 
by  another  party.  The  defeated  party  has  to  pay  the  expenses 
and  costs  of  the  winning  party.  All  these  infringement  suits 
are  decided  in  open  court  before  civil  courts.  Upon  appeal, 
they  are  finally  decided  by  the  Reichsgericht,  so  that  practically 
all  the  questions  of  predominant  importance  are  decided  by  one 
and  the  same  court.  Infringement  suits  are  relatively  rare, 
and  by  no  means  so  frequent  as  in  the  United  States.  Further- 
more, they  are  considerably  less  expensive.  The  time  con- 
sumed for  reaching  a  final  decision  in  an  infringement  suit 
depends,  of  course,  largely  upon  the  complications  of  the  sub- 
ject matter,  the  necessity  of  making  experiments,  etc.  Most 
of  the  courts  in  industrial  districts  in  Germany  have  special 
departments  to  which  are  assigned  all  cases  concerning  the  pro- 
tection of  patents  and  of  intellectual  property  in  general. 

Herbert  F.  Wertheimer. 


ORIGINALITY  OF  INVENTIONS. 

Patent  Law  Reform  is  at  present  the  subject  of  discussion  in 
several  foreign  countries  as  well  as  in  the  U.  S.  The  German 
Scientific  Societies'  Journals  are  full  of  criticisms  and  sugges- 
tions for  improving  the  present  status  of  the  patent  law.  It 
should  be  interesting  to  Americans  to  watch  the  situation 
abroad  as  the  American  and  the  German  Patent  Laws  are  the 
best  national  laws  to  guarantee  the  rights  of  the  inventor  and  to 
stimulate  the  progress  of  industry.  The  highly  developed 
state  of  industry  in  both  of  these  countries  is  the  best  proof 
that  their  Patent  Laws  rest  on  a  sound  basis. 

Comments  on  the  U.  S.  Patent  Law  by  our  leading  inventors 
have  shown  that  it  is  largely  in  matters  of  appeals,  interferences, 
infringements  and  the  like  proceedings  where  reform  is  urgently 
needed.  One  extremely  important  complaint  about  the  U.  S. 
Patent  Office  has  been  overshadowed  by  the  discussions  and 
suggestions  in  regard  to  a  U.  S.  Patent  Court  of  Appeals. 

American  inventors  who  have  had  experience  with  German 
patents  are  usually  much  pleased  with  the  strict  impartiality 
and  business-like  methods  of  the  German  Patent  Office  in  up- 
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holding  the  rights  of  the  inventor  upon  protests  against  final 
allowance  ol  the  patent,  This  is  only  conditional  up  to  the 
publication  as  proscribed  by  the  German  I. aw  analogue  to  our 
publishing  of  applications  for  trade  marks. 

fhe  one  point  alluded  to  above  represents  a  shortcoming 
peculiar  to  both  the  American  and  German  Patent  Practice. 
Our  information  indicates  thai  German  inventors  have  to  suffer 
just  as  much  from  certain  Patent  Office  proceedings  as  the 
American  inventor.  The  rock  on  which  the  hopes  of  many  an 
inventor  with  a  meritorious  proposition  are  wrecked  is  the 
examiner's  decision: — Lock  oj  novelty,  or  lack  oj  invention. 
Such  a  decision  dooms  nearly  any  application  to  an  untimely 
death,  for  on  appeal  the  examiner's  opinion  is  usually  sus- 
tained. 

It  has  recently  been  amply  shown  that  the  examiners  and  the 
stall"  of  the  U.  S.  Patent  Office  are  altogether  too  overburdened 
with  work  to  make  a  very  far-reaching  search  of  the  prior  art, 
and  that  they  very  often,  after  finding  some  prior  patents, 
give  the  same  such  a  broad  interpretation  as  to  negative  a  new 
application.  These  shortcomings  have  been  very  heavily  felt 
by  the  American  industry  for  it  happens  relatively  often  that 
a  patent  is  denied  because  in  view  of  some  former  often  irrelevant 
arts  the  examiner  denies  the  application  the  dignity  of  invention. 
Just  such  "microscopical"  inventions,  for  which  protection 
by  patent  letters  was  denied  or  could  be  obtained  only  under 
great  difficulties,  have  later  on  become  splendid  industrial 
successes.  We  hope  that  such  inventions  may  find  salvation 
with  the  future  U.  S.  Patent  Court  of  Appeals,  where  any  party 
aggrieved  by  adverse  decisions  may  have  due  redress. 

Things  are  similar  in  Germany.  The  very  same  trouble  in 
overcoming  the  resistance  of  the  examiner  to  applications 
apparently  bare  of  inventions  was  lately  the  matter  of  many 
and  hard  complaints  at  the  meeting  of  the  Berlin  Section  of  the 
Association  of  German  Chemists.  We  learn  from  the  Zeit- 
schrift  fuer  angewandte  Chemic  (March  29,  19 12,  pages  636-7) 
that  several  speakers  severely  criticized  the  Examiners  of  the 
German  Patent  Office  especially  for  reading  too  much  between 
the  lines  and  for  incorporating  into  literature  certain  informa- 
tion from  a  new  application,  thereby  interpreting  said  literature 
in  a  broad  sense  which  never  would  be  done  by  an  unprejudiced 
reader  without  knowledge  of  the  new  application.  The  practice 
of  combining  several  quotations  from  literature  by  a  certain 
order  of  reasoning  in  order  to  prove  existence  of  the  subject 
matter  previous  to  the  new  application  was  also  clearly  pointed 
out.  Much  complicated  reasoning  and  quibbling  is  often 
resorted  to  which  more  than  anything  else  is  sufficient  proof  of 
invention  in  behalf  of  applicant.  Some  other  complainants 
pointed  out  that  the  requirements  of  the  German  Patent  Office 
for  "originality"  of  invention  are  too  far  reacting  in  view  of 
the  present  high  development  of  industry.  For  this  reason 
most  inventors  can  only  submit  improvements  of  the  present 
art,  such  improvements  being  entitled  to  protection  if  they 
bring  the  art  nearer  to  the  goal  of  perfection.  A  high  official 
of  the  German  Patent  Office  was  present  at  this  meeting  and 
was  in  a  rather  tight  place  for  the  tone  of  the  complaints  was 
rather  bitter. 

The  same  complaints  must  be  made  against  the  American 
Examiner.  It  may  be  said  in  behalf  of  both  the  American  and 
German  Patent  Examiners  that  the  severe  standpoint  in  ad- 
judging new  applications  is  taken  with  the  best  intentions  for 
protecting  the  interests  of  older  patentees  but  the  echo  we  hear 
from  abroad  is  another  proof  that  this  shortcoming  is  really 
existing  to  the  chagrin  of  inventors  and  that  we  should  strive 
for  proper  means  to  repair  a  too  broad  interpretation  of  the 
prior  art  as  detrimental  to  the  justifiable  claims  of  an  inventor. 

Suggestions  to  this  effect  were  lately  made  in  Germany,  and 
it  is  interesting  to  note  that  one  of  them  consisted  in  recommend- 
ing the  provision  of  funds  to  send  every  Examiner  and  the  Sub- 


Examiners  of  the  stalT  once  in  two  to  three  years  on  a  six  weeks' 
tom  for  inspecting  industrial  works,  lb'  would  then 
thorough  information  about  the  latest  developments  of  in- 
dustry, and  get  a  better  view  on  the  exigencies  of  business  by 
making  the  personal  acquaintance  of  the  men  who  keep  things 
moving. 

REPORT  OF  THE  DELEGATE  TO  THE  JOINT  CONFERENCE 
ON  THE  PATENT  SYSTEM. 

The  Committee  delegated  to  attend  the  conference  on  the 
Patent  System  held  in  Washington,  April  15th  and  i6th,  at- 
tended the  conference  and  advocated  the  appointment  of  a 
Board  of  Experts  to  which  all  matters  relating  to  Patent  Legis- 
lation should  be  referred  for  report  before  action  is  taken  by 
Congress  in  formulating  and  enacting  changes  in  the  present 
laws  governing  the  issuance,  scope  and  regulation  of  patents. 

After  consideration  and  discussion  of  the  various  hills  now 
before  Congress  the  following  report  was  agreed  upon  by  the 
Informal  Joint  Conference. 

Informal  Joint  Conference. 

At  a  meeting  of  representatives  from  the  following  associa- 
tions held  at  Washington  on  the  15th  and  16th  of  April,  1912, 
over  forty  bills  affecting  the  patent  system  of  the  United  States 
were  considered  to  such  extent  as  time  permitted.  Many  of 
these  bills  are  obviously  of  a  radical  character — aimed  at  funda- 
mental principles  of  the  patent  system — and  others  deal  with 
such  complicated  matters  as  Patent  Office  procedure  and  prac- 
tice. 

After  extended  discussion,  in  view  of  the  importance  of  care- 
ful consideration  of  the  said  bills,  to  the  end  that  the  patent 
system  of  the  United  States,  to  which  in  so  large  a  measure 
our  industrial  prosperity  is  due,  may  not  be  unduly  affected, 
it  was  unanimously  resolved  that  the  representatives  of  the 
several  associations  there  represented  agree  to  recommend  to 
their  respective  associations: 

(1)  That  the  committee  of  Congress  be  respectfully  urged  todefer 
action  on  said  bills  until  the  associations  represented  at  the 
conference,  and  the  public  generally,  have  had  ample  oppor- 
tunity to  study  the  bills  and  determine  what  may  be  the  full 
effect  of  the  changes  contemplated  by  them. 

(2)  That  a  recommendation  be  made  to  the  respective  associa- 
tions to  appoint  members  of  a  joint  Standing  Committee  with 
power,  subject  to  the  call  of  the  Chairman  of  the  Patent  Law 
Association  of  Washington,  to  study  the  pending  bills  and  the 
whole  patent  situation  and  adopt  means  for  such  action  as  may 
appear  expedient. 

Subsequently,  the  conference,  to  carry  out  the  purpose  of 
the  concluding  clause  of  the  preceding  resolution,  unanimously 
adopted  the  following: 

RESOLVED:  "That  the  associations  here  represented,  and 
such  associations  as  shall  be  hereafter  added  thereto,  shall 
appoint,  each,  three  delegates,  each  association  to  have  one  vote, 
and  that  a  committee,  consisting  of  Mr.  Rogers,  Dr.  Baekeland 
and  Mr.  Mershon,  shall  be  appointed,  which  may  add  at  its 
discretion  associations  and  members  to  meet  in  future  joint 
conferences." 

American  Chemical  Society. 

American  Electrochemical  Society. 

American  Institute  of  Electrical  Engineers. 

American  Institute  of  Mining  Engineers. 

American  Society  of  Mechanical  Engineers. 

Chemists'  Club  of  New  York. 

Institute  of  Chemical  Engineers. 

Inventors'  Guild. 

Patent  Law  Association  of  .Chicago. 

Patent  Law  Association  of  Washington. 
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New  York  County  Lawyers'  Association-  and  Non  resi- 
dent Members  Patent  Law  Association  of  Wash- 
in6ton. 

The  various  organizations  were  represented  as  follow-: 

American  Chemical  Society. — Clinton  P.  Townsend,  Wash- 
Professor  Charles  E.  Munroe,  Washington. 

American  Electrochemical  Society. — Dr.  L.  H.  Baeke- 
land,  Yonkers,  N.  Y.;  A.  R.  Marvin,  Marquette  Hldg.,  Chicago. 

Ami  RICAN    INSTITUTE    OF    ELECTRICAL    ENGINEERS.      A.     W. 
ord,  Milwaukee;  F.  P.  Fish,  Boston;  Dugald  C.  Jackson, 
Boston;  M.  I.  Pupin,  New  York. 

American  Institute  Mining  Engineers. — Capt.  A  I". 
Lucas,  Washington. 

American  Society  of  Mechanical  Engineers. — W.  H. 
Blauvelt.  Syracuse,  N.  Y.;  B.  F.  Wood,  Altoona,  Pa. 

Chemists'  Club  of  New  York. — Carleton  Ellis,  New  York. 

Institute  of  Chemical  Engineers. — Dr.  Wm.  M.  Gros- 
venor,  New  York;  Maximilian  Toch,  New  York. 

Inventors'  Guild. — Ralph  D.  Mershon,  New  York;  H. 
Ward  Leonard.  New  York. 

Patent  Law  Association  of  Washington. — Walter  F.  Rogers, 
Washington;  William  W.  Dodge,  Washington. 

Patent  Law  Association  of  Chicago. — Thos.  F.  Sheridan, 
Chicago. 

New  York  County  Lawyers'  Association  and  Non-resi- 
dent Members  Patent  Law  Association  of  Washington. — ■ 

Wm  H.  Kenyon,  New  York;  Alfred  W.  Kiddle,  New  York; 
E.  W.  Bradford,  Washington  and  Indianapolis;  Robert  C. 
Mitchell,  New  York;  Odin  Roberts,  Boston;  George  0.  G.  Coale, 
Boston. 

Yours  very  truly, 

Charles  E.  Munroe,  Delegate. 


3Zn  =  2I. 
0.00981  gm.  Zn  =  1  cc  A'/io  I." 


REPORT  OF  THE  COMMITTEE  ON  QUANTITATIVE  METHODS. 

During  the  past  six  months  your  committee  has  done  some 
work  on  volumetric  and  gravimetric  methods  of  assay  for  the 
various  zinc  salts  official  in  the  Pharmacopoeia,  and  begs  to 
submit  herewith  a  report  of  this  work  together  with  a  bibliog- 
raphy of  various  articles  dealing  with  the  quantitative  estima- 
tion of  zinc  which  have  appeared  from  1890  to  the  present  date. 

The  results  of  co-operative  work  on  zinc  assays  follow  and 
comments  of  the  various  members  of  the  committee  are  ap- 
pended to   this  report. 

The  gravimetric  method  was  referred  to  in  report  of  July  last 
and  is  the  well-known  Ammonium  Phosphate  Precipitation 
Method.  The  volumetric  method  is  that  published  by  E. 
Rupp,  Chemiker  Zeitung,  33,  3   (1909),  which  is  as  follows: 

"Prepare  a  solution  of  the  zinc  salt  containing  the  equivalent 
of  0.1  gram  of  metallic  zinc,  using  dilute  sulphuric  acid  to  make 
the  solution  if  necessary,  as  with  zinc  oxide,  and  subsequently 
exactly  neutralizing  the  solution  with  A//i  NaOH.  This  solu- 
tion should  measure  about  10  cc. 

"Dilute  exactly  20  ce.  of  approximately  5  per  cent,  solution 
potassium  ferroeyanide  to  50  ce.  with  water  and  dissolve  in 
this  5  grams  of  potassium '  sodium  tartrate.  To  this  solution 
add  the  zinc  solution  and  let  stand  for  30  minutes,  in  order 
that  the  zinc  ferroeyanide  as  precipitated  may  be  transformed 
into  potassium  zinc  ferroeyanide. 

"Now  add  30  cc.  of  Ar/io  I  and  let  stand  for  one  hour  whereby 
the  excess  ferroeyanide  is  converted  into  ferricyanide  quanti- 
1  tatively.  Titrate  the  excess  .V  10  I  with  Ar/io  sodium  thio- 
sulphatc. 

"At  the  same  time  a  blank  test  may  be  run  in  exactly  the 

I    same  manner,  omitting  the  zinc  solution  so  as  to  determine  the 

iodine    value    of    the    potassium    ferroeyanide    solution.     The 

difference  between  the  amount  of  iodine  consumed  as  an  oxi- 

dizing  agent  in  the  blank  and  that  consumed  in  the  actual  assay 

I  corresponds  to  the  quantity  of  zinc  present: 


Zinc    Estim 

Mi     Briggs 

Volumetric. 

Gravimetric. 

Zinc  phenol- 

Zinc  phenol 

Zinc  oxide,           sulphonate, 

Zi 

lc  oxide.            sulphon  ite. 

Per  cent.                 Per  cent. 

Per  cent.                  Per  cent 

97. .S4-  97    S4         103.12-102.14 

98.9                           99.3 

99  84-101.29           

Av. 

98.2                           99.2 

Av.    99  05               Av.  102.63 

98.55               Av.     99.15 

By  using  more  for  assay. 
96  5  -  96.9  91 .8  -  92.6 


Standing  1  hr. 
with  .V/10  I. 

Per  cent. 
100.5  -104.8 
101.7 


Mr.    Engelhardt. 


As  XH^ZnPCV      As  NH.ZnPO,. 


No   proper    re- 
sults    could 
be    obtained 
with     this 
dt. 


Standing  over  night. 
97.9  -  98   2 


Per  cent. 
101 .2  -100.9 


Av.  100.73 

As  Zn..P..O:. 

Per  cent. 
99.5  -  99.9 


A\ 


99.73 


Per  cent. 
92.54-  97.13 
96.53-  99.4 
100.53-  97   89 
98.95 

Av.    97.56 


No  satisfactory 
results. 


Brown. 

As  NH,ZnP04. 
Per  cent. 
99.99-100.29 
99.86-100.12 

Av.  100.06 


As  Zn2P2Oj. 

Per  cent. 

99.51-100.03 

99.40-  99.60 

Av.     99.63 

Mr.   Taylor. 

As  NH.ZnPO,. 
Per  cent.  Per  cent. 

101    1  -  98.58        No  reliable  re-  100   73-100.95 

98   77-98.58  suits  ob-  

tained. 


Per  cent. 
101.6  -101.6 
101    6  -102.1 


Av.  101  .7 

As  Zn2P2C>7. 
Per  cent. 
100.01-100.03 
100  05-100.2 

Av.  100  08 


As   NHjZnPCV 

Per  cent. 
100  4  -100.71 
98.16-  97.73 

Av.     99.25 


As  Zn2P2Or. 

Per  cent. 

100.09-100.45 

97.12-  96.68 

Av.     98.58 


Av.    99 .  23 


Av.  100.1 


As  Zn2P2Or. 

Per  cent. 

99  95-100.16 


As  ZnjP2Or. 

Per  cent. 
99  34-99.18 


Av.  100.05  A  v.  99.34-99.04 

Mr.  Briggs;  "The  Gravimetric  Method  is  more  accurate 
and  preferable." 

Mr.   Engelhardt: 

As  tu  the  Volumetric  Method,  says:  "This  method,  although 
somewhat  shorter  than  the  Precipitation  Method,  gives  un- 
reliable  results  when  carried  out  according  to  instructions." 

As  to  the  Gravimetric  Method: 

"This  method  which  is  used  exclusively  in  the  laboratory 
here  works  very  well.  I  prefer  estimating  the  zinc  as  pyro- 
phosphate, although  if  the  precipitate  of  the  ammonium  zinc 
phosphate    is    washed    thoroughly    as   directed,    the    results   are 
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too  high,  probably  due  to  the  presence  of  ammonium  phoi 
phate, 
"The  high  results  obtained  with  the  zinc  phenolsulphonate 

nun  be  due  in  tin- salt  having  lost  some  of  its  watei  of  crystalli- 
sation." 
Mb    Brown:    "The  Volumetric  Method  does  not  appear  to 

be  reliable.  This  objection  may  be  removed  by  a  further 
study  of  the  method,  allowing  more  time  for  the  reaction  be- 
tween the  iodine  and  ferrocyanidc  to  take  place,  also  to  deter- 
mine whether  the  reaction  proceeds  better  in  a  neutral  solution 
slightly  acid  or  strongly  so,  etc." 

"The  Gravimetric  Method:  "It  appears  to  be  very  satis- 
factory in  point  of  accuracy  and  speed.  However,  I  think 
the  amount  of  wash  water  called  for  in  the  method  is  entirely 
too  much  as  there  are  no  difficultly  soluble  salts  to  wash  out 
and  such  a  large  volume  of  wash  water  dissolves  an  unneces- 
sarily large  amount  of  the  precipitate. 

"There  appears  to  be  a  slight  loss  of  zinc  on  ignition  to  the 
pyrophosphate.  I  think  more  work  should  be  done  along  this 
line  to  determine  whether  this  is  true,  also  to  determine  whether 
more  accurate  results  arc  to  be  obtained  by  weighing  as  the 
zinc  ammonium  phosphate  or  as  the  pyrophosphate." 

Mr.  Taylor:  "The  Volumetric  Method  gives  fair  results 
with  zinc  oxide  but  requires  a  larger  sample  than  given  in  the 
assay  processes  used  to  be  at  all  sure  of  results.  Four  assays 
by  this  method  on  the  phenolsulphonate  give  results  about 
one-fourth  of  the  theoretical  for  no  apparent  reason.  The 
method  is  entirely  unsatisfactory  for  this  salt,  and  because 
of  the  fact  that  the  least  variation  in  the  results  makes  a  con- 
siderable difference  in  the  percentage  of  the  zinc  salts  found, 
the  method  is  not  desirable." 

"The  Gravimetric  Method  is  almost  as  rapid  and  decidedly 
more  accurate  than  the  Volumetric  Method,  and  it  seems  pref- 
erable to  estimate  directly  as  pyrophosphate.  The  entire 
assay  can  be  run  within  a  period  of  three  hours,  and  on  the 
whole  it  seems  that  this  is  the  most  desirable  method  for  the 
assay  of  all  zinc  salts." 

The  high  percentage  obtained  on  the  zinc  oxide  by  most 
of  the  members  of  the  committee  is  probably  due  to  the  dis- 
tinct trace  of  some  calcium  salt,  evidently  the  carbonate  present 
in  the  zinc  oxide  sample  which  was  sent  out.  This,  of  course, 
does  not  show  in  the  solubility  of  the  zinc  oxide  unless  sul- 
phuric acid  is  used  for  its  solution  as  directed. 

The  chairman  of  the  committee  would  suggest  for  the  con- 
sideration of  the  division  during  the  next  six  months  or  year, 
if  necessary,  a  very  careful  survey  and  testing  out  of  methods 
of  assay  for  capsicum  and  cantharides  be  taken  up  by  the 
committee  as  two  substances  of  considerable  interest  for  which 
there  is  neither  a  standard  in  the  Pharmacopoeia  nor  a  method 
assay.  If,  however,  the  division  prefers  the  committee  to  con- 
tinue in  exactly  the  manner  that  has  been  done  on  the  zinc 
and  mercury  salts,  we  shall  be  glad  to  follow  out  these  instruc- 
tions. 

Respectfully  submitted, 

Linwood  A.  Brown, 

C.  H.  Briggs, 

H.  Engelhardt, 

L.  D.  Havenhill, 

B.  L.  Murray, 

A.  P.  Sy, 

Frank  O.  Taylor,  Chan  man. 
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mation of  Zinc,  H.  Lescoeur,  Bull.  soc.  chim.,  13,280  (1895).  The  Deter- 
mination of  Zinc,  P.  W.  Shimer,  J.  Am.  Chem.  Soc,  17,310(1895).  The 
Volumetric  Determination  of  Zinc  and  a  New  Indicator  for  Ferrocyanidc 
G.  C.  Stone,  /.  Am.  Chem.  Soc,  17,  473  (1895). 

1  896.— The  Volumetric  Estimation  of  Zinc,  L.  L.  de  Koninck,  Chtm. 
Ztg..  20,  55  (1896).  The  Estimation  of  Zinc  in  Organic  Salts  as  Zinc  Oxide, 
G.  V.  Ritter,  Z.  anal.  Chem.,  36,311  (1896).  The  Electrolytic  Estimation 
of  Zinc  in  Presence  of  Formic  Acid,  Nicholson  and  Avery,  /.  Am.  Chem. 
Soc,  18,  659  (1896).  Zinc  Analysis  by  Electrolysis,  E.  Jordis,  Z.  Elektro- 
chem.,  2,  655(  1896).  The  Estimation  of  Nickel  and  Zinc  as  Phosphate, 
J.  Clark,  J.  Soc.  Chem.  Ind.,  15,  866  (1896) 

1  89  7. — On  a  New  Method  for  the  Rapid  Valuation  of  Zinc  Dust.  Wahl, 
J.  Soc.  Chem.  Ind.,  16,  15  (1897).  The  Volumetric  Estimation  of  Zinc, 
Ballard,  J.  Soc.  Chem.  Ind.,  16,  399  (1897).  The  Precipitation  of  Zinc  Sul- 
phide in  the  Gravimetric  Determination  of  the  Metal,  J.  Mennier,  Comfit, 
rend.,  124,  1 151  (1897).  The  Analysis  of  Bronze  and  Brass  by  Electrolytical 
Methods  (the  Determination  of  Zinc  included),  Hollard,  Comfit,  rend., 
124,  1451  (1897).  The  Estimation  of  Zinc  by  the  Schaffner  Method  in 
Plumbiferous  Minerals,  H.  Pellet,  Bull.  Assoc'n  Beige  des  Chim..  11,  [4] 
126;  (Abstr.)  J.  Soc  Chem.  Ind.,  16,  937  (1897).  Studies  in  the  Electro- 
lytic Separation  of  Metals — Zinc  from  Cadmium  and  Cobalt,  A.  Waller, 
Z.  Elektrochem.,  4,  241  (1897). 

1898. — Electrolytic  Determination  of  Zinc  in  Ores,  Paweck,  Eng.  and 
Mining  J.,  66,  424  (1898);  Z.  Elektrochem.,  6,  221  (1898).  The  Estimation 
of  Zinc  and  Manganese  as  Sulphide,  E.  Murmann.  Monatsh.,  19,  404  (1898). 
The  Estimation  of  Metallic  Zinc  in  Zinc  Dust,  H.  Deon,  Bull,  de  I'Assoc. 
des  Chim.  de  Sucr.  et  de  Dist..  16,  346  (1898);  (Abstr.)  J.  Soc.  Chem.  Ind., 
18,  75  (1899).  The  Determination  of  Zinc  in  Bronze,  W.  E.  Garrigues, 
Proc  Eng.  Soc.  Western  Pa.,  14,  80  (1898);  (Abstr.)  Analyst,  23,  220  (1898) 

1899. — The  Electrolytic  Estimation  of  Zinc.  K.  Petermann,  Bull. 
Assoc'n  Beige  des  Chim.,  13,  16  (1899);  (Abstr.)  J.  Soc.  Chem.  Ind.,  18, 
521  (1899).  A  New  Method  for  the  Determination  of  Zinc,  Langmuir, 
J.  Am.  Chem.  Sue.  21,  115  (1899).  The  Determination  of  Zinc  in  Alumi- 
nous Ores,  E.  .Tensch,  Z.  angew.  Chem.,  12,  465  (1899).  The  Volumetric 
Determination  of  Zinc,  Ponget,  Comfit,  rend..  129,  45  (1899).  The  Electro- 
lytic Determination  of  Zinc  in  the  Presence  of  Manganese,  Riederer,  J. 
Am.  Chem.  Soc,  21,  789  (1899).  Double  Phosphates  of  Ammonium  as 
Precipitants  of  Beryllium,  Zinc  and  Cadmium,  Austin,  Am.  J.  Sci.  (Silli- 
man).  8,  206  (1899).  The  Volumetric  Estimation  of  Nickel  and  Zinc  in 
German  Silver  and  Similar  Copper  Alloys,  Chem.  Ztg.,  Rep..  1899,  p.  256. 

1900. — Notes  on  Ferrocyanide  Titration  of  Zinc,  Miller  and  Hall, 
School  of  Mines  Quart.,  Columbia  Univ.,  21,  267  (1900).  The  Estimation 
of  Zinc  by  Standard  Sodium  Thiosulphate.  Meade,  J.  Am.  Chem.  Soc,  22, 
353  (1900).  The  Gravimetric  Determination  of  Zinc  as  Sulphate,  Euler, 
Z.  anorg.  Chem..  26,  146  (1900).  The  Valuation  of  Zinc  Dust,  A.  Fraenkel, 
Chem.  Ztg.,  Rep.  1900,  219.  The  Estimation  of  Zinc  as  Phosphate,  H.  D. 
Dakin,  Z.  anal.  Chem.,  39,  273  (1900). 

1901.— New  Method  for  the  Quantitative   Determination  of  Zinc  by 
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the  Action  of  Substituted  Ammonium  Bases  on  Zinc  Salts,  H.  Herz,  Z. 
anorg.  Chem.,  26,  90  (1901!.  Estimation  of  Small  Quantities  of  Zinc  in 
Spathic  Iron  Ores,  J.  Flath,  Chtm.  Ztg.,  26,  564  (1901).  The  Volumetric 
-  Determination  of  Zinc,  P.  H.  Walker.  J.  Am.  Client.  Soc,  23,  468  (1901). 
Determination  of  Zinc  by  Means  of  Iodine  Solution,  P.  Knaps,  Chtm.  Ztg., 
25,  539  (1901).  Volumetric  and  Gravimetric  Determination  of  Mercury, 
Copper  and  Zinc.  R.  Cohn,  Ber.,  34,  3502  (1901).  Quantitative  Separation 
of  Nickel  and  Zinc.  Rosenhain  and  Iluldschinsky,  Ber..  34,  3913  (1901). 
1902. — The  Volumetric  Determination  of  Zinc,  Kuster  and  Abegg, 
them.  Zig..  26,  1129  (1902).  The  Electrolytic  Precipitation  of  Zinc  and 
Copper,  E.  F.  Smith,  J.  Am.  Chem.  Soc.,  24,  1073  (1902).  The  Volumetric 
Determination  of  Zinc:  A  New  Reaction,  E.  Prothiere,  /.  Pharm.  Chim., 
16,  419  (1902).  Influence  of  Iron  on  the  Determination  of  Zinc  by  Sodium 
Sulphide,  A.  Coppalle,  Ann.  Chim.  anal.  Appl..  7,94  (1902).  On  the  Tur- 
bidity in  Filtrates  from  Zinc  Sulphides,  A.  Muhlhauser.  Z.  angew  Chem.,  15, 
731  (1902).  Quantitative  Separation  of  Zinc  and  Cobalt.  Rosenhain  and 
Huldschinsky,  Z.  anorg.  Chem.,  32,  84  (1902).  The  Electrolytic  Determina- 
tion of  Traces  of  Metals  in  Food  Stuffs:  The  Determination  of  Zinc,  L. 
Medicus,  Z.  Elektrochem.,  8,  690  (1902).  The  Volumetric  Determination  of 
the  Double  Phosphate  of  Ammonium  with  Cadmium,  Cobalt,  Manganese, 
and  Zinc,  H.  D.  Dakin,  Z.  anal.  Chem.,  41,   279   (1902). 

1 903. — A  Simplified  Method  for  the  Determination  of  Zinc  as  Sulphide, 
A.  Thiel,  Z.  anorg.  Chem.,  33,  1  (1903).  Reaction  of  Sodium  Hydrosul- 
phide  on  Metallic  Salts — Zinc,  O.  Brunck,  Ann.,  327,  240  (1903).  Elec- 
trolysis of  Alkaline  Solutions  of  Zinc,  R.  Amberg,  Ber.,  36,  2489  (1903). 
Quantitative  Deposition  and  Separation  of  Metals — Zinc,  Nissenson  and 
Danneel,  Z.  Elektrochem.,  9,  760  (1903).  New  Method  of  Determination 
of  Zinc  in  Zinc  Ores,  Kuster  and  Abegg,  Z.  Elektrochem.,  9,  836  (1903). 
Estimation  of  Zinc  as  a  Sulphide,  Thiel  and  Kiescr,  Z.  anorg.  Chem.,  34, 
198  (1903).  Note  on  Volumetric  Estimation  of  Zinc,  J.  E.  Clennell,  Chem. 
News.  87,  121  (1903);  (Abstr.)  Analyst,  28,  156  (1903).  The  Determination 
of  Zinc.  O.  Hertig,  Chem.  Ztg.,  27,  986  (1903). 

1904- — The  Volumetric  Determination  of  Zinc — A  Discussion  of 
Several  Volumetric  Methods,  Waring,  J.  Am.  Chem.  Soc,  26,  4  (1904). 
The  Gasometric  Estimation  of  Zinc  Dust,  Wohl,  Ber.,  37,  451  (1904).  The 
Use  of  a  Rotating  Anode  in  the  Electrolytic  Estimation  of  Zinc.  Ingham, 
J.  Am.  Chem.  Soc,  26,   1269  (1904). 

1905. — The  Estimation  of  Zinc — A  Criticism  of  Volumetric  and  Gravi- 
metric  Methods,  Nissenson  and  Kitembeil,  Chem.  Ztg.,  30,  409  (1905). 

1  906.-— Direct  Titration  of  Zinc  by  Means  of  Ferrocyanide,  E.  Mur- 
mann,  Z.  anal.  Chem.,  45,  174  (1906).  The  Influence  of  Ammonia  and 
Ammonium  Salts  on  the  Titration  of  Zinc  by  Schaffner's  Method  (Na2S 
method).  Bull.  Soc.  Chem.  Belg.,  20,  164  (1906);  (Abstr.)  Analyst.  31,  373 
(1906).  The  Analysis  of  Zinc — Translation  of  an  extract  from  the  review 
<•;  the  "Report  of  International  Committee  on  Analysis  to  the  Sixth  Int. 
Cong,  of  Applied  Chem.  at  Rome,  1906,"  /.  Am.  Chem.  Soc,  28,  1036  (1906). 
Titration  of  Zinc  with  Ferrocyanide,  E.  Murmann.  Z.  anal.  Chem.,  45,  174 
(1906);  (An  improved  method  of  titrating  zinc  by  ferrocyanide.)  Rapid 
Determination  of  Zinc  by  Electrolysis.  F.  C.  Frary.  /.  Am.  Chem.  Soc, 
29,   1596-1603  (1906). 

1907. — Titration  of  Zinc,  Fernand  Repiton,  Ann.  chim.  anal.,  12,  183 
(1907);  (The  zinc  is  pptd.  as  sulphide  with  an  excess  of  NajiS  solution  and 
the  excess  of  N2S  determined  by  I.)  The  Ferrocyanide  Method  for  the 
Titration  of  Zinc,  W.  H.  Seaman,  /.  Am.  Chem.  Soc,  29,  205  (1907).  The 
Volumetric  Estimation  of  Zinc,  J.  A.  Muller,  Bull.  soc.  chim.,  [4]  1,  13 
(1907);  (The  Zn  is  pptd.  by  H^S  and  the  excess  of  H2S  removed,  then  the 
ZnS  is  dissolved  in  HC1  in  presence  of  I  and  excess  of  I  determined.)  Esti- 
mation of  Zinc,  A.  R.  Thornewell,  Chem.  Zenir.,  2,  1269  (1907).  The  Rapid 
Electro-analytical  Deposition  and  Separation  of  Metals — Part  I:  The 
Metals  of  the  Ag  and  Cu  groups  and  Zinc,  H.  J.  Solomon  Sand,  Proc.  Chem. 
Soc,  23,  26  (1907).  Electro-Deposition  of  Zinc,  R.  C.  Snowden,  Trans. 
Am.  Electrochem.  Soc,  11,  121  (1907).  Electro  Deposition  of  Zinc — Using 
Rotating  Electrodes,  T.  S.  Price,  Trans.  Faraday  Soc,  [3]  1,  88; 
(Abstr.)  Chem.  Abs.,  1,  2977  (1907).  The  Rapid  Analysis  of  Zinc  by  Elec- 
trolysis, F.  C.  Frary,  Z.  angew  Chem.,  20,  2247  (1907). 

1908. —  The  Volumetric  Estimation  of  Zinc — (Ferrocyanide  Method), 
W.  H.  Keen.  J.  Am.  Chem.  Soc.  30,  225  (1908).  The  Assay  of  Zinc — 
(Ferrocyanide  Titration),  E.  W.  Buskett.  Mines  and  Minerals,  28,  183-1; 
(Abstr.)  Chem.  Abstr.,  2,  645  (1908).  Titration  of  Zinc  in  Alkaline 
Solution.  E.  B.  Van  Osdel,  Eng.  Mm.  J.,  84,  730  (1908).  On  the  Volu- 
metric Estimation  of  Zinc  by  Schaffner's  Method,  V.  Hassreidter,  Z.  angew. 
Chem.,  21,  66  (1908);  (See  "Estimation  of  Zinc"  by  Nissenson.)  Notes 
"ii  Mr.  Keen's  paper  on  the  Volumetric  Estimation  of  Zinc,  G.  C.  Stone, 
J.  Am.  Chcm.  Soc,  30,  904  (1908).  Technical  Analysis  of  Zinc  Ores,  M. 
P.  Truchot,  Rev.  gen.  chim.,  11,  147;  (Abstr.),  Chem.  Abstr..  2,  1799 
(1908);  (A  Discussion  of  the  Determination  of  Zinc  by  the  Schaffner 
Method  (NajS).  Metti's  Method  (K4Fe(CN)0),  and  the  Iodine  Method.) 
Indicator  for  Determination  of  Free  Acid  in  Zinc  Chloride  Solution,  C. 
Kirschnick.   Chem.   Ztg.,   31,   960   (1908). 

1909. — Estimation  of  Zinc  by  Means  of  Ferrocyanide,  E.  RUpp,  Chcm. 
Ztg.,  33,  3  (1909).  The  Determination  of  Zinc  by  Weighing  as  Sulphate, 
Sullivan  and  Taj  lor,  J.  Ind.  Eng.  Chem..  1,  476  (1909).  On  the  Gravi- 
metric Determination  of  Zinc  as  the  Pyrophosphate,  R.  W.  Langley,  /.  Am. 


Chem.  Soc.  31,  1051  (1909).  The  Estimation  of  Zinc  and  the  Analysis  of 
of  Zinc  Ores.  K.  Voigt,  Z.  angew.  Chem.,  22,  2280  (1909).  Determination 
of  Zinc  in  Presence  of  Iron,  J.  M.  Taylor,  J.  Soc.  Chem.  Ind.,  28,  1294  (1909). 
Indirect  Volumetric  Methods  for  Chromium.  Copper.  Nickel,  Cobalt,  Zinc 
and  Lead,  A.  Bacovescu  and  E.  Vlahuta,  Ber.,  42,  2638  (1909). 

1910. — Zinc,  and  Lead — New  Volumetric  Method  of  Determination, 
E.  Rupp,  Chem.  Ztg.,  34,  121  (1910).  A  New  Volumetric  Method  for  Zinc 
and  Cyanogen,  Crossman  and  Holter,  Chem.  Ztg..  34,  181  (1910);  (Modi- 
fication of  Rupp's  Cyanide  Method.) 

1911. — Reagent  Paper  for  the  Volumetric  Estimation  of  Zinc,  R. 
Kopenhagtie,  Ann.  Chtm.  anal.  Appl.,  16,  10  (1911);  (For  use  in  Na2S 
method.)  Estimation  of  Zinc  in  Copper  Minerals.  F.  Connah,  Proc  Roy.  Soc, 
Queensland;  (Abstr.),  Chem.  Abstr.,  6,441  (1911).  Analysis  of  Zinc  Dust. 
Min.  Sci.  Press.  103,  356;  (Abstr.)  Chem.  Abstr..  5,  3778  (1911). 

THE    TECHNICAL   ANALYSIS   OF    BRASS    AND   THE    NON- 
FERROUS  ALLOYS:  AUTHOR'S  NOTE. 

Editor  oj  the  Journal  oj  Industrial  and  Engineering  Chemistry: 

My  attention  has  been  directed  to  a  review  of  "The  Technical 
Analysis  of  Brass  and  the  Non-ferrous  Alloys,"  which  appeared 
in  the  March  number  of  your  excellent  Journal.  This  review 
contains  so  many  misleading  statements  and  shows  evidence 
of  such  careless  reviewing  that  I  am  forced  to  call  attention 
to  the  same. 

First. — In  discussing  the  first  part  of  the  book,  in  which  it 
is  stated  that  "it  is  liable  to  confuse  the  reader  when  he  finds 
two  entirely  different  analysis  of,  for  instance,  Delta  metal," 
I  am  unable  to  see  how  any  reader  could  be  confused,  in  view 
of  the  fact  that  one  Delta  metal  is  placed  in  Table  No.  1,  dealing 
with  bearing  metals,  while  the  other  Delta  metal  is  placed  in 
Table  No.  3,  under  foundry  and  rolling  mill  alloys.  One  would 
not  be  likely  to  take  a  metal  containing  92.4  per  cent,  copper 
to  be  one  and  the  same  with  an  alloy  containing  55.94  per  cent, 
of  copper. 

Second. — The  reviewer  states:  "The  authors  do  not  mention 
the  fact  that  precipitates  of  the  hydroxides,  especially  if  pre- 
cipitated by  ammonia,  are  almost  certain  to  contain  silica, 
and  often  phosphoric  acid,  in  sufficient  quantity  to  cause  serious 
error."  In  this  connection,  the  reviewer  evidently  speaks 
from  the  standpoint  of  iron  and  steel,  as  brass  and  the  general 
run  of  non-ferrous  alloys  contain  such  minute  quantities  of 
silica,  that  they  would  have  no  effect  on  the  accuracy  of  the 
determination. 

Third. — The  statement,  "under  lead  they  advise  washing 
the  precipitate  of  sulphate  with  a  mixture  of  water,  sulphuric 
acid  and  alcohol;  this  is  apt  to  give  high  results,  as  few  sul- 
phates are  readily  soluble  in  alcohol.  The  precipitate  should 
first  be  washed  free  from  sulphates  with  dilute  sulphuric  acid, 
and  after  this  has  drained  off,  with  alcohol."  If  these  directions 
were  carried  out,  lead  results  would  be  low,  as  lead  sulphate 
is  soluble  in  dilute  sulphuric  acid,  and  it  is  for  this  very  reason 
that  the  alcohol  is  added  to  render  the  lead  sulphate  insoluble, 
and  it  has  been  repeatedly  shown  that  the  solubility  of  the 
copper  and  zinc  sulphates,  after  having  been  dissolved  in  hot 
water,  are  not  effected  by  the'  amount  of  alcohol  used  in  the 
washing  solution  as  recommended. 

Fourth. — "For  the  volumetric  determination  of  manganese, 
they  give  the  old  Williams  method,  apparently  not  knowing 
that  it  has  been  shown  that  it  is  incapable  of  giving  correct 
results  as  the  precipitate  is  not  Mn02  but  a  lower  oxide.  They 
also  give  the  method  of  Metzger  and  McCrackan  but  do  not 
give  the  Volhard  method  which  most  analysts  have  found 
the  simplest,  quickest  and  most  accurate."  While  the  Volhard 
method,  it  is  true,  may  be  superior  to  the  Williams  method 
for  iron  and  steel,  for  the  analysis  of  brass  and  the  non-ferrous 
alloys,  the  combined  Williams  and  Ford  method,  as  described 
on  page '103,  has  been  found  to  be  vastly  superior  to  the  Volhard 
method.  Two  of  the  largest  brass  laboratories  in  the  country 
are  using  the  Williams  and  Ford  method  in  preference  to  the 
Volhard,  after  having  made  a  long  series  of  tests  with  both 
me  tin  ids. 
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i  hi -\  advise  the  use  ol  aluminum  For  the  reduction 
of  iron,  but  do  no1  mention  thai  commercial  aluminum  u 
i, .Hi  iron  to  cause  .1  serious  error."     More  careful 

reviewing  would  have  made  it  evident  thai  the  authors  specific 
all]  mention  this  fad  under  [ron,  page  83,  line  r.  "To  th< 
solution  in  the  six-oz.  flask,  add  2  grams  of  pure  aluminum  sheel 
-■I  drillings.  Weigh  this  fairlj  accurately,  as  all  aluminum 
little  iron  which  must  be  deducted  from  Ilu-  total  iron 
found,"  and,  again,  on  page  84,  line  8:  "A  small  correction 
must  be  applied  to  the  burette  reading  to  allow  foi  the  amount 
(.1  permanganate  used  to  produce  a  pink  tint  in  a  blank  solution 
containing  the  same  amount  of  aluminum  and  the  same  amount 
of  acids  and  Water  used  but  without  any  iron  wire."  "Dissolve 
two  grams  of  aluminum,  etc.;"  "Subtract  the  correction  thus 
obtained  from  every  burette  reading." 

Sixth.  "In  the  description  of  the  volumetric  method  for 
zinc,  they  do  not  lay  enough  stress  on  the  necessity  of  keeping 
all  conditions  uniform.  Variations  in  the  temperature,  acidity, 
and  amount  of  ammonium  chloride  present,  all  affect  the  end 
point."  In  this  connection,  it  did  not  seem  necessary  to  burden 
the  reader  with  all  of  Waring's  different  experiments  and  re- 
sults connected  with  the  temperature,  acidity,  and  amount 
of  ammonium  chloride  present,  especially  as  the  amounts  of 
hydrochloric  acid,  ammonium  chloride  and  temperature,  as 
given  on  pages  141  to  145,  inc.,  arc  exactly  the  same  as  the 
conditions  given  by  Waring  to  insure  accurate  results  after 
he  had  investigated  the  effect  of  temperature,  acidity,  and 
amounts  of  ammonium  chloride  on  the  end  point. 

It  is  to  be  regretted  that  this  book  could  not  have  been  re- 
viewed with  more  care.  •  Wm.  B.  Price. 

Scovnx  Manufacturing  Co. 
May.    1912. 


VOLATILITY  OF  METALS  OF  THE  PLATINUM  GROUP. 

During  the  reading  of  a  paper  on  "The  Volatility  of  Metals 
of  the  Platinum  Group,"  read  before  the  members  of  the  British 
Royal  Society  in  March,  Sir  William  Crookes  narrated  some 
observations  which  indicate  that  platinum  is  not  so  entirely 
fixed  at  temperatures  well  below  its  melting  point  as  has  been 
universally  accepted  by  chemists  and  physicists. 

In  using  an  electric  furnace  consisting  of  a  coil  of  platinum 
ribbon  contained  in  a  porcelain  tube  he  found  that  in  time  the 
ribbon  grew  thinner  till  it  melted  at  the  weakest  part.  When 
that  happened  he  noticed  that  the  porcelain  tube  was  coated 
with  a  fine  dust  of  beautifully  formed  crystals  of  brilliant  me- 
tallic luster,  which  on  analysis  proved  to  be  platinum.  It 
therefore  seemed  of  interest  to  subject  a  platinum  crucible  to 
a  temperature  approaching  that  to  which  the  platinum  resist- 
ance coil  had  been  exposed.  A  crucible  was  heated  to  1,300° 
C.  in  the  electric  furnace  for  30  hours  when  the  loss  of  weight 
amounted  to  0.245  per  cent.  Palladium,  treated  in  the  same 
way,  lost  0.745  per  cent,  in  30  hours.  An  iridium  crucible  lost 
over  7  per  cent,  in  weight  after  22  hours  at  1,300°,  and  at  greater 
heat,  loss  of  weight  for  equal  periods  of  time  was  proportional 
to  temperature.  After  this  severe  treatment,  the  crucible, 
which  had  taken  on  a  crystalline  appearance  over  the  whole 
surface  when  the  series  commenced,  began  to  show  disinte- 
gration along  its  edges  and  pieces  began  to  crumble  when  touched 
with  the  forceps.  With  rhodium,  a  metal  intermediate  in 
fusibility  between  platinum  and  iridium,  the  loss  in  30  hours 
was  0.13  per  cent.,  not  far  from  that  of  platinum. 

Experiments  were  then  made  at  900°  by  heating  the  metals 
in  a  flame  of  a  good  Meker  burner.  Platinum  and  rhodium 
after  heating  for  20  hours  showed  no  loss  of  weight,  but  pal- 
ladium in  10  hours  lost  0.0919,  and  iridium  in  20  hours  lost 
0.091  per  cent. 

In  an  experiment  to  see  whether  iridium  would  volatilize  at 
a  high  temperature  in  a  vacuum,  a  fused  silica  tube  had  a  bulb 
blown  on  the  end.     In  the  bulb  were  put  27.619  grains  of  clean 


iridium;  the  othei   end  ol   the  silica   tube  was  drawn 
connecting  with  the  pump  and  sealing.     It  was  (  xhausted  to  1 

high  vacuum  and  heated  to  neat   redness  along  its  whole  length 
till  all  moisture  and  occluded   gases  had   been   removed 
tlnn  scaled  off,  and  placed   in   tht    furnaci    in    iueh  a   positioa 
that  the  iridium   would  be  at   the  point  of  greatesl    heat,     Tin 

bulb   was   kept   at    a    tcnipcrati foi      o    hi  u 

examining  the  silica  tube  when  cold   n    was  seen   th.it   the  lung 
continued  high  temperature  had  caused  the  bulb  ami  the  uppei 

pari  of  the  tube  to  devitrify  and  become  white  and  tran 
and  that  it  had  an  irregular  black  deposit  on  the  lowi 
which  proved  to  be  metallic  iridium. 

London.  March    13,    1912. 


CHEMISTRY  AND  THE  LITHOGRAPHIC  INDUSTRY. 

Editor  Journal  oj  Industrial  and  Engineering  Chemist*  \  . 

The  article  in  the  January  number  by  Mr.  W.  H.  Watkins 
strongly  appealed  to  the  writer,  who  may  be  classed  as  a  chemist 
in  one  of  the  industries  in  which  "there  are  almost  no  chemists." 
A  few  years  ago  my  attention  was  directed  to  the  lithographic 
industry  as  one  involving  chemical  processes  to  a  large  extent. 
These  processes,  almost  without  exception,  had  developed  bv 
rule-of-thumb  methods  and  were  entirely  without  technical 
control.  A  given  operation  would  be  successful  one  day  and 
unsuccessful  the  next,  depending  on  the  "luck"  of  the  operator. 
After  carrying  on  research  work  for  some  time  to  convince 
myself  that  the  rule-of-thumb  man  was  not  always  correct  in 
his  methods  and  deductions,  I  laid  some  of  the  laboratory  re- 
sults before  a  lithographic  firm  for  its  consideration.  The 
work  of  demonstrating  the  advantages  of  chemical  control  in 
this  particular  line  of  manufacture,  although  somewhat  slow 
at  the  beginning,  was  eventually  convincing.  A  laboratory 
was  installed  in  the  plant,  and  actual  work  begun.  Changes 
were  made  in  the  processes  one  after  another.  Not  only  in  the 
testing  of  raw  materials  but  more  especially  in  modifying  some 
of  the  time-honored  practices,  the  work  met  with  considerable 
opposition  from  the  "practical"  man  who  had  done  it  the  old 
way  for  so  many  years.  The  attitude  of  some  of  the  men  con- 
cerned in  these  changes  was  well  described  by  Mr.  A.  D.  Little 
in  his  recent  lecture  on  "The  Earning  Power  of  Chemistry." 
They  certainly  took  no  pains  to  conceal  their  "militant  skepti- 
cism." To-day  this  laboratory,  with  its  system  of  control,  is 
an  integral  part  of  the  factory  and  is  regarded  as  one  of  the 
essential  departments. 

It  is  of  the  utmost  importance  in  work  of  this  character  for 
the  chemist  to  familiarize  himself  as  rapidly  and  as  completely 
as  possible  with  the  details  of  the  manufacturing  processes. 
While  often  wrong  from  the  standpoint  of  the  theory-shrouded 
technical  graduate,  the  practical  man  may  be  nearly  correct 
as  far  as  he  goes,  but  the  chemist,  or  chemical  engineer,  can 
investigate  the  problem  more  thoroughly  and  by  properly 
classifying  the  data  at  his  disposal  obtain  the  desired  results. 
The  work  of  both  these  men  can  be  materially  lightened  by 
consistent  cooperation.  In  the  lithographic  industry,  as  well 
as  in  industries  where  chemists  are  more  generally  employed, 
the  chemist  should  bear  in  mind  that  in  addition  to  his  more 
specific  duties  he  must  endeavor  to  become  an  efficiency  expert. 
This  feature  of  his  work  is  sure  to  attract  the  attention  of  the 
manager  of  the  varnish,  ink,  or  paint  works,  as  the  case  may  be, 
whereas  the  more  technical  details  would  pass  unnoticed. 
Whether  it  be  the  mere  routine  testing  of  finished  products  or 
the  perfection  of  methods  for  the  profitable  utilization  of  waste, 
the  progressive  manufacturer  is  not  going  to  rely  upon  "the 
fellow  who  doesn't  know  any  better."  He  is  realizing  more 
each  year  the  need  for  technically  trained  men.  Men  trained 
in  chemistry  should  force  their  way  into  new  industries  if  this 
"century  of  chemistry"  is  to  be  realized.     To  use  an  expression 
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of  Prof.  Wm.  Ostwald,  it  behooves  us  to  "put  more  brains  into 
the  goods"  and  into  a  greater  variety  of  goods,  if  the  chemist's 
hoi>cs  are  to  end  in  fruition.  B.  P.  Jaggard. 

San  Francisco. 

CONTAMINATION  OF  LABORATORY  SAMPLES.BY  IRON  DE- 
RIVED FROM  CRUSHING  MACHINERY. 

By  Victor  Le.nher. 
The  article  by  George  A.  James  on  the  "Contamination  of 
Laboratory  Samples  by  Iron  Derived  from  Crushing  Machinery" 
in  The  Chemical  Engineer,  14,  380,  Sept.,  191 1,  calls  attention 
to  the  too  often  neglected  fact  that  in  the  preparation  of  samples 
for  analysis  the  crushing  or  grinding  apparatus  employed  may 
introduce  material  in  such  kind  and  quantity  as  would  render 
the  analysis  worthless.  Dr.  Hillebrand,  in  Bull.  422,  U.  S. 
Geol.  Survey,  p.  50,  lays  stress  on  this  point.  Too  much  empha- 
sis cannot  be  laid  on  the  choice  of  grinding  apparatus  used  in 
the  preparation  of  samples  for  analysis.  Recently  a  series  of 
samples  of  quartzite  were  collected  by  the  writer  for  analysis. 
Inasmuch  as  the  quartzite  beds,  from  which  the  samples  were 
taken,  were  being  valued  for  the  purpose  of  being  used  in  the 
manufacture  of  silica  brick,  it  was  desirable  to  obtain  an  accurate 
determination  of  the  content  of  silica  and  particularly  of  iron. 

Metallic  iron 

introduced  Iron  content 

from  crusher.  of  quartzite. 

Sample  \To.                                             Per  cent.  Per  cent. 

1 2.92  0.49 

2 2.74  0.49 

3 2.73  0.23 

4 2.61  0  63 

5 2.82  0.25 

6 2.59  0.29 

7 1  .86  0.55 

8 2   46  0    16 

9 2  65  0.75 

10 2  67  0.12 

11 2.81  0.16 

12 1    87  0.06 

13 1   98  0.20 

14 2   01  0.68 

15 2.62  0.11 

The  samples  on  being  brought  to  the  laboratory  consisted  of 
chips  of  the  rocks,  approximating  in  size  3/4  inch  square  by  l/t 
inch  thick.  After  being  broken  somewhat  smaller  by  means 
of  a  hammer,  they  were  reduced  in  a  Braun  crusher  to  pass  a 
120-mesh  screen.  The  material  in  the  original  beds  is  of  a  light 
pinkish  cast,  while  the  powdered  material  was  distinctly  gray. 
Tests  by  the  magnet  revealed  the  presence  of  metallic  iron  in 
the  powdered  quartzite,  but  owing  to  the  fine  state  of  division 
of  the  powder,  it  was  found  to  be  impossible  to  satisfactorily 
remove  the  iron  by  mean  of  the  magnet. 

Treatment  of  the  powder  with  dilute  sulfuric  acid  arid  subse- 
quent analysis  of  the  remaining  quartzite  is  shown  in  the  ac- 
companying table. 

The  variation  in  the  amount  of  metallic  iron  abraded  from 
the  crusher  is,  of  course,  dependent  on  the  length  of  time  of 
crushing. 

It  is  interesting  to  note  in  connection  with  the  above  results 


that  a  similar  set  of  samples  were  sent  to  one  of  the  largest 
iron  laboratories  in  the  northwest,  and  reports  were  made  show- 
ing an  apparent  iron  content  of  the  quartzite  to  be  from  1.42- 
2.97  per  cent.  iron. 

It  has  been  the  frequent  experience  of  the  writer  in  the  analy- 
sis of  igneous  and  metamorphic  rocks  to  find  the  sample  con- 
taminated by  iron  from  the  bucking  board,  crusher,  or  such 
grinder  as  may  have  been  used  in  reducing  the  sample.  As  a 
rule  this  metallic  iron  can  be  removed  and  at  the  same  time 
determined  by  treatment  with  dilute  sulfuric  acid  and  subse- 
quent titration  with  permanganate.  As  a  matter  of  fact,  the 
more  common  material  which  will  materially  abrade  iron  or 
steel  in  crushing  is  not  appreciably  attacked  by  dilute  sulfuric 
acid  during  the  few  minutes  contact  that  is  requisite  to  dissolve 
the  finely  divided  iron.  On  the  other  hand,  the  general  type 
of  ores  and  products,  which  will  themselves  lose  part  or  all  of 
their  iron  to  dilute  sulfuric,  will  not  appreciably  abrade  steel 
from  the  types  of  grinding  apparatus  on  the  market. 

It  cannot  be  too  strongly  emphasized,  however,  that  the  chem- 
ist is  called  upon  to  report  on  the  constituents  sought  for,  and 
when  the  common  danger  of  contamination  in  the  preparation 
of  his  sample  presents  itself,  great  care  must  be  exercised  to 
eliminate  such  errors. 

University  of  Wisconsin. 

Madison. 

COMBATING  MINERS'  DISEASES. 

An  arrangement  has  been  made  with  the  Public  Health  and 
Marine  Hospital  Service  by  which  one  or  more  surgeons  con- 
nected with  that  service  will  carry  on  jointly  for  that  service 
and  for  the  Bureau  of  Mines  investigations  looking  to  the  im- 
provement of  mine  conditions.  These  inquiries  and  investi- 
gations have  already  shown  the  prevalence  of  tuberculosis  and 
hookworm  as  miners'  diseases  in  a  number  of  different  locali- 
ties in  the  United  States.  It  is  important  that  this  work  should 
be  extended  more  rapidly,  because  of  the  fact  that  the  health 
conditions,  as  well  as  the  risk  of  accidents,  may  be  influenced 
by  conditions  susceptible  of  easy  improvement.  Furthermore, 
the  large  and  continuous  influx  of  foreigners  into  the  mining 
regions  of  the  United  States  will  bring  to  an  increasing  extent 
the  hookworm  and  other  diseases  that  abound  in  mines  in  parts 
of  certain  European  countries. 

Various  questions  that  concern  the  health  of  workers  in  mines, 
quarries,  and  metallurgical  plants  can  not  be  answered  finally 
without  investigations  and  inquiries  that  are  national  in  scope. 
Among  such  questions  are  the  most  efficient  methods  of  pre- 
venting the  diseases  peculiar  to  certain  industries,  the  most 
effective  sanitary  precautions  to  be  observed  in  and  about 
coal  mines  and  metal  mines,  and  the  relative  healthfulness  of 
occupations  pertaining  to  mining  and  metallurgical  industries. 
The  investigations  and  inquiries  that  are  essential  to  the  gather- 
ing of  reliable  information  on  these  questions  can  be  undertaken 
by  the  Bureau  of  Mines,  in  connection  with  its  collection  of 
accident  statistics,  in  a  prompt  and  efficient  manner  and  at  mini- 
mum expense. 


BOOK  REVIEWS 


L.  Hancock, 
191 1.    xxxvi 


Strength  of  Materials.  By  S.  E.[Slocum  and  E 
New  York.  Ginn  &  Co.  Revised  edition. 
+   372  PP-     Price,  $3.00. 

The  present  volume  is  a  revised  edition  of  a  previous  publi- 
cation appearing  in  1906.  It  consists  of  two  parts  dealing  with 
Mechanics  of  Materials,  Part  I,  262  pages,  and  Physical  Proper- 
ties of  Materials,  Part  II,   no  pages. 


The  subject  matter  of  Part  I  relates  to  the  elastic  properties 
of  materials,  the  evaluation  of  and  relation  between  the  elastic 
constants,  stress  distribution  in  straight  and  curved  beams, 
under  different  systems  of  loading  and  support,  columns  and 
struts,  shafting,  thick  and  thin  cylinders,  flat  plates,  springs, 
hooks,  arches  of  concrete  and  masonry,  foundations  and  re- 
taining walls.     A  most  rigid  and  satisfactory  analysis  is  applied 
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to  each  ol   the  and  comparisons  with  less  rigid 

analyses  an  given,  to  the  end  that  a  study  of  the  text  will  enable 
one  i"  clearly  understand  the  fundamental  and  complex rela 
rions  "f  stress  and  strains  in  a  wide  range  of  formulative  con- 
ditions. A  number  of  problems  at  the  dose  of  each  chaptei 
are  helpful  to  an  appreciation  of  the  extent  to  which  the  theories 
arc  applicable. 

Part  II  relating  to  the  physical  properties  of  materials  is 
given  to  the  reports  of  experiments  on  engineering  materials 
of  which  are  selected :  Iron  and  steel  of  varying  compositions 
and  heat  treatments,  lime,  cement  and  concrete,  brick  and 
building  stone,  timber,  rope,  wire,  leather  and  rubber  belting. 
From  these  experiments  arc  derived  the  constants  and  relations 
necessary  to  a  quantitative  treatment  of  the  preceding  part  of 
the  text. 

Throughout  the  whole  text  many  references  to  original 
sources  and  more  extensive  treatments  are  given. 

The  notation  is  very  consistent.  The  printing,  illustrations 
and  binding  are  all  that  could  be  desired. 

Walter  Rautenstrauch. 

Fertilizer  and  Fertilizer  Hints.  By  James  Edward  Halligan. 
155  pages,  n  illustrations.  The  Chemical  Publishing  Co. 
191 1.     Price,  81.25. 

This  book  is  an  abridged  edition  of  the  author's  "Soil  Fertility 
and  Fertilizers."  The  author  has  succeeded  well  in  his  endeavors 
to  produce  a  volume  which  will  be  within  the  reach  of  the  fanner, 
student  or  other  persons  interested  in  the  subject  of  fertilizers. 

The  different  subjects  are  only  briefly  discussed  and  yet  by 
reading  this  volume  one  can  get  a  very  clear  understanding  of 
the  usually  accepted  views  concerning  soil  fertility  and  the 
composition  and   functions  of   fertilizers. 

The    work    is    divided    into    fifteen    chapters    as    follows: 

Chapter  I:  Chemical  Elements  needed  by  Plants  and  the 
Composition  of  Plants. 

Chapter  II:  The  Fertility  of  the  Soil. 

Chapter  III:  Maintaining  Soil  Fertility. 

Chapter  IV:  Farm  Manures. 

Chapter  V:  High-grade  Nitrogenous  Materials. 

Chapter  VI:  Low-grade  Nitrogenous  Materials  and  Functions 
of  Nitrogen. 

Chapter  VII:  Phosphates. 

Chapter  VIII:  Superphosphates  and  Effect  of  Phosphoric 
Acid. 

Chapter  IX:  Potash  Fertilizers. 

Chapter  X:  Miscellaneous  Fertilizer  Materials. 

Chapter  XI:  Lime,  Gypsum  and  Green  Manures. 

Chapter  XII:  Commercial  Fertilizers. 

Chapter  XIII:  Valuation  of  Fertilizers. 

Chapter  XIV:  Home  Mixtures. 

Chapter  XV:  A  Few  Remarks  about  Fertilizers. 

In  addition  to  the  subject  matter  indicated  by  the  index, 
there  are  many  tabulations  giving  valuable  data  with  reference 
to  the  composition  of  different  farm  products,  etc. 

The  book  is  a  useful  one  as  a  brief  general  treatise  on  the 
subject  and  is  well  adapted  for  the  purpose  which  was  intended. 

F.  B.  Carpenter. 
Die    Chemie    der    Cellulose    with    Particular   Reference    to   the 

Textile  and  Cellulose  Industries.     Carl  G.  Schwalbe,  Ph.D., 

Berlin.      191 1.     2nd    half,    8vo.     392   pp.,  with    preface    and 

index  to  complete  work. 

The  second  half  upholds  the  excellent  standard  of  the  first. 
It  contains  the  consideration  of  the  esters  of  cellulose,  probably 
not  as  much  in  detail  as  the  author's  intimate  knowledge  of  the 
subject  might  lead  one  to  expect,  but  undoubtedly  as  compre- 
hensively as  the  space  prescribed  to  it  permits. 

The  general  consideration  of  cotton  cellulose  (I)  is  concluded 
by  reference  to  its  decompositions,  its  constitution  and  its  col- 


loidal  charactei      Under    II    is    con  idered    natural  compound 
celluloses,    the    ugno-celluloses,    the  pectocelluloses,  mucocellia 

loses,  CUtO    and   adipocelluloses,  and    peal    and    humus.      Sectiq 

ill    treats  of   the   technical  manipulation  of  the  plant  sources 

of  compound  celluloses,  subdividing  the  subject  into  ligflfl 
cclluloses  and  into  pectocelluloses ;  and  Section  IV  deals  with 
different  forms  of  cellulose  SO  prepared.  Under  Section  V  io 
briefly  described  and  considered  mercerization,  artificial  silk 
manufacture,  rag  cooking,  and  manufacture  of  parchment  and 
vulcanized  fiber.  The  concluding  section  (VI)  is  on 
methods  of  cellulose  chemistry  and  is  subdivided  into  qualitative 
and  quantitative  analysis. 

The  entire  work  is  a  distinctly  useful  contribution  to  the 
literature  on  cellulose  and  its  chemistry.  H.  S.  Mork. 

Chemiker  Kalender.  By  Dr.  Rudolf  Biedermann.  Thirty- 
third  year.  In  two  volumes.  Vol.  1,  pp.  400;  Vol.  2,  pp.  641. 
Berlin.  Julius  Springer.  1912.  Price:  Cloth,  M.  4.40;  leather, 
M.  5.40. 

The  universally-known  Chemiker  Kalender  now  in  its  thirty- 
third  year  appears  for  19 12  with  the  number  of  pages  somewhat 
augmented  and  with  the  very  distinct  advantage  of  having 
both  volumes  bound.  Instead  of  naming  the  second  part  of 
the  work  "Beilage"  as  in  former  years  it  is  now  simply  Volume 
2  of  the  Chemiker  Kalender,  which  is  quite  satisfactory  Vol. 
1  now  has  400  pages  instead  of  389  as  in  191 1  and  Vol.  2  has 
641  pages  instead  of  608.  The  regular  increase  from  year  to 
year  indicates  that  this  most  useful  work  is  constantly  in  a 
state  of  active  revision  and  is  not  permitted  by  its  author  and 
editor  to  fall  behind  the  times.  A  useful  extension  for  future 
years  would  be  the  addition  of  more  equilibrium  diagrams  and 
tables  for  water-salt  solutions  to  replace  in  part  or  extend  the 
present  solubility  tables  in  Vol.  1.  W.  D.  Richardson. 

The  Manufacture  of  Varnishes,  and  Kindred  Industries.      By 

J.  G.   McIntosh.     Three   vols.,    1904,    1908,    191 1.     pp.   153, 

209,  482.     Scott,  Greenwood  &  Co.     Price,  Vol.  Ill,  $4.50. 

This  book  is  said  to  be  based  on  and  to  include  Livache's 
"Drying  Oils  and  Varnishes";  in  fact,  Mcintosh  originally  pub- 
lished what  was  practically  a  translation  of  Livache,  a  book  of 
no  great  interest  to  the  English-speaking  public ;  but  the  present 
book  is  by  Mcintosh:  readable,  more  than  fairly  accurate,  and 
full  of  good  sense  and  practical  knowledge. 

Vol.  I  is  on  linseed  oil;  from  a  technical  standpoint  it  is  not 
equal  to  Ennis'  book  though,  as  it  shows  English  practice  instead 
of  American,  it  may  be  regarded  as  supplementary  to  that;  but 
as  a  chemical  book  it  is  by  far  the  best  on  the  subject. 

The  common  and  commercially  important  (at  least  in  America) 
method  of  bleaching  oil  with  Fuller's  earth  is  nowhere  mentioned, 
nor  the  "break"  of  raw  oil,  which  is  one  reason  for  refining;  but 
it  gives  much  historical  matter  and  European  practice  up  to 
the  date  of  publication,  as  well  as  considerable  analytical  and 
other  chemical  data. 

Vol.  II  is  on  oleo-resinous  varnishes,  and  contains  especially 
much  apparently  accurate  information  about  amber  and  copals, 
not  to  be  found  elsewhere,  so  far  as  the  present  writer's  knowl- 
edge extends;  it  includes  recent  German  and  French  investi- 
gations. The  part  on  varnish-making  contains  much  good 
historical  matter,  and  European  experiments. 

Vol.  Ill  is  on  spirit  varnishes,  and  is  complete  and  up  to  date. 
It  has  a  large  amount  of  data  on  resins  as  well  as  solvents,  and 
is  the  most  satisfactory  treatise  yet  published  on  the  subject. 
It  is  better  than  either  of  the  other  volumes,  because  larger  and 
fuller.  A.  H.  Sabin. 

Technical  Methods  of  Chemical  Analysis.  By  Dr.  George 
Lunge  and  many  others.  English  translation  by  Dr.  Charles 
A.  Keane,  with  a  large  number  of  collaborators.  Vol.  II  in 
two  parts.     Part  I,  pp.  xxvii  and  610;  Part  II,  pp.  xii  and 
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611   to   1252.     New  York:     D.   Van  Nostrand  &  Co.      191 1. 

Net  price,  $18.00  set.     Not  sold  separately. 

Analytical  and  technical  chemists  will  welcome  this  English 
Xanslation  of  the  latest  (Oth)  edition  of  Dr.  Lunge's  well  known 
vork.  The  earlier  German  editions  of  Dr.  Lunge's  "Technical 
Methods"  have  been  in  use  by  chemists  so  long  that  it  is  un- 
lecessary  to  go  into  the  merits  of  this  excellent  work  at  this 
inn,  except  to  indicate  its  scope  and  list  the  material  embodied 
n  this  volume. 

To  quote  from  the  translator's  preface,  "The  sections  com- 
>rised  in  this  second  volume  of  the  English  edition  arc  included 
n  the  second  and  third  volumes  of  the  new  German  edition 
vhich  is  being  issued  in  four  volumes."  Again,  "The  section 
m  Organic  Dyes  from  Vol.  IV  of  the  German  edition  has  been 
ucluded  in  this  volume,  as  it  forms  a  suitable  sequel  to  the 
ection  on  Coal  Tar." 

The  topics  covered  in  Part  I  are:  Iron,  Metals  other  than 
ron  (including  22  of  the  more  important  metals),  Metallic 
alts,  Artificial  Manures,  Feeding  Stuffs,  Explosives,  Matches 
nd  Fireworks,  Calcium  Carbide  and  Acetylene. 

In  Part  II  are  found:  Illuminating  Gas  and  Ammonia, 
oal  Tar,  Synthetic  Organic  Dyes,  and  Naturally-occurring 
)rganic  Dye-stuffs.  Numerous  references  are  given  throughout 
ne  book,  and  at  the  end  of  each  section,  under  the  heading 
Literature,"  is  a  well  selected  list  of  the  important  books 
ealing  with  the  subject. 

It  is  impossible,  even  in  a  work  of  this  size,  to  give  all  of  the 
lethods  of  analysis  which  might  be  considered  as  good,  and 
le  authors  are  to  be  complimented  on  the  selections  they  have 
lade.  The  subject  matter  has  been  brought  up  to  date  re- 
larkably  well. 

The  appearance  of  this  work  in  English  will  undoubtedly 
reatly  extend  its  field  of  usefulness,  and  give  it  the  recognition 
so  fully  deserves.  F.  J.  Metzger. 

ocoa  and  Chocolate,  Their  Chemistry  and  Manufacture.  By 
R.  Whvmper.  327  pages.  P.  Blakiston's  Son  &  Co.,  Philadel- 
phia.    Price.  $5.00  net. 

The  present  volume,  divided  in  3  parts,  describes  the  agri- 
lltural,  technical  and  chemical  sides  of  the  cocoa  and  chocolate 
dustry. 

In  the  first  part  of  the  book  the  history  and  development  of 
e  industry  are  reviewed,  the  botany  and  nomenclature  dis- 
issed,  and  the  agricultural  operations  of  planting,  pruning, 
eking,  fermenting,  and  preparing  the  cocoa  beans  described. 
In  the  second  division  of  the  work  the  manufacture  of  choco- 
te  and  cocoa  powders  from  the  raw  beans  is  taken  up.  The 
lerations  of  cleaning,  roasting,  nibbing,  milling,  etc.,  are  de- 
ribed,  and  details  given  for  the  manufacture  of  plain,  milk, 
id  fancy  chocolates  and  numerous  cocoa  preparations. 
In  the  third  part  of  the  volume  a  comprehensive  survey  is 
jken  of  the  composition  of  cacao  and  its  preparations;  methods 

their  analysis  are  described.  The  chemical  data  are  very 
mpleteandasthe  author  states:  "For  the  first  time  the  chemical 
imposition  of  cacao  has  been  traced  from  the  fresh  bean 
fough  various  stages  of  manufacture,  so  that  the  changes 
tiich  occur  during  fermentation,  drying,  roasting,  etc.,  may  be 
lowed.  The  most  recent  methods  of  analysis  have  been 
cussed,  and  the  author  has  only  recommended  those  which 

himself  has  found  to  give  accurate  and  consistent  results." 
jrhe  author  limits  the  term  cacao  to  the  raw  material  and 
'pa  to  the  powder  manufactured  from  the  nibs.  The  con- 
,ion  which  so  frequently  attends  the  use  of  these  two  terms 
sthus  largely  avoided,  although  it  seems  that  the  distinction 
';inot  always  be  sharply  drawn:  the  coloring  substance  of 
''folate  for  example  is  listed  in  the  index  both  as  cacao-red 

red, 
phe  new    volume   is   well   printed   and    splendidly    illustrated 
\h   1 2  full  page  photographs  giving  views  of  the  agriculture 
'cacao    in    Trinidad.     Other    cuts    show    machinery,    micro- 

ical  sections  of  pure  and  adulterated  cocoa,  etc.     A  useful 


appendix  gives  the  provisional  definitions  of  standards  of  cacao 
and  its  preparations  and  a  very  complete  bibliography. 

Of  the  numerous  works  which  describe  the  manufacture 
and  chemistry  of  foodstuffs,  YVhvmper's  cocoa  and  chocolate 
is  one  of  the  best  which  has  come  to  our  notice. 

C.  A.  Browne. 
A  Manual  of  Fire  Assaying.      By  Chas.   H.   Fulton.     Second 
edition,     pp.  xvi  +  209.     McGraw-Hill  Hook  Co.,  New  York. 
Price,  $2.00. 

The  second  edition  of  this  book  retains  all  the  commendable 
features  of  the  previous  edition,  and  is  improved  by  the  elimi- 
nation or  correction  of  questionable  matter  and  the  addition 
of  new  material. 

The  chapter  on  furnaces  deals  with  the  various  types  to  date, 
their  advantages,  application,  and  the  cost  of  operation  under 
definite  conditions. 

There  is  little  change  in  the  chapter  on  reagents  except  for 
a  more  complete  discussion  of  the  action  of  boric  acid  and  bor- 
ates and  somewhat  greater  attention  to  the  cyanides 

The  chapter  on  sampling  has  been  slightly  modified,  but 
could  stand  considerable  improvement  to  be  truly  useful  to 
the  student.  However,  this  chapter  and  the  book  as  a  whole 
contain  sufficient  of  the  best  references  to  make  up  for  any- 
thing lacking  in  the  text. 

The  subject  of  reduction  and  oxidation  is  extensively  con- 
sidered, and  the  points  that  affect  the  amount  of  lead  reduced 
well  discussed.  In  this  connection  it  is  surprising  that  the 
temperature  effect  Was  not  brought  out. 

SJags  have  been  considered  from  the  silicate  basis  of  the 
metallurgist.  This  method  has  been  adopted  by  other  writers 
but  its  value  is  doubtful.  The  author  states  that  slags  are 
solutions;  they  are  more  than  this,  in  the  fluid  state  they  are 
electrolytes.  He  also  states  that  the  different  bases  require 
different  silicate  degrees  for  the  best  results.  It  is  a  fact  that 
certain  charges  for  Fe203  which  will  give  good  slags,  if  calcu- 
lated for  Mn02,  would  be  absolutely  worthless  and  .unsatisfac- 
tory for  CaC03.  There  is  positively  no  chemical  relation,  that 
we  know-,  by  which  we  can  calculate  the  required  silica  irre- 
spective of  the  base.  From  these  facts  it  is  difficult  to  see 
wherein  this  method  of  giving  charges  is  scientific  or  what 
benefits  are  to  be  derived  from  a  series  of  calculations,  when 
the  empirical  method  of  stating  directly  the  charge  for  a  given 
mineral  or  compound  is  much  simpler  and  makes  no  ambiguous 
pretentions. 

The  subject  of  cupellation  has  been  handled  in  a  masterly 
manner,  and  considerable  new  matter  has  been  added  from  the 
author's  investigations.  All  phenomena  have  been  very  care- 
fully noted  with  their  cause  and  effect.  There  are  but  two 
points  on  this  subject  open  to  criticism:  (1)  the  failure  of  PbO 
to  volatilize  being  assigned  the  cause  of  low  temperature 
freezing  (generally  this  is  due  to  the  cupel  becoming  too  cool 
to  absorb  litharge);  (2)  that  it  is  necessary  to  remove  cupels 
from  the  furnace  directly  the  beads  have  finished.  As  cupel- 
lation is  properly  finished  with  a  furnace  temperature  below 
the  melting  point  of  silver,  the  bead  sets  shortly  after  the  lead 
is  removed,  and  as  silver  is  not  readily  sublimed  immediate 
removal  is  not  necessary.     This  has  been  proved  by  test. 

Under  the  headings  of  the  assay  of  ores  containing  impuri- 
ties and  special  methods  of  assay,  various  schemes  of  assay  and 
the  treatment  of  impurities  are  well  considered.  The  latest 
methods  and  experiences  are  treated  and  the  underlying  prin- 
ciple s  explained. 

The  book  as  a  whole  is  the  most  complete  and  reliable  on  the 
subject,  but  it  could  be  more  conveniently  arranged.  Subject 
matter  directly  related  is  treated  under  different  heads.  This 
relates  especially  to  methods  of  assay. 

That  the  author's  efforts  have  been  appreciated  is  indicated 
by  the  fact  that  the  fust  edition  appeared  in  the  fall  of  1907 
and  was  reprinted  before  this  second  edition.  E.  J.   H.\LL. 
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RECLNT  INVENTIONS 


Reported  by  C.  L.  Parker.  Solicitor  of  Chemical  Patents.  McGill  Building,  Washington,  D.  C. 


PROCESS  OF  WELDING  METALS. 

U.  S.  Patent  No.  1,021,318,  to  Anton  Mucas,  of  New  York,  N.  Y. 

Assignor  to  Goldschmidt  Thermit  Company,  of 

New  York,  N.  Y. 

This  is  a  process  of  uniting  two  metals  (one  of  which  is  solid) 

by  the  action  of  cast  metal. 

The  feature  which  distinguishes  the  process  from  other  pro- 
cesses of  uniting  metals  by  the  action  of  molten  cast  metal  upon 
bne  or  more  solid  pieces  of  metal  is  the  employment  in  con- 
unction  with  ordinary  molten  metal  of  thermit  and  the  super- 
heated molten   metal   resulting   from   the   thermit   reaction   for 


Rising  the  temperature  of  such  molten  cast  metal  sufficiently 
>  cause  the  melting  of  the  solid  metal  or  metals  acted  upon 
|id  the  consequent  union  of  all  three  kinds  of  metal  into  a  sub- 
jantially  homogeneous  body  metal. 

The  illustration  shows  the  application  of  the  process  to  the 
I'lding  of  the  railroad  rails,  the  ends  of  the  rails  to  be  joined 
ling  placed  in  a  mold,  3,  and  the  thermit  mixture  5,  consisting 
:  iron  and  finely  divided  aluminum,  being  held  in  posi- 
*n  on  each  side  of  the  joint  by  rods. 

TREATMENT  ON  METALS. 
S.  Patent  No.  1,010,065,  to  William  H.  Kelly,  of  Los  Angeles, 

California. 
This  is  a  process  of  effecting  the  purification  of  molten  metals 
fim  sulfur,  phosphorus  and  other  like  impurities  by  subjecting 
them  to  the  action  of  partly  disso- 
ciated steam,  such  steam  containing 
nascent  hydrogen  and  nascent  oxy- 
gen. 

The    steam    is    produced    in   the 
boiler  1,  shown  in  the  accompany- 
ing illustration,  and  partly   dissoci- 
ated in  the  retort  2  from  which    it 
I '  nducted  to  the  nozzle  9  immersed  in  the  molten  metal. 

PDCESS  FOR  THE  PRODUCTION   OF   HYDROGEN   FROM 
GAS  MIXTURES  CONTAINING  HYDROGEN. 
i.  Patent  No.  1,020,102,  to  Carl  von  Linde,  of  Munich,  Ger- 
many. 
1  the  use  of  the  apparatus  illustrated  the  compression  gas 
nters  at  A  after  it  has  been  previously  freed  from  such 
tituents  or  impurities  which  can  bring  about  stoppages  in 
h  liquefying    apparatus,  e.  g.,  carbonic  acid  and  sulfur  com- 
In  its  passage  through  the  apparatus  to  the  vessel  B, 
lixture  reduced  in  temperature  to  such  a  degree  in  the 
nre-interchanger  C,  that  the  greater  part  of  the  con- 


stituents of  the  gas  mixture  are  liquefied  and  collected  in  the  vessel 
B.  The  liquefied  portion  Hows  out  of  this  vessel  through  the 
expansion  mechanism  D  into  the  interchanger  C,  evaporates 
and  thereby  removes  heat  from  the  compressed  gas  mixture 
flowing  through  the  apparatus.  The  products  of  this  evapora- 
tion, e.  g.,  carbon  monoxid,  es- 
cape at  E,  after  an  interchange  of 
temperature  with  that  of  the 
compressed  gas  mixture  passing 
through  the  apparatus  and  can  be 
applied  in  any  manner  desired.  The 
portion  of  the  gas  mixture  which 
is  not  liquid  (hydrogen  and  the 
remaining  constituents)  after  pas- 
sing through  the  expansion  mech- 
anism F  flows  through  the 
temperature  interchanger  C  in  an 
opposite  direction  to  that  of  the 
compressed  gas  mixture  and  es- 
capes out  of  the  apparatus  at  G 
at  normal  temperature. 

APPARATUS     FOR    MELTING    AND    MIXING    METALS    IN 

VACUUMS. 

U.  S.  Patent  No.  1,015,091,  to  Wm.  Speirs  Simpson,  of  London, 

England. 

This  invention  relates  to  apparatus  for  melting  and  mixing 
metals  in  vacuo  of  the  kind  in  which  electrical  heat  is  used  for 
melting  the  metals,  and  the  object  is  to  construct  an  improved 
apparatus  for  removing  volatilizable  impurities  from  certain 
easily  oxidizable  metals,  such  as  aluminium,  magnesium,  cal- 
cium and  the  like  with  which  it  is  desirable  for  forming  useful 
alloys;  the  hitherto  unavoidable  oxidation  of  these  metals  while 
in  a  molten  state  is  prevented  and  effective  mixing  and  alloying 
under  the  most  favorable  conditions  is  accomplished;  the  result 
affords  a  purified  metal  or  alloy  of 
uniformly  superior  quality  and 
strength. 

The  invention  is  carried  out  in 
a  receptacle  or  chamber  of  suitable 
size  and  dimensions  wherein  a 
comparatively  high  vacuum  may 
be  created  and  maintained  by 
means  of  a  vacuum  pump  in  any 
convenient  manner.  Inside  the 
chamber  is  placed  a  crucible  made 
of  refractory  or  carbonaceous  mate- 
rial for  containing  the  metals  to  be 
treated :  these  are  heated  by  means 
of  an  electric  current  applied  to  the 
top  and  bottom  of  the  crucible. 
The  apparatus  consists  of  a  vacuum  chamber  with  a  body 
portion  having  trunnions  for  mounting  it  tiltably;  a  cover  re- 
movably applied  to  its  upper  end  and  adapted  to  form  a  fluid- 
tight  connection;  a  crucible  contained  within  and  carried  by  the 
body  portion;  an  interior  chamber  to  contain  a  charge  to  be 
treated  and  having  its  mouth  arranged  toward  the  top  of  the 
body  portion;  means  for  conducting  a  heating  medium  to  the 
crucible  through  the  trunnions  of  the  tiltably  mounted  body 
portion. 
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Acetone  (drums) Lb. 

Alcohol,  grain  (188  proof) Gal. 
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Acetic  Acid  (28  per  cent.) C. 

Aniline  Oil Lb. 
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Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals.  .Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 
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Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 


@ 


20'/, 

'7 
.56 

50 

40 
.90 

.on 
10V4 
23'A 


nominal 

20       @ 

16       @ 

38'A  @ 

44       @ 

6       @ 

3  •  30       @     3 

14       @ 

87,® 

19       @ 

8'/2@ 

1-35       @     > 

32        @ 

2.55       @     2 

5'A@ 

35       @ 

3o'A  @ 


23 
18 

2.58 
52 
42 

300 


INORGANIC  CHEMICALS. 


••5 

1 1 7, 
28 

15 
30 


7 
.66 
20 

9'/, 
21 

8  7, 
•45 
34 
•85 

5»A 
35'A 
31 


Acetate  of  Lime  (gray) C.  2  .  50       1 

Acetate  of  Lead  (brown,  broken)Lb  73/, 

Alum  (lump) C.  1.75 

Ammonium  Ca-bonate,  domestic  Lb.  8 

Ammonium  Chloride,  gray Lb.  6'/8 

Aluminum  Sulphate C.  90 

Aqua  Ammonia  (drums)  160.  .  .  .Lb.  2l/t 

Arsenic,  white Lb.  4       1 

Brimstone  (crude,  domestic) .  .  .  .Ton  22.00 

Barium  Chloride C.  1 .40 

Barium  Nitrate Lb.  4'/, 

Borax,  crystals  (bags) Lb.  2V1 

Boric  Acid,  crystals  (powd.) ...  .Lb.  7 

Bromine,  bulk Lb.  25 

Bleaching  Powder  (35  per  cent.)   C.  1 .  221/, 

Bary tes  (prime  white,  foreign) . . .  Ton  1 8 .  50 

Blue  Vitriol Lb.  5'/, 

Calcium  Chloride C.  65 
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Phosphorus Lb.  35 

Phosphoric  Acid,  sp.  gr.  1.75. . .  .Lb.  22 

Plaster  of  Paris Bbl.  1 .  50 

Potassium  Bromide Lb.  31 

Potassium  Permanganate  (bulk)  Lb.  93/4 
Potassium  Cyanide  (bulk)  98- 

99  per  cent Lb.  19V2 

Potassium  Iodide  (bulk) Lb.  2  .  10 

Potassium  Chlorate,  crystals.  .  .  .Lb.  8V4 

Potassium  Nitrate  (crude) Lb.  4'/2 

Potassium  Bichromate,  500 Lb.  67/8 

Quicksilver Flask  41.00       ©43.00 

Salt  Cake  (glass-makers') C.  55       @        65 
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>  m  \iii  ai.n,    BTC.,    FOR   month   Of    MAY, 

Silver  Nitrate Oz. 

Soapstone  in  bags Ton 

Sodium  Acetate Lb. 

Sodium  Chlorate Lb. 

Sodium  Bicarbonate  (English).  ..Lb. 

Sodium  Bichromate Lb, 

Sodium  Hydroxide,  60  per  cent.   C. 

.Sodium  Hyposulfite C. 

Sodium    Nitrate,    95    per    cent., 

spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulphur,  Roll C. 

Sulphur,  Flowers  (sublimed).  .  .  .C. 

Sulphuric  Acid,  6o°  B C. 

Talc  (American) Ton    15.00 
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Tin  Bichloride  (50 °) Lb. 
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Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 
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Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity.  .  .Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 
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Copper  (lake) Lb. 
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Nickel Lb.  40       @ 

Platinum  (refined) Oz.    45.50       @ 

Silver Oz.  6i«/8  @ 
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Zinc '. Lb.      6.85 

FERTILIZER  MATERIALS. 

Ammonium  Sulphate C.         3.40 

Fish  Scrap,  domestic,  dried Unit    2  .75 

Blood,  dried Unit    2.75 

Tankage,  high  grade Unit    2  .65 
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Potassium,    "muriate,"    basis   80 
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Phosphate  rock;  f.  o.  b.  mine: 
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Tennessee,  68-72  per  cent.  .  .  .Ton     4.25 
Pyrites,  furnace  size,  imported.  .Unit    o.  i3'/a 

Castor  meal Unit    2  .  75 

Mowrah  meal Ton     8.50 
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THE     PRODUCTION    OF    ETHYL    ALCOHOL    FROM    WASTE 
PRODUCTS. 
The   lirsl    synthesis  of  ethyl  alcohol   was  made  about 

iS_>(>,  by  Hennel,  utilizing  the  reaction  of  ethylene  and 
sulphuric  acid  to  form  sulphovinic  acid  which,  upon 
heating  with  an  additional  quantity  of  sulphuric  acid, 
yields  alcohol.  Bcrthclot  improved  this  process  1>\ 
synthesizing  ethylene  from  its  elements  via  acetylene, 
and  by  making  a  more  complete  conversion  of  ethylene 
into  sulphovinic  acid. 

The  one  source  of  the  alcohol  is  the  action  of  the 
zymase  of  yeast  upon  glucose  and  other  fermentable 
sugars.  The  sources  of  the  fermentable  sugars  may 
by  grouped  into  two  classes: 

(1)  The  products  of  the  hydrolysis  of  starch  and 
allied  substances  by  means  of  an  amylase. 

(2)  Solutions  of  sugars  obtained  directly  from  fruits 
and  plants  and  from  the  non-crystallizable  by-products 
of   sugar-works    -such   as   molasses. 

The  most  economical  source  of  starch  in  our  country 
is  probably  Indian  corn  costing  about  $21.00  per  ton. 
One  ton  of  corn  gives  about  ninety  gallons  of  94  per 
cent,  alcohol.  About  two  gallons  of  raw  molasses 
produce  one  gallon  of  94  per  cent,  alcohol,  and  this 
raw  material  costs  about  $0.21  per  gallon  of  94  per  cent. 
alcohol.  The  costs  of  the  distillation  of  the  mashes 
and  the  rectification  and  purification  of  alcohol  cannot 
be  entered  into  here,  but  the  approximate  cost  of  95 
per  cent,  alcohol  (190  proof)  to  the  consumer  may  be 
taken  as  about  $0.50  per  gallon,  exclusive  of  taxation. 

Within  the  last  two  or  three  years,  two  new  com- 
mercial processes  for  the  production  of  alcohol  have 
been  put  in  operation  on  a  comparatively  large  scale. 
The  purpose  of  this  article  is  to  present  and  discuss 
briefly  from  a  chemical  engineering  standpoint  these 
two  processes:  namely,  the  production  of  alcohol  from 
sulphite  cellulose  waste  lyes,  and  the  production  of 
alcohol  from  sawdust. 

I.  ALCOHOL  FROM  SULPHITE  LYES. 

In  the  sulphite  process  for  the  production  of  pulp, 
for  every  ton  of  cellulose  there  are  about  ten  tons  of 
sulphite  lyes  (T.  H.  Norton,  U.  S.  Cons.  Rep.,  Nov., 
1 9 1 1 )  which  contain  one-half  the  weight  of  the  wood 
originally  introduced  into  the  boilers.  Among  the 
substances  present  are:  dextrose  and  other  sugars, 
xylose,  acetic  acid,  tannic  acid,  nitrogen  compounds, 
methyl  alcohol,  resins,  etc.,  and  calcium  lignin-sul- 
fonate,  the  chief  product  of  the  reaction.  Most  of  the 
sugars  in  these  lyes  are  fermentable  and  they  con- 
stitute about  1  per  cent,  of  the  lyes,  the  yield  of  alcohol 
being  from  fifteen  to  seventeen  and  one-half  gallons 
per  ton  of  cellulose    [C.  G.  Schwalbe,  Z.  angew.  Chem., 

23,  i537(i9i°)]- 

Recently  in  Sweden  two  industrial  processes  have 
been  developed,  that  of  Ekstrom  (P.  G.  Ekstrom,  Eng. 
Pat.  6741,  March  17,  1910)  at  Skutskar  and  that  ol 
Wallin  at  Forss.  These  processes  are  practically 
identical,    differing   only    in   the   neutralization   of    the 


acid.  The  former  uses  lime,  chalk,  etc..  and  the  latter 
waste  causticization  sludge.  The  general  scheme  is  as 
follows:  The  lyes  are  first  neutralized  in  large  vats, 
then  cooled  in  towers  and  aerated.  In  a  mill  pro- 
ducing ten  tons  of  cellulose  per  twenty-four  hours  the 
volume  of  the  lyes  to  be  treated  is  about  nine  thousand 
gallons  per  daw  A  yeast  nutrient,  malt  extract  m 
dead  vcast  is  added  to  the  cool,  neutral  liquid  which 
is  transferred  to  the  fermentation  vats.  Alt. 
mentation  (which  takes  three  days  or  more)  the  yeast 
is  separated  and  the  liquid  distilled  in  a  continuous 
still.  The  percentage  of  alcohol  is  very  lowr  and  cas. 
siderably  more  steam  is  used  in  the  distillation  than 
is  required  with  mash  from  molasses  which  usually 
contains  about  7  per  cent,  alcohol  by  volume.  The 
alcohol  obtained  is  already  denatured  as  it  contains 
considerable  methyl  alcohol  (from  the  unfermented 
lyes),  furfurol,  aldehydes,  and  sometimes  ai 
but   is   practically   free   from   terpenes. 

The  above  process  with  a  few  minor  changi 
being  worked  on  a  large  scale  at  several  -places  in 
Sweden.  The  experimental  plant  at  Skutskai 
operations  on  May  24,  1909,  using  waste  lyes  from  a 
5,000-ton  cellulose  plant.  In  March,  1910,  560  gallons 
of  "normal  strength"  alcohol  were  produced  per  24 
hours.  The  total  for  the  month  was  about  13,000 
gallons.  The  process  yields  about  6  gallons  of  absolute 
alcohol  for  1000  gallons  lye,  and  about  14  gallons  for 
every  ton  of  cellulose. 

As  the  alcohol  produced  from  waste  lyes  is  denatured, 
its  chief  uses  will  necessarily  be  for  heating  and  other 
industrial  purposes.  The  industrial  prospects  of  this 
process  depend  on  the  cost  of  production,  conditions 
of  taxation  and  capacity  of  the  market.  Estimates 
of  the  cost  of  production  for  a  mill  producing  340,000 
gallons  per  annum  place  the  cost  at  about  $9.50  per 
100  gallons.  In  Sweden  the  tax  per  gallon  increases 
with  the  output,  so  that  for  an  annual  production  of 
340,000  gallons,  the  cost  of  production  including  the 
tax  is  about  $15.50  per  100  gallons.  In  Germany 
excise  regulations  penalize  new  distilleries  so  that  in 
addition  to  the  cost  of  production,  sulphite  spirit 
would  be  subject  to  a, tax  of  about  $17.00  per  100 
gallons.  Regarding  the  capacity  of  the  market,  in 
Sweden  during  the  fiscal-  year  1 908-1 909  the  total 
production  of  alcohol  was  about  5,800,000  gallons 
(absolute)  and  the  imports  were  about  310,000  g 
The  sulphite  lye  mill  at  Larkudden  is  reported  as 
having  produced  spirit  during  the  year  1910  at  the  rate 
of  157,000  gallons  per  annum,  and  the  annual  rate  0 
production  at  the  present  time  is  estimated  at  250,000- 
400,000  gallons.  The  pulp  mills  of 'Sweden  can  pro- 
duce 6,500,000  gallons  of  absolute  alcohol  per  annum 
It  must  be  remembered  that  the  present  method  ol 
production  from  grain  is  always  intimately  con 
with  the  agricultural  industries  of  the  country,  and 
therefore  will  not  be  easily  displaced.  Also,  whil( 
under  special  conditions  (especially  low  taxation)  the 
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sulphite  process  can  be  worked  at  a  profit,  yet  it  does 
not  solve  the  problem  of  the  disposal  of  the  waste 
lyes,  as  only  about  1  per  cent,  of  the  total  weight  of 
lyes  is  converted  into  alcohol.  In  fact  on  account  of 
the  presence  of  dead  yeast,  etc.,  the  problem  of  the 
disposal  of  the  lyes  may  be  aggravated  by  the  use  of 
this  process. 

II.     ALCOHOL     FROM     SAWDUST. 

The  cost  of  raw  material  is  always  of  great  import- 
ance in  any  industry.  While  Indian  corn  costs  about 
S2  1. 00  per  ton,  sawdust  in  the  vicinity  of  a  large  mill 
where  it  is  a  by-product  can  be  bought  at  a  cost  of 
30-50  cents  a  ton  including  handling  and  transporta- 
tion (short  distances).  One  ton  of  sawdust  calculated 
to  the  dry  basis  can  yield  20  gallons  of  94  per  cent. 
alcohol,  which  makes  the  cost  of  this  raw  material 
If-a1  a  cents  per  gallon  94  per  cent,  alcohol,  as  against 
24  cents  tor  Indian  corn. 

For  nearly  one  hundred  years  it  has  been  known  to 
chemists    that    fermentable    sugars    can    be    produced 
I  from  sawdust.     The  reaction  is  usually  spoken  of  as 
being  very  simple,  all  that  is  necessary  being  to  add 
a  molecule  of  water  to  the  cellulose.      This  hydrolysis 
is  probably  as  complex  as  it  is  baffling.      The  unknown 
romposition    of   those    polysaccharides    which    we    call 
I  cellulose  and   the   very   different   results   obtained   on 
hydrolysis     under     slightly     different     conditions     of 
catalyzer,     temperature    and    pressure    indicate    that 
somewhat     intricate     reactions     occur,     the     complete 
chemistry  of  which  is  not  known  at  the  present  time. 
A  very  large  number  of  patents  have  been  granted  on 
this  reaction,  the  main  differences  being  in  method  <>t 
manipulation  and  the  catalyzing  acid  used.      Sulphuric 
acid  has  been  used  in  many  cases  but  the  subsequent 
removal  of  this  acid  has  proved  a  serious  stumbling- 
(block.     No   process   that  was  capable   of  commercial 
application  had  been  devised  until  the  year  1900  when 
Dr.  Alexander  Classen   was  granted   his  first  patent. 
The  more  important  English  patents  granted  him  are: 
No.  258,  Jan.  4,   1900;  Xo.  4,199,  Feb.   27,   1901  ;  No. 
12,588,   June   20,    1901.      "Process  claimed  consists  in 
boiling  cellulose  in  a  closed  vessel  at  a  temperature  of 
j  20-145  °  C.  with  a  solution  containing  sulphurous  and 
sulphuric  acids  or  sulphurous  and  hydrochloric  acids. 
A.  solution  of  2  per  cent,  or  more  of  sulphurous  acid  and 
0.2   per  cent,   sulphuric  acid   is   mentioned.      The   sul- 
phuric acid  may  be  conveniently  formed  in  the  boiler 
oy  admission  of  air  or  other  suitable  oxidizing  agent. 
,'n  this  way  concentrations  of  10  per  cent,  sugar  may  be 
obtained,  80-90    per   cent,    of    which    is    fermentable, 
onversion  is  complete  in  15  minutes. 
An  experimental  plant  using  this  process  was  erected 
it  Aachen  and  a  similar  plant  on  a  larger  scale  was 
milt   at    Highland    Park    near   Chicago.     The    results 
Vere  satisfactory  so   that   it   was  decided   to   build   a 
ommercial    scale    plant    at    Hattiesburg,    Miss.     The 
apacity    of    the    conversion    cylinder    was    two    tons. 
\ftcr  the  conversion  the  acid  was  neutralized,  cleared 
»y  subsidence,  pumped  into  large  vats  and  fermented 
>y    yeast    and    then    distilled.      From    a    commercial 
iewpoint   this   plant   was   a   complete   failure.      From 
chemical  engineering  standpoint   it   is  an  excellent 


example  of  a  process  which  fell  just  short  of  success. 
The  reasons  given  tor  the  failure  are:  (r)  Length  of 
time  required  for  conversion:  il/z—  2  tons  requiring 
4-6  hours.  (2)  Prolonged  action  produces  gums  and 
caramels  and  makes  extraction  of  the  sugar  tedious 
and  expensive.  (3)  Large  quantity  of  acid  required. 
(4)    Lining   difficulties,    especially    with   lead    linings. 

Two  chemical  engineers.  Ewen  and  Tomlinson, 
studied  and  undertook  to  improve  this  process.  Their 
patent  U.  S.  938,308,  1909  describes  their  process. 
The  converter  used  by  Classen  was  about  thirty  feet 
in  length  and  had  a  diameter  of  three  feet,  whereas 
in  the  Ewen  and  Tomlinson  process  the  digester  is 
much  shorter,  usually  being  about  twelve  feet  in  length 
and  eight  feet  in  diameter.  The  latter  line  their  con- 
verter with  fire-brick  instead  of  using  the  troublesome 
lead  lining.  The  operation  seems  to  lie  fairly  simple. 
Sulphur  dioxide  gas  to  the  extent  of  1  per  cent,  of  the 
weight  of  the  wood  is  introduced  into  the  cylinder  and 
live  steam  is  turned  on  until  a  pressure  of  100  lbs.  is 
obtained.  The  steam  is  then  turned  off  and  the 
cylinder  slowly  revolved  for  40-45  minutes,  the  tem- 
perature and  pressure  being  kept  constant.  The  total 
time  of  conversion  is  about  one  hour  as  against  4-6 
hours  in  the  old  process.  In  operating  this  process  it 
is  important  to  raise  the  temperature  as  quickly  as 
possible  to  the  "critical  point"  which  is  defined  as 
"that  temperature  above  which  the  production  of 
unfermentable  substances  and  the  destruction  of  the 
sugars  become  excessive  and  lies  between  135  °  and 
163 °  C."  After  extraction,  the  converted  lyes  have 
a  total  acidity  of  0.64  per  cent,  (calculated  to  H,S()4) 
containing  sulphuric,  acetic  acids,  a  small  amount  of 
sulphurous  acid  and  aromatic  compounds  of  the  type 
of  pyrogallol.  These  liquors  contain  about  51  ,  per 
cent,  of  reducible  sugars  calculated  to  dextrose. 
Polyphenols,  tannin  and  furfurol  are  usually  present 
in  small  amounts.  These  liquors  are  fermented  and 
distilled  in  the  usual  manner,  some  care  being  required 
in  the  fermentation  to  have  present  a  proper  food  for 
the  yeast.  The  distilled  alcohol  obtained  is  potable. 
free  from  the  odor  and  taste  of  wood,  and  from  methyl 
alcohol  and  fusel  oils,  but  contains  traces  of  furfurol 
and  aldehydes.  <  >ne  and  one-half  tons  of  dry  wood 
give  about  61 ' ',  gallons  of  94  per  cent,  alcohol.  From 
figures  obtainable  it  appears  that  the  efficiency  of  the 
process  is  from  75-80  per  cent,  of  the  theoretical  yield 
of  alcohol. 

The  Dupont  Powder  Company  is  operating  a  plant 
at  Georgetown,  South  Carolina  for  the  production  of 
alcohol  from  waste  woods.  This  plant  is  licensed 
under  the  Ewen  and  Tomlinson  patents,  and  while 
no  figures  were  obtainable,  it  is  stated  that  experiments 
so  far  indicate  the  ultimate  success  of  the  process. 

W.  P.  Cohoe  is  the  inventor  of  a  process  for  making 
fermentable  glucose-like  substances  from  cellulose  and 
ligneous  materials  (U.  S.  Patents  985,725,  985,726, 
191 1 ).  The  conversion  is  done  in  two  stages:  first, 
steam  is  used  producing  acetic  acid  which  is  collected, 
and  then  steam  and  HC1  vapors  are  introduced  into 
the  converter.  The  raw  material  used  is  generally 
sawdust. 
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The  cost  ut  production  of  alcohol  by  the  sawdust 
process  (Ruttan,  /  Soc.  (hem.  Ind.,  1909,  p.  1290) 
is  said  to  be  about  equal  to  that  of  grain,  although 
there  is  such  an  enormous  difference  between  the  cost 
of  the  raw  materials.  One  company,  however,  claims 
to  be  able  to  manufacture  alcohol  by  the  sawdust 
process  at  a  cost  of  $0.07  per  gallon. 

Without  going  into  the  details  of  the  chemistry 
involved,  it  is  striking  that,  although  the  patents  claim 
a  conversion  of  cellulose  into  sugar,  the  so-called  true 
fibrous  cellulose,  absorbent  cotton,  does  not  yield  to 
this  treatment.  Also  the  material  left  after  treatment 
contains  cellulose  which  upon  re-treatment  yields  but 
traces  of  fermentable  sugar.  Although  authorities 
differ,  it  is  claimed  by  some  that  the  acid  acts  as  a 
catalyzer  hydrolyzing  the  lignone  complex  and  a  pro- 
portion of  the  "easily  attacked  cellulose."  The  oxy- 
cellulose  and  the  "true  cellulose"  are  said  not  to  be 
seriously  altered  chemically. 

It  would  seem  that  there  is  a  possibility  that  a  pro- 
cess might  be  evolved  where  the  alcohol  conversion  of 
the  wood  pulp  might  be  made  first,  and  then  the  residue 
subsequently  utilized  for  the  production  of  paper  pulp. 

Alcan  Hirsch. 


OCCUPATIONAL  DISEASES. 

This  subject  is  now  receiving  the  attention  it  de- 
serves. Hitherto  the  matter  of  diseases  peculiar  to 
industries  has  been  in  the  hands  of  physicians.  While 
medical  men  are  competent  to  treat  and  cure  such 
diseases  it  can  readily  be  seen  that  they  are  unable  by 
nature  of  their  training  to  accomplish  much  in  the 
elimination  of  the  causes  of  occupational  diseases. 
The  physician  is  not  the  proper  person  to  suggest  to  a 
manufacturer  such  changes  in  his  processes  as  will 
eliminate  the  causes  of  the  peculiar  occupational  ills 


to  which  his  employees  are  subject.  This  is  necessarily 
the  function  of  the  chemical  engineer  and  it  is  to  him 
that  the  physician  now  turns  for  assistance. 

The  June  number  of  This  Journal  published  an  ad- 
dress delivered  by  Dr.  W.  Gilman  Thompson,  Pro- 
fessor of  Medicine  in  the  Cornell  University  Medical 
College,  in  New  York  City,  before  the  New  York  Sec- 
tion of  the  American  Chemical  Society.  The  attention 
of  our  readers  is  called  to  the  facts  set  forth  and  the 
points  brought  out  in  this  address,  and  chemists  will 
readily  see  the  opportunity  which  presents  itself  to 
them,  to  be  of  assistance  in  this  crusade  of  the  Twenti- 
eth Century. 

The  New  York  Section  of  the  American  Chemical 
Society  has  appointed  a  Committee  on  Occupational 
Diseases,  which  is  now  cooperating  with  a  similar 
Committee  of  the  New  York  Association  for  Labor 
Legislation.  The  personnel  of  these  committees  is 
given  in  another  column  of  this  issue.  A  joint  meeting 
of  the  two  committees  was  held  on  May  31st,  at  the 
Chemists'  Club  in  New  York  City.  This  meeting  was 
addressed  by  Dr.  Alice  Hamilton,  whose  work  of  in- 
vestigating lead  poisoning  for  the  U.  S.  Department  of 
Labor  is  well  known.  Dr.  Hamilton  spoke  of  the 
difficulties  she  had  experienced  in  obtaining  information, 
and  laid  particular  stress  on  the  importance  of  the 
cooperation  of  the  chemist  and  physician. 

It  will  be  readily  seen  that  this  is  a  matter  for 
organized  and  systematic  work  by  our  profession,  and 
that  the  campaign  must  be  one  of  educating  the  public, 
the  workingman,  and  the  manufacturer.  It  is  evi- 
dent that  statistics  must  be  collected  so  proper  lines 
of  work  can  be  designed.  More  will  be  accomplished 
by  education  than  by  inconsidered  or  hasty  legislation, 
and  by  this  method  the  least  possible  hardship  will  be 
inflicted  on  established  industries.  E.  C.  Uhlig. 
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CORROSION  OF  IRON  IN  PURE  WATER  AND  AIR  COMBINED; 

THE  ELECTROLYTIC  THEORY  AGAIN  CONFIRMED.' 

By  William  R.   Fleming. 

In  a  recent  article  in  the  Iron  and  Steel  Institute,2 
Dr.  J.  Newton  Friend  again  attacks  the  "Electrolytic" 
Theory  of  Corrosion.  In  his  paper,  a  Carnegie  Schol- 
arship Memoir,  he  describes  an  experiment  which 
demonstrates  that  "Pure  water  and  pure  air  combined 
are  without  visible  action  upon  pure  iron."  "This 
shows,  Friend  continues,  that  the  electrolytic  theory 
of  corrosion  is  untenable,  and  definitely  confirms  the 
older  acid  theory." 

In  this  paper  I  shall  attempt  to  show  that  iron  and 
steel  will  rust  in  pure  water  and  air  combined,  if  it 
is  given  a  chance.  Furthermore,  I  shall  attempt  to 
prove  that  Friend's  experiment  is  a  strong  confirma- 
tion of  the  electrolytic  theory,  and  not  destructive 
to  it. 

We  have  to-day  only  two  important  theories  of 
corrosion,  the  "Acid"  and  the  "Electrolytic"  theories. 

1  Read   before   the  Cincinnati   Section  of  the  A    C.   S.,    February    14, 
1SI12. 

>  Iron  and  Steel  Institute,  3,    1   (1°1  i  i 


The  acid  theory  presumes  that  corrosion  is  pri- 
marily caused  by  acid  attack.  It  denies  the  solubility 
of  iron  in  pure  water  and  denies  that  iron  will  rust 
in  acid-free  air  and  water  combined. 

The  electrolytic  theory  presumes  that  iron  is  soluble 
in  pure  water,  and  that  rust  is  subsequently  formed 
through  the  influence  of  oxygen.  The  exposed  sur- 
faces of  iron  and  steel  contain  segregated  impurities 
which  are  supposed  to  give  rise  to  differences  of  po- 
tential, in  the  presence  of  an  electrolyte,  which  is 
generally  moisture.  At  those  points  where  the  metal 
is  anodic,  iron  passes  into  solution,  assuming  the 
ferrous  ionic  condition,  while  hydrogen  is  liberated 
at  the  cathode.  Oxygen  plays  its  part  by  depolarizing 
the  hydrogen  covered  cathodes  and  by  oxidizing  the 
ferrous  ions  at  the  anodes.  In  its  purest  sense  the 
electrolytic  theory  presumes  that  corrosion  begins 
in  a  pure  electrolyte,  e.  g.,  water  free  from  all  traces 
of  impurities. 

The  defendants  of  the  acid  theory  deny  the  sulu 
bility  of  iron  in  pure  water  and  are  emphatic  in  then 
claim  that  corrosion  is  "primarily  the  result  of  acid 
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attack."  Since  carbon  dioxide  is  universally  present 
in  our  atmosphere  it  is  considered  the  chief  cause  of 
rusting.  It  attacks  the  iron  forming  ferrous  carbon- 
'  ate  and  liberating  hydrogen.  Oxygen  and  moisture 
further  react  with  the  ferrous  carbonate  to  form  rust, 
freeing  the  carbon  dioxide  which  in  turn  reacts  with 
fresh  iron.  But,  according  to  our  latest  notions  of 
solutions,  carbonic  acid  does  not  attack  the  iron 
directly,  e.  g.,  in  its  atomic  condition.  It  must  first 
pass  into  solution  (become  ionic)  before  the  acid  can 
attack  it.  Therefore,  the  acid  theory  is  but  a  special 
case  under  the  general  electrolytic  theory.  This  has 
been  admitted.  But,  while  admitting  the  electro- 
lytic character  of  corrosion,  when  viewed  from  the 
general  standpoint  of  ionization  as  announced  by 
Arrhenius,  the  defendants  of  the  acid  theory  insist 
that  iron  will  not  assume  the  ionic  state  unless  an  acid 
is  present  in  the  electrolyte.  Hence,  they  say,  acid 
attack  is  the  true  beginning  of  corrosion. 

There  can  be  no  doubt  that  the  presence  of  acids 
(chiefly  carbonic)  has  much  to  do  with  the  rapid 
corrosion  of  our  iron  and  steel.  Without  acids  in  our 
air  and  water  the  corrosion  problem  would  be  less 
formidable.  This,  however,  is  only  a  quantitative 
view-point.  In  attempting  to  get  at  the  facts  con- 
cerning the  true  cause  of  corrosion  we  should  not 
allow  ourselves  to  be  blinded  by  mere  quantitative 
ideas.  Given  pure  iron  in  pure  air  and  water,  the 
factor  of  corrosion  is  very  small.  Likewise,  with 
impure  iron  in  impure  air  and  water,  the  factor  of 
corrosion  is  very  great.  But  this  does  not  interest  us. 
We  are  concerned  only  with  the  true  starting  point  of 
corrosion.  It  matters  not  how  small  the  value  of 
this  "starting  point,"  quantitatively,  if  iron  is  soluble 
in  pure  water  even  to  the  slightest  extent,  or,  if  iron 
will  rust  in  pure  water  and  air  combined  be  it  ever  so 
slight,  then  this  weakness  in  the  metal  itself  is  the  true 
cause  or  starting  point  of  corrosion.  All  influences 
which  enter  later  are  mere  retarders  or  accelerators. 
Below  is  given  Friend's  experiment  and  conclusions 
in  his  own  words: 

A-E  is  a  hollow  cylinder  of  iron  or  steel,  closed  at 
one  end.  The  open  end  is  plugged  with  a  tightly 
fitting  rubber  stopper,  bearing 
—  two  glass  tubes,  arranged  in  such 
a  manner  that  cold  water  can 
circulate  through  them.  The  glass 
bottle,  containing  about  100  cc. 
of  twice  normal  caustic  potash 
solution,  is  placed  in  a  deep  cold 
water  bath,  and  heated  gradually 
to  100  °  C.  Its  mouth  is  now 
it.  Fpiend-s  apparatus,  closed  with  a  large  India-rubber 
bung,  from  which  hangs  the  metal  cylinder  by 
i'he  glass  tubes — already  alluded  to — and  the  whole 
lis  thoroughly  shaken  to  remove  every  trace  of 
carbon  dioxide  from  the  walls,  air,  and  surface  of  the 
iron.  A  current  of  cold  water  is  now  passed  through 
jthe  tubes,  and  on  immersing  the  bottle  again  in  the 
hot  water  bath,  pure  water  vapor  condenses  ■  upon 
A-E  and  drips  off,  rapidly  washing  it  free  from  alkali. 
That  the  cylinder  is  actually  free  from  alkali  may  be 


readily  demonstrated  by  opening  the  apparatus,  and 
testing  with  phenolphthalein,  when  no  change  in  color 
occurs.  Nevertheless,  the  iron  remains  perfectly 
bright  for  an  indefinite  number  of  days.  An  isolated 
spot  of  rust  will  often  form  here  and  there  upon  the 
surface  of  the  metal,  owing  to  the  unavoidable  traces 
of  impurity  always  present  in  the  purest  metal  obtain- 
able, and  if  the  apparatus  is  opened  and  the  cylinder 
again  polished  with  emery,  the  spots  will  appear  again 
in  the  same  places  upon  repetition  of  the  experiment. 
Furthermore,  where  the  iron  is  in  contact  with  the 
India-rubber,  a  little  corrosion  takes  place,  owing  to 
the  presence  of  sulphur,  etc.  These  points,  however, 
do  not  affect  the  general  result  of  the  experiment. 
The  conclusion  is  inevitable: 

"Pure  water  and  pure  air  combined  are  without  visible  action 
upon  pure  iron." 

This  shows  that  the  electrolytic  theory  of  corrosion  is  untena- 
ble, and  definitely  confirms  the  older  acid  theory. 

"The  experiment  was  now  repeated  in  every  detail,  save  that 
the  caustic  potash  was  replaced  by  an  equal  amount  of  a  satura- 
ted solution  of  barium  hydroxide.  Although  in  every  other 
respect  the  experiments  were  precisely  similar,  the  iron  always 
rusted  in  the  course  of  an  hour  or  two.  This  shows  that  barium 
hydroxide  is  not  sufficiently  powerful  to  remove  every  trace 
of  carbon  dioxide  from  the  air  in  the  flask.  In  other  words, 
its  aqueous  solution  is  in  equilibrium  with  a  definite,  although 
minute,  partial  pressure  of  carbon  dioxide.  Now  Moody  em- 
ployed aqueous  barium  hydroxide  solution  as  his  source  of 
water  distilled  on  to  the  iron  in  his  apparatus.  Consequently, 
his  metal  must  have  rusted  had  it  not  been  protected  by  alkali 
dissolving  out  of  the  glass  tubing  containing  it.  A  clear  explana- 
tion is  thus  offered  for  the  failure  of  Dunstan  and  of  Walker, 
each  working  independently  of  the  other,  to  confirm  Moody's 
results,  when  a  different  kind  of  glass  was  employed  in  the  con- 
struction of  the  apparatus — a  glass  which  was  slow  to  yield  up 
any  soluble  alkali  to  liquid  water  condensed  upon  its  surface." 

No  mention  is  made  of  conditions  which  might 
influence  rusting  of  the  metal.  The  temperature  of 
the  metal  and  water  on  its  surface,  and  the  rapidity  with 
which  this  water  is  changed,  are  conditions  which 
influence  the  results.  These,  along  with  other  import- 
ant conditions,  will  be  taken  up  fully  after  describing 
my  experiments.  Suffice  it  to  say  here  that  my 
experiments  prove  that  Friend  is  wrong  in  his  con- 
clusions, and  that  his  experiment  was  concluded 
before  he  had  proved  anything. 

The  apparatus  used  in  all  experiments  is  shown  in 
Fig.  1. 

I  and  S  are  hollow  metal  blocks,  1  X  1  X  i1/,", 
with  3/t"  hole  i'/t"  deep.  The  samples  in  all  cases 
received  their  final  polishing  on  0000  French  emery 
paper. 

The  metal  samples  are  connected  by  tubes  for  the 
circulation  of  cold  water  within  them,  as  in  Friend's 
experiment. 

The  purifying  train  consists  of:  A,  dilute  sulphuric 
acid;  K,,  50  per  cent,  potassium  hydrate;  K2,  50  per 
cent,  potassium  hydrate;  So,  Soda  lime;  (the  tube 
connecting  bottle  and  train  extends  just  to  the  bottom 
of  the  large  rubber  stopper);  Sy,  is  a  syphon;  CI, 
clamp  on  purifying  train;  C2,  clamp  on  syphon;  (.',, 
large  iron  clamp  for  bolting  down  the  rubber  stopper. 
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Exp.  No.  i,   Part  i. 
Meiah  Used.  -Genuine  Open  Hearth  Inm  and   ordinary  mild 
Open  Hearth  Steel. 

Analyses. 


C.         Mn.       S.  P.  Si.  O. 

Genuine      Open      Hearth 

Iron' 0.01      0.01      0.028     0.003     0.003     0  055 

Open     Hearth    Steel 0.09     0.40     0  080     0.070     0.006     0  014 

The  bottle  (2  !  <  liters)  was  completely  filled  with  saturated 
barium  hydrate  solution,  recently  boiled  and  filtered. 

The  large  rubber  stopper  carrying  the  four  condensing  tubes, 
(with  samples  attached),  syphon,  and  purifying  train,  was  fitted 
tightly  and  bolted  down  securely  by  means  of  clamp  C3.  No 
air  bubbles  were  visible  in  the  apparatus.  The  bottle  was  placed 
in  a  cold  water  bath  and  heat  applied.  C2  was  closed,  and  Ci 
opened.  The  expanding  solution  filled  the  tube  connecting 
the  bottle  and  purifying  train.  Thus  all  air  was  expelled, 
and  the  necessity  of  removing  carbon  dioxide  from  the  apparatus 
by  mere  shaking,  avoided. 

Ci  was  then  closed.  C2  was  then  opened  to  allow  the  ex- 
panding solution  to  fill  the  syphon.  The  solution  was  then 
syphoned  off  by  opening  Ci  just  enough  to  allow  the  incoming 
air  to  bubble  through  the  purifying  train  at  the  rate  of  four  or 
five  bubbles  per  second.  When  syphoned  to  the  level  indicated 
in  Fig.  1,  the  elamp  C2,  on  syphon,  was  tightly  closed.  Ci 
was  left  slightly  open  to  avoid  undue  pressure  or  rarity  of  the 
air  in  the  apparatus.  The  rubber  stopper  and  all  connections 
were  well  paraffined. 

The  water  in  the  bath  began  to  boil  and  cold  water  was 
made  to  circulate  through  the  glass  tubes  and  samples.  Water 
immediately  began  dripping  from  the  samples. 

The  experiment  was  continued  thirty-five  days.  The  water 
in  the  bath  was  boiling  every  minute  during  the  whole  period. 
Likewise,  cold  water  was  circulating  rapidly  through  the  con- 
densing system.  The  temperature  of  the  ingoing  water  was  4 
to  50  C.  The  temperature  of  the  water  leaving  the  system 
varied  from  io°  to  15°  C.  At  no  time  did  it  exceed  15°.  From 
this  the  temperature  of  the  metal  samples  was  presumed 
to  be  about  8°  to  120  C.  The  temperature  of  the  pure  con- 
1  Made  by  Newport  Rolling  Mill  Co. 


densed  watci  vapoi  on  then 
surfaces  was  probably  but  slightly 
higher.  These  conditions  were 
maintained  every  minute  during 
the  thirty  five  days. 

Observations:  At  the 
"I  thirty-live  days  no!  I 
slightest  spot  of  rust  or  djj 
coloration  of  any  kind  wa 
visible  on  cither  the  pure  in, 
or  the  steel.  Under  1 1 
pics  a  ring  of  rust  was  form* 
by  contact  with  the  rut, be 
stopper.  This,  ol 
must   be  disregarded. 

The  surface  area  of  1 1 
and  tour  sides  of  each  sample 
was  7  sq.  in.  It  is  remark- 
able to  think  that  r4  sq.  in 
of  iron  and  steel  can  be  ex- 
posed for  thirty-five  d; 
pure  air  and  water  com- 
bined without  developing  the 
slightest  sign  of  a  rust  spot. 

Conclusion: — This  proves 
that  iron  or  steel  will 
not  rust  in  pure  air  and  water  combined,  provided 
the  temperature  of  the  metal  does  not  exceed  15°  C, 
and  provided  the  temperature  of  the  pure  water  con- 
densing on  its  surface  does  not  much  exceed  150; 
provided,  also,  that  the  pure  water  which  condenses 
on  their  surfaces  is  being  constantly  renewed.  Be- 
yond this,  the  experiment  proves  nothing.  It  simply 
indicates  that  pure  iron  or  steel  will  not  rust  in  pun 
air  and  water  combined. 

Exp.  No.  i,     Part  2. 

At  the  end  of  thirty-five  days  the  source  of  heat  was  removed 
and  the  apparatus  taken  out  of  the  water  bath.  The  circula- 
tion of  the  cold  condensing  water  was  continued  until  the  barium 
hydrate  solution  had  reached  room  temperature.  The  con 
densing  system  was  then  shut  off.  In  a  few  hours  the  entire 
apparatus  had  reached  room  temperature,  about  22  °  C.  The 
metal  samples  were  left  covered  with  pure  water,  the  flat  tops 
completely,  the  sides  with  irregularly  distributed  patches  or 
globules.  This  same  water  was  destined  to  remain  on  the  iron 
and  steel  until  removed  by  natural  evaporation  at  room  tempera- 
ture. 

What  was  the  effect  of  allowing  the  same  water  (at  22°)  to 
remain  on  the  metal  (at  22?)  for  a  protracted  period?  New 
conditions  had  been  created  in  the  apparatus. 

Observations: — In  fifteen  hours  the  steel  had  de- 
veloped thirty-three  distinct  rust  spots  and  all  of  these 
spots  were  on  areas  covered  with  the  pure  water . 
The  pure  open  hearth  iron  was  still  spotless.  After 
twenty-four  hours  contact  with  the  same  water  at  2: 
the  steel  contained  about  50  spots;  the  iron  was  still 
rustless. 

At  the  end  of  seventy-two  hours  the  water  had 
entirely  evaporated  from  the  sides  of  both  metals. 
The  tops  were  still  covered  with  a  thin  layer  of  water 
A  few  new  spots  had  developed  on  the  steel,  but  m 
rust  had  yet  appeared  on  the  iron. 

At  the  end  of  eighty  hours  the  water  had  cvaporatec 
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entirely  from  the  tops.  Two  large  glaring  spots  of 
rust  had  developed  on  the  top  of  the  iron  within  the  last 
eight  hours.  More-  than  seventy-two  hours  contact 
with  the  same  water  at  22 °  was  necessary  to  produce 
rust  on  the  pure  open  hearth  iron.  Less  than  fifteen 
hours  contact  with  the  same  water  produced  rust  on 
the  steel. 

Conclusions: — Iron  or  steel  will  rust  in  pure  water 
and  air  combined  if  it  is  given  a  chance.  The  two 
most  important  factors  which  influence  the  develop- 
ment of  rust  are: 

First,  the  temperature  of  the  metal  and  of  the  pure 
water  on  its  surface;  second,  the  rate  at  which  the  pure 
water  is  renewed,  changed,  on  the  surface  of  the  metal. 
Exp.  No.  2,  Part  i. 
The  same  samples  were  repolished  and  Exp.  No.  1  repeated) 
except  that  the  apparatus  was  kept  in  boiling  water  for  six 
days  instead  of  thirty-five. 

Again,  not  the  slightest  sign  of  a  rust  spot  developed  on  either 
sampio. 

Exp.  No.  2,  Part  2. 
Apparatus  cooled  to  room  temperature  as  before.  Rust  de- 
veloper! in  almost  the  same  lin.e  on  both  the  iron  and  steel, 
the  iron  requiring  ninety  hours  contact  with  the  same  water, 
the  steel  about  sixteen  hours.  The  location  of  the  rust  spots 
does  not  seem  to  be  determined  entirely  by  impurities  in  the 
metal,  but  also  by  the  distribution  of  the  water  patches  on  the 
surface. 
This  experiment  confirmed  Exp.  No.  1  in  every  detail. 

Exp.  No.  3. 

Same  samples  used.  2-N  potassium  hydrate  substituted 
for  barium  hydroxide.     Condensation  period,  six  days. 

This  experiment  confirmed  Nos.  1  and  2,  and  further  showed 
that  either  potassium  hydrate  or  barium  hydrate  may  be  used 
with  equal  effect. 

Exp.  No.  4,  Part  i. 

Same  samples  used.  Solution,  saturated  barium  hydroxide. 
Condensation  period,  six  days. 

Both  metals,  as  usual,  were  spotless  at  the  end  of  six  days. 
Exp.  No.  4,     Part  2. 

The  flow  of  cold  water  through  the  condensing  tubes  was 
almost  checked.  The  apparatus  was  kept  in  the  boiling  water 
bath.  The  slowly  dropping  water  leaving  the  system  showed 
a  temperature  of  55  °  C.  From  this  I  assumed  that  the  tem- 
perature of  the  metal  samples  and  of  the  pure  water  on  their 
surfaces  was  about  55-60 °  C. 

Under  these  conditions  the  condensation  of  water  on  the  sam- 
ples was  almost  stopped.  Thus  new  conditions  were  created 
in  the  experiment.  The  metal  samples  were  suspended  in  a 
hot  atmosphere  of  air  and  water  vapor,  while  the  temperature 
of  the  metals  themselves  was' about  55  °  C.  and  the  temperature 
of  the  almost  stagnant  pure  water  on  their  surfaces  was  about 
55°  C. 

Observations: — In  one  and  one-quarter  hours  rust 
began  developing  on  the  top  and  sides  of  the  steel. 
It  developed  so  rapidly  that  it  could  be  easily  observed. 
Small  clouds  of  insoluble  matter  came  up  from  the 
metal  and  could  be  seen  floating  through  the  water. 
It  had  a  faint  greenish  color.  Presumably  it  was 
i  ferrous  hydrate. 

In  two  hours  the  pure  iron  began  to  develop  rust. 
This,  too,  rusted  so  rapidly  that  it  could  be  observed. 

In  a  few  hours  the  tops  of  the  samples  were  covered 
with  rust,  and  the  sides  were  badly  spotted. 


Conclusion: — This  experiment  clearly  demonstrates 
that  pure  open  hearth  iron  and  steel  will  rust,  and 
rust  badly,  in  pure  water  and  air  combined,  provided 
the  temperature  of  the  metal  and  water  on  its  surface 
is  sufficiently  high. 

This,  and  all  preceding  experiments,  further  prove 
that  rust  develops  much  faster  on  steel  (impure  iron) 
than    on    pure    open    hearth    iron.     This    is    in    strict 
accordance  with  the  electrolytic  theory. 
Exp.  No.  5,  Part  i. 

Samples,  same.  Solution,  barium  hydrate;  condensation 
period,  ten  days. 

No  sign  of  rust  at  close  of  ten  days. 

Exp.  No.  5,  Part  2. 

In  Part  2,  Exp.  No.  4,  the  condensing  water  was  only  par- 
tially checked.  In  this  experiment  the  condensing  system 
was  shut  off  entirely,  the  apparatus  being  kept  in  the  boiling 
water.  Accordingly,  the  temperature  of  the  metals  and  pure 
water  on  their  surfaces  would  be  higher  than  in  Exp.  No.  4. 
From  this  increase  in  temperature  should  result  an  increased 
rate  of  corrosion.     Such  was  the  case. 

In  25  minutes  the  top  of  the  steel  was  badly  rusted  and  the 
sides  considerably  spotted. 

In  50  minutes  the  iron  was  badly  rusted. 

This  further  demonstrated  the  influence  of  temperature  and 
of  stagnant  water. 

Exp.  No.  6,  Part  i. 

Different  samples  used. 

Analyses. 


C.         M.         S.  P.  Si.  O. 
Genuine     Open     Hearth 

Iron 0.01  0.040  0.026  0.004  0.003  0.056 

Mild  Open  Hearth  Steel.  .     0.12  0.38     0.040  0.076  0.007  0.009 

Solution,     barium     hydrate.     Condensation     period,     twelve 
days.     At  the  close  of  twelve  days  not  the  faintest  suggestion 
of  a  rust  spot  was  visible  on  either  sample. 
Exp.  No.  6,  Part  2. 

After  twelve  days  the  source  of  heat  was  removed  as  in  Exp. 
No.  1,  Part  2. 

The  steel  developed  twenty-four  rust  spots  in  twenty  hours. 
In  ninety  hours,  over  forty  spots  were  visible. 

The  iron  developed  only  three  spots  on  top  after  ninety  hours. 

This  rust  development  took  place  at  room  temperature 
(about  220)  while  the  same  water  remained  on  the  metal  until 
removed  by  natural  evaporation. 

Exp.  No.  7. 

Sample  same  as  Exp.  No.  6. 

Solution,  potassium  hydrate. 

Condensation  period,  six  days. 

No  sign  of  rust,  as  usual. 

Exp.  No.  7,  Part  2. 

Exp.  No.  5,  Part  2,  repeated  to  confirm  results  on  different 
metals. 

The  steel  began  to  develop  rust  in  35  minutes;  the  iron  in 
one  hour.     In  one  and  one-half  hours  both  were  badly  rusted. 
Exp.  No.  8. 

Other  samples  used. 

Analyses. 


C.  M.         S.           P.  Si.             O. 
Genuine     Open     Hearth 

Iron 0.01  0.03  0.027  0.003  0.003  0.061 

Acid  Open  Hearth  Steel .  .      0.15  1.15  0.055  0.105  0.009  0.010 

Solution,  potassium  hydrate. 

Condensation  period,  ten  days. 

At  the  close  of  ten  days  not  the  slightest  suggestion  of  rust 
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appeared  <>n  either  sample,  in  this  connection  it  is  interesting 
t,.  note  the  high  percentage  of  impurities  (especially  the  man- 
ganese) in  the  steel. 

l'\i'.  No.  8,  Part  2. 

Cooled  to  room  temperature  as  in  Exp.  No.  1,  Part  2. 

In  eight  hums  the  steel  was  covered  with  rust  spots.  The 
inn.  as  usual,  required  about  ninety  hours  to  develop  a  few 
rust  spots. 

Aside  from  confirming  the  results  of  preceding  experiments, 
this  experiment  further  indicates  the  influence  of  impurities 
on  the  rate  of  rust  development.  As  we  should  expect,  from 
the  electrolytic  theory,  increased  impurities  greatly  increase 
the  rate  of  corrosion. 

Exp.  No.  9,  Part  i. 

Sample,  same  as  Exp.  No.  8. 

Solution,  barium  hydrate. 

Condensation  period,  ten  days. 

No  rust  developed,  as  usual. 

Exp.  No.  9,  Part  2. 

Condensing  system  entirely  stopped,  as  in  Exp.  No.  5,  Part  2. 

In  fifteen  minutes  the  top  of  the  steel  developed  rust. 

In  25  minutes  it  was  covered  with  rust.  The  sides  were  also 
badly  spotted. 

In  45  minutes  the  iron  began  to  develop  rust. 

In  one  and  one-half  hours  the  top  and  sides  were  badly  rusted. 
Exp.  No.  10,  Part  i. 

Sample,  same  as  Exp.  No.  1. 

Solution,  2-N  potassium  hydrate. 

Condensation  period,  six  days. 

No  sign  of  rust,  as  usual. 

Exp.  No.  10,    Part  2. 

Exp.  No.  1,  Part  1,  demonstrated  that  iron  or  steel  will  not 
rust,  while  the  temperature  of  the  metal  and  water  on  its  sur- 
face does  not  exceed  15°  C,  and  while  the  surface  water  is 
constantly  changing.  In  this  experiment  the  object  is  to  de- 
termine whether  iron  or  steel  will  rust  while  the  metal  and  sur- 
face water  remain  below  io°,  with  the  same  water  lodging  on 
the  metals. 

This  condition  was  created  in  the  bottle  by  removing  the  ap- 
paratus from  the  boiling  water,  and  continuing  the  flow  of 
cold  condensing  water  through  the  system.  In  a  few  hours 
the  potassium  hydrate  solution  had  reached  room  temperature. 
The  temperature  of  the  incoming  condensing  water  was  5°, 
the  outgoing  water  7  °.  Therefore  the  temperature  of  the  metals 
and  of  the  water  on  their  surfaces  was  about  6°.  This  condi- 
tion was  maintained  for  thirty  days.  At  the  end  of  this  period  • 
not  the  slightest  indication  of  rust  was  visible. 

This  experiment  further  shows  the  great  influence  of  tempera- 
ture on  the  development  of  rust  in  pure  water  and  pure  air 
combined.  It  demonstrates  that  pure  open  hearth  iron  or 
ordinary  mild  steel  will  not  rust  in  pure  water  and  air  com- 
bined, provided  the  temperature  of  the  metal  and  water  is  con- 
stantly below  70  C.  This  has  been  demonstrated  in  Part  1 
of  each  experiment,  but  this  experiment  further  shows  that  the 
same  -water  remaining  on  the  metal  has  little  effect  if  the  tempera- 
ture remains  sufficiently  low. 

Exp.  No.  10,  Part  3. 

After  thirty  days  the  cold  samples  were  still  covered  with 
water.  The  condensing  system  was  stopped  and  heat  applied 
to  the  water  bath  until  the  water  had  reached  60  °  C. 

In  two  hours  after  the  water  had  reached  60  °  the  steel  was 
spotted  with  rust. 

In  four  hours  the  steel  was  badly  rusted. 

The  pure  open  hearth  iron  was  still  spotless. 
The  temperature  was  increased  to  8o°.     In  thirty  minutes 
the  iron  began  to  rust.     One  hour  later  the  top  was  covered 
with  rust  and  the  sides  badly  spotted. 


.Starting  from  a  low  temperature  (6°),  as  in  this  experiment 
and  gradually  raising  the  temperature  is  art  excellent  means  of 
determining    the    temperature    necessary    to    produce    rust.     It 
also    indirectly   shows   the   solution   pressure   of   the  metals  at 
different  temperatures.     And  in  this  way  I  believe  we  1 
in  a  most  reliable  way  the  ability  of  a  metal  to  resist  1  < 
in  service.     There  can  be  no  doubt  that  metals  ol  high  solution 
pressure   will   rust   much    faster    than   metals   of    low    p 
By  this  experiment  we  can  compare  these  pressures,  indirectly, 

The  carrying  out  of  the  experiment,  however,  is  not  extremely 
simple.  It  requires  great  care  and  in  the  hands  of  a  careleH 
operator  it  might  become  misleading. 

I  must  call  attention  to  the  way  in  which  rust  de- 
veloped in  these  experiments  at  higher  temperatures. 
At  these  temperatures  rust  developed  so  rapidly  that 
observations  could  be  made  at  different  stages. 

When  rust  began  to  develop,  the  metal,  over  a  small 
area,  assumed  a  light  grayish  color.  This  gradually 
gave  way  to  green,  which  increased  in  intensity  for 
a  few  minutes,  then  gradually  changed  to  yellow  or 
rust  color. 

These  observations  strongly  indicate  that  ru.iting, 
in  a  pure  electrolyte  (water  free  from  acids,  bases, 
etc.)  is  due  to  causes  which  have  been  properly  ex- 
plained as  follows: 

Pure  water  is  dissociated  to  a  certain  extent.  It 
contains    dissociated    hydrogen    and    hydroxyl    ions. 

For  the  present  purpose  let  H  represent  the  hydrogen 

ion,  OH  the  hydroxyl  ion,  Fe  the  iron  ion,  etc.,  and 
H,  OH  and  Fe  represent  the  atomic  state  of  the 
element.  At  the  anodic  points  iron  passes  into 
solution, 

Fe  =  Fe,  and 
at  cathodic  point  hydrogen  is  liberated; 

H  =  H 
Iron  and  hydroxyl  ions  then  unite  chemically,  to  form 
ferrous  hydroxide; 

Fe  +  2OH  =  Fe(OH)2 
Ferrous  hydroxide  then  reacts  with  water  and  dissolved 
oxygen, 

2Fe(OH)2  +  O  +  H20  =  2Fe(OH)3, 
which  is  immediately  converted  to  the  hydrated  oxide, 
2Fe(OH)3  =  Fe203(3H20). 
Iron  Dissolves  in  Pure  Water  and  Oxygen, — If,  ac- 
cording to  the  electrolytic  theory,  iron  passes  into 
solution  in  pure  water,  a  highly  polished  surface  should 
be  "etched"  in  spots  during  corrosion  and  it  should 
reveal  the  structure  of  the  metal  somewhat  as  by 
etching  with  dilute  acids  or  other  reagents.  We 
know  that  iron  passes  into  solution  when  in  contact 
with  acids.  We  know  that  structure  is  developed 
on  highly  polished  surfaces  because  the  metal  dissolves 
more  rapidly  along  the  boundary  lines  of  the  grains. 
Therefore,  if  iron  passes  into  solution  in  pure  water 
the  surface  will  be  etched  and  structure  developed. 
Pure  water  will  thus  act  as  an  exceedingly  dilute  acid. 
Microscopic  examination  of  both  the  pure  iron  and 
steel  after  each  of  my  experiments  invariably  showed 
the  true  structure  of  the  metal  in  many  places.  Most 
of  the  surface,  of  course,  was  covered  with  rust  and 
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the  structure  obscured,  but  large  spots  of  rust  invaria- 
bly showed  the  structure  of  the  metal  in  many  places. 

Fig.  2  shows  the  surface  of  the  iron  before  using  in 
Exp.  No.  10.  Fig.  3  shows  the  ferrite  structure 
which  was  developed  in  several  places  in  the  large 
spot  of  rust  on  top  of  the  sample.  The  grains  are 
large.  A  portion  of  the  metal  which  was  free  from 
rust  was  later  etched  with  dilute  nitric  acid  and  the 
same  structure  appeared.  Fig.  4  shows  the  steel 
before  Exp.  No.  10;  Fig.  5,  the  structure  in  places 
after  corrosion.  The  ferrite  grains  are  small  and 
mingled  with  pearlite,  which  accounts  for  the  structure 
not  being  as  well  defined  as  it  is  in  the  case  of  pure 
iron.  The  small  dark  areas  are  pearlite;  some  of  them 
show  lamellar  structures  under  higher  powers.  It 
will  be  observed  that  the  0000  emery  scratches  have 
been  almost  entirely  eroded. 

This  proves  conclusively  that  iron  is  soluble  in  pure 
water,  free  from  all  traces  of  acids  and  containing  only 
dissolved  air.  It  further  confirms  the  electrolytic 
theory  since  the  structure  of  the  metal  is  developed 
only  in  spots — anodic  points  where  iron  passes  into 
solution. 


Fig.  2   X   120. 

Friend  observed  that  spots  of  rust  formed  "here  and 
there"  on  the  surface  of  his  metal  but  disregarded  it 
as  meaningless  and  as  having  no  effect  on  the  general 
conclusions.  These  spots,  however,  had  great  sig- 
nificance. 

In  every  one  of  my  experiments,  Part  i,  six  different 
kinds  of  iron  and  steel  were  exposed  from  six  to  thirty- 


FiG.  4    X   120. 

five  days,  and  not  the  slightest  spot  of  rust  developed, 
not  one  minute  spot  on  42  sq.  in.  of  metal.  Compare 
this  with  Friend's  "here  and  there"  spots.  Why  did 
not  a  single  spot  develop  in  all  my  experiments? 
Simply  because,  in  Part  1  of  each,  the  temperature 
of  the  metals  and  pure  water  on  their  surfaces  was 
kept    below    a   certain    fixed    point    (150  C).     As~the 


Fig.  3    X   120. 


Fig.  5   X  120. 

temperature  of  metal  and  water  gradually  increases 
a  point  is  reached  where  "here  and  there"  spots  are 
developed.  Was  this  due  to  impurities  in  the  metal 
at  these  points?  Yes,  partially.  But  it  was  probably 
due  mostly  to  the  increase  in  solution  pressure  of  the 
iron  at  these  points,  resulting  from  increased  tempera- 
ture. The  surface  of  each  metal  contained  points  of 
lowest  and  points  of  highest  solution  pressure,  and 
other  points  between  these  extremes.  Now,  with 
increasing  temperature,  the  points  of  highest  solution 
pressure  developed  rust  first  while  the  points  of  lowest 
pressure  were  slowest  to  rust.  Along  this  line  of 
reasoning,  increasing  temperature  should  result  in  an 
increased  number  of  rust  spots  on  the  metal.  My 
experiments  bore  this  out  completely.  Friend  gives 
us  no  information  about  conditions  in  his  experiment, 
but,  from  my  experiments  I  am  convinced  that  his 
"here  and  there"  spots  were  formed  because  the  tem- 
perature was  higher  than  in  Part  i  of  my  experiments, 
or  because  his  samples  were  so  impure  that  the  solu- 
tion pressure  at  places  caused  rust  to  develop  even  at 
low  tempe'ratures. 
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While  temperature  has  great  influence  on  the  de- 
velopment "i  rust  in  these  experiments  there  are  other 
influences  which  affect  the  results. 

purity  of  the  metal  determines  to  a  great 
extent  the  rate  and  amount  of  corrosion.  This  is 
definitely  indicated  in  my  experiments.  Of  the  im- 
purities in  steel,  manganese  seems  to  have  the  greatest 
influence  on  the  rate  of  corrosion.  My  experiments 
are  not  exhaustive  enough  to  warrant  any  sweeping 
conclusions  regarding  the  influence  of  manganese,  but 
as  far  as  they  go  they  strongly  indicate  that  this  ele- 
ment is  an  accelerator  of  corrosion.  This  is  by  no 
means  new.  For  years,  metallurgists  and  other 
scientists  have  held  the  opinion  that  manganese  is 
the  chief  instigator  of  corrosion.  Of  this,  however, 
there  can  be  no  doubt:  The  purer  the  iron  the  more  it 
will  resist  corrosion.  I  believe  I  am  justified  in  drawing 
this  conclusion  from  my  experiments.  Indeed  it 
follows  directly  from  the  electrolytic  theory  of  cor- 
rosion, and  the  great  majority  of  scientists  hold  this 
opinion. 

Friend's  apparatus  is  an  ingenious  device  for  investi- 
gating the  corrosion  of  iron  and  steel  in  a  pure  elec- 
trolyte, e.  g.,  water  containing  only  dissolved  air,  free 
from  all  traces  of  acids  or  bases.  Since  corrosion  in 
a  pure  electrolyte  is  very  probably  the  true  starting 
point,  much  can  be  learned  by  using  this  apparatus. 
The  conditions  of  the  experiment  are  ideal  since  only 
the  three  substances  concerned — iron,  air  and  water — 
are  brought  in  contact;  no  soluble  matter  coming 
from  glass  vitiates  the  experiment. 

No  theory  ever  advanced  to  explain  the  corrosion 
of  iron  has  been  so  satisfactory  as  the  "electrolytic" 
theory,  announced  by  Dr.  Whitney,  and  so  ably 
championed  by  Drs.  Walker  and  Cushman.  Practi- 
cally all  known  facts  connected  with  corrosion  are 
explained  in  the  light  of  this  theory.  The  "acid" 
theory  explains  many  phenomena  of  corrosion,  but 
it  is  narrow  in  its  application  and,  after  all,  is  only 
a  special  case  under  the  general  electrolytic  theory. 
When  carbonic  acid  enters  the  pure  water  electrolyte, 
it  greatly  increases  the  number  of  hydrogen  ions,  and, 
in  addition,  pollutes  the  electrolyte  with  CO,  ions. 
The  solution  pressure  of  the  metal  is  thus  greatly 
ncreased  and  corrosion  is  accelerated. 

Acids  are  only  accelerators  of  corrosion.  They 
are  not  the  cause.  The  true  starting  point  of  cor- 
rosion is  the  solubility  of  iron  in  pure  water,  its  elec- 
trolytic solution  pressure.  This  property  was  given 
iron  by  nature,  and  with  all  our  controversy  we  cannot 
take  away  that  which  nature  gave. 

GENERAL    CONCLUSIONS. 

i.  Part  i  of  each  experiment  confirms  Friend's 
statement  that  iron  or  steel  will  not  rust  in  pure  water 
and  air  combined.  The  failure  of  the  metals  to  rust, 
however,  was  entirely  due  to  temperature  conditions  and 
to  rapidly  changing  pure  water. 

2.  Expts.  No.  i,  2,  3,  6  and  8,  Part  2,  prove  con- 
clusively that  pure  iron  or  steel  will  rust  in  pure  water 
and  air  combined,  provided  the  temperature  of  the 
metal  and  pure  water  is  not  below  22°  C,  and  pro- 


vided  the  same  water  remains  for  a  sufficient  time  on 
the  in.  ill 

3.  Fxp.  No.  4,  Part  2,  proves  that  rust  is  di 
rapidly   if   the   temperature   of   the    metals  and   pure 
water  is  about  55 °  C. 

4.  Expts.  Nos.  5,  7  and  9,  Part  2,  prove  that  still 
further  increase  in  temperature  results  in  a  decided 
increase  in  the  rate  of  corrosion. 

5.  Exp.    No.    10,    Part    2,    demonstrates    that    tl 
same  pure  water  may  remain  on  the  metal  for  an  in- 
definite period,   and  no  rusting  takes  place,  provided 
the  temperature  of  water  and  metal  is  sufficiently  low. 

6.  With    my    modification    of    Friend's    apparatus, 
equally    good    results    are    obtained    by    using   either 
barium  hydroxide,  or  potassium  hydroxide.     Ban 
hydroxide  is  to  be  preferred  since  it  is  not  as  liable 
to  render  the  metal  passive. 

7.  In  general,  pure  iron  or  steel  will  rust  in  pure 
water  and  air  combined,  free  from  all  traces  of  acids. 
The  amount  of  rust  produced  is  a  function  of  the 
temperature  and  of  the  purity  of  the  iron. 

8.  The  "acid"  theory  of  corrosion  is  untenable. 

9.  All  phenomena  observed  in  these  experiments 
are  in  perfect  harmony  with  the  electrolytic  theory. 

10.  The  electrolytic  theory  of  corrosion  is  further 
confirmed  by  these  experiments. 


THE  RELATIVE  CORROSION  OF  IRON  AND  STEEL  PIPE  AS 
FOUND  IN  SERVICE.1 

By  William  H.  Walker. 
Received  February  5,  1912. 

There  are  few  subjects  relating  to  the  corrosion  of 
metals  which  have  received  so  much  attention,  or 
around  which  there  has  centered  so  spirited  a  dis- 
cussion, as  the  relative  merits  of  iron  (meaning  thereby 
wrought  iron)  and  steel.  The  fact  that  this  matter 
is  one  still  receiving  attention,  notwithstanding  the 
great  volume  of  accumulated  and  available  literature, 
is  due  to  a  number  of  causes,  among  which  may  be 
mentioned:  First,  that  although  the  words  "iron" 
and  "steel"  carry  with  them  a  definite  idea  as  to  general 
methods  of  manufacture  and  some  of  the  more  easily 
discernible  properties,  they  convey  no  idea  as  to  stand- 
ards of  value.  It  is  possible  to  make  very  poor 
iron  and  very  good  steel,  and  it  is  just  as  possible  to 
make  the  reverse.  Hence  when  an  investigator 
compared  the  corrosion-  of  a  poor  iron  with  a  good 
steel,  he  obtained  results  which  favored  steel;  when 
the  material  under  study  was  the  reverse,  iron  was 
shown  to  be  the  more  resistant  metal.  Second, 
there  is  a  woful  lack  of  uniformity  of  conditions 
obtaining  in  many,  if  not  most  of  the  experiments 
which  have  been  carried  on  for  the  purpose  of  com- 
paring resistance  to  corrosion.  Some  specimens  were 
large,  some  small;  some  cleaned  of  scale,  others  not; 
some  immersed  in  deep  water,  others  in  shallow  water; 
etc.,  etc.  The  corrosion  of  iron  is  so  sensitive  to  chang- 
ing conditions  of  surface,  oxygen  concentration,  salts 
in  solution,  and  the  like,  that  only  when  the  most 
careful  preparation  is  made  to  maintain  all  conditions 

1  Abstract  of  a  paper  read   before  the   New   England   Water  Works 
Association,  Dec.  13,  1911. 
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constant,    is   a   comparative   test   of   value.     We   will  and  rust  were  removed  without  dissolving  any  of  the 

not  discuss  these  conditions  here,   but  take  pleasure  iron.     An  estimation  of  the  extent  of  corrosion  was 

'in  referring  the  reader  to  that  most  excellent  book  made  by  measuring  with  a  micrometer  gauge  the  ten 

on  "The  Corrosion  of  Iron"  by  Dr.  J.  Newton  Friend,1  deepest   pits   per   unit   distance  of  length.     I  give  the 

where   a   complete   treatment   of   the   general   subject  measurement    of   those    samples    of  pipe   which   were 

will  be  found.     Third,  many  times  opinions  are  formed  rusted  to  practical  destruction,  that  is,  where  either  the 

and  expressed  by  the  casual  observer  which  fail   to  iron  or  the  steel  showed  pits  over  one  tenth  of  an  inch 

take    into    consideration    not    only    the    fundamental  in  depth, 

conditions    necessary    to  accurate  comparative    work,  Depth  of  pitting. 

but   also    le|S    Obvious    conditions    which    make    a    COm-  '    Mean  of  ten        Deepest      Least  of  ten 

parison     unreliable.     For    example,     a     person     may  deepest  pits.         pit.       deepest  pits, 

notice   the   rapid   rusting   of   a   cheap   grade   of   steel  SamPle  number.                      inches.         inches.         inches. 

,.,,,..,,,           ,    ,       .  W-10— Iron               0.102       0.134       0.085 

wire  fencing  which  had  originally  but  a  wash  ot  zinc  w-ii— steel                          0.075            0.095            0.067 

as    a    substitute    for    galvanizing,    and    thus    become  w-22— iron                           0.114            0.I60            0.068 

suspicious  of  the  durability  of  all  steel.     Or  he  may  w-23— steel                          0.075            0.107            0.042 

notice  holes  in  a  metal  roof  put  up  in  place  of  a  material  w-24— iron                          0.139            0.168            0.109 

r       ,      ,                   ,.            i(            „  W-25— Steel                                     0.140                0.204                 0.076 

known  to  have  lasted  a  much  longer  time  than  the 

°                      .  X-15 — Iron                                      0.077                 0.101                 0.069 

new   roof.     He   concludes    that   the   latter   is    of    less  x-16— steel                          0.040            0.047            0.034 

value  without  having  any  knowledge  of  the  change  x-29— iron                           0.042           0.060            0.030 

of  conditions  in  the  locality,  class  of  metal  and  the  x-30— steel                          0.066            0.103            0.042 

thickness  of  the  new  roof,  nature  and  thickness  of  the  ^l^1/0"                           °077            °'l"            °™ 

X-50— Steel  0.071  0.122  0.040 

galvanizing  or  other  protective  coating  and  so  forth.  x  57— iron                           0038            0110            0012 

Owing    to    the    proverbial    conservatism    of     New  x-58— steel                          0.026           0.053            0.012 

England    the    introduction    of    steel    pipe    has    been  x-69— iron                           0.113            0.159            0.032 

,                 .         .,   .                 ..               .«             .            .,                                c     n  X-70— Steel                                     0.119                0.177                 0.095 

slower   in   this   terntorv   than   in   other  parts   or    the  „„„ 

^                         .  X-71— Iron                                      0.115                 0.169                 0.063 

country.     There  is  a  tendency  to  pronounce  any  pipe  x-72— steel                          0.075            o.i56            0.042 

which   withstands    corrosion    as  being   wrought    iron,  The  results  are  a  splendid  vindication,  also,  of  the  prin- 

while   the   fact   that   a   pipe    corrodes   easily    is    con-  ciple  that  if  oxygen  be  excluded  from  water,  no  corrosion 

sidered  by  many  proof  in  itself  that  it  is  steel.  will  take  place.      When  the  water  in  the  lines  examined 

To  determine  what  the  facts  actually  are  in  regard  was  stagnant,  as  in  fire  sprinkler  system  for  buildings, 

to  the  relative  life  of  service  pipes  which  have  been  or  in  lines  where  the  water  was  circulated  over  and 

in  constant   use   for  a   number   of   years   throughout  over  again  without  exposure  to  the  air,  as  in  some 

New   England,    an    investigation    was    undertaken    in  hot  water  heating  systems,    no   corrosion   was   to   be 

which  it  was  proposed   to   seek   out   instances  where  observed.     On  the  other  hand  where  fresh  water  was 

steel  and  iron  pipe  had  been  used  together  in  the  same  constantly  added  to  the   system,   and  heated  within 

system;  and  further,   where  the  two  kinds  of  metal  the   system,    corrosion   was   very   rapid   and   in   some 

were   separated   in   this   system   only   by   a   coupling,  cases  excessive. 

Any  influence  which  the  coupling  might  have  would  We  were  able  to  get  sixty-four  comparisons  of  iron 

be  present  equally  with  the  iron  and  with  the  steel,  and  steel  where   the   history  of   the   installation   was 

while  conditions  of  oxygen  concentration,  temperature,  known.     The  results  are  as  follows: 

pressure,   flow  of  water  or  steam,   etc.,   would  be  as  Comparison    where    iron    was    found    more    cor- 

nearly  identical  for  the  two  kinds  of  metal  as  it  is  roded  than  steel 20 

possible  to  obtain.     It   was   intended   also   to   collect  Comparison  where  steel  was  found  more  corroded 

in  this  way  material  of  known  resistance  or  tendency  than  iron 18 

to  corrosion,  in  order  to  further  test  the   applicability  Comparison    where    steel    and    iron   were   equally 

or  truthfulness  of  the  so-called  "acid  corrosion  test."  corroded 9 

While  the  majority  of  the  pipe  so  obtained  was   from      Comparison  where  corrosion  was  negligible 17 

hot  and  cold  water  feed  systems,  enough  were  selected  These  results  again  demonstrate  that  taken  on  the 

from   live   and   exhaust  .steam    lines,    hot   water   and  average  there  is  no  difference  in  the  corrosion  of  iron 

steam   heating   systems,  etc.,  to  make  the  conclusions  and  steel  pipe.     Conversations  held  with  the  engineers 

drawn  of  general  application.     The  investigation  was  in  charge  of  plants  during  this  investigation  confirm 

necessarily  tedious  in  that  each  pipe  had  to  be  examined  the  statement  already  made  that  a  pipe  is  frequently 

to  determine  whether  it  was  of  iron  or  steel,  and  many  called  steel  when  corrosion  is  found  to  be  excessive, 

instances   were    found    that    would    have    served    our  while  it  is  set  down  as  iron  if  it  rusts  but  little, 

purpose  well,  but  where  it  was  impossible  to  remove  In  order  to  get  some  measurement  of  the  influence 

the  pipes  from  the  system.     The  pipes  were  sent  to  °£  oxygen  in  the  water  of  the  modern  hot  water  supply 

the  laboratory  where  they  were  each   split   lengthwise  system  a  relatively  large  scale  experiment  was  carried 

into  two  halves  and  carefully  cleaned  from  scale  and  on  at  the  plant  of  the  Walworth  Mfg  Co.   in  South 

rust   by   soaking    in    an   ammonium    citrate    solution,  Boston.     Two  coils  made  up  from  pieces  taken  from 

with  an  occasional  brushing.     In  this  way  the  scale  the   same   length   of   pipe   were   each  fed   with  water 

1  "The  Corrosion  of  Iron  and  Steel,"  by  J.  Newton  Friend.    Longmans,  fr°m    the    same    SOUrce    at    the    same    temperature.        In 

Green  &  Co.,  New  York.  one  case  the  water  was  heated  to  85°  C.  in  an  open 
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tank,  while  in  the  other  the  water  was  heated  to  the 
same  temperature  in  a  closed  tank.  The  feed  water 
contained  on  the  average  5.85  cc.  of  oxygen  per  liter, 
and  passed  through  each  coil  at  the  rate  ol  one  hali 
gallon  per  minute.  Alter  running  1750  hours  the 
coil  fed  with  water  heated  in  an  open  tank  had  lost 
rams,  while  the  coil  ted  with  water  heated  in  a 
closed  tank  had  lost  155  grains.  In  neither  case 
was  the  oxygen  completely  removed;  if  the  water  in 
the  open  tank  had  been  gently  boiled,  corrosion  in 
the  coil  fed  with  this  water  would  have  been  entirely 
prevented. 

In  order  to  show  what  relation  may  exist  between 
the  so-called  acid  corrosion  test  and  the  real  corrosion 
as  found  in  service,  eleven  pairs  of  iron  and  steel  were 
selected  and  subjected  to  20  per  cent,  sulfuric  acid 
for  four  hours  at  room  temperature.  Four  pairs 
were  selected  in  which  the  steel  was  decidedly  better 
than  the  iron  in  service,  four  in  which  the  iron  had  . 
shown  decidedly  better  than  the  steel,  and  three  in 
which  there  was  no  difference  between  the  two  metals. 
In  six  instances  the  relative  corrosion  as  shown 
by  the  sulfuric  acid  test  corresponded  with  the  corrosion 
as  found  in  service.  In  five  instances  corrosion  as 
shown  by  the  acid  test  was  exactly  contrary'  to  that 
found  in  service.  Although  the  greatest  care  was  taken 
to  have  the  specimens  of  the  same  size,  cleaned  in 
the  same  way,  and  in  the  same  physical  condition, 
the  results  show  that  no  reliance  can  be  placed  in  this 
accelerated  acid  test,  but  that  it  may  be  entirely  er- 
roneous and  very  misleading.  Not  only  did  the  acid 
test  not  agree  with  service  test  when  steel  was  com- 
pared with  iron,  but  the  steels  failed  to  agree  among 
themselves,  and  the  irons  showed  no  agreement  when 
considered  by  themselves. 

I  wish  to  express  my  appreciation  of  the  work  of 
Messrs.  James  J.  Wilson  and  Francis  Worcester,  as- 
sistants in  the  laboratory,  without  whose  aid  this 
investigation   could   not  have  been  made. 
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DESCRIPTION  OF  THE  EXPLOSION  TEST  AT  THE  EXPERI- 
MENTAL MINE  OF  THE  UNITED  STATES  BUREAU  OF 
MINES,  FEBRUARY  24,   1912.1 
By  George  S.  Rice. 
Received  March  11,  1912. 

On  the  morning  of  the  24th  of  February,  191 2, 
there  was  conducted  at  the  Experimental  Mine,  near 
Bruceton,  Pa.,  the  14th  and  last  of  the  first  series  of 
such  explosion  tests. 

The  mine  consists  of  a  pair  of  entries  in  the  Pitts- 
burgh seam,  about  750  feet  long  from  the  outcrop 
opening  to  the  face.  These  entries  are  connected 
by  three  cross-cuts;  in  the  first  of  these  from  the  mine 
mouth,  was  a  reinforced  concrete  stopping,  the  be- 
havior of  which  in  the  explosion  was  one  of  the  points 
of  interest,  since  the  stopping  was  built  of  a  known 
strength,  100  to  150  pounds  to  the  square  inch.  The 
second  cross-cut  had  a  15-foot  sand  bag  stopping 
supported  by  a   timber   frame.     The    third    cross-cut 

1  Printed  by  permission  of  the  Director.  United  States  Bureau  of  Mines. 


was  allowed    to   remain   open    so   that   the    ventilating 
currents  could  pass  through  it.     The  fan  was  loi 
at  the  end  ol   an  external    120-foot  steel  galley  leading 
into    a     passageway    lined    with    reinforced    1 
which   in   turn   entered   the  air  course  of  the  pair  of 
entries  above  described.     The  fan  at  the  time  of  the 
explosion    acted    as    a    blowing-fan:    the    air   entering 
the  air  course  passed   to  the   last   cross-cut,    then    in 
the  main  entry,  thence  returning  on  the  main  en 
to  the  outside.     The  outer  200   feet   of   this  entry 
lined   with  reinforced   concrete.     For  recording  pn 
sures,  the  velocity  of  the  pressure  wave,  and  the  velocity 
of  the  flame  wave,  instruments  were  placed  at  stations 
100   feet   apart.     The  wiring  connecting  the  stations 
is    intricate,    there  being  34  separate    wires    in    the 
cable  which  led  from  the  face  of   the  mine    through 
the  different  stations  to  the  outside,   and  thence  to 
the  bomb-proof  observatory  which  contains  some  of  the 
recording    instruments.       This    is     also     the    control 
or   firing    station.      The   entries  or  passageways  are 
about  7  feet  high  and  8  to  9  feet  wide,  the  usual  di- 
mensions in  mines  in  the  Pittsburgh  bed. 

The  principal  object  was  to  determine  how  and  why 
coal  dust  explodes,  in  order  that  means  for  prevention 
and  limitation  might  be  suggested  from  the  experi- 
ments and  tried  out  subsequently.  For  the  purpose 
of  understanding  the  nature  of  coal  dust  explosions 
and  for  the  comparison  of  different  remedies,  instru- 
ments were  provided,  as  without  instruments  it  would 
not  be  known  whether  the  checking  or  prevention 
of  the  dust  explosion  was  a  matter  of  accident  or 
otherwise.  In  order  to  obtain  consistent  results, 
the  coal  dust  employed  in  the  tests  had  to  be  of  known 
kind  and  size  and  distributed  evenly.  To  accomplish 
such  distribution,  shelving  three  inches  wide  was 
placed  along  the  walls  with  the  coal  dust  on  these. 
In  the  test  of  February  24th,  one  pound  per  linear  foot 
of  entry  was  used  on  the  shelving  with  one  pound  per 
linear  foot  on  the  floor  of  the  entry.  In  the  previous 
public  demonstration  and  explosion  on  October  31, 
191 1,  one  pound  per  linear  foot  had  been  used  on 
shelves,  but  none  on  the  floor.  In  other  words,  ir 
the  explosion  of  February  24th,  double  the  quantity 
was  used. 

The  real  consideration  in  loading  was  the  amount 
per  cubic  foot  of  space,  since  a  limiting  influence 
in  any  explosion  is  the  quantity  of  oxygen  available 
for  the  combustion.  If  the  coal  dust  is  completely 
burned,  only  12/iooths  of  an  ounce  is  required  to 
use  up  all  the  oxygen  in  a  cubic  foot  of  air.  As  a 
matter  of  fact,  there  is  rarely  complete  combustion: 
usually  there  is  a  considerable  amount  of  fixed  carbon 
not  consumed.  The  gases  distilled  from  the  coal  at 
thus  chiefly  brought  into  play.  When  the  loading 
is  two  pounds  per  linear  foot  there  is  about  64/i°°ths 
of  an  ounce  of  dust  per  cubic  foot  of  air  or  five  time; 
that  which  is  theoretically  necessary  to  use  up  a 
of  the  oxygen. 

The  coal  dust  loading  in  the  main  entry  extended 
from  the  mouth  to  the  face.     The  loading  was  a 
continued  through  the  last  cross-cut  into  the  air  cour 
and  out  same  for  200  feet.     At  this  point  there  was 
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a  Taffanel  stone  dust  barrier,  consisting  of  a 
group  of  13  shelves  about  five  feet  apart  center  to  center, 
placed  across  the  passageway  about  five  feet  above 
the  track.  Each  shelf  consisted  of  two  one-inch 
boards,  10  inches  wide,  making  the  total  width  of  a 
shelf  20  inches,  on  which  finely  ground  stone  dust 
was  placed:  there  were  about  2*/2  cubic  feet,  or  about 
200  pounds,  of  stone  dust  on  each  shelf.  This  style 
of  barrier  has  been  particularly  developed  by  M. 
Taffanel  at  the  Li6vin,  France,  testing  station,  where, 
in  an  external  gallery,  it  has  proved  very  effectual  in 
arresting  coal  dust  explosions.  The  system  has  been 
generally  adopted  in  French  coal  mines. 

Beyond  the  barrier  of  stone  dust  there  were  50  feet 
more  of  coal  dust  loading.  Small  tufts  of  loose  gun- 
cotton  (loose  guncotton  is  inflammable  but  not 
explosive)  were  placed  at  intervals  throughout  the 
mine,  in  addition  to  the  flame  circuit  breakers  in  the 
main   entry,    to   determine   the   extent   of   the   flame. 

The  initiation  of  the  explosion  was  at  the  face 
of  the  main  entry,  by  a  single  blown-out  shot  of  three 
pounds  of  black  powder  stemmed  with  5  inches  of 
fire-clay.  In  order  to  insure  that  the  shot  would 
blow  out,  the  hole  was  cased  with  iI/2  inch  pipe. 
A  similar  hole  was  prepared  in  case  of  failure  of  the 
first,  but  was  not  fired.  The  shot  was  ignited  by  an 
electric  detonator  connected  through  the  cable  with 
the  observatory.  The  wires  of  the  flame  circuit 
breaker  were  placed  immediately  in  front  of  the  hole 
so  as  to  obtain  a  record  of  the  moment  the  flame  started 
from  the  cannon. 

EXPLOSION    AND    THE    RESULTS. 

After  the  party  of  mine  inspectors  and  others  in- 
terested in  mining  had  inspected  the  mine,  Mining 
Engineer  L.  M.  Jones  and  Mine  Foreman  Howarth 
connected  up  the  fire  lines,  no  one  else  being  in  the 
mine.  Then  having  spread  some  coal  dust  in  front 
of  the  holes,  they  came  out  of  the  mine.  A  locked 
switch  at  the  outside  and.  a  similar  locked  switch  in 
the  observatory  were  thrown  in  to  complete  the 
firing  line.  All  was  then  ready  for  pressing  the 
button.  The  visitors  having  assembled  at  vantage 
points  where  they  would  be  safe,  the  boiler  plant 
whistle  was  blown  and  three  minutes  afterward 
the  button  was  pressed.  Two  and  a  half  seconds  later, 
as  shown  by  the  records,  a  black  cloud  of  dust  shot 
out  of  the  main  entrance  accompanied  by  a  tongue 
of  flame  and  a  violent  detonation  occurred.  The  smoke 
from  the  entrance  increased  in  volume  for  a  few  seconds 
and  then  a  reverse  current,  caused  by  a  vacuum  in 
the  mine,  set  in  and  the  smoke  did  not  again  come 
out  for  a  number  of  minutes  after  the  ventilation  had 
been  reestablished  by  hanging  brattices  across  the  air 
course  and  over  the  conduit  openings.  The  flame  did 
not  issue  from  the  air  course  and  a  later  investigation 
of  the  tufts  of  guncotton  showed  that  it  had  not  come 
closer  than  60  to  75  feet  from  the  mouth.  It  seems 
probable  that  the  non-appearance  of  the  flame 
it  the  mouth  of  the  air  course  or  any  extreme  violence, 
*ras  due  in  part  at  least  to  the  Taffanel  stone  dust 
earner.  This  was  smashed  to  pieces,  as  would  be 
'xpected  in    opposing    so    violent    an    explosion,    but 


this  effect  is  what  was  desired  as  it  threw  into  the  ex- 
plosive wave  a  large  mass  of  finely  divided  dust  which 
was  intended  to  cool  the  flame.  From  the  point  where 
the  explosion  originated  in  the  face  of  the  main  entry 
through  the  last  cross-cut  and  through  the  barrier,  a 
distance  of  340  feet,  the  explosive  force  was  sufficient 
to  throw  down  the  upper  two  feet  of  the  sand-bag 
stopping  in  the  second  cross-cut.  The  flame  pene- 
trated through  the  barrier.  In  spite  of  the  con- 
siderable violence  shown  at  the  barrier,  there 
was  practically  no  violence  shown  beyond  it.  It 
may  be  well  to  state  here  that  some  previous  tests 
were  made  in  which  the  barrier  was  closer  to  the  origin 
of  the  explosion  and  in  these  cases  the  flame  was 
always  extinguished  while  passing  through  the  barrier. 

THE    EFFECTS  OF  THE  EXPLOSION    IN    THE    MAIN    ENTRY. 

The  shot  which  caused  the  ignition  had  blown  out 
a  small  crater  in  the  coal  in  spite  of  the  pipe  linings 
which  had  been  broken  open;  except  within  a  few 
feet  of  the  shot  there  was  little  violence  for  a  con- 
siderable distance,  but  there  was  much  evidence 
of  flame  in  the  last  cross-cut.  At  the  second  cross- 
cut in  which  there  was  the  second  sand-bag  stopping, 
the  upper  two  feet  were  thrown  down,  the  first  part 
of  the  bags  towards  the  air  course,  and  the  upper  part 
toward  the  main  entry.  Probably  the  first  effect 
was  from  the  explosion  in  the  main  entry  and  the 
second  was  due  to  the  explosive  wave  in  the  air  course, 
which,  with  the  added  length  of  the  last  cross-cut, 
had  a  longer  distance  to  travel.  Beyond  the  middle 
cross-cut,  the  shelving,  made  of  3  X  4  inch  hard- 
wood timber,  in  many  places  was  displaced  and  in 
some  places  broken.  The  track  ballast  in  some 
places  was  lifted,  evidently  by  the  depressive 
wave,  or  vacuum,  following  the  explosive  wave. 
The  violence  increased  in  going  out,  in  the  neighbor- 
hood of  station  150,  the  concrete  arches  having 
been  lifted  in  several  places,  breaking  the  face  of  the 
concrete  and  exposing  the  arched  iron  reinforcement 
(3/4-inch  square  rods).  At  this  station  the  manom- 
eter indicated  a  pressure  of  over  no  pounds  per 
square  inch — this  pressure  being  measured  at  right 
angles  to  the  explosive  waves  would  therefore  be 
considered  static  pressure.  The  pressure  at  the  station 
fifty  feet  from  the  mouth  was  less  than  that  at  station 
150.  Outside  the  mine  the  gates  were  recessed  behind 
concrete  buttresses  and  these  were  carried  bodily 
away.  Fifty  feet  outside  the  entrance  there  had  been 
an  empty  car.  This  was  thrown  to  the  opposite  side 
of  the  ravine,  a  distance  of  200  feet. 

The  pressure  circuit  breakers  and  the  flame  circuit 
breakers  indicated  that  the  explosion  traveled  quite 
slowly  at  first  but  rapidly  increased  in  velocity  going 
outward,  showing  a  speed  of  over  2083  feet  per  second 
obtained  between  stations  450  and  350  and  also  be- 
tween stations  350  and  250.  Beyond  this  the  circuit 
breakers  failed  to  work.  An  interesting  fact  in  con- 
nection with  the  recording  of  the  velocities  of  the  ad- 
vance wave  and  the  flame  was  that  the  flame,  while 
much  behind  the  advance  wave  at.  the  start,  caught 
up  rapidly  with  it  as  the  entrance  was  reached. 
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CONCLUSIONS. 

demonstration  the  experiment  was  less  spec- 
tacular than  that  of  October  31,  191 1,  as  on  that 
Occasion  tin-  Same  burst  from  all  the  openings,  whereas 
in  the  experiment  of  February  24th  the  flame  appeared 
only  at  the  main  entrance.  Also,  it  did  not 
spread  so  widely  as  in  the  previous  demonstration. 
There  was  a  quick  flash  projected  through  the  center 
of  the  cloud  of  dust.  In  the  explosion  of  October 
31,  191 1,  the  manometers  did  not  have  springs  strong 
enough  to  indicate  the  pressures,  which  difficulty  had 
been  removed  on  February  24th,  so  that  a  pressure  of 
over  no  pounds  was  shown  by  the  manometer  at 
station  150.  The  detailed  information  obtained  from 
the  various  readings  will  appear  in  a  publication  of 
the  bureau  on  the  work  of  the  Experimental  Mine. 

As  regards  the  efficiency  of  the  Taffanel  barrier  the 
evidence  is  not  conclusive.  The  flame  was  not  im- 
mediately extinguished  by  the  barrier,  but  traveled 
200  feet  farther;  nevertheless,  without  the  barrier,  it 
is  probable  that,  with  the  large  amount  of  dust  being 
carried  from  the  loading  farther  in,  the  flame  would 
have  gone  to  the  entrance.  This  is  the  more  probable 
since  the  violence  shown  by  the  smashing  of  the  barrier 
indicates  that  the  explosion  had  attained  considerable 
violence  at  this  stage.  It  is  intended  to  make  syste- 
matic tests  of  such  barriers  in  the  next  series  of  tests. 


THE  EXPANSION  COEFFICIENT  OF  GRAPHITE. 

By  Arthur  L.  Day  and  Robert  B.  Sosman. 
Received  March  9,  1912. 

As  a  basis  for  the  measurement  of  the  specific  vol- 
umes of  silicates  at  high  temperatures  we  found  it 
necessary  to  know  approximately  the  expansion 
coefficient  of  Acheson  artificial  graphite  up  to  16000. 


15000;  the  results  obtained  form   the  material  ol   the 

1  paper. 

The  expansion  was  measured  directly  on  a  bar 
3  mm.  by  5  mm.,  by  700  mm.  long,  with  a  comp 
which  has  been  used  in  this  laboratory  for  measuring 
the  expansion  coefficients  of  alloys  of  platinum  with 
rhodium  and  iridium.1  The  comparator  consists  of 
two  micrometer  microscopes  held  at  a  fixed  distance 
of  500  mm.  apart  by  invar  bars;  upon  this  system 
is  mounted  another  invar  bar  by  which  any  changes 
in  this  fixed  distance  amounting  to  0.00 1  mm.  or 
more  can  be  detected. 

Two  points  on  the  graphite  bar,  500  mm.  apart,  were 
marked  by  flattened  pieces  of  platinum  wire  bound 
around  it,  each  having  a  fine  line  cut  at  the  middle  of 
the  wire.  The  bar  was  heated  by  sending  a  heavy 
current  through  it,  and  a  uniform  temperature  along 
its  length  was  obtained  by  slightly  adjusting  its  thick- 
ness. It  was  surrounded  by  a  tube  of  Marquardt 
porcelain,  and  this  again  by  a  wide  glass  tube, 
each  free  to  expand  independently  of  the  bar.  The 
space  within  the  tube  was  kept  filled  with  carbon 
monoxide.  The  apparatus  is  shown  in  plan  and  sec- 
tion in  Fig.   1. 

In  the  reducing  atmosphere  a  thermoelement  could 
not  be  used.  The  temperature  was,  therefore,  found 
by  noting  the  melting  point  of  small  fragments  of 
aluminum  (6580),  silver  (9600),  copper  (10830)  and 
the  mineral  diopside  (13910),  lying  upon  the  bar. 
Intermediate  temperatures  were  read  by  means  of  a 
Holborn-Kurlbaum  optical  pyrometer,  which  thus 
served  simply  as  a  device  for  interpolating  between  the 
melting  points.  It  was  not  necessary  to  obtain  great 
accuracy  in  the  temperature  measurement,  as  the 
expansion  is  small. 
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VERTICAL    SECTION 
Fig.  I.     Apparatus  for  Determining  the  Expansion  Coefficient  of  Graphite. 
The  published  data  on  graphite    are    so    inconsistent  Below  700°  the  expansion  is  so  small  that  we  found 

and    cover    so    small    a    temperature    range  that  we  ,  Day  aDdSosman,  Am.  j.Sd..  26, 42S-»6  <i908):29, 111-114  (IMO): 

redetermined  this  constant  over  the  range  from  o°  to      Carnegie  Pub.,  157,  27-36.  61-63  (1911). 
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;  necessary,  in  order  to  obtain  accurate  measure- 
lents  of  the  coefficient,  to  use  the  method  which  we 
ad  previously  employed  for  the  platinum  alloys: 
amely,  to  heat  the  bar  in  a  narrow  tubular  resistance 
lrnace,  and  read  the  expansion  on  a  series  of  very 
ne  lines  0.2  mm.  apart,  drawn  with  a  dividing  engine, 
hese  lines  were  drawn  upon  the  polished  ends  of 
nail  plugs  of  silver  or  platinum  set  into  the  graphite 
;  points  500  mm.  apart.  Up  to  red  heat  (700 °) 
le  bar  could  be  protected  fairly  well  against  oxidation, 
id  contamination  of  the  thermoelement  could  be 
revented  by  enclosing  it  in  Jena  glass  capillaries. 
Table  I  contains  the  data.  In  the  first  two  columns 
•e  given  the  date  and  the  temperature  at  the  time  of 
le  measurement.     In  the  third  column  is  the  initial 


mm. ;  and  the  fifth,  the  mean  linear  expansion  coeffi- 
cient (A///o0  from  o°  to  !°  The  coefficient  is  plotted 
against  temperature  centigrade  in  the  curve  of  Fig.  2. 

The  coefficient  is  seen  to  be  very  small,  though 
increasing  rapidly  with  rising  temperature.  The  total 
expansion  up  to  10000  is  only  about  one-fifth  of  that 
of  platinum.  Two  samples  of  graphite  were  used, 
but  no  systematic  difference  exceeding  the  error  of 
measurement  was  observed. 

The  greatest  uncertainty  arises  from  permanent 
changes  in  length  of  the  bar  during  heating.  In  every 
casewherethechangewasmeasurable,  the  bar  was  longer 
than  before  heating,  as  if  this  somewhat  porous  material 
had  failed,  after  expanding,  to  entirely  pull  itself 
together  again.     The  largest  change  noted  was  0.046 
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stance  at  o°,  between  two  reference  lines  on  the 
Iver  or  platinum  markers  on  the  graphite  bar,  in 
m.;  this  distance  was  frequently  changed  slightly 
.-  resetting  the  silver  or  platinum  markers.  The 
urth  column   contains   the    expansion    from    0°,    in 

Table  I. — Observed  Expansion  of  Acheson  Graphite. 
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1  .69 
1.31 
1.64 


c. 


mm.,  which  is  0.009  Per  cent,  on  the  total  length,  and 
therefore  quite  negligible  when  the  total  length  or 
volume  is  being  considered. 

Within  the  limits  of  error,  the  results  may  be  ex- 
pressed by  the  formula 

io6  /?  =  0.55   +  0.00162 

in  which  p  is   the   mean    linear   coefficient  (  —  J    from 

\/0 1  / 

The    "true    coefficient"    a,    or  rate   of   expansion 
—  J     at    any    temperature    t  would   be   therefore: 

io6  a  —  0.55   -+-  0.0032/. 

If  this  equation  continues  to  hold  below  o°,  the 
true  coefficient  would  become  zero  at  about  — 1700; 
in  other  words  this  would  be  the  temperature  of  maxi- 
mum density.  According  to  Fizeau's  measurements, 
diamond  has  a  similar  point  of  maximum  density  or 
zero  expansion  at  — 420. 

The  published  figures  on  the  expansion  coefficient 
of  graphite  vary  widely.  We  do  not  know  of  any 
previous  determinations  on  Acheson  graphite,  nor 
have  the  manufacturers  a  record  of  any.  The  fol- 
lowing data  have  been  obtained  on  natural  graphites: 


Observer. 


Range. 


i  X  10«. 


10°  to85c 


Source. 
"Hatougol"  (Siberian) 

graphite Fizeau1 

■Siberian"  graphite.  .  .  .    Muraoka2 
"Cumberland"  graphite    Dewar3        At — 190°  (from 

'  Compt.  rend..  68,   1125-1131    (1869).  Pogg.  Ar, 
Fizeau's  values  are  for  a,  the  true  coefficient;  we  have  calculated  the  mean 
coefficient  from  0°  from  the  original  values. 

2  Ann.  Physik.  13,  307-318  (1881). 

3  Proc.  Roy.  Soc.  London,  70,  237-246  (1901). 


7.45  +  0.005  It 
3.8 
17°)   24.4 
n..  138,  26-31    (1869). 
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For  pencil-graphite,  Muraoka  found  the  value 
0.95  X  io~6.  But  as  this  is  a  mixture  containing  only 
52  per  cenl  i  i  graphite,  this  value  is  hardly  comparable 
with  data  on  pure  materials. 

The  wide  range  "I  these  data  is  striking,  especially 
when  taken  in  comparison  with  the  expansion  coeffi- 
cients of  other  forms  of  carbon,  and  of  carbon  com- 
pounds. It  will  be  seen  from  the  following  table  that 
from  the  expansion  coefficient  of  diamond  to  that  of 
anthracite  we  have  an  increase  of  forty-fold. 

Form.  Observer.  Range.  0  X  10°. 

Diamond Fizeau1  10°  to  85°  0.60  +  0.0072* 

Arc  carbons  (of  coke) Muraoka  0.32 

Arc  carbons Muraoka  1  . 5 

Arc  carbons Muraoka  2  .05 

Arc  carbons Muraoka  3  .0 

Gas  carbon  (retorts) Fizeau*  10°  to  85°  4.96  +  0.0055* 

Anthracite  (Pennsylvania)  Fizeau-  10°  to  85°  24.02  —  0.0408< 

Coal  (Charleroy) Fizeau*  10°  to  85°  26.63  +  0.0148/ 

These  relations  are  shown  in  another  form  in  the 
curves  of  Fig.  3,  in  which  the  mean  coefficient  of 
cubical  expansion  from  o°  is  plotted  against  tempera- 
ture. Coefficients  calculated  from  the  data  of  Joly3 
on  the  expansion  of  diamond  to  750  °  are  included  in 
the   curves.     It   is  worth   noting  that  at  o°   the   ex- 


Fig.  3- 

pansion  coefficient  of  Acheson  graphite  and  of  Fizeau's 
diamond  are  practically  the  same. 

A  rough  parallelism  is  immediately  evident  between 
the  temperatures  of  formation  and  the  expansion 
coefficients  of  the  different  varieties  of  carbon  in  the 
two  tables  above.  The  highest  coefficient  is  possessed 
by  bituminous  coal,  which  is  followed  closely  by  an- 
thracite. The  Cumberland  (Borrowdale,  England) 
graphite  investigated  by  Dewar  stands  next  in  order, 
and  very  near  anthracite.  This  graphite  has  been 
formed  in  company  with  intrusions  of  igneous  rock 
into  clay-slates  containing  organic  matter.  The  purer 
and  better  crystallized  Batougol  graphite,  with  a 
lower  coefficient,  occurs  in  veins  in  granite  and  syenite.4 

1  Pogg.  Ann..  128,  583  (1866).  • 

2  Compt.  rend..  68,  1125-1131  (1869). 

3  Trans.  Dublin  Soc,  [2]  6,  283-304  (1897). 
*  Donath,  "Der  Graphit,"  1904. 


Various  samples  of  arc  light  and  retort  carbon,  all  of 
which  probably   have   been    heated    in    the  process  of 
manufacture    to    a    higher    temperature    than   any  of 
the    natural    graphites,    stand    next    in    the    on 
decreasing  expansion.      Lowest  of  all    (excepting  one 
sample  of  arc  carbon   made  of  coke)   come  dii 
and  Acheson  artificial  graphite.      The  formats  ■■; 
perature     of     diamond     is     unknown.     The    artificial 
graphite    is    made    by    heating   anthracite,   petroleum 
coke,  etc.,  to  a  temperature  above  22000.1 

The  view  has  been  repeatedly  expressed,  by  Mois- 
san,*  Luzi,3  and  others,  that  none  of  the  three  forms 
of  carbon  as  at  present  distinguished,  not  even  dia- 
mond, can  be  looked  upon  as  a  substance  of  fixed 
and  reproducible  properties,  comparable  for  instance 
to  the  monoclinic  and  rhombic  forms  of  sulfur.  In 
the  case  of  graphite,  there  are  wide  variations  in  such 
physical  properties  as  density  and  electrical  con- 
ductivity, as  well  as  in  chemical  properties  such  as 
combustibility  and  the  formation  of  "graphitic  acids" 
of  widely  varying  composition  when  different  kind.' 
of  graphite  are  treated  with  nitric  acid  and  potassiurr. 
chlorate. 

If  we  look  upon  natural  graphites  as  products  0! 
metamorphism  from  organic  matter,  whether  by  the 
direct  action  of  heat  alone  or  through  the  medium  0 
solutions,  we  may  imagine  the  complicated  carbor 
chains  and  rings  of  the  compounds  that  make  up  bitumi 
nous  and  anthracite  coal  as  persisting  after  the  re 
moval  of  their  hydrogen  and  oxygen,  giving  a  wholi 
series  of  "graphites"  whose  properties  change  progres 
sively  as  the  molecules  become  simpler.  Berthelot 
held  this  view  as  regards  amorphous  carbon. 

Arsem,*  as  a  result  of  his  studies  on  the  graphitiza 
tion  of  different  forms  of  "amorphous"  carbon,  and  th 
densities  of  the  resulting  products,  reaches  this  tenta 
tive  conclusion:  "Graphite  in  the  most  restricts 
sense  of  the  term  is  an  allotropic  form  of  carbon  havin 
a  definite  and  perhaps  not  very  complex  molecula 
configuration. .  .When  an  organic  compound  is  de 
composed,  there  results  a  mixture  of  substances  cor 
stantly  increasing  in  complexity  until  finally  carbo 
is  obtained.  This  carbon  need  not  be  regarded  a 
a  simple  substance,  but  may  be  considered  to  be 
mixture  of  many  varieties  of  carbon  each  with  a  di 
ferent  number  and  arrangement  of  atoms  in  t; 
molecule. .  .  In  a  given  sample  of  amorphous  carbor 
some  of  the  molecules  will  be  capable  of  easily  undei 
going  rearrangement  under  the  influence  of  heat  t 
form  graphite  molecules,  while  others  will  not,  and  th 
proportion  of  molecules  capable  of  such  change  * 
determine  the  character  of  the  final  product." 

Arsem's  definition  is  as  follows:  "Graphite  is  th£ 
allotropic  form  of  carbon  having  a  specific  gravity  < 
2.25-2.26."  This  is  the  specific  gravity  of  Achesc 
graphite,  and  all  the  graphites  made  by  Arsem  w 
equal  to  or  less  than  this.  "Those  varieties  of  carbc 
which  have  some  of  the  physical  properties  of  graphit 

•  Gillett.  Jour.  Phys.  Chem..  15,  302  (191 1). 

2  Chimie  Minirale,  1906,  II,  222. 

3  Donath,  "Der  Graphit."  1904,  1 1. 

*  Ann.  Mm.  phys..  [4]  9,  475  (1866). 
6  This  Journal,  3,  799-804  (1911). 
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:h  as  color,  softness,  and  streak,  but  a  lower  spe- 
c  gravity,  may  perhaps  be  regarded  as  impure 
iphites;  that  is  to  say,  mixtures  of  graphite  with 
ler  forms  of  carbon." 

\gainst  the  view  set  down  in  preceding  paragraphs, 
it  so-called  graphite  is  not  a  simple  and  reproducible 
jstance,  we  have  the  recent  work  of  LeChatelier 
i  Wologdine.1  They  found  that  the  density  of 
heson  graphite  and  of  five  natural  graphites,  after 
rification  to  remove  ash  and  compression  to  drive 
t  air,  was  2.255,  and  conclude  that  this  property 
ines  graphite  as  a  simple  and  reproducible  sub- 
nce.  But  it  should  be  noted  that  their  proce'ss  of 
rification  involved  fusion  at  a  red  heat  with  potash, 
reatment  which  might  produce  profound  changes  in 
:  graphite  itself. 

[n  conclusion,  the  wide  divergence  in  expansion  coef- 
:ent  which  we  have  noted  above  seems  quite  be- 
nd the  range  of  possible  experimental  error,  and 
licates  some  fundamental  difference  between  these 
rious  graphites. 

Geophysical  Laboratory.  Carnegie  Institution. 
Washington.  Mar..   1912. 


VOLUMETRIC  METHOD    FOR  THE   DETERMINATION  OF 
30RIUM  IN  THE  PRESENCE  OF  OTHER  RARE  EARTHS. 
THE  ANALYSIS  OF  MONAZITE  SAND. 

By  F.  J.  Metzger  and  F.  W.  Zons. 
Received  February  13,  1912. 

When  an  excess  of  ammonium  molybdate  solution 
added  to  a  solution' of  a  thorium  salt  under  proper 
tiditions  of  temperature  and  acidity,  thorium  is 
antitatively  precipitated  as  molybdate.  Other  rare 
rths,  such  as  cerium,  lanthanum,  neodymium,  praseo- 
mium,  erbium,  yttrium,  gadolinium,  etc.,  give  no 
scipitation  whatever  under  similar  conditions. 
The  above  facts,  observed  by  one  of  us  some  years 
p,  forms  the  basis  for  the  method  described  in  this 
per. 

The  thorium  molybdate  precipitate  is  somewhat 
latinous  in  character,  'pale  yellow  in  color,  and  set- 
is  very  slowly.  In  our  earlier  experiments  an  at- 
■npt  was  made  to  filter  off  the  precipitated  thorium 
ii  make  the  determination  gravimetrically,  but 
•ling  to  the  slimy  nature  of  the  precipitate,  filtration 
il  washing  were  impossible. 

The  usual  indicators  for  molybdenum  were  tried 
vh  the  hope  that  a  direct  titration  of  the  thorium 
uld  be  made,  but  without  success. 

'azeneuve2  found  diphenyl  carbazide  to  be  a  sensi- 
ie  reagent  for  certain  metallic  salts,  as  those  of  cop- 
>■,  mercury,  iron  and  also  for  chromates.  Lecoq3 
id  an  alcoholic  solution  of  diphenyl  carbazide  as  a 
•<t  for  molybdenum.  A  pink  coloration  is  produced, 
ai  the  author  states  that  the  test  is  more  sensitive 
ftr  the  solution  of  diphenyl  carbazide  has  been  al- 
tved  to  stand  for  some  time.  In  order  to  test  the 
iplicability  of  this  indicator,  a  number  of  titrations 
>ipure  thorium  nitrate  solution  were  made,  and 
■I  results  obtained  were  concordant.  The  indicator 
s  sed  "outside"  on  a  white  indented  tile,  the  end  of 

1  Compt.  rend..  146,  49-53  (1908). 

2  Ibid..  131,  346  (1900). 

3  Jour.  Chem.  Soc,  862,  369  (1904). 


the  titration  being  marked  by  the  appearance  of  a 
pink  coloration  which  lasts  about  fifteen  seconds. 
Some  experience  is  required  to  identify  the  end  point. 
This  is  gained  in  standardizing  the  ammonium  molyb- 
date against  a  standard  thorium  nitrate  solution. 
It  is  necessary  to  use  a  solution  of  the  indicator  at  least 
two  weeks  old,  as  the  freshly  prepared  solution  requires 
a  considerable  excess  of  molybdenum  to  produce  a 
pink  coloration.  The  titration  is  made  at  room 
temperature,  in  the  presence  of  acetic  acid. 

The  solutions  used  in  the  experimental  part  of 
the  work  were  as  follows:  Thorium  nitrate — A  solu- 
tion of  pure  thorium  nitrate  accurately  standardized 
by  precipitating  as  oxalate,  igniting  and  weighing  as 
oxide.  Potassium  permanganate — An  approximately 
o .  i  AT  solution  standardized  against  specially  pre- 
pared Mohr's  salt;  i  cc.  =  0.005835  Fe.  Ammonium 
molybdate — Approximately  20  grams  ammonium  molyb- 
date per  liter.  In  order  that  the  thorium-molybdenum 
ratio  in  the  precipitate  might  be  determined,  this  solu- 
tion was  carefully  standardized  by  acidifying,  reducing 
in  a  Jones  reductor  and  titrating  with  permanganate 
as  usual.  The  average  of  a  number  of  titrations 
gave  10  cc.  molybdate  solution  =  28.2  cc.  KMn04. 
Assuming  the  reduction  to  be  MoOs  — >  Mo210,„ 
then  1  cc.  molybdate  solution  =  0.0098136  Mo.  Indi- 
cator— 0.5  gram  of  diphenyl  carbazide1  dissolved  in 
200  cc.  of  95  per  cent,  alcohol  and  allowed  to  stand  at 
least  two  weeks  before  using.  The  solution  when 
ready  for  use  should  be  yellowish  in  color,  but  show  no 
pink  tinge. 

In  order  to  obtain  uniformity  in  acidity  of  the  solu- 
tions for  titration  and  to  have  the  conditions  analogous 
to  those  obtaining  in  the  analysis  of  a  monazite  sand, 
a  number  of  determinations  were  made  as  follows: 

A  known  amount  of  thorium  solution,  or  thorium 
solution  with  the  addition  of  other  rare  earths,  was 
placed  in  a  casserole  and  evaporated  to  dryness  on  a 
water  bath.  To  the  dry  residue  4  cc.  of  glacial  acetic 
acid  were  added,  then  300  cc.  of  water.  When  the 
salts  were  dissolved,  the  cold  solution  was  titrated 
with  ammonium  molybdate.  The  molybdate  solu- 
tion should  be  added  a  few  tenths  of  a  cc.  at  a  time, 
with  vigorous  stirring  after  each  addition,  finally 
finishing  drop  by  drop.  The  end  point  is  reached 
when  a  drop  of  the  solution  produces  the  previously 
described  pink  coloration  when  brought  in  contact 
with  a  few  drops  of  indicator  on  a  white  tile.  After  a 
little  experience  the  end  point  can  be  determined  with 
great  accuracy.  The  following  table  shows  the  re- 
sults obtained: 

1  A  convenient  and  satisfactory  method  for  the  preparation  of  this 
compound  is  as  follows:  Add  23  grams  of  phenyl  hydrazine  to  7  grams  of 
urea  in  a  flask,  and  heat  in  an  oil  bath  at  160-170°  for  six  hours, 
using  a  reflux  air  condenser.  Allow  to  cool,  add  50  cc.  ethyl  ether, 
heat  on  a  hot  plate  for  one  hour,  decant  and  add  50  cc.  ethyl  ether, 
heating  for  two  hours  longer;  a  white  precipitate  is  obtained,  the  resi- 
due of  reagents  going  into  solution  in  the  ether.  Decant  the  ether,  dissolve 
the  precipitate  of  impure  diphenyl  carbazide  in  alcohol  and  reprecipitate 
by  pouring  into  excess  of  water;  decant  the  water,  redissolve  the  precipitate 
in  alcohol  and  pour  again  into  excess  of  water.  Filter  on  a  Hiichner  funnel, 
wash  and  dry  at  105°.  Yield,  14.3  grams  diphenyl  carbazide.  M.  p. 
150°-151°.  The  diphenyl  carbazide  is  white  when  fitst  precipitated  but 
in  time  turns  brownish  yellow.  A  trace  of  impurity  causes  it  to  turn  pink; 
hence  all  vessels,  dropping  tubes,  etc.,  must  be  scrupulously  clean.  The  indi- 
cator, when  on  the  white  tile,  should  be  yellowish  or  brownish  yellow. 


494 


/'///•.  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


July,    1912 


Molybd  .1 

II,.  1. 

1  Ithci   1-  u  tli 

■olution 

v. 

I'.r.ini. 

1  >  ■  •    ■ill 

1  1 

0  0500 

O 

0 

1  65 

' 

11  0500 

i  65 

11  0852 

0 
0 
0 

0 

11  1 

\,|.i  1 

.,    1 

11  0852 

6    1 

5 

II    OSS' 

6.5 

7.35 

7 

7.4 

8 

0  0500 

3  9 

9 

(i  0500 

0    1 

3  9 

0 

0  1 

3  9 

11 

0.0852 

0.1 

7.1 

12 

0.1 

1    1  .  1. 

7.1 

13 

0    1 

Pi  .1 

7.2 

14 

0.0852 

0  1  CeOj 

7.1 

IS 

0.0852 

0.1 

>:r.un  each  of 

Ce,  1  a,  h 

Nd 

7.1 

16 

0.0852 

0.1 

erim  each  of 

Cc.  La,  it. 

Nd 

7.2 

17 

0.1 

gram  cue 

lof 

Y 

Gd,  Er 

7.2 

18 

0.1 

CeOo 

7.1 

19 

0.1 

" 

7    1 

20 

0.0852 

0   1 

7.1 

21 

0.0852 

0.1 

7.1 

22 

0.0852 

0.2 

7.1 

23 

0.0852 

0.3 

" 

7.2 

24 

0  3 

7.1 

25 

0.0852 

0.3 

" 

7.1 

26 

0.0852 

0.6 

7.1 

27 

0  0852 

0.6 

7.1 

28 

0.0852 

0.6 

7.2 

29 

0.0852 

0.6 

" 

7.2 

30 

4.26      " 

7.1 

31 

0.0852 

4 .  26      " 

7.1 

In  titrations  Nos.  11  to  31,  the  total  dilution  varied 
between  150  cc.  and  300  cc,  and  one  gram  of  sodium 
acetate  was  added  to  each  to  counteract  any  possible 
mineral  acid  present.  These  results  show  that  al- 
though the  consumption  of  molybdate  solution  was 
greater  when  other  rare  earths  were  present,  the  vol- 
ume of  molybdate  was  the  same  whether  the  added 
rare  earth  was  small  or  large  in  amount.  From  this 
it  was  assumed  that  the  concentration  of  acetic  acid 
was  insufficient  to  entirely  prevent  the  precipitation 
of  rare  earths  other  than  thorium. 

Another  set  of  titrations  with  increased  acidity  re- 
sulted as  follows: 
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The  values  here  obtained  are  in  satisfactory'  agree- 
ment with  those  obtained  with  thorium  alone,  the 
increased  acidity  preventing  interference  by  the  other 
rare  earths. 

Composition  of  Precipitate. — Taking  the  value  of 
the  KMnO,  already  given  (1  cc.  =  0.005835  Fe)  and 
its  equivalent  in  terms  of  molybdate  solution  (28.2 
cc.  KMnO,  =  10  cc.  molybdate)  then  1  cc.  molybdate  = 
0.0098136  Mo.  The  average  of  the  eleven  titrations 
of  thorium  alone  (Nos.  1-7  and  32-35)  gives  0.0815 
Th02  =  6.095  cc-  molybdate,  or  a  ratio  Th  :  Mo  = 
1  :  2.017.     Similarly,    the    average    of    titrations    36 


and  .(7  with  impurity  present  gives  Th  :  Mo  ■  1  :  2.03. 
It  in  therefore  probable  thai  the  precipitate  is  a  nor- 
iikiI  thorium  molybdate. 

Analysis  of  Monaziie  Sand.  In  order  to  test  the 
accuracy  ol  the  method  for  the  determination  of 
thorium  in  monazite  sand,  samples  of  North  Carolina 
and  Brazil  sands  which  had  been  analyzed  b 
fumaric  acid  method,  the  thiosulphate-ammonium 
oxalate  method  and  the  metanitrobenzoic  acid  method1 
were  analyzed. 

The  volumetric  method  is  carried  out  as  follows: 
To  one  gram  of  the  powdered  sand  in  a  porcelain 
crucible  is  added  10-15  cc-  OI  concentrated  sulphuric 
acid.  After  several  hours  heating,  the  crucible  is 
cooled  and  the  contents  transferred,  a  little  at  a  time 
and  with  constant  stirring,  to  about  700  cc.  water 
which  has  been  cooled  to  near  o°.  After  standing 
several  hours  (over  night  if  convenient)  to  insure 
complete  solution  of  the  sulphates,  the  solution  is 
filtered  and  the  residue  washed  thoroughly  with  cold 
water.  The  filtrate  is  nearly  neutralized  with  dilute 
ammonia,  50  cc.  of  a  cold  saturated  solution  of  oxalic 
acid  added,  and  allowed  to  stand  over  night.  The 
oxalates  are  filtered  and  washed  with  a  dilute  oxalic 
acid  solution.  When  thoroughly  washed,  transfer 
precipitate  and  paper  to  a  beaker,  add  20-25  cc-  °f 
strong  potassium  hydroxide  solution  and  heat  to 
boiling.  Dilute,  filter  and  wash  with  hot  water. 
Dissolve  the  precipitate  of  rare  earth  hydroxides  off 
the  filter  by  means  of  hot,  dilute  nitric  acid.  Evapo- 
rate to  dryness  on  a  water  bath.  Add  a  few  cubic 
centimeters  of  water  and  again  evaporate  to  dryness  to 
remove  free  acid.  To  the  dry  residue  add  20  cc. 
glacial  acetic  acid,  dilute  with  300  cc.  water,  add  one 
gram  sodium  acetate  and  stir  until  dissolved.  Titrate 
at  room  temperature  with  standard  ammonium 
molybdate  solution  as  already  described. 

The  following  results  were  obtained: 

Percentage  TI1O2. 


Metanitro-  Thiosul- 

benzoic  Fumaric  phate  ammon- 

Volumetric         acid  acid         ium  oxalate 

method.          method.2  method.       method. 


No.  363  Brazil  con- 
centrate  


4.80 


4.99 
4.99 
4.99 


f  5.58 


5.72 


4.85 


4.90 


4.85 
4.99 


5.65 
5.67 


5.63 


Average 5.66  5.67  5 .  7i 

1  For  a  description  of  these  methods,  the  reader  is  referred  to  the 
original  articles:  F.  J.  Mczger.  Jour.  Amer.  Chem.  Soc,  24,901.  A.  C. 
Neish,  Ibid..  26,  780. 

2  Analyses  by  this  method  were  made  by  Dr.  A.  C.  Neish. 
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Percentage  ThO^ 


benzoic       Fumaric    phate  ammon- 


No.  625  Brazil. 


No.  626 

North  Carolina. 
4.84 


method.       method. 
4.85 
4.92 
4.92 
4.98 


5.3> 

Average  (omit- 
ting last) 4.95 

The  following  were  analyzed  by  the  volumetric 
method  but  not  checked  by  other  methods: 

No.  631 
North  Carolina. 
5.11 

4.84  5.11 

CONCLUSIONS. 

i.  At  room  temperature  thorium  is  precipitated 
quantitatively  from  a  cold  acetic  acid  solution  (20 
cc.  glacial  acetic  acid  and  300  cc.  water)  by  means  of 
ammonium  molybdate. 

2.  Other  rare  earths  found  in  monazite  sand  are  not 
precipitated  under  the  conditions  defined  in  "1." 

3.  The  ratio  of  thorium  to  molybdenum  (1  :  2.017 
and  1  :  203)  indicates  that  the  precipitate  is  a  normal 
thorium  molybdate. 

4.  By  observing  proper  conditions  of  acidity,  thor- 
ium may  be  accurately  titrated  by  means  of  ammonium 
molybdate.  Other  rare  earths  have  no  effect  on  this 
titration. 

Contribution  No.  207,  Havemeyer  Laboratories, 
Columbia  University. 


THE  RESENES  OF  RESINS  AND  OLEORES1NS. 

By  Chas.  H.  Herty  and  W.  S.  Dickson. 
Received  February  1,  1912. 

The  oleoresinous  exudate  of  pine  trees,  commonly 
called  "crude  turpentine,"  consists  of  a  mixture  of 
a  volatile  oil,  acids  and  unsaponifiable  matter.  On 
distillation  with  steam  the  volatile  oil,  "spirits  of 
turpentine,"  passes  off;  the  residual  resin,  freed  from 
excess  of  water  by  heating,  solidifies  on  cooling  and 
constitutes  commercial  "rosin."  The  name  "resene" 
has  been  applied  by  Tschirch2  to  the  non-volatile, 
unsaponifiable  constituent  of  such  resins  and  oleo- 
resins. 

Though  the  composition  of  crude  turpentine  varies 
considerably  in  different  specimens,  an  average  analy- 
sis of  specimens  collected  by  the  usual  commercial 
methods  would  show  approximately: 

Per  cent. 

Spirits  o£  turpentine 20 

Acids 74 

Resene 6 

Resenes,  according  to  their  origin,  show  varying 
physical  states,  some  being  colorless  solids  while 
many  are  very  viscous  liquids,  extremely  sticky  and 
non-crystallizable.  They  are  composed  of  carbon, 
hydrogen  and  oxygen,  but  the  per  cent,  of  oxygen 
is  usually  smaller  than  in  the  accompanying  acids. 
Toward   reagents   they   are   very   resistant,   especially 

1  The  authors  are  unable  to  account  for  this  high  result. 

2  Tschirch,  "Die  Harze  und  die  Harzbehaeter,"   Second  edition,  p.  1079. 


toward  alkalies.  Although  containing  oxygen,  they 
show,  according  to  Tschirch,1  none  of  the  usual  re- 
actions indicating  the  presence  of  hydroxyl,  carboxyl, 
aldehyde  or  ketone  oxygen,  nor  are  they  ethereal 
salts  or  lactones.  Tschirch  inclines  to  the  view  that 
they  belong  to  the  class  of  oxyterpenes  or  oxypoly- 
terpenes. 

While  much  work  has  been  done  upon  the  volatile 
oils  and  the  acids  of  oleoresins,  little  attention  has 
been  paid  to  the  resenes,  except  ultimate  analyses  and 
approximate  statements  of  the  proportion  present 
in  isolated  specimens  studied.  In  connection  with  an 
investigation  carried  out  in  this  laboratory  in  col- 
laboration with  the  United  States  Forest  Service, 
there  remained  a  large  number  of  specimens  of  resin 
from  well  identified  individual  trees  growing  in  Florida. 
It  seemed  desirable,  therefore,  to  study  more  closely 
the  question  of  the  proportions  of  resene  in  these  speci- 
mens. The  investigation  was  extended  to  the  resins 
of  conifers  growing  near  this  laboratory,  and  to  speci- 
mens collected  in  other  countries.  Finally  the  amount 
of  resene  was  determined  in  several  oleoresins  obtained 
in  perfectly  fresh  condition  from  individual  trees  in 
Florida.  These  specimens  were  collected  from  the 
two  species  of  pines  from  which  crude  turpentine  is 
commercially  obtained  in  this  country,  Pinus  Paltistris, 
(Longleaf  Pine)  and  Pinus  Heterophylla  (Cuban  or 
Slash  Pine). 

The  resins  were  prepared  by  distilling  the  oleoresins 
in  a  current  of  steam  slightly  superheated,  the  tem- 
perature being  raised  to  1400  C.  toward  the  end  of 
the  distillation.  After  complete  removal  of  the 
volatile  oil,  the  residue  was  kept  at  1400  C.  in  the  oil 
bath  surrounding  the  distillation  flask  until  all  water 
was  driven  off.  The  molten  resin  was  then  filtered 
through  absorbent  cotton  and  cooled  to  solidification 
in  glass  or  iron  molds. 

The  determination  of  resene  in  the  resins  was 
carried  out  in  the  usual  manner.  The  weighed  speci- 
men, about  two  grams,  was  dissolved  in  a  considerable 
excess  of  N/2  alcoholic  potassium  hydroxide,  allowed 
to  stand  at  room  temperature  eighteen  hours,  diluted 
with  water  until  separation  of  the  resene  began  and 
the  solution  cleared  by  the  addition  of  a  small  quan- 
tity of  ninety-five  per  cent,  alcohol.  This  solution 
was  then  extracted  three  times  with  petroleum 
ether,  boiling  below  40  °.  The  combined  extracts 
were  shaken  out  with  fifty  per  cent,  alcohol  to 
remove  slight  amounts  of  dissolved  potassium  salts 
of  resin  acids.  After  drawing  off  the  petroleum 
ether  extract  into  a  weighed  glass  evaporating  dish, 
it  was  allowed  to  evaporate  spontaneously  to  con- 
stant weight.      * 

In  the  case  of  the  oleoresins,  after  spontaneous 
evaporation  of  most  of  the  petroleum  ether  the  resi- 
due was  heated  for  five  hours  on  a  steam  bath  in  order 
to  remove  completely  the  petroleum  ether  and  the 
volatile  oil.  Considerable  difficulty  was  experienced 
at  the  outset  in  these  evaporations  due  to  the  tendency 
of  the  material  to  "crawd"  over  the  rim  of  the  vessel. 
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This  was  entirely   overcome  by  using  .1   thin  coating 
oi  vaseline  on  the  rim  oi  the  vessel. 
The  following  results  were  obtained: 

.•p  Rbsenk  in   Resins  prom    Dipfbrent  Sri  (  us. 

1'lT   CI  Hi. 

1  OCal  ii.um  rescue. 

Pinna  Tacda                     Loblolly  Pine  North  Carolina  4.10 

Palnstrii               Longleaf  Pine  Florida  5.67 

Maritima              Maritime  Pine  Prance  7.37 

Heterophylla       Cuban  or  Slash  Pine  Florida  7.38 

Serotina                Pond  Pine  Florida  7.65 

"      lCeliin.it. i                 Old  Field  Pine  North  Carolina  8.71 

"      Species  unknown  Central  America  8.94 

"      Sal 'ini. in. i               Digger  Pine  California  9.66 

"      Laricio                     Schwarzkiefcr  Austria  14.05 

In  order  to  test  the  variation  of  the  amount  of  resene 
in  trees  of  the  same  species  two  sets  of  determinations 
were  carried  out  on  trees  of  different  diameters.  The 
results  follow: 

Table  II. — Pintjs  Palustris  (Longleaf  Pine). 
Diameter     Per  cent,  resene 
Tree  no.  (inches).  in  resin. 

1  7.3  5.26 

2  15.0  5.95 

3  21.0  9.68 

4  13.0  7.45 

5  8.7  5.67 

6  9.0  5.45 

7  13.5  6.22 

Table  III. — Pinus  Heterophylla   (Cuban  or  Slash  Pine). 
Diameter       Per  cent,  resene 
Tree  no.  (inches).  in  resin. 

1  7.0  7.87 

2  14.5  7.36 

3  24.5  7.20 

4  12.3  7.25 

5  8.2  6.58 

6  13.0  7.84 

7  9.0  7.00 

To   determine  possible  variations   in  the  per  cent. 

of   the  resene   in   different  seasons  of  the  same  year 

two   trees  were   selected,    one  each,   Pinus   Palustris, 

tree   No.    2,   Table  II,   and    Pinus    Heterophylla,   tree 

No.    2,    Table    III.     Beginning    in    the    early    Spring 

the   oleoresins   were   collected   from   these   at   regular 

periods  of  four  weeks  until  the  close  of  the  season 

in   the   Fall.     From   the   resins  prepared   from   these 

specimens  the  following  results  were  obtained: 

Table  IV. 

Per  cent,  resene  in  resin  from 


Collection  no.     Pinus  Palustris.    Pinus  Heterophylla. 

1  5.31  7.36 

2  5.44  '      7.67 

3  5.95  7.23 

4  6.02  8.17 

5  6.09  7.38 

6  6.53  7.43 

7  5.24  7.77 

It  is  scarcely  probable  that  in  the  case  of  Pinus 
Palustris  any  significance  is  to  be  attached  to  the 
gradual  increase  in  the  per  cent,  of  resene  as  the 
season  advanced  until  the  last  collection. 

Further  determinations  were  made  of  the  per  cent, 
of  resene  in  specimens  of  oleoresin  collected  with  great 
care  in  Florida  and  promptly  analyzed.  The  follow- 
ing results  were  obtained: 

Table  V. 
Per  cent,  resene  in  oleoresin  of 


Finally,  a  specimen  of  "scrape"  (Gum  Thus)  was 
obtained  Irom  a  Longleaf  pine  (Pinus  Palustris). 
This  scrape  is  the  hardened  mass  which  gradually 
collet  is  on  the  scarified  surface  of  the  tree  as  a  result 
of  the  crystallization  of  the  resin  acids  of  the  oleo- 
resin. It  receives  its  name  from  the  fact  that  at  the 
end  of  the  season  it  is  scraped  from  the  surface  of  the 
trees  by  means  of  a  sharp  tool.  It  contains  approxi- 
mately one-half  as  much  spirits  of  turpentine  as  the 
ordinary  oleoresin  collected  from  the  receptacles. 
The  resin  was  prepared  from  this  scrape  by  distilla- 
tion with  steam  as  above.  On  analysis  it  showed 
3.14  per  cent,  of  resene. 

In  continuation  of  this  work,  there  is  now  being  carried 
out  in  this  laboratory  an  investigation  of  the  composi- 
tion of  the  resene  of  Pinus  Heterophylla. 
University  op  North  Carolina. 


Pinus  Palustris.  Pinus  Heterophylla. 
7.10  6.83 

3.84  6.76 

7.33  6.96 


A  METHOD  OF  EXAMINING  CHINA  WOOD  OIL. 

By  Parker  C.  McIlhiney. 
Received  April  2,  1912. 

The  examination  of  china  wood  oil  to  determine 
its  quality  and  to  detect  the  presence  of  foreign  oil 
presents  several  difficulties.  The  iodine  figure  is  not 
far  removed  from  that  of  several  other  oils,  the  saponi- 
fication figure  is  identical  with  that  of  many  others  and 
although  the  specific  gravity  and  the  refractive  .index 
are  higher  than  those  of  almost  any  other  fatty  oil, 
the  difference  in  these  respects  from  some  other  oils 
is  not  sufficiently  great  to  furnish  satisfactory  data 
in  all  cases. 

The  most  marked  characteristic  of  china  wood  oil 
is  its  property  of  solidifying  readily  under  the  influence 
of  heat  or  when  acted  upon  by  iodine.  Heating  the 
oil  to  a  temperature  of  from  240-280 °  C.  and  noting  the 
readiness  with  which  the  oil  jellies  and  the  consistency 
of  the  jelly  produced  have  been  extensively  used  as 
commercial  tests  for  grading  the  oil.  It  is  difficult, 
however,  to  conduct  such  a  test  under  conditions 
which  will  give  numerical  values  to  the  results,  these 
being  usually  stated  in  terms  of  the  apparent  hardness 
or  softness  of  the  jelly,  or  else  in  terms  of  the  number 
of  minutes  required  to  jelly  at  some  given  temperature. 
The  latter  method  is  open  to  several  serious  objections 
and  it  is  difficult  to  reproduce  in  a  second  experiment 
the  conditions  of  the  first. 

The  behavior  of  the  oil  when  iodine  dissolved  in  a 
suitable  solvent  is  added  to  it,  furnishes  a  well  known 
qualitative  method  of  identifying  china  wood  oil  and 
particularly  of  distinguishing  it  from  linseed  oil,  but 
since  the  test  as  usually  carried  out  gives  merely  a 
jelly,  no  quantitative  results  are  obtainable  from  them. 

It  was  thought  that  if  this  test  could  be  made 
quantitative  so  that  a  separation  could  be  effected 
between  the  solidified  and  the  liquid  resulting  from 
the  action  of  iodine  upon  the  oil,  a  valuable  and  quan- 
titative method  of  testing  the  oil  might  be  obtained, 
particularly  as  such  a  test  would  be  directly  related 
to  the  most  important  and  characteristic  property 
of  the  oil.  A  series  of  experiments  conducted  with 
this  end  in  view  showed  that  acetic  acid  of  99V1  per 
cent,  strength  or  thereabouts  was  a  solvent  in  which 
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both  the  iodine  and  the  oil  could  be  dissolved  and  out 
of  which  the  solidified  product  separated  readily  so 
that  it  might  be  removed  from  the  liquid  portion ; 
furthermore,  that  this  liquid  portion  could  be  dissolved 
in  a  petroleum  solvent  boiling  under  80  °  C.  while 
the  solid  product  from  the  china  wood  oil  was  practi- 
cally insoluble  in  this  solvent.  Based  upon  these 
facts  the  following  method  of  analysis  was  devised: 
Weigh  into  an  Erlenmeyer  flask  about  5  grams  of 
the  oil  to  be  examined,  add  to  it  10  cc.  of  99V2  Per 
cent,  acetic  acid  and  after  warming  it  so  that  there  is 
a  perfect  mixture  of  oil  and  acid,  add  to  it  50  cc.  of  a 
solution  of  iodine  in  99V2  Per  cent,  acetic  acid  con- 
taining 15  grams  of  iodine  per  liter.  The  acetic  acid 
solution  of  iodine  should  be  warmed  so  that  when 
added  to  the  oil  solution  to  be  tested  it  will  not  chill  it. 
Upon  adding  the  iodine  solution  there  results  an  almost 
instantaneous  separation  of  some  solid  product  from 
the  solution  in  large  amount.  The  solution  is  allowed 
to  rest  for  half  an  hour  to  insure  complete  reaction 
and  then  50  cc.  of  petroleum  solvent  (b.  p.  below  80  °  C.) 
added  and  allowed  to  mix  thoroughly  with  the  con- 
tents of  the  flask.  The  liquid  is  then  drained  off  from 
the  flask  into  a  separatory  funnel  and  another  portion 
of  50  cc.  of  petroleum  solvent  added  to  the  solid 
residue  which  has  been  allowed  to  remain  in  the  flask 
so  as  to  wash  out  of  it  the  residue  of  liquid  products; 
after  pouring  off  this  solvent  the  solid  residue  is 
extracted  a  third  time  with  50  cc.  of  petroleum  solvent, 
the  solutions  being  united  in  the  separatory  funnel. 
Water  is  now  added  to  the  contents  of  the  separatory 
funnel  and  this  causes  a  separation  of  the  liquid  into 
two  layers,  one  of  petroleum  solvent  carrying  the 
liquid  portions  of  the  reaction  in  solution  and  the 
other  of  water  united  with  acetic  acid.  This  latter 
is  drawn  off  and  the  petroleum  solvent  repeatedly 
washed  with  water  till  it  is  free  from  acetic  acid  and 
then  shaken  out  with  a  solution  of  potassium  iodide 
to  remove  free  iodine  which  may  be  present; 
after  a  final  washing  with  water  it  is  transferred  to  a 
flask,  the  solvent  evaporated  off  and  the  residue 
weighed.  The  weight  of  this  residue  is  a  measure  of 
the  proportion  of  those  constituents  of  the  oil  under 
examination  which  are  not  solidified  by  the  action  of 
iodine. 

•  Broadly  stated,  the  process  gives  results  showing 
that  only  a  small  fraction  of  china  wood  oil  remains 
liquid  at  the  conclusion  of  this  process  while  other  oils 
remain  entirely  liquid  and  soluble  in  the  petroleum 
solvent  and  if  the  process  be  applied  to  known  mix- 
tures of  a  given  sample  of  china  wood  oil  with  soya 
bean  oil  the  proportion  of  soya  bean  oil  may  be  de- 
termined with  reasonable  accuracy.  In  order  to  make 
such  a  determination,  however,  upon  oils  of  unknown 
origin,  it  is  necessary  that  the  per  cent,  of  liquid 
products  which  may  conveniently  be  described  as 
"per  cent,  of  soluble  iodides"  of  true  china  wood  oil 
and  also  the  variation  in  this  per  cent,  given  by  differ- 
ent varieties  and  samples  of  true  china  wood  oil  should 
be  known.  In  order  to  investigate  this  matter  it  is 
necessary  to  obtain  a  considerable  number  of  authentic 
samples  of  such  oils  and  these  samples  are  to  be  ob- 


tained only  in  China  and  in  the  other  countries  where 
this  oil  is  produced.  The  method  is,  however,  sub- 
mitted as  one  suitable  for  the  investigation  of  the  oil 
and  particularly  as  a  method  for  determining  the 
grade  of  the  oil  in  respect  to  its  most  characteristic 
property. 

As  the  writer  has  been  unable  to  obtain  any  con- 
siderable number  of  original  small  samples  of  the  oil, 
he  refrains  from  giving  the  exact  figures  obtained  upon 
the  commercial  samples  which  have  been  examined 
but  hopes  that  others  may  apply  the  process  to  au- 
thentic samples  as  they  are  obtained. 

7  East  42nd  Street.  New  York. 


ON  THE  INDICES  OF  REFRACTION  OF  CHINA  WOOD  OIL. 

By  Louis  Elsberg  Wise. 
Received  May  11.  1912. 

The  increasing  use  of  china  wood  oil  in  the  paint 
and  varnish  industries  has  created  the  necessity  for 
a  proper  examination  and  standardization  of  this 
important  article  of  commerce.  Much  of  this  drying 
oil  is  sent  to  European  and  American  ports  through 
Hankow,  and  a  rumor  is  now  current  that  there  have 
been  varied  attempts  to  adulterate  these  shipments 
with  cheaper  products,  such  as  soya  bean  oil. 
Whether  or  not  these  reports  are  based  on  fact,  the 
author  of  this  paper  is  in  no  position  to  decide,  but  he 
has  found  it  a  proper  time  to  review  the  recent  litera- 
ture, relating  to  the  characteristic  properties  of  the 
raw  material,  and  to  find,  if  possible,  some  method 
by  which  the  purity  of  the  oil  could  be  gauged. 

The  important  characteristics  of  the  oil1  are  its 
odor,  its  peculiar  drying  properties  (in  which  it  differs 
markedly  from  linseed),  its  high  specific  gravity  and 
its  coagulation  on  heating.  The  saponification,  iodine 
and  acid  numbers  appear  to  be  of  little  value  in  judging 
the  oil. 

The  jelly  which  is  formed  on  application  of  heat  is 
elastic  and  insoluble  in  the  common  solvents.  It  is 
ordinarily  believed  that  the  gelatinization  is  due  to 
a  polymerization ;  it  is  undoubtedly  not  caused  by  oxy- 
gen absorption,  and  it  immediately  distinguishes  wood 
oil  from  the  other  common  drying  oils. 

Several  chemists2  have  recently  made  a  study  of 
the  physical  characteristics  of  the  "go-back"  (the 
varnish  maker's  name  for  this  coagulation  product), 
and  a  number  of  chemical  examinations3,  have  been 
made,  which  up  to  the  present  have  led  to  widely 
divergent  results.  A  further  investigation  of  the 
"go-back,"  as  well  as  the  relation  between  its  proper- 
ties and  its  technical  use,  is  being  made  by  Mr.  Eugene 
G.  Bloch,  of  our  laboratory,  and  the  results  of  this  re- 
search may  be  published  at  some  future  date. 

Another  striking  •  peculiarity  of  the  oil  is  its  high 
index  of  refraction.  Lewkowitsch  states  that  the 
refractive  index  is  much  higher  than  that  of  any  other 
drying  oil,  and  this  statement  suggested  the  stud}'  of 
the    refractive    indices    of    a    number    of    commercial 

1  Lewkowitsch,  Chemical  Technology  of  Oils,  Fats  and  Waxes,  2,  62. 

2  Private  communication. 

3  Lewkowitsch,  3,  99.  Nash,  Private  communication  to  Lewkowitsch. 
Norman,  Chem.  Zlg.,  99  (1907). 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


July,     IQI2 


pies.  The  data  obtained  is  recorded  in  the  tables 
below.* 

All  ..  ■   samples  of  wood  oil  oi  known 

source  and  purity  won-  without  avail.  The  difficulty 
was  due  to  the  primitive  condition  in  the  collection  of 
the  oil  and  its  shipment  to  the  coast  from  the  country 
districts  of  China.1  We  received  a  sample  from  Mr. 
Bacon  (also  purchased  on  the  open  market)  which  is 
supposed  to  be  a  standard,  but  its  source  has  not  been 
indicated. 

The  results  tabulated  below,  therefore,  represent 
the  refractive  indices  of  commercial  wood  oils  shipped 
to  us  for  use  in  the  manufacture  of  varnish.  The 
shipments  cover  a  period  of  approximately  eight 
months,  during  1911-1912.  Some  of  them  have 
proved  unsatisfactory  in  the  processes  of  manufacture, 
and  there  is  some  indication  that  a  relation  exists 
between  the  refractive  index  and  the  "working  quality" 
of  the  oil.  That  question  can  be  settled  only  by  a 
far  more  extended  research.  Gross  adulteration  is 
certainly  indicated  very  clearly  and  rapidly  by  the 
use  of  the  refractometer,  and  whether  foreign  oils, 
present  in  small  quantities  may  be  detected,  will 
depend  very  largely  on  the  results  of  future  cooperative 
investigation. 

Table  I. 

Index  of  refraction 
Mark.  at25°C. 

A.3.20.12 1 .5148 

A  No.  1  A 1 .5118 

A  Xo.  2  A 1 .5130 

A  Xo.  3  A 1.5164 

A  Xo.  4  A 1 .5153 

A  No.  9A  (R.  M.  S.  3534> 1  .5154 

A  Xo.  10  A  (R.  M.  S.  3528) 1.5174 

S.  L.  J 1.5168 

Sample  from  Mr.  Bacon 1 .5186 

C     55\C 1.5121 

C/75\C 1.5116 

C/S3X  C 1.5167 

A  No.  19 1 .5163 

R.  M.  S.  3505 1.5099 

W.  K.  C  W.  0 1.5110 

The  results  in  Tables  II  and  III  require  little  com- 
ment; they  show  clearly  that  the  admixture  of  small 
amounts  of  other  drying  oils  lowers  the  refractive  index. 
Table  II. 
Sample.  Index  of  refraction  at  25  c  C. 

100  per  cent,  wood  oil   (mark)  A.3.20.12 1  .5147 

95  per  cent,  wood  oil.  5  per  cent,  soya  bean  oil  1 .5122 
95  per  cent,  wood  oil,  5  per  cent,  linseed  oil... .  1  .5128 
90  per  cent,  wood  oil.  10  per  cent,  linseed  oil .  .       1  .5114 

100  per  cent,  soya  bean  oil 1  .4751 

100  per  cent,  linseed  oil 1  .4810 

Table  III. 
Sample.  Index  of  refraction  at  25  °  C. 

100  per  cent    wood  oil  (Bacon's  sample) 1   5186 

95  per  cent,  wood  oil,  5  per  cent,  soya  bean  oil      1    5163 

95  per  cent,  wood  oil.  5  per  cent,  tallow  oil 1 .5161 

100  per  cent,  tallow  oil 1  .4833 

All  indices  of  refraction  were  taken  without  the  use 
of  water  circulation.  All  refractometric  readings  were 
made  in  the  Advanced  Physics  Laboratory  of  Colum- 
bia University. 

*  The  explanation  of  these  high  refractive  indices  will  probably  be 
found  in  the  examination  of  the  chief  constituent  of  the  oil,  namely,  the 
remarkable  glyceride  of  oleomargaric  acid,  which  is  present  in  none  of  the 
other  common  drying  oils. 

1  Priiate  communication. 


In  conclusion,  I  beg  to  thank  Mr.  Bloch,  chemist  for 
the  Standard  Varnish  Works,  for  his  material  aid, 
Dr  C.  C.  Trowbridge,  of  tin  Department  of  Physics 
of  Columbia  University,  for  his  kind  advice  and  Dr. 
Parker  C.  Mcllhiney  for  his  just  criticism  and  his  help. 

LABORATOKIBg  i>i    the  Standard  Varnish  Works, 
Elm   I'ark.  X.  Y. 


THE  REFRACTIVE  INDEX  OF  BEESWAX.1 

By  I..   Feldstein. 

Received  Jan.  5,  1912. 

Lewkowitsch,  in  "Chemical  Technology  and  Analysis 
of  Oils,  Fats,  and  Waxes,"  recommends  refractometric 
examination  as  a  preliminary  test  in  the  examination 
of  beeswax,  giving  as  the  limits  between  which  pure 
beeswax  should  fall,  42  .c-0-45.6°;  butyro-refractom- 
eter  scale,  calculated  to  40 °  C.  These  figures  were 
obtained  from  the  work  of  Werder1  and  Berg,*  who 
made  the  determinations  at  temperatures  ranging 
between  70 °  and  84 °  C.  and  then  calculated  them  to 
40  °  C.  Neither  Werder  nor  Berg  in  their  original 
articles  give  the  figures  actually  observed  nor  explain 
how  their  calculations  were  made,  but  it  is  assumed 
that  they  added  to  the  observed  figures  the  correction 
0.55°  butyro  for  each  degree  centigrade  between  the 
observed  figures  and  40  °  C,  the  correction  value 
0.550  being  generally  used  for  all  fats  and  oils  when 
calculated  to  40  °  C.  In  this  laboratory  an  Abbe- 
Zeiss  direct-reading  refractometer  is  used,  and  for 
beeswax  a  correction  of  0.00037  per  degree  centi- 
grade was  found  necessary.  This  figure  was  obtained 
by  taking  the  refractive  index  at  65 °,  75°,  and  85 °  C. 
and  dividing  the  difference  in  the  reading  by  the  differ- 
ence in  degrees  centigrade.  This  correction  of  0.00037 
per  degree  centigrade  was  found  to  be  practically 
constant  between  these  temperature  limits  not  only 
for  all  pure  beeswax  examined,  but  also  for  those 
which,  upon  further  examination,  showed  adultera- 
tion. 

As  beeswax  is  a  solid  at  40  °  C.  and  the  refractive 
index  is  always  read  on  the  melted  wax  at  some  tem- 
perature above  63  °  C,  it  seems  desirable  to  eliminate 
the  use  of  the  calculation  to  40  °  C.  and  to  set  limits 
for  the  refractive  index  of  pure  beeswax  at  some  tem- 
perature above  the  melting  point.  For  this  purpose 
a  number  of  samples  of  known  purity  and  origin, 
obtained  from  the  Bureau  of  Entomology,  United 
States  Department  of  Agriculture,  and  some  others 
purchased  on  the  open  market  were  examined.  All 
of  these  have  been  analyzed  by  the  drug  laboratory 
of  the  Bureau  of  Chemistry.  The  readings  were  made 
at  65  °,  750,  and  85 °  C,  and  the  results  are  given  in 
the  following  tables.  Table  I  consists  of  the  figures 
obtained  on  the  samples  of  pure  beeswrax  secured  from 
the  Bureau  of  Entomology.  Table  II  shows  the  re- 
sults on  those  samples  obtained  in  the  open  market, 
many  of  them  adulterated  samples.  In  the  column 
headed  "Remarks"  are  placed  conclusions  as  to  the 
nature  of  the  sample  based  on  the  chemical  analysis: 

ff  '  Contribution  from  the  Contracts  Laboratory,  Bureau  of  Chemistry 
Washington,  D.  C. 

2  Chem.  Ztg.,   22,  59   (1898). 

3  Ibid.,  27,  752  (1903). 
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Table   I. — Refractive  Index   Readings  at  Different  Temperatures 
on  Beeswax  Samples  of  Known  Purity. 
Refractive  index. 


Contract  laboratory 

No.  At  65  °  C.     At  75  °  C.  At  85  °  C.  Locality. 

12616 1.4458  1.4424  1.4390  Not  given 

12617 1.4458  1.4425  1.4391 

12618 1.4456  1.4420  1.4380  " 

12619 1.4454  1.4418  1.4378  " 

12620 1.4449  1.4414  1.4380  Mexico 

12621 1.4453  1.4416  1.4377  North  Carolina 

12622 1.4460  1.4426  1.4388  Wisconsin 

12623 1.4441  1.4403  1.4365  Cuba 

12624 1.4449  1.4412  1,4375  Habana 

12625 1.4448  1.4410  1.4374  Haiti 

12626 1.4448  1.4414  1.4374  Southern  States 

12627 1.4458  1.4424  1.4387  Africa 

12628 1.4456  1.4420  1.4384  New  York 

12629 1.4488  1.4451  1.4415  San  Domingo 

12656 1.4440  1.4402  1.4363  Not  given 

12657 1.4443  1.4406  1.4367  Wisconsin 

12658 1.4460  1.4424  1.4388  Illinois 

12659 1.4449  1.4413  1.4377  Texas 

12660 1.4444  1.4405  1.4368  Iowa 

12661 1.4450  1.4413  1.4378  Utah 

12662 1.4458  1.4422  1.4384  Iowa 

12663 1.4444  1.4405  1.4368  California 

12664 1.4436  1.4398  1.4361  Hilo 

12665 1.4434  1.4398  1.4361 

12666 1.4435  1.4400  1.4362 

12667 1.4447  1.4410  1.4375  Not  given 

12801 1.4470  1.4433  1.4395  Minnesota 

Table  II. — Refractive  Index  Readings  at  Different  Temperatures 
on  Commercial  Samples. 
Refractive  index. 


Contract  At  At  At 

laboratory  No.  65°  C.  75°  C  85°  C  Remarks. 

12630 1.4463  1.4425  1.4389     Pure  wax 

12631 1.4459  1.4425  1.4387 

126321 1.4379  1.4340  1.4302     Paraffin  present 

12633 1.4456  1.4421  1.4387     Pure  wax 

126341 1.4380  1.4344  1.4307      Paraffin  present 

126351 1.4379  1.4342  1.4302     Stearic  acid  and  paraffin  present 

12636 1.4540  1.4505      Resin  present 

126371 1.4375  1.4338  1.4301      Paraffin  present 

126381 1.4350  1.4313  1.4275 

12639 1.4448  1.4410  1.4372      Pure  wax 

12640 1.4454  1.4416  1.4380 

126411 14421  1.4384  1.4346     Paraffin  present 

126421 1.4363  1   4323  1.4284 

12643 1.4447  1.4410  1.4372     Pure  wax 

12644 1.4437  1.4400  1.4364 

12645 1.4440  1.4402  1.4368 

12646 1.4445  1.4410  1.4372 

12647 1.4438  1.4401  1.4362 

126481 1.4421  1.4384  1.4348     Paraffin  present 

126491 1.4335  1.4300  1.4260     Stearic  acid  and  paraffin  present 

126501 1.4342  1.4304  1.4268     Paraffin  present 

12651 1.4439  1.4402  1.4365 

126521 1.4345  1.4307  1.4269 

12653 1.4445  1.4408  1.4372     Pure  wax 

12654" 1.4355  1.4318  1.4280     Paraffin  present 

12655 1.4441  1.4406  1.4369     Pure  wax 

Upon  examining  the  tables  it  will  be  found  that 
the  refractive  index  at  75 °  C.  for  pure  beeswax  falls 
between  1 .4398-1 .4451.  Table  II  shows  that  the 
refractive  indices  of  all  those  samples  bought  in  the 
open  market,  which  on  chemical  analysis  appeared 
to  be  pure,  fell  within  the  limits  for  pure  beeswax 
(1 .4398-1 .4451),  while  of  the  adulterated  samples 
only  one  fell  within  these  limits.  This  sample  was 
No.  1265.1,  which  has  a  refractive  index  of  1.4402,  a 
figure  very  close  to  the  lowest  value  obtained  for 
pure  beeswax.  In  this  instance  it  is  quite  possible 
that  the  beeswax  had  a  high  refractive  index  and 
was    adulterated    with    a    small    amount    of    paraffin 

1  Grossly  adulterated  samples. 


One  sample  (No.  12636),  showing  a  high  refractiv< 
index  of  1.4540,  proved  on  chemical  examination  t( 
have  resin  in  it.  It  was  not  possible  to  obtain  a  clea: 
reading  of  this  wax  at  65°  C.  Those  samples  whicl 
have  a  very  low  refractive  index  proved  to  be  grossly 
adulterated  with  either  paraffin  or  stearic  acid  o: 
both.  A  temperature  of  75  °  C.  was  selected  becaus< 
at  this  point  all  beeswaxes  are  liquid,  a  clear,  shaq 
line  can  be  obtained  in  the  refrac  to  meter,  and  it  ii 
comparatively  easy  to  make  the  reading. 

It  is  seen  that  the  determination  of  the  refractivi 
index  of  beeswaxes  is  of  great  help  in  detecting  gros: 
adulteration  and  will  generally  reveal  small  adultera 
tions,  samples  containing  only  a  small  amount  o 
foreign  material  generally  giving  figures  outside  th< 
limits  mentioned,  namely,  1 .4398-1 .4451  at  75 °  C 
The  results  obtained  show  also  that  it  is  both  unneces 
sary  and  unwise  to  calculate  the  refractive  index  t( 
the  butyro  scale  at  40  °  C,  for  the  following  reasons 
(1)  It  is  unreasonable  to  report  the  refractive  indej 
of  a  wax  at  a  temperature  at  which  it  is  an  opaqu( 
solid,  when  the  actual  reading  is  made  on  the  meltec 
wax.  (2)  The  calculation  consumes  time.  (3)  I 
clear  reading  can  be  obtained  at  75 °  C.  and  the  figure: 
obtained  can  be  reported  unchanged. 


THE  CHEMISTRY  OF  ANAESTHETICS,  IV:     CHLOROFORM 

By  Charles  Baskerville  and  W.  A.  Hamor. 
Received  December  13,    1911. 

(Continued  from  June  No.) 
VIII.  The  Examination  of  Anaesthetic  Chloroform. 

4.    THE  DETECTION  OF  WATER  IN  CHLOROFORM. 

Since  pure  chloroform  is  not  hygroscopic  in  th< 
ordinary  sense,  and  100  cc.  dissolve  but  0.152  cc.  o 
water  at  220,1  such  chloroform  is  not  likely  tc 
contain  appreciable  amounts  of  water.  In  the  cas< 
of  anaesthetic  chloroform,  0.025-0.05  per  cent,  b) 
volume  of  water  is  introduced  by  the  alcohol;  it  ma) 
be  said,  therefore,  that  the  maximum  amount  o 
water  likely  to  be  present  in  anaesthetic  chloroforn 
is  approximately  0.2  per  cent,  by  volume,  althougl 
the  usual  amount  is  about  0.05  per  cent.,  accordini 
to  our  experience.  Tests  for  the  presence  of  watei 
in  anaesthetic  chloroform  are  generally  not  specified 
Since,  however,  the  presence  of  water  facilitates  oxi 
dation,  it  is  at  least  desirable  that  the  amount  presem 
is  not  excessive;  and  occasions  may  arise  which  re- 
quire anhydrous  chloroform.  The  authors  are  abk- 
to  present  tests,  by  the  application  of  which  both  oi 
these  conditions  may  be  met. 

A.   Tests  Based  upon  the  Evolution  of  Gas. 

(a)  The  Test  with  Calcium  Carbide. — Vitali3  found 
that  calcium  carbide  serves  for  the  detection  of  watei 
in  chloroform ;  and  we  have  learned  that  it  is  botr 
a  convenient  and  generally  suitable  reagent  for  th« 
presence  of  water,  even  in  minute  amounts,  in  chloro- 
form of  all  grades.  It  is  the  test  which  we  recommend 
for  establishing  the  anhydrous  nature  of  a  chloroforrr 
desired  in  a  water-free  condition. 

1  Herz,  Ber..  31,  2670. 

2  Boll.    chim.    jarm.,    37,    257;     cf.      Baskerville    and    Hamor,    Thi! 
Journal,  3,  311. 
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Winn  pure  chloroform  containing  an  addition  of 
0.025  lH'r  cent,  by  volume  of  water  is  agitated  with 
anhya  fie    sulphate,   no  reaction  indicative  of 

the  I  water  is  had;  whereas  if  20  cc.  of  the 

same  chloroform  is  gently  boiled  over  1  gram  of  cal- 
cium carbide,  and  the  gas  evolved  is  passed  into  an 
ammoniacal  silver  nitrate  solution,  a  pronounced 
acetvlene  reaction  is  obtained.  In  fact,  since  1  gram 
of  water  yields,  at  o°  and  760  mm.,  580  cc.  of  acetylene, 
the  merest  traces  of  water  may  be  detected  in  chloro- 
form of  all  grades  by  boiling  the  sample  under  exami- 
nation over  clean  crystals  of  calcium  carbide,  and 
passing  the  vapors  evolved  into  ammoniacal  silver 
nitrate  solution. 

(b)  The  Action  of  Copper-Zinc  Couple  on  Chloro- 
form.— Gladstone  and  Tribe1  found  that  copper-zinc 
couple  did  not  act  on  pure  chloroform,  but  that  in 
the  presence  of  alcohol  at  +  6o°  C,  methane  wasevolved, 
together  with  a  small  amount  of  acetylene,  and  in  the 
presence  of  water,  methane  wras  evolved  even  at  +  1 2  °  C. 
This  reaction  is  not  adaptable  as  a  test  for  the  presence 
of  water. 

(c)  The  Action  of  Sodium  on  Chloroform. — Sodium 
acts  on  chloroform  containing  water,1  but  in  such  a 
manner  that  it  cannot  be  employed  as  a  reagent  for 
the  presence  of  water  in  this  case. 

(d)  The  Test  with  Anthraquinone  and  Sodium  Amal- 
gam.— -The  authors  have  reported3  that  "hydro- 
anthraquinone"  serves  for  the  detection  of  both  water 
and  alcohol  in  ethyl  ether.  When  several  mg.  of 
anthraquinone  and  a  small  piece  of  2  per  cent,  sodium 
amalgam  are  added  to  20  cc.  of  anaesthetic  chloroform 
containing  0.8  percent,  of  absolute  alcohol  and  0.025- 
0.065  Per  cent,  of  water,  an  alcohol  reaction  alone  is 
obtained;  with  anaesthetic  chloroform  containing 
0.1 15  per  cent,  of  water,  a  faint,  but  decided,  water 
reaction  is  had,  although  this  is  somewhat  masked  by 
the  alcohol  reaction,  the  amalgam  becoming  colored 
green  and  red  in  places.  The  test  is  not  recommended 
for  the  detection  of  water  in  chloroform  containing 
alcohol. 

B.  Tests  Dependent  upon  the  Production  of  a  Turbidity, 
(a)  Tests  wherein  the  Chloroform  is  Cooled  to  Low 
Temperatures. — Behal  and  Francois*  considered  that 
the  simplest  test  for  the  presence  of  water  in  chloro- 
form was  to  bring  some  of  the  crystals  of  ice  obtained 
by  submitting  chloroform  to  a  temperature  of  — 20  °  to 
— 40  °  in  contact  with  mercuric  ammonium  iodide,  when 
red  mercuric  iodide  resulted.  Chloroform  freed  from 
water  does  not  afford  any  crystals  of  ice  when  exposed 
to  the  low  temperature,  and  therefore  pure  chloroform 
should  comply  with  this  qualitative  test;  but  since  the 
addition  of   5  parts  of  98  per  cent,   alcohol  in   1,000 

1  J.  Chem.  Soc.  28,  508. 

2  Kern.  Chem.  Newt,  31,  121.  The  reaction  is  in  apparent  ac- 
cordance with  this  equation:  CHC13  +  3Xa  +  H;>0  =  2NaCl  +  NaOH  + 
HC1  +  C  4-  H.  With  pure  chloroform,  however,  sodium  formate  is  ob- 
tained, and  the  variables  of  anaesthetic  chloroform  would  render  the  use  of 
sodium  as  a  test  of  no  value.  The  action  of  sodium  on  anaesthetic  chloro- 
form will  be  discussed  more  fully  in  Section  5. 

3  This  Journal,  3,  310. 

*/.  Pharm.  Chim.,  6,  417  (1897).  It  is  almost  needless  to  state  that 
none  of  the  samples  of  chloroform  examined  by  Behal  and  Francois  com- 
plied with  this  test. 


causes  them  to  appear,  the  test  cannot  be  used  for 
determining  whether  or  not  anaesthetic  chloroform 
contains  a  permissible  amount  of  water.  The  French 
Codex  requires  that  anaesthetic  chloroform  shall  not 
become  turbid  on  cooling  to  — io°.  Chloroform  of 
the  grade  official  in  France  should  readily  comply 
with  this  requirement  for  the  following  reasons: 
Chloroform  saturated  with  water  at  +200  becomes 
turbid  white  or  grayish  on  sudden  cooling  to  — 20  °, 
owing  to  the  formation  of  dispersed  ice ;  but  in  a  water 
concentration  below  0.05  per  cent,  by  weight  of  water 
in  chloroform,  there  is  no  turbidity,  although,  ac- 
cording to  Ostwald,1  the  Tyndall  effect  is  pronounced 
down  to  0.02  per  cent,  water. 

(b)  The  Test  with  Paraffin  Oil. — According  to  Cris- 
mer,J  the  "liquid  paraffin"  of  the  German  pharmaco- 
poeia3 mixes  in  all  proportions  with  anhydrous  chloro- 
form, but  if  water  is  present  the  liquid  becomes  turbid. 

In  order  to  determine  the  delicacy  of  this  test,  a 
sample  of  anaesthetic  chloroform  containing  0.8  per 
cent,  by  volume  of  alcohol  and  0.04  per  cent,  by  volume 
of  water  was  taken.  When  10  cc.  of  this  sample  were 
agitated  with  an  equal  volume  of  paraffin  oil  (sp. 
gr.  =  0.880),  the  oil  dissolved  to  a  clear  solution, 
without  any  evidence  of  a  turbidity.  When  the  water 
content  was  increased  to  0.065  Per  cent,  by  volume, 
the  solution  still  remained  clear  and  transparent;  but 
when  0.09  per  cent,  of  water  was  present,  a  faint  yet 
decided  turbidity  resulted.  When  chloroform  con- 
tains 0.1 18  per  cent,  of  water,  the  reaction  is  very 
pronounced. 

C.  Tests  Based  on  the  Color  Assumed  by  the  Hydration 
of  a  Dehydrated  Compound. 
(a)  The  Test  with  Anhydrous  Cupric  Sulphate. — 
Since  anhydrous  cupric  sulphate  is  a  very  satisfactory 
reagent  for  the  presence  of  water  in  ethyl  ether,  the 
salt  was  tried  in  this  connection.  None  of  the  com- 
mercial or  anaesthetic  chloroforms  examined  by  us 
gave  a  response,  when  20  cc.  were  shaken  with  1  gram 
of  anhydrous  cupric  sulphate  during  one  hour;  in  fact, 
only  a  faint  reaction  was  had  with  anaesthetic  chloro- 
form containing  0.115  per  cent,  of  water,  and  a  marked 
response  was  obtained  only  when  the  saturation  point 
of  the  chloroform  was  reached. 

D.  Recommendations. 
Pure  chloroform  and  anhydrous  anaesthetic  chloro- 
form should  comply  with  test  A  (a) ;  and  anaesthetic 
chloroform  should  readily  conform  to  test  B  (b), 
although  it  is  highly  expedient  that  the  amount  of 
water  present  be  reduced  to  a  trace,  if  not  totally 
excluded,  which  could  be  accomplished  by  preserving 
anhydrous  chloroform  with  anhydrous  alcohol. 

5.    THE    DETECTION    AND    ESTIMATION    OF    ALCOHOL    IN 
CHLOROFORM. 

The  presence  of  ethyl  alcohol  in  chloroform,  in 
amounts  varying  from  0.25-1.00  per  cent.,  has  been 
almost  universally  recognized  as  necessary;  in  fact, 
all  grades  of  chloroform  on  the  market  contain  alcohol. 

1  Z.  Chem.  Ind.  Kolhide.  6,  183. 

2  Ber..  17,  649. 

3  B.  p.  =  215-240°  under  6  mm.  pressure. 
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Therefore,  whenever  it  is  desirable  that  chloroform 
intended  for  certain  chemical  work  should  be  alcohol- 
free,  it  is  necessary  to  resort  to  methods  of  purification 
which  serve  to  eliminate  alcohol;  but  in  such  cases 
it  is  always  important  that  the  purified  chloroform 
be  tested  to  prove  the  absence  of  alcohol,  for  which 
purpose  sensitive  qualitative  tests  are  necessary.  In 
the  case  of  anaesthetic  chloroform,  the  amount  of 
alcohol  present  need  not  exceed  the  specified  phar- 
macopoeial  limits,  and  then,  in  general,  qualitative 
tests  are  valueless  in  practice1  and  it  is  necessary  to 
determine  the  amount  present  by  a  determination 
of  the  specific  gravity  or,  preferably,  by  a  quanti- 
tative estimation  of  the  amount  of  alcohol.  It  should 
be  mentioned  here,  however,  that  at  the  present  time 
alcohol  is  seldom  present  in  anaesthetic  chloroform 
in  excessive  amounts.2  Anaesthetic  chloroforms  on 
the  American  market  generally  contain  0.50-0.84  cc. 
of  alcohol,  calculated  as  absolute,  per  100  cc,  and  only 
one  sample  examined  by  us  contained  as  much  as 
0.97  cc.  of  absolute  alcohol.3 

With  the  object  of  finding  just  what  tests  and  meth- 
ods of  estimation  are  suitable  and  reliable,  all  of  the 
schemes  for  the  detection  and  determination  of  alcohol 
in  chloroform  were  studied,  and  where  the  method 
appeared  worthy  it  was  tried  out.  For  convenience 
sake,  these  methods  will  be  considered  in  classes. 

A.  Physical  Methods. 

(a)  The  Determination  of  the  Amount  of  Alcohol  from 
the  Density. — It  has  been  quite  a  general  practice  to 
infer  the  amount  of  alcohol  present  in  any  sample  of 
chloroform  from  the  specific  gravity  of  the  sample  in 
question,  and  it  is  generally  considered  that  this  in- 
ference may  be  accomplished  accurately;  but  as  alco- 
hol does  not  reduce  the  density  in  exact  ratio 
to  its  amount,  several  investigators  have  found 
it  necessary  to  determine  the  specific  gravity  of  known 
mixtures  of  absolute  alcohol  and  chloroform. * 

Provided  the  past  history  of  the  sample  is  known, 
the  density  of  anaesthetic  chloroform  is  an  indication 
of  the  amount  of  alcohol  present,  and  therefore  the 
percentage  of  alcohol  may  be  approximately  estimated 
therefrom;  but  we  consider  that  after  a  determination 
of  the  specific  gravity  has  been  made,  no  conclusions 

1  Cf.  Dott.  Pharm.  J..  [3]  12,  769. 

-  Much  of  the  chloroform  in  America  in  1875  was.  however,  con- 
taminated with  alcohol;  for.  according  to  the  report  of  Meigs,  it  possessed 
a  density  of  1 .45  (see  Normandy-Noad's  Commercial  Hand-book  of  Chemical 
Analysis.  1875,  p.  122). 

3  The  official  chloroform  of  the  Pharmacopoeia  of  the  United  Stales  is 
specified  as  a  liquid  consisting  of  99-99.4  per  cent,  by  weight  of  absolute 
chloroform  and  0.6-1  per  cent,  of  alcohol. 

4  Remys  {Arch.  Pharm.,  [3]  5,  31),  assuming  that  "pure"  chloroform 
possesses  a  density  o'f  1.500  at  15°  C,  stated  that  the  presence  of  '/*  per 
cent,  of  alcohol  reduced  the  density  by  0.002  and  0.5  per  cent,  by  0.008. 
Rump  {Am.  Chemist,  6,  359)  gave  the  same  results.  Besnou  (see  U.  S. 
Dispensatory,  18th  edition,  p.  378;  and  Vremon  in  Stohniann  and  Kerl's 
Technischen  Chemte,  2,  646)  determined  the  specific  gravities  at  4.5°  C. 
of  mixtures  of  the  "purest  commercial"  chloroform  with  small  quantities 
of  alcohol.  Schacht  and  Biltz  (Pharm.  J..  1893,  1005)  obtained  the  follow- 
ing data; 

At  15°  C. 

"Pure"  chloroform 1   5020 

"Pure"  chloroform  with  0.25  per  cent,  alcohol 1  .4977 

"Pure"  chloroform  with  0.50  per  cent,  alcohol 1 .4939 

"Pure"  chloroform  withjl  OOjper  cent,  alcohol 1 .4854 

"Pure"  chloroform  with  2. 00 'per  cent,  alcohol 1 .4705 


as  to  the  percentage  of  alcohol  should  be  arrived 
until  a  quantitative  estimation  is  carried  out. 

(b)  The  Influence  of  Alcohol  on  the  Boiling  Point. 
While  alcohol  may  be  readily  identified  in  anaesthe 
chloroform  by  fractionation,"  and  may  be  partia 
eliminated  by  this  means,  the  variables  of  such  chloi 
form  render  the  determination  of  its  boiling  po: 
valueless  as  a  criterion  of  purity. 

B.   Chemical  Methods. 
i.    Tests  Based  on  the  Oxidation  of  Alcohol: — 

(a)  The  Chromic  Acid  Test. — Several'  have  p: 
posed  that  sulphuric  acid  and  potassium  dichrorm 
be  used  as  a  reagent  for  the  detection  of  alcohol 
chloroform.  The  test  serves  to  prove  the  absence 
alcohol,3  and  is  given  in  the  pharmacopoeias  of  It; 
and  Spain. 

Based  on  the  oxidation  of  alcohol  by  chromic  ac 
Nicloux4  devised  a  method  for  the  estimation  of  all 
hoi  in  chloroform,  according  to  which  the  small  p 
portion  of  alcohol  added  is  separated  by  shaki 
5  cc.  of  the  sample  with  20  cc.  of  water;  5  cc. 
the  alcoholic  solution  (containing  not  more  thar 
part  in  500)  are  mixed  in  a  test  tube  with  0.1—0.2 
of  a  solution  of  potassium  dichromate  (19  g.  per 
and  then  with  pure  sulphuric  acid  (sp.  gr.  1.84),  adc 
cautiously.  When  sulphuric  acid  is  added  in  suffici( 
quantity  (4.5-6  cc),  the  solution  is  decolorized;  a 
the  liquid  is  now  gradually  titrated  with  the  dichrom; 
solution,  being  shaken  and  gently  heated  after  ev< 
addition,  until  the  color  changes  from  greenish  blue 
a  permanent  greenish  color.  This  change,  we  rr 
note,  is  most  readily  recognized  in  solutions  contain: 
less  than  0.2  per  cent,  of  alcohol.  It  is  advisable 
make  a  second  determination  in  which  the  amount 
dichromate  used  in  the  first  experiment,  less  0.1  < 
is  run  in  at  once,  the  sulphuric  acid  added,  and  1 
liquid  is  heated  to  boiling.  The  contents  of  the  tt 
should  remain  greenish  blue,  while  in  another  det 
mination  in  which  0.1  cc.  more  than  the  first  read 
is  added,  the  color  should  change  to  greenish  yelk 
The  number  of  cc.  consumed,  divided  by  1,000,  gi- 
the  amount  of  absolute  alcohol  in  cc.  per  cc.  of  soluti 
When  the  proportion  of  alcohol  is  less  than  0.1  ] 
cent.,  the  strength  of  the  dichromate  solution  shot 
be  doubled.  Although  Pozzi-Escot3  found  that 
order  to  obtain  comparable  results  with  the  met! 

1  On  this  point,  see  also  Rump.  Am.  Chemist,  6,  359;  Behal  and  F 
cois,  /.  Pharm.  Chim.,  5,  417  (1897);  Ryland,  Am.  Chem.  J.,  22, 
On  the  boiling  points  of  alcohol  and  chloroform  mixtures,  see  Thayei 
Phys.  Chem.,  3,  37;  Wade  and  Finnemore,  J.  Chem.  Soc,  86,  940. 

2  Cottell,  /.  Pharm.  Chim.,  [3]  13,  359;  Procter,  Am.  J.  Pharm.,  1 
213;  Fleischmann.  Polyt.  Nolizblatt,  34,  47;  Gay,  J.  Pharm.  Chim.,  4, 
Rusconi,  Arch,  farmacol.  sper.,  8,  196.  Cf.,  however,  Lepage,  J.  Phi 
Chim.,  1860,  93.  Thresh  (Chem.  News,  38,  251;  see  also,  Pharm.  J., 
11,  319)  proposed  a  method  according  to  which  the  sample  of  chlorof 
is  agitated  with  an  equal  volume  of  water,  the  aqueous  solution  is  dist 
with  potassium  dichromate  and  sulphuric  acid,  and  the  distillate  is  te 
for  the  presence  of  aldehyde  by  means  of  potassium  or  sodium  hydro? 
The  presence  of  0.5  per  cent,  of  alcohol  is  thus  made  evident.  The  amc 
of  aldehyde  produced  may  also  be  approximately  determined  colorim 
cally  by  means  of  the  reagent  of  Francois  (Chem.  News,  76,  7). 

3  See  Pharm.  J..  [3]  22,  1041.     It  is,  of  course,  very  fallible,  since  m 
substances  give  the  same  reaction  as  alcohol. 

*  Hull.    soc.    chim..    [3]   35,    330    (1906).     The    potassium    dichror 
method  of  estimation  is  detailed  in  the  French  Codex. 

4  Ann.  chim.  anal.,  1902,   11,  12. 
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foi  i  in-  es1  imation  of  alcohol  in  dilute 
solutions.'  it  was  essential  to  maintain  absolutely  identi- 
cal conditions,  .mil  that  even  then  discordant  results 
mighl  be  obtained  in  duplicate  experiments;  yet  when 
the  procedure  above  described  is  toil, .wed  exactly,  the 

method    is    \er\     useful.      There    is    hut    one    important 
source   oi    error,   and    that    is   that    agitation  of   5   CC.   of 

chloroform  containing  alcohol  with  jo  cc.  of  •••■ 
does  not  serve  to  deprive  the  chloroform  of  all  the 
alcohol  present ;  this  can  be  accomplished,  however, 
by  repeatedly  shaking  the  sample  under  examination 
with  double  its  volume  of  water,  which  operation 
should  be  repeated  at  least  ten  times.  The  water- 
extracts  may  then  be  combined,  and  a  suitable  amount 
taken  tor  analysis. 

Behal  and  Francois3  modified  the  method  of  Nicloux' 
by  extracting  the  alcohol  by  agitation  with  sulphuric 
acid,  diluting  the  acid  solution  with  water,  and  then 
gently  distilling;  a  portion  of  the  distillate  is  boiled 
with  sulphuric  acid,  and  dichromate  solution  (16.97  S- 
per  1.)  is  added  until  a  green,  but  not  greenish  yellow, 
tint  is  reached.  Each  2  cc.  of  the  solution  corresponds 
to  0.0 1  gram  of  absolute  alcohol.  This  method  gives 
concordant  and  quite  accurate  results  under  the  con- 
ditions observed.  If,  however,  the  result  obtained 
indicates  a  higher  amount  of  alcohol  than  2  cc.  per 
1,000.  it  is  necessary7  to  dilute  the  distillate  with  w7ater, 
and  then  repeat  the  determination. 

(b)  The  Test  with  Alkaline  Potassium  Permangan- 
ate.— Since  pure  chloroform  will  not  reduce  an  alka- 
line solution  of  potassium  permanganate,  Yvon4 
recommended  a  reagent  (potassium  permanganate,  1 
part;  "alcoholic  potash,"  10  parts;  water,  250  parts) 
which  changed  from  a  violet  to  a  green  color  when 
mixed  with  "impure"  chloroform. s  Since,  however, 
the  change  is  caused  by  alcohol  equally  with  more 
objectionable  impurities,  the  test  is  of  no  value,  except 
in  examining  pure  chloroform,6  and  in  this  case  barium 
hydroxide  should  be  used  in  place  of  potassium  hy- 
droxide.' 

An  analogous  test  is  that  proposed  by  Jolles8  for  the 
detection  of  aldehyde,  ethylene,  etc.,  in  chloroform. 
Jolles  found  that  pure  chloroform  did  not  act  on 
potassium  manganate,  whereas  an  addition  of  about 

1  Bull.  soc.  chim.,  [3]  17,  424 ;  /.  Pharm.  Chim..  [6]  5,  424. 

-  /.  Pharm.  Chim..  [6]  5,  417.  % 

3  Bull,  de  la  Soc.  Therap..  3,  860.  , 

*  Mon.  Set.,  [3]  12,  262  (1882);/.  Pharm.  Chim..  [5]  6,  225. 

5  Yvon  found  that  the  rapidity  of  the  change  depends  on  the  purity  of 
the  chloroform,  and  suggested  that  all  chloroform  which  reduces  the  re- 
agent within  ten  minutes  should  be  considered  incompletely  purified  or 
altered.  Gay  (/.  Pharm.  Chim..  4,  259)  devised  a  method  for  estimating 
approximately  the  amount  of  alcohol  in  chloroform  by  means  of  Mohr's 
solution ;  this  method  is  rapid,  but  the  results  obtainable  are  too  indefinite. 

6  Dott,  Clark  and  also  Gilmour  (Pharm.  J..  [3]  12,  769)  discredited 
Yvon's  proposed  test  as  an  indication  of  the  purity  of  anaesthetic  chloro- 
form. Martindale  (Ibid.,  [3]  12,  734)  found  that  the  British  chloroform  of 
1882  would  not  stand  Yvon's  test,  but  considered  that  this  failure  was  not 
due  to  the  alcohol  present;  this  was  denied  by  Clark  (Ibid..  760),  who, 
considering  it  necessary  to  add  alcohol,  stated  that  Yvon's  test  is  worth- 
less when  such  a  procedure  is  followed.  Preston  (Ibid.,  981)  believed  that 
Yvon's  test  is  a  failure,  since  chloroform  containing  dangerous  impurities 
cannot  be  differentiated  from  anaesthetic  chloroform  by  its  use  alone. 
On  this  test,  see  also  Portes.  Ibid.,  [3]  12,  268;  and  Lotze,  Rep.  anal.  Chem., 
1883,  29. 

»  Cf.  De  Koninck,  Z.  angew.  Chem.,  1889,  4. 
8  Chem.  Ztg.,  11,  786. 


2    per    cent      of    alcohol    or    similar    oxidi/.ablc    matter 
quickly  caused  a  reduction,1 

(c)  The  Molybdii  Add  Test.  Davy*  found  that  a 
solution  1.1  molybdic  acid  in  concentrated  sulphuric 
acid  served  as  a  reagent  for  the  detection  of  alcohol 
in  chloroform ;  but  since  this  test  is  only  capable  of 
detecting  the  presence  of  1  part  of  alcohol  in  1,000 
parts  of  chloroform3  and  reducing  substances  in  gen- 
eral give  the  reaction,  it  cannot  be  said  to  be  of  value.* 

(d)  The  Nitric  Acid  Test. — Kossa5  has  found  that 
nitric  acid  (50  per  cent.)  and  ethyl  alcohol  (90  per 
cent.)  give  a  decided  color  reaction;6  but  this  behavior 
is  not  applicable  as  a  test  for  the  presence  of  alcohol 
in  chloroform,  since  it  is  lacking  in  sensitiveness. 

2.  The  Iodoform  Test: — 

Undoubtedly  the  most  delicate  test  for  the  presence 
of  alcohol  in  chloroform  is  that  of  Licben,  as  modified 
by  Hager.  Usually  it  is  directed  that  the  sample 
under  examination  be  agitated  with  5  volumes  of 
water,  the  liquid  passed  through  a  wet  filter,  and  that 
the  filtrate  be  then  examined.  We  recommend  the 
following  procedure  for  the  separation  of  alcohol  from 
chloroform:  10  cc.  of  the  chloroform  under  examination 
are  shaken  in  a  separatory  funnel  with  4  cc.  of  con- 
centrated sulphuric  acid,  which  combines  with  any 
alcohol;  the  extraction  is  again  repeated  with  4  cc.  of 
sulphuric  acid,  and  finally  with  2  cc.  The  sulphuric 
acid  solution  (10  cc.)  is  now  mixed  with  40  cc.  of  water, 
and  the  diluted  solution  is  gently  distilled  until  the 
distillate  amounts  to  about  20  cc.  In  this  way  the 
ethyl-  sulphuric  acid  is  decomposed  into  sulphuric 
acid  and  alcohol,  and  the  iodoform  test  may  now  be 
applied  to  10  cc.  of  the  distillate.  Add  6  drops  of  a 
10  per  cent,  solution  of  potassium  hydroxide,  and 
warm  the  liquid  to  about  50  °  C.  A  solution  of  po- 
tassium iodide,  saturated  with  free  iodine,  is  next 
added  drop  by  drop  with  agitation,  until  the  liquid 
becomes  permanently  yellowish  brown  in  color,  when 
it  is  carefully  decolorized  with  potassium  hydroxide 
solution.  If  alcohol  is  present,  iodoform  is  gradually 
deposited  at  the  bottom  of  the  tube  in  yellow  crystals.' 

This  test  is  not  peculiar  to  alcohol,  being  produced 
also  by  acetone,  aldehyde,  isopropyl  alcohol,  propyl 
and  butyl  alcohols  and  aldehydes,  various  ethers,  etc. ; 
but  pure  chloroform  should  give  absolutely  no  re- 
sponse when  the  test  is  applied  in  the  manner  indicated. 

3.  Tests  based  on  Solubility: — 

(a)  Tests  wherein  Various  Dyes  are  Employed. — 
Regnault8  stated  that  if  chloroform  contained  a  trace 

1  See  Loevy  and  Jolles,  Chem.  Ztg.,  11,  1394. 

2  Chem.  News,  34,  137;  see  also  Boettger,  Z.  Allg.  Oest.  Ap  Ver.,  1879, 
431. 

3  See  Dott,  Ibid.,  191.  Dott  pointed  out  that  a  determination  of  the 
density  is  a  more  delicate  test  for  the  presence  of  alcohol. 

*  Cf.  Gladstone  and  Tribe,  /.  Chem.  Soc.,  43,  346. 

*  Pharm.  Centralh.,  46,  893. 

6  A  white  cloudy  layer  appears  at  the  surface  of  contact  after  the 
alcohol  is  carefully  poured  on  to  an  equal  amount  of  the  acid,  and  soon 
afterwards  a  green  or  bluish  green  ring  is  observed  on  the  lower  side  of 
this;  the  green  layer  sinks  gradually,  effervescence  occurs,  and  aldehyde 
"is  formed." 

7  For  details  concerning  the  iodoform  test,  see  Hager,  Z.  anal.  Chem., 
9,  492;  Pharm.  J.,  [3]  1,  683:  Pharm.  Centralh.,  1870,  155.  This  test  is 
capable  of  detecting  1  part  of  alcohol  in  2000  of  water. 

8  J.  Pharm.  Chim.,  [4]  29,  402. 
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of  alcohol,  it  was  colored  purple  on  agitation  with 
"Hofmann's  violet,"  which  is  quite  insoluble  in  pure 
chloroform;  and  also  reported  that  chloroform  should 
not  dissolve  or  be  colored  by  "aniline  blue"1  or  fuch- 
sine.2 Stoedeler  recommended  fuchsine  for  the  de- 
tection of  alcohol  in  chloroform;3  and  Allen4  attempted 
to  apply  rosaniline  acetate  in  the  estimation  of  alcohol. 
The  Nueva  Farmacopea  Mexican as  gives  the  "aniline 
violet"6  test.  Behal  and  Francois7  rejected  the 
magenta  test  as  too  delicate,  they  having  been  unable 
to  prepare  chloroform  which  was  not  rapidly  colored 
in  contact  with  air  by  this  reagent;  it  is  indeed  difficult 
to  prepare  chloroform  which  affords  no  coloration 
with  rosaniline  acetate,  for  example,  and  it  is  sufficient 
to  require  that  pure  chloroform  shall  give  but  a  very 
slight  coloration,  if  any,  after  continued  agitation. 

(b)  The  Test  with  Potassium  Hydroxide. — Potassium 
hydroxide  is  quite  insoluble  in  anhydrous  chloroform, 
but  dissolves  sensibly  in  the  presence  of  water  or 
alcohol.  Blachez8  therefore  proposed  the  following 
test  for  the  presence  of  alcohol:  Add  to  the  sample  a 
small  piece  of  potassium  hydroxide,  and  leave  the 
mixture  at  rest  for  several  minutes;  decant  the  chloro- 
form, shake  with  water,  and  add  a  solution  of  a  copper 
salt  to  the  aqueous  extract;  if  a  precipitate  forms,  it 
may  be  generally  assumed  that  the  chloroform  con- 
tains alcohol. 

A  more  reliable  method,  however,  is  to  add  to  the 
chloroform  under  examination  a  small  piece  of  fused 
potassium  hydroxide  and  red  litmus  paper;  if  the  latter 
assumes  a  blue  color  on  being  shaken  with  the  chloro- 
form, the  presence  of  either  water  or  alcohol  is  indi- 
cated. 

To  distinguish  between  water  and  alcohol,  the  sam- 
ple may  be  agitated  with  ignited  potassium  carbonate, 
which  treatment  removes  any  water  present;  if  the 
chloroform  still  possesses  the  power  of  dissolving 
potassium  hydroxide,  the  presence  of  alcohol  may  be 
assumed.  Pure  chloroform  should  comply  with  this 
test. 

(c)  The  Test  with  Iodine. — It  was  pointed  out  in 
18699  that  when  chloroform  is  free  from  alcohol  or 
ether,  the  color  produced  when  iodine  is  dissolved  in  it 
is  bright  red ;  but  when  either  alcohol  or  ether  is  present, 
the  color  of  the  solution  is  brown.10     Siebold11  proposed 

1  Regnault  probably  referred  to  rosaniline  blue. 

2  Mon.  set..  [3]  12,  262. 

3  The  sample  becomes  colored  red  if  alcohol  is  present,  and  the  depth 
of  the  coloration  varies  with  the  proportion  of  alcohol. 

4  Analyst,  2,  97.  Chloroform  containing  alcohol  still  dissolve's  ros- 
aniline acetate  after  treatment  with  calcium  chloride;  agitation  with  con- 
centrated sulphuric  acid  eliminates  alcohol  and  water,  but  the  product  re- 
tains so  much  acid  it  cannot  be  directly  tested  with  fuchsine ;  the  acid  may 
be  got  rid  of  by  means  of  potassium  carbonate,  but  the  chloroform  retains 
sufficient  alkali  to  prevent  the  coloration,  and  barium  carbonate  is  more 
satisfactory;  but  when  the  dealcoholized  chloroform  is  fractionated,  these 
difficulties  are  not  encountered. 

5  1904,  p.  477. 

6  Methyl-aniline  violet  is  undoubtedly  referred  to. 

7  J.  Pharm.  Chim..  6,  417  (1897). 

8  Neues  Jahrb  Pharm.,  August,  1869;  /.  Pharm.  Chim..  [4]  9,  289; 
Z.  anal.  Chem.,  8,  472;  Russ.  Z.  Pharm.,  8,  582.  See  also  Vogel.  JV.  Rep. 
Pharm.,  18,  306. 

•  Pharm.  Z.  Russland.  March,  1869. 

10  In  order  to  distinguish  between  alcohol  and  ether,  a  crystal  of  fuchsine 
was  added  to  the  chloroform;  when  a  red  solution  ensued,  the  presence  of 
alcohol  was  assumed. 

»  Pharm.  J.,  [3]  10,  213. 


a  method1  for  the  detection  and  approximate  esti- 
mation of  alcohol  in  chloroform  by  the  use  of  iodine, 
but  it  is  not  delicate.2 

(d)  Oudemanns3  found  that  the  proportion  of  alco- 
hol contained  in  chloroform  may  be  determined  by 
means  of  cinchonine,*  but  the  method  is  neither  delicate 
nor  practical. 

4.   Miscellaneous   Tests. 

The  other  tests  which  have  been  proposed  for  the 
detection  of  alcohol  in  chloroform  are  the  iron  dinitro- 
sulphide  test  of  Roussin,5  the  sulphuric  acid  test  of 
Guthrie,6  the  test  with  sodium  proposed  by  Hardy.7 
the  potassium  test  of  Mialhe,8  the  test  depending  upon 
the  solution  of  the  alcohol  in  water  which  originated 
with  Soubeiran,°  the  albumen  test  of  Kappeler,10  and 
the    almond    oil    test."       These    tests    are    either   not 

1  A  small  quantity  of  iodine  is  introduced  into  10-15  cc.  of  the  sample, 
which  is  then  shaken  until  the  solution  has  acquired  a  purple  or  purplish 
red  color,  but  not  opaque;  the  solution  is  decanted  from  the  undissolved 
iodine,  and  is  divided  into  two  parts,  which  are  placed  in  two  separate 
test  tubes  of  equal  diameter.  One  is  shaken  with  about  four  times  its 
volume  of  water,  and  the  other  is  kept  for  comparison.  The  water  absorbs 
alcohol,  and  what  settles  down  is  a  solution  of  iodine  in  chloroform,  the 
color  of  which  will  be  exactly  the  same  as  that  of  the  other  portion  if  the 
chloroform  is  "pure,"  but  will  be  distinctly  different  if  the  sample  contains 
alcohol. 

2  With  2  per  cent,  of  alcohol  or  more,  the  difference  is  striking;  with 
1  per  cent.,  it  is  distinct;  and  with  0.5  per  cent.,  it  is  discernible;  but  0.25 
per  cent,  may  only  be  definitely  detected  by  resorting  to  distillation  and 
then  using  the  first  portion  of  the  distillate. 

Mn«.,  166,   1  ;  Z.  anal.  Chem.,  11,  409. 

4  10  cc.  of  the  sample  are  shaken  with  an  excess  of  pure,  dry  cinchonine 
in  a  flask;  the  latter  is  kept  for  an  hour  at  17°  C,  with  frequent  agitation, 
and  the  liquid  is  then  passed  through  a  dry  filter  and  5  cc.  of  the  filtrate 
are  evaporated  to  dryness  in  a  small  beaker.  The  amount  of  residual 
alkaloid  is  then  determined.  Pure  chloroform  yields  21  mg.,  while  chloro- 
form containing  1  per  cent,  of  alcohol  yields  67  mg. 

6  J.  Pharm.  Chim.,  [3]  34,  206;  see  also  Am.  Apoth.  Ztg.,  20,  32.  Pure 
chloroform  shaken  up  with  iron  dinitrosulphide  remains  colorless;  but  if  it 
contains  alcohol,  ether  or  wood  spirit,  it  acquires  a  dark  color.  Kappeler, 
referring  to  this  test  in  his  Anaesthelica,  states  that  the  reaction  is  also 
caused  by  aldehyde  and  amyl  alcohol.  According  to  Lepage  (/.  Pharm. 
Chim.,  1860,  93),  the  test  of  Roussin  will  detect  one-thousandth  part  of 
alcohol.     On  this  test,  see  also  Pharm.  Centr.,  1899,  199. 

0  Am.  J.  Set.,  [1]  22,  105.  In  1832.  Guthrie  stated  that  sulphuric 
acid  affords  "a  fine  test  of  the  presence  of  alcohol;  if  alcohol  be  present, 
so  soon  as  the  chloric  ether  is  all  over,  the  acid  acts  upon  the  alcohol  which 
it  has  detained,  and  generates  sulphuric  ether,  which  is  instantly  indicated 
by  its  peculiar  flavor;  if  no  alcohol  be  present,  no  sulphuric  ether  will  be 
produced." 

7  Pharm.  J.,  [2]  4,  62;  Chem.  News,  6,  286.  Hardy  considered  that 
when  a  small  piece  of  sodium  remains  unattacked  in  chloroform,  the  latter 
is  pure.  When,  however,  the  sample  contains  alcohol  or  other  substances 
susceptible  of  alteration,  a  disengagement  of  gas  occurs.  Traub  {Pharm. 
Centralh.,  33,  245)  stated  that  there  should  be  no  deposit  of  colored  sodium 
chloride ;  he  confused  alcohol  with  aldehyde. 

»J.  Chim.  Med.,  [3]  4,  279. 

8  See  Kessler,  J.  Pharm.  Chim.,  [3]  13,  161.  Mialhe  (Pharm.  J..  7, 
345)  proposed  that  a  small  quantity  of  the  chloroform  be  dropped  on  some 
distilled  water,  when,  if  the  sample  is  pure,  it  remains  transparent ;  if, 
however,  it  contains  alcohol,  the  globules  acquire  a  milky  opacity.  With 
l/300th    part    of    absolute    alcohol,    the    opalescence    is   marked    (Mialhe). 

Letheby  (Normandy-Noad's  Commercial  Hand-book  of  Chemical 
Analysis.  1875.  p.  121)  adopted  a  similar  test,  hut  recommended  that  the 
amount  of  alcohol  dissolved  be  determined  by  the  diminution  in  bulk  of  the 
chloroform  after  shaking  with  water.  The  proportion  of  alcohol  in 
anaesthetic  chloroform  can  be  determined  only  with  tolerable  accuracy 
by  means  of  this  method  when  the  quantity  present  exceeds  1  per  cent. 
"On  the  Estimation  of  Alcohol  by  Glycerine."  see  Hager.  Z.  anal.  Chem  ,  1889, 
375;  and  "On  the  Solubility  of  Chloroform  in  Water."  cf.  Chancel  and  Par- 
mentier,  Compt.  rend.,  106,  577. 

10  Anaesthelica,  Loc.  cit.  Kappeler  stated  that  alcohol  may  be  rec- 
ognized in  chloroform  by  the  coagulation  which  occurs  in  the  white  of 
egg  when  a  few  drops  of  the  sample  are  added. 

11  This  test  was  also  devised  by  Soubeiran.  Lepage  found  that  it  will 
not  serve  to  detect  a  smaller  quantity  of  alcohol  than  5-6  per  cent.  (Pharm. 
J.,  11,  213).  Hager  (Kommentar,  1866,  p.  439)  gave  the  limit  of  deli- 
cacy as  4-5  per  cent,  of  alcohol. 
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char.:  of  the  presence  of  alcohol  alone  or  are 

wanting  in  necessary  delicacy,  and  all  are  unsatisfactory. 

C.   Recommendations. 

(a)  Pure  chloroform  should  possess  a  correct  specific 
ity  and  boiling  point,  and  should  give  no  response 

when  tests  i  (a),  i  (b),  2  and  3  (b)  are  applied. 

(b)  In  the  case  of  anaesthetic  and  commercial 
chloroform,  a  determination  of  the  density  should 
first  be  made,  and  then  a  quantitative  estimation  of 
the  amount  of  alcohol  present  by  the  method  of 
Nicloux  as  elaborated  by  the  authors  [1  (a),  supra]. 
Anaesthetic  chloroform  should  not  contain  over  1  cc. 
of  alcohol,  calculated  as  absolute,  in  100. 

6.  THE  DETECTION  OF  ACETONE  IN  CHLOROFORM. 

Since  chloroform  is  now  largely  manufactured  from 
acetone,  this  is  a  probable  contaminant  of  anaesthetic 
and  commercial  chloroform,  and  it  is  sometimes 
necessary  to  test  for  it1 — a  difficult  procedure  if 
present   in  likely  amounts. 

Pure  chloroform  complying  with  the  iodoform  test 
as  described  is  assuredly  free  from  acetone;  but  the 
detection  of  acetone  in  anaesthetic  and  commercial 
chloroform  presents  greater  difficulties.  The  tests 
wherein  advantage  is  taken  of  the  solubility  of  mer- 
curic oxide  in  acetone  (Reynolds)  and  of  the  solubility 
of  mercuric  sulphate  in  acetone  (Deniges)  are  not 
applicable  in  this  case.  This  is  principally  due  to  the 
fact  that  chloroform  containing  any  likely  amounts 
of  acetone  will  not  part  with  sufficient  of  the  com- 
pound to  afford  a  response ;  in  fact,  we  obtained  nega- 
tive results  with  chloroform  containing  1  part  of 
acetone  in  500  of  anaesthetic  chloroform.  The  tests 
with  silver  nitrate  solution,2  potassium  hydroxide  and 
hydrated  oxide  of  silver3  are  not  decisive,  being 
generally  indicative  of  the  presence  of  acetaldehyde, 
and  for  this  reason  alone  cannot  be  considered  in  this 
connection. 

We  have  found  the  following  test  satisfactory  in 
the  absence  of  all  but  comparative  traces  of  acetalde- 
hyde:4 10  cc.  of  the  sample  of  anaesthetic  or  com- 
mercial chloroform  are  agitated  with  5  drops  of  a  0.5 
per  cent,  sodium  nitroprusside  solution  and  2  cc.  of 
ammonium  hydroxide  (sp.  gr.  0.925),  and  then  al- 
lowed to  stand  several  minutes.  Chloroform  con- 
taining up  to  1  per  cent,  of  alcohol  may  impart  a  yel- 
lowish brown  color  to  the  supernatant  liquid  on  agi- 
tation, but  when  acetone  is  present  there  results  an 
amethystine  color.  On  adding  solid  ammonium  sul- 
phate to  the  mixture,  then  shaking  and  allowing  to 
stand  several  minutes,  in  the  case  of  acetone-free 
anaesthetic  chloroform  a  yellow  color  results,  while 
in  the  presence  of  acetone  the  amethyst  color  disap- 
pears, but  reappears  on  standing  5  minutes.  This 
test  must  be  conducted  in  the  cold.1     It  is  also  subject 

1  Scholvien  {Pharm.  Zlg.,  32,  686)  pointed  out  that  owing  to  the  fact 
that  chloroform  was  then  (1888)  prepared  to  a  considerable  extent  from 
acetone,  this  substance  is  likely  to  occur  as  an  impurity,  the  boiling  points 
of  the  two  bodies  only  differing  by  5°C.  Gerrard  (Pharm.  J..  [3]  23, 
231)  found  that  on  distilling  200  cc.  of  chloroform  the  last  2  or  3  cc.  of 
residue  contained  traces  of  acetone  bodies. 

2  See  Gay.  /.  Pharm.  Chim..  4,  259. 

2  See  The  Detection  of  Aldehyde  in  Chloroform,  Section  Q. 

1  The  presence  of  2  parts  of  acetaldehyde  in  1,000  gives  an  intense 
reaction;  when,  however,  the  proportion  becomes  greater  than  1  :  3300, 
acetaldehyde  no  longer  interferes. 


to  the  limitations  of  solubility  referred  to  above,  but 
is  the  only  convenient  test  to  our  knowledge  and 
anaesthetic  chloroform  should  give  a  negative  reaction 
when  it  is  applied.  In  the  presence  of  i  part  of  ace- 
tone in  500  of  anaesthetic  chloroform,  the  amethyst 
color  is  marked;  when  the  proportion  is  i  :  1,000,  the 
coloration  is  not  distinct  until  the  mixture  of  chloro- 
form with  ammonium  hydroxide  and  sodium  nitro- 
prusside has  been  saturated  with  ammonium  sulphate, 
shaken  and  then  allowed  to  stand  five  minutes,  when 
a  decided  amethystine  color  is  observed.  The  colora- 
tion is,  in  all  cases,  rendered  apparent  by  comparing 
with  a  blank. 

We  recommend  that  the  above  test  be  applied  to 
the  suspected  chloroform  direct,  and  then  to  the  first 
10  per  cent,  distillate  and  to  the  10  per  cent,  residuum, 
obtained  by  the  fractionation  of  100  cc.  of  the  sample; 
and  anaesthetic  chloroform  should  give  a  negative 
result  in  all  cases. 

7.  THE     DETECTION     OF     METHYL     ALCOHOL     AND     OTHER 

METHYL    COMPOUNDS    IN    CHLOROFORM. 

Reference  has  been  made  to  the  manufacture  of 
chloroform  from  "methylated  spirit."2  When  such 
chloroform  is  properly  purified,  it  is  identical  with 
that  prepared  from  alcohol  or  acetone;  but  it  is  only 
in  anaesthetic  or  commercial  chloroform  prepared 
from  "methylated  spirit"  that  one  may  reasonably 
suspect  the  presence  of  methyl  alcohol.  Various 
tests  have  been  proposed  in  the  past  for  the  detection 
of  this  then  probable  contaminant;3  but  chloroforms 
now  on  the  market  are,  so  far  as  we  have  been  able  to 
ascertain,  free  from  methyl  alcohol,  formaldehyde  and 
formic  acid,  and,  at  all  events,  it  is  unnecessary  to 
test  for  the  presence  of  these  substances  in  anaesthetic 
and  commercial  chloroforms  at  present  on  the  American 
market. 

8.  THE  DETECTION  OF  ETHYL  ETHER  IN  CHLOROFORM. 

From  1865-1875,  ethyl  ether  was  regarded  as  one 
of  the  general  contaminants  of  anaesthetic  chloroform 
and  various  tests  were  devised  for  its  detection.4     It 

1  Cf.  Rothera's  test  for  the  presence  of  acetone  in  urine  (/.  Physiol., 
37,  491). 

2  See  III.  2,  in  this  paper. 

3  L'lex  (Arch.  Pharm.,  [3]  5,  523)  stated  that  methyl  alcohol  may  be 
detected  in  chloroform  by  means  of  sulphuric  acid ;  but  this  is  correct  only 
when  furfural  is  also  present.  Kappeler  (hoc.  cit)  reported  that  chloroform 
containing  methyl  compounds  forms  a  black  oily  layer  when  treated  with 
zinc  chloride;  and  Langbeck  stated  that  silver  nitrate  may  be  used  for 
distinguishing  between  the  so-called  methylated  chloroform  and  that  from 
alcohol,  a  precipitate  of  silver  oxide  being  formed  when  "methyl"  is  present. 
Dott  (Pharm.  J.,  [3]  9,  524)  showed  that  the  test  of  Langbeck  is  worth- 
less for  the  purpose  claimed. 

According  to  Normandy  and  Noad  (Commercial  Hand-book  of  Chemical 
Analysis,  1875.  p.  123),  one  of  the  best  indications  of  the  presence  of  methyl 
compounds  is  the  effect  which  they  produce  upon  the  animal  system! 

The  presence  of  methyl  alcohol  in  chloroform  may  be  determined  by 
fractionation.  0.42  gram  of  methyl  alcohol  to  99.58  gram  of  chloroform 
forms  a  mixture  which  is  said  to  begin  to  boil  at  54.43°  C. 

4  It  was  stated,  for  example,  that  any  considerable  admixture  of 
ethyl  ether  with  chloroform  would  be  indicated  by  the  inflammability  and 
diminished  density  of  the  liquid.  On  the  specific  gravities  of  chloroform- 
ether  mixtures,  see  Katz,  Apoth.  Ztg.,  17,  514.  Rosenthaler  (Arch.  Pharm., 
244,  24)  found  that  when  chloroform  and  ethyl  ether  are  mixed,  under 
varying  conditions,  a  notable  rise  of  temperature  invariably  ensues. 

Rabourdin  (Compt.  rend.,  31,  786)  reported  that  ether  may  be  de- 
tected in  chloroform  by  the  addition  of  a  trace  of  iodine — a  test  of  ab- 
solutely no  value. 

Ether  may  be  detected  in  anaesthetic  chloroform  by  fractionation  of 
the  sample;  this  is  the  only  suitable  method  (cf.  Farmacopea  Ilahana. 
fourth  edition,  p.  1357). 
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is  unnecessary  to  look  for  the  presence  of  such  an  im- 
probable impurity  at  the  present  time. 

9      THE    DETECTION    OF    ACETALDEHYDE    IN    CHLOROFORM. 

Chloroform,  whether  made  from  alcohol  or  acetone, 
should  be,  and  is,  so  far  as  we  have  been  able  to  ascer- 
tain, free  from  appreciable  amounts  of  acetaldehyde,1 
although  in  the  past  such  contamination  was  quite 
general,  owing  to  the  use  of  impure  alcohol,  to  imper 
fections  in  purification,  and  to  careless  storage.  The 
alcohol  present  in  anaesthetic  chloroform  is  generally 
95  per  cent,  rectified  spirit,  which  should  not  contain 
over  1  part  of  acetaldehyde  by  volume  in  10,000. 
Assuming  the  presence  of  this  amount  of  aldehyde, 
and  an  addition  of  1  per  cent,  of  such  alcohol  to 
properly  purified  chloroform,  it  will  be  apparent  that 
the  anaesthetic  chloroform  manufactured  in  this  way 
will  contain  a  negligible  amount  of  acetaldehyde. 
Since  acetaldehyde  is,  however,  the  primary  product 
of  the  oxidation  of  anaesthetic  chloroform,  delicate 
characteristic  tests  for  its  presence  are  necessary;  and 
by  the  application  of  these  it  may  be  determined 
whether  chloroform  has  been  purified  by  means  of 
a  method  serving  to  eliminate  any  acetaldehyde  oc- 
curring in  the  crude  product  and  whether  the  sample 
under  examination  has  been  stored  in  such  a  way  as 
to  prevent,  at  least  for  ordinary  periods  of  time, 
oxidation  of  the  alcohol  present. 

A.  There  have  been  a  few  tests  proposed  for  the 
detection  of  acetaldehyde  in  chloroform.  Of  these, 
the  silver  nitrate3  and  "hydrate  of  silver  oxide"3  tests 
are  not  decisive;  the  test  of  Rusconi4  is,  among  other 
things,  lacking  in  necessary  delicacy,  while  the  test 
with  potassium  hydroxide, s  the  most  satisfactory  of 

1  Of  the  many  samples  of  anaesthetic  and  commercial  chloroform 
examined  by  the  authors,  only  two  contained  excessive  amounts  of  acet- 
aldehyde. One  of  these,  an  unopened  tin  six  years  old,  contained  ap- 
proximacely  1  part  of  acetaldehyde  in  3300;  while  the  other,  an  unopened 
tin  of  chloroform  manufactured  in  1863,  contained  1  part  in  2000.  Both 
of  these  samples  also  contained  acetic  acid,  but  the  chloroform  itself  was 
unaltered.  These  findings  support  most  convincingly  the  views  already 
expressed  as  to  the  role  of  alcohol  in  preservation. 

2  Gay  (J.  Pharm.  Chim.,  [6]  4,  259)  proposed  that  the  sample  be 
shaken  with  an  equal  volume  of  10  per  cent,  silver  nitrate  solution;  a  white 
precipitate  on  standing  indicates  the  presence  of  hydrochloric  acid,  and  a 
black  precipitate  on  boiling  that  of  aldehyde,  formic  acid,  or  acetone.  See 
also  Scholvien,  Pharm.  Ztg.,  32,  686;  Behal  and  Francois,  J.  Pharm. 
Chim.,  [6]  5,  417. 

3  This  test,  based  on  the  reducing  action  of  aldehyde  on  the  "hydrated 
oxide"  of  silver,  is  given  in  the  pharmacopoeias  of  Italy  and  Mexico. 

4  Rusconi  (Arch,  farmacol.  sper.,  8,  196)  found  that  0.1  per  cent,  of 
aldehyde  may  be  detected  in  chloroform  by  means  of  sodium  nitroprusside 
and  (CHj)jNH,  the  test  being  made  on  the  distillate. 

5  Letheby  (Loc.  cit.)  pointed  out  that  aldehyde  may  be  occasionally 
met  with  in  chloroform.  He  considered  it  questionable  if  it  occasions 
any  injurious  influence  when  it  is  inhaled  with  the  chloroform,  but  in- 
dicated the  irritating  action  of  acetic  acid.  He  recommended  the  "hydrated 
oxide  of  silver"  and  "liquor  potassae"  tests.  Regnault  (J .  Pharm.  Chim., 
[4]  29,  402;  see  also  Mon.  Sci.,  [3]  12,  262)  stated  that  aldehyde  may  be 
detected  by  many  of  the  tests  for  ethyl  alcohol,  and  also  by  warming  with 
potassium  hydroxide,  when  its  presence  is  indicated  by  a  darkening  in  color. 
Scholvien  (Pharm.  Ztg.,  32,  686)  found  that  a  sample  of  chloroform,  which, 
as  regarded  its  density,  boiling  point,  and  reaction  with  both  silver  nitrate 
and  sulphuric  acid,  satisfied  the  tests  prescribed  by  the  German  Pharma- 
copoeia, possessed  an  odor  of  aldehyde.  A  piece  of  potassium  hydroxide 
placed  in  the  chloroform  assumed  a  brown  color,  the  chloroform  itself 
becoming  yellow  in  color.  After  treating  the  sample  with  alcoholic  ammonia 
and  gently  distilling  off  the  chloroform,  the  residue  gave  the  characteristic 
odor  of  aldehyde-ammonia  and  a  reaction  with  Schiff's  reagent.  Behal 
and  Francois  (Loc.  cit.)  stated  that  pure  anaesthetic  chloroform  should  not 
be  colored  by  boiling  with  solid  potassium  hydroxide. 

The  Italian,  Dutch  and  Austrian  pharmacopoeias  give  this  test  for 
the  presence  of  aldehyde.     The  chloroform  should  give  no  brown  colora- 


the  recommended  tests,  is  not  altogether  character- 
istic of  the  presence  of  acetaldehyde,  and  there  are,  in 
addition,  certain  sources  of  error.1 

Pure  chloroform  complying  with  the  iodoform  and 
chromic  acid  tests  is  certainly  free  from  acetaldehyde; 
but  the  definite  recognition  of  small  amounts  of  this 
substance  in  anaesthetic  chloroform  presents  greater 
difficulties. 

We  have  found  that  when  acetaldehyde  is  present 
in  anaesthetic  or  commercial  chloroform  in  appreciable 
amounts,  it  may  be  readily  detected  by  agitating  5 
cc.  of  the  sample  with  an  equal  volume  of  the  reagent 
of  Francois  (22  cc.  sulphurous  acid,  30  cc.  1  :  1,000 
rosaniline  acetate  solution,  and  3  cc.  sulphuric  acid), 
which  also  shows  the  presence  of  those  very  unusual 
contaminants,  furfural  and  chloral.3  The  presence 
of  3  parts  of  acetaldehyde  by  volume  in  10,000  of 
chloroform  may  thus  be  readily  made  evident,  and 
even  smaller  amounts  may  be  detected  by  fraction- 
ation. 

When  anaesthetic  chloroform  containing  6  parts 
of  acetaldehyde  in  10,000  is  agitated  with  an  equal 
volume  of  water,  the  water  extract  fails  to  respond 
with  Francois'  reagent;  therefore  the  test  should 
always  be  applied  to  the  sample  direct,  as  given  above, 
and  no  coloration  should  result  even  after  15  minutes 
in  the  case  of  anaesthetic  chloroform.  This  method  - 
may,  obviously,  be  made  approximately  quantitative, 
since  the  amount  of  aldehyde  may  be  determined 
colorimetrically  by  comparison  with  standards,  just 
as  in  the  case  of  ethyl  ether.3 

Confirmation  may  be  had  of  the  presence  of  alde- 
hyde by  applying  the  test  with  1:10  metaphenylene- 
diamine  hydrochloride  solution.  10  cc.  of  the  sample 
should  afford  no  coloration,  even  after  one  hour's 
standing,  after  being  thoroughly  agitated  with  the 
test  solution. 

B.  The  Deportment  of  Chloroform  with  Nessler's 
Reagent. — The  Pharmacopoea  N ederlandica*  requires 
that  5  cc.  of  chloroform  ad  narcosin  shall  give  no  reac- 
tion in  12  hours  on  shaking  it  with  solid  potassium  hydroxide.  Stengel 
(Z.  Oesler.  Apoth.  Ver.,  46,  279)  claimed  that  no  chloroform  of  the  official 
specific  gravity  1.485-1.490  will  meet  the  requirements  of  the  potassium 
hydroxide  test  of  the  Austrian  pharmacopoeia.  In  Belgium  it  is  required 
that  chloroform  shall  impart  no  coloration, to  an  equal  volume  of  sodium 
hydroxide  solution;  potassium  hydroxide  is  specified  in  Chili,  Spain,  and 
Mexico;  and  potassium  hydroxide  solution  in  Switzerland  and  France. 

In  the  sixth  revision  of  the  Pharmacopoeia  of  the  United  States  (1882) 
it  was  required  that  when  a  portion  of  chloroform  was  digested,  warm, 
with  a  solution  of  potassium  hydroxide,  the  latter  should  not  become 
"dark  colored." 

It  is  true  that  pure  chloroform  is  not  visibly  altered  when  heated  with 
a  solution  of  potassium  hydroxide,  although  it  is  slowly  acted  on  with 
formation  of  formate  and  chloride  of  potassium.  In  alcoholic  solution 
this  reaction  occurs  rapidly  (see,  in  this  connection,  Desgrez,  Conipt.  rend., 
125,  780;  Thiele  and  Dent,  Ann.,  302,  273);  formic  acid  is  produced 
by  the  secondary  reaction  of  carbon  monoxide  on  the  alkali.  The  test 
with  potassium  hydroxide  is  not  characteristic  of  the  presence  of  acetal- 
dehyde, however,  being  also  indicative  of  contamination  with  acetone 
and  extractive  matter.     A  more  decisive  test  is  therefore  necessary. 

1  For  example,  the  potassium  hydroxide  used  must  contain  over  80 
per  cent.  KOI-I  and  no  water,  otherwise  anaesthetic  chloroform  containing 
no  aldehyde  may  give  the  coloration,  owing  to  the  oxidation  of  the  alcohol 
in  the  chloroform.     See  Stengel,  Z.  Alio.  Oesler.  Apoth.-Vcr.,  46,  279. 

2  "  On  the  Detection  of  Traces  of  Chloral  in  Chloroform,"  see  Jona,  Giorn. 
Farm.  Chim.,  61,  57. 

*  See  Baskerville  and  Hamor,  This  Journal,  3,  393,  wherein  the 
procedure  of  Francois  (Chem.  News,  76,  7)  is  discussed. 

*  1905,  p.  90. 
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tion  when  shaken  with  5  cc.  of  water  and  3  drops  of 
Nessler's  reagent — a  comparatively  stringent  require- 
ment,1 lor,   while  pure  chloroform    should,  of  course, 

I  isolute  non-response  with   Nessler's  reag 
since  it   is  necessary  to  add  alcohol    for   preservation, 
th'  lest   cannot    be    required    wherein    the    reagent  is 
used   direct  without  dilution  or  other  modification. 

In  order  to  determine  the  applicability  of  Nessler's 
reagent  as  a  test  for  the  presence  of  acetaldehyde  in 
anaesthetic  chloroform,  the  following  experiments 
were  performed,  using  5  cc.  of  each  sample  and  5  cc. 
of  Nessler's  reagent  U.  S.  P.: — 

Sample  and  conditions.  Results. 

1.  Salicylid-chlorofonn,  containing  Reagent  assumed  a  faint  opales- 
no  detectable  impurities;  0.25  per  cencc  after  the  mixture  had  been 
cent,  pure  ethyl  alcohol.  shaken  and  then  allowed  to  stand 

5  minutes. 

2.  Anaesthetic  chloroform  prepared  After  5  minutes,  a  turbidity  was  ob- 
from  carbon  tetrachloride  and  of  served,  but  no  coloration  or  pre- 
full  V.  S.  P.  quality;  0.7  per  cent.  cipitate. 

alcohol. 

3.  A  sample  of  anaesthetic  chloro-  Reagent  assumed  an  orange  opales- 
form  prepared  from  acetone  and  cence  after  shaking  and  allowing 
complying  in  full  with  the  require-  to  stand  5  minutes:  after  10 
ments  of  the  U.  S    P.  minutes,   the  reagent  became  red 

colored. 

4.  An  old  sample  of  anaesthetic  Reagent  darkened  immediately, 
chloroform  (48  years),  which  gave  After  5  minutes  it  possessed  a 
a  marked  reaction  with  Francois'  dirty  yellow  color  and  a  black 
reagent.  precipitate  was  observed. 

5.  "Purihed  chloroform."  of  full  U.     After  5   minutes,   the  reagent   pos- 
S.  P.  grade;  0.9  cc.  absolute  alco-         sessed  an  opalescent  orange  color; 
hoi  in  100  cc.  it   appeared    turbid,    but    no   pre- 
cipitate settled  out. 

6.  "Chloroform  pure,"  of  U.  S.  P.     As  in  No.  5. 
grade,  and  in  addition  conforming 

with  the  formalin-sulphuric  acid 
test;  0.56  cc.  absolute  alcohol  in 
100  cc. 

7.  Anaesthetic  chloroform  prepared     As  in  No.  5. 
from  chloral,  and  conforming  with 

all  requirements  of  the  U.  S.  P.  but 
the  sulphuric  acid  test;  0.30  cc.  ab- 
solute alcohol  in  100  cc. 

8.  Anaesthetic  chloroform  conform-  Red  color  at  once;  after  5  minutes, 
ing  with  all  the  requirements  of  the  it  became  darker  in  color  than 
German  Pharmacopoeia.  No.  5. 

9.  Pure  chloroform  containing  1  Reagent  assumed  a  brick-red  color 
part  of  acetaldehyde  in  555.  at  once,   but  became  black    after 

several  seconds;  a  heavy  black 
precipitate  after  5  minutes. 

10.  Pure  chloroform  containing  an  Red  color  at  once ;  a  heavy  brick-red 
addition  of  2  parts  of  acetaldehyde  precipitate  after  5  minutes. 

in  11,000. 

11.  Ten  cc.  of  pure  chloroform  con-  Opalescent  yellow  color  at  once. 
taining  an  addition  of  2  parts  of  After  5  minutes,  the  reagent  pos- 
acetaldehyde  in  11.000;  10  cc.  of  sessed  an  opalescent  orange-yellow 
water,  and  5  drops  of  Nessler's  re-  color  (turbid). 

agent  U.  S.  P. 

12.  Ten  cc.  of  No.  5;  10  cc.  of  water;  No  color  at  once,  but  a  very  faint 
and  5  drops  of  Nessler's  reagent  yellow  color  after  5  minutes;  the 
tt  g   p.  reagent  was  slightly  turbid   after 

agitation  for  1  minute.  The 
difference  from  the  preceding  was 
most  marked. 

From  these  general  experiments,   supplemented  by 

1  Cf.  Weigel,  Pharm.  Centralh.,  47,  400. 


tests  made  <>n  various  othi  r  anaesthetic  chloroforms, 
it  was  concluded  that  the  test  with  Nessler's  reagent 
is  more  delicate  in  this  case  than  that  with  the  reagent 
of  Francois;  and  that  while  pure  anaesthetic  chloro- 
form should  behave  as  in  Experiment  i,  in  our  opinion 
it  is  sufficient  to  require  that  anaesthetic  chloroform 
should  comply  with  the  following  test:  When  10  cc. 
of  the  sample  are  agitated  with  10  cc.  of  water  and  5 
drops  of  Nessler's  reagent  U.  S.  P.,  and  the  mixture  is 
then  allowed  to  stand  5  minutes,  there  should  result 
no  precipitate  and  the  reagent  should  assume  no 
coloration,  although  it  may  become  opalescent  or 
slightly  turbid. 

{To  be  concluded  in  the  August  No.) 

LABORATORY  STUDIES  OF  RENNIN.1 
I.      A  Study  of  the  Properties  of  this  Important  Ferment,  when 
Prepared  by  Different  Methods.     II.   The  Acceleration  of  the 
Action  of  Rennin  by  Phosphoric  Acid.     III.    The  Vari- 
ation in  the  Length  of  Time  Required  to  Curdle 
Different  Specimens  of  Milk. 

By    A.    ZlMMERMANN. 

Received  January  17.  1912. 
I.     KINDS  OF  RENNIN. 

Rennin  Precipitated  by  Sodium  Sulphate. — The  ren- 
nets are  digested  to  complete  solution  at  uo°  F. 
After  separation  of  the  fatty  matter  and  clarification 
of  the  solution,  this  is  precipitated  by  adding  3  vol- 
umes of  a  saturated  solution  of  sodium  sulphate,  at 
104°  F. ;  the  precipitate  is  collected,  pressed  and  then 
dried  at  a  temperature  not  exceeding  110°  F.  The 
yield  is  greater  than  that  obtained  by  sodium  chloride, 
the  bulk  being  made  up  by  albumose  bodies.  This 
makes  it  of  a  lower  strength,  ranging  from  1  :  30,000 
to  1  :  40,000  in  12  minutes. 

Rennin  Precipitated  by  Sodium  Chloride. — The  clari- 
fied solution  of  the  rennets  is  saturated  with  sodium 
chloride  at  1040  F.  The  rennin  is  collected,  pressed, 
then  dried  at  a  temperature  not  exceeding  no°  F. 
The  yield  is  much  smaller  than  with  sodium  sulphate, 
giving  a  rennin  of  a  much  higher  strength,  from 
1  :  150,000  to  1  :  200,000  in  12  minutes. 

Rennin  in  Scales  (Granular  Rennin). — Prepared  by 
scaling  the  clarified  solution  of  the  whole  rennets  at  a 
temperature  not  exceeding  no0  F.  When  perfectly 
dry,  the  scales  are  forced  through  a  16-mesh  sieve. 
The  strength  of  this  rennin  is  from  1  :  30,000  to   1  :  40,- 

000  in  12  minutes. 

Commercial  Rennin. — There  are  two  different  forms 
of  rennin  upon  the  market:'  (1)  Rennin  in  powder 
form,  prepared  from  the  sodium  chloride  product, 
powdered    and    diluted    with    sugar    of    milk,    testing 

1  :  30,000  to  1  :  40,000  within  12  minutes.  (2) 
Granular  rennin,  prepared  from  the  scales,  which  also 
tests  1  :  30,000  to  1  :  40,000  within  12  minutes. 

Difference  between  Precipitated  and  Scales  Rennin. — 
The  precipitated  rennins  are  diluted  with  more  or 
less  albumose  substance.  They  are  acid  in  reaction, 
as  they  carry  the  greater  part  of  the  acid  from  the 
solution  during  the  precipitation.  The  scaled  rennin 
contains  the  soluble  products,  peptone  and  albumose 

1  Presented  at  A.  C.  S.  meeting  at  Washington,  D.  C,  December,  1911 
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substances,  formed  during  the  process  of  digestion 
of  the  rennets  by  aid  of  hydrochloric  acid,  which  it 
also  retains  and  which  gives  to  it  its  acid  reaction. 

The  rennin  by  sodium  sulphate  is  no  longer  manu- 
factured for  use  in  the  pharmaceutical  preparations, 
the  most  important  of  these  being  the  Essence  of 
Pepsin,  which  is  much  used  as  a  vehicle  for  bromides; 
the  presence  of  sulphates  would  make  it  incompati- 
ble with  strontium  bromide.  The  complete  separa- 
tion of  the  sulphuric  acid  from  rennin  is  not  easily 
accomplished:  by  the  use  of  calcium  chloride,  the  re- 
action requires  several  days,  during  which  time  the 
rennin  loses  its  activity;  with  barium  chloride,  there 
is  formed  a  nearly  colloidal  barium  sulphate,  extremely 
difficult  of  separation. 

The  sodium  chloride  product  is  not  so  permanent 
as  the  granular  rennin  and  the  sodium  sulphate  prod- 
uct in  a  glycerine-water  solution  in  the  form  of  glyc- 
erol, which  is  a  most  excellent  solvent  for  making 
permanent  solutions  of  this  class  of  substances. 

The  following  tests  made  with  a  glycerol  contain- 
ing both  rennin  and  pepsin,  upon  milk  kept  refrigera- 
ted for  17  to  18  hours  after  the  milking,  shows  the 
permanency  of  the  different  forms  of  rennin,  each 
giving  a  strength  of  1  :  2500  in  the  time  indicated: 


Rennin  and  Pepsin  Glycerol. 
NaCl  pptd.  Na^SOj  pptd. 


Granular. 


Kind  of  rennin. 

No.    of    milk 1  1 

When  prepared. .  .      12  min.     12  min.    12  m 

After     1  mo 30      "       25      "        12 

After    2  mo 2.5  hrs.   2  hrs.        12 

After  12  mo 3.5    "       3  25  hrs.  12 

After  15  mo. . . 

The  permanency  of  the  rennin  in  solution  seemed 
to  be  dependent  upon  phosphoric  acid.  This  is  con- 
tained in  the  rennets  probably  as  a  calcium  salt,  and 
during  the  digestion  of  these,  for  the  preparation  of 
rennin,  the  phosphoric  acid  is  liberated  by  the  hydro- 
chloric acid  used  in  the  process.  The  granular  scale 
and  sodium  sulphate  product  react  for  phosphoric 
acid,  and  in  this  they  differ  from  the  sodium  chloride 
product,  which  appears  to  contain  but  very  small 
quantities  or  none. 

II.     ACTION   OF   PHOSPHORIC  ACID. 

The  addition  of  phosphoric  acid  in  the  proportion 
of  0.075  per  cent,  to  milk,  from  individual  cows  or 
that  mixed  from  the  herd,  has  the  effect  of  increasing 
the  activity  of  the  rennin  very  much.  -This  applies 
to  milk  from  4  to  8  hours  after  the  milking;  as  the  milk 
gets  older  the  rennin  acts  more  rapidly,  and  with  milk 
2  days  old  preserved  by  refrigeration,  the  curd  is 
formed  within  a  few  minutes  without  the  need  of  any 
accelerant.  The  curd  formed  in  milk  from  4  to  8 
hours  old  forms  very  gradually  after  the  action  of  the 
rennin  sets  in  and,  when  complete,  is  not  nearly  so 
firm  as  that  formed  in  the  presence  of  the  phosphoric 
acid,  which  reduces  the  time  of  action  to  between 
Vm  and  '/j,,. 

Lactic,  hydrochloric  and  oxalic  acids  also  have  an 
accelerating  action  upon  rennin,  but  less  than  phos- 
phoric acid.  Lactic  acid  possesses  about  Vs.  an<i  tne 
other  acids  about  '/,„  the  activity  of  phosphoric  acid. 
Lactic  acid  forms  a  firmer  curd  than  hydrochloric  or 


oxalic  acids,  but  not  so  perfect  and  firm  a  curd  as  is 
formed  by  the  phosphoric  acid: 

Comparative  Action  op   Rennin    (R.)   and   Rennin  Accelerated   by 
Phosphoric  Acid  (R.  P.). 
Milk.  4-; 

Specimen.  R. 

Min. 


old. 

17-18  hrs 

old.' 

40-12  hrs.  old.1 

R.  P. 

R 

R. 

P. 

R. 

R.  P. 

Uin. 

Min. 

M 

in. 

Min. 

Min. 

1.75 

9.5 

1 

4.0 

0 

1.5 

3   5 

1 

3.0 

0 

2.0 

7.0 

1 

2.5 

0 

1  .5 

8.0 

1 

2.0 

0 

1.75 

9.0 

1 

3.0 

0 

2.0 

5.0 

1 

1.5 

0 

The  glycerol  solution,  12  months  old,  prepared  with 
sodium  chloride  precipitated  rennin,  which  requires 
3  to  3.5  hours  to  curdle  18-hour  milk,  curdles  this 
same  milk  in  one  minute  when  accelerated  by  phos- 
phoric acid. 

III.     VARIABILITY   OF  MILKS. 

The  length  of  time  required  to  curd  by  the  same 
specimen  of  rennin  seems  to  be  influenced  by  the 
length  of  time  the  milk  is  kept  after  the  milking,  as 
already  noted  under  "Action  of  Phosphoric  Acid." 
There  is  a  slight  difference  in  the  degree  of  acidity  of 
the  milk,  that  which  curds  the  quickest  being  slightly 
more  acid.  Milk  which  curds  very  quickly  with  ren- 
nin can  be  modified  to  require  a  greater  length  of 
time  to  curd,  by  varying  its  degree  of  acidity  by  ad- 
dition of  an  alkali.  This  is  shown  in  the  following 
table: 

Milk.  N  NaOH.  Curd  formed  in 
Cc.                                              Cc.  min. 

75  0.0  0.5 

75  0.6  0.5 

75  1.2  13.0 

75  1.5  None  in  3  hrs. 

Other  investigators,  Smeliansky2  and  Werncken.s 
have  noted  the  effect  of  acids  (other  than  phosphoric) 
and  alkalies  upon  the  rennin  coagulation  of  cows' 
milk,  and  these  same  investigators,  with  Van  Dam* 
and  Gerber.s  have  observed  the  influence  of  many 
other  substances  in  this  same  direction. 

The  tendency  of  the  milk  to  curd  more  quickly 
the  longer  it  is  kept  after  milking  would  appear  to  be 
of  bacterial  origin;  but  if  this  be  the  cause,  how  can 
we  explain  why  a  mixture  of  rennin  and  milk  kept  at 
1040  F.  for  several  hours  does  not  curd,  while  if  the 
milk  is  kept  at  that  temperature  for  several  hours 
the  addition  of  the  same  rennin  causes  very  quick 
curdling?  In  the  latter  case  the  influence  of  bac- 
terial growth  is  suggested,  and  in  the  first  case  we  also 
have  all  the  conditions  to  favor  bacterial  growth  and 
hasten  the  curd  forming,  but  such  action  is  not  per- 
ceptible. 

Fuld  and  Wohlgemuth6  have  found  that  cows' 
milk  is  more  easily  curdled  after  it  has  been  frozen. 
According  to  Van  Dam,7  when  milk  is  heated  the  acid- 
ity increases.  My  observations  in  this  direction  have 
been  with  milk  18  to  20  hours  after  milking;  when 
heated  for  2'/a  hours  at  a  temperature  of  1040  F.,  the 

1  Refrigerated. 

-  Milchwirlsch.  Zentr.,  4,  379-381;     Arch.  Hyg..  69,   187-215. 

'Z.  Biol.,  52,  47-77. 

*  Z.  physiol.  Chem..  58,  295-330. 

5  Comfit,  rend.,  66,  552;  68,  201-207;  145,  577;  147,  1320. 

'■  Biochem.   7.  .  5,    110-42. 

7  Milchwirlsch.,  6,    154-155. 
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in- ill  1 1  \  w .  jo  to  ,)o  per  cent,  in  different 

specimens.     With   milk    2    hours   alter   milkin 

t'/i   hours,    there   was  no  change   in   the 

!  J 

The  results  of  these  investigations  would  indicate 
that  acidity  to  within  a  limited  degree  influences  the 
more  rapid  curdling  of  the  milk  by  the  rennin,  but 
whether  the  increased  acidity  is  directly  of  bacterial 
origin  or  due  to  a  change  in  the  acidity  of  the  phos- 
phates, will  have  to  be  proved  by  further  investiga- 
tion. 

Standardized  Rennin  to  Control  Milk  Used  for  Test- 
ing the  Activity  <>/  Rennin. — To  control  the  variability 
of  milk  for  the  assay  of  rennin  it  was  found  necessary 
to  prepare  a  standard  rennin  to  show  whether  the 
milk  was  fast  or  slow.  This  rennin  was  standardized 
by  testing  its  action  upon  not  less  than  12  different 
specimens  of  milk,  as  daily  supplied  from  a  reliable 
source,  and  the  average  taken.  Thus,  if  the  rennin 
is  standardized  to  1  :  30,000  in  8  minutes,  its  use  as 
a  control  with  the  rennin  to  be  assayed  readily  shows 
whether  the  milk  is  fast  or  slow,  and  allowance  is  made 
accordingly.  The  rennin  should  be  added  to  the  milk 
as  soon  as  it  has  the  temperature  of  1040  F.,  for  a 
longer  time  before  the  rennin  is  added  makes  it  curd 
more  rapidly. 

Permanency  of  Rennin  Solutions. — Aqueous  solu- 
tions of  rennin  of  a  density  1.010,  containing  0.20 
per  cent,  by  volume  hydrochloric  acid,  lost  30  per 
cent,  of  their  activity  in  one  day  at  a  temperature  of 
70 °  F.  More  concentrated  solutions  of  a  density 
1.090  per  cent.,  containing  1.30  per  cent  by  volume 
hydrochloric  acid,  were  more  permanent.  Elevation 
of  temperature  causes  more  rapid  destruction.  The 
denser  the  solution,  the  slower  the  destruction  at  an 
elevated  temperature. 

Essence  of  Pepsin. — The  results  here  obtained  would 
suggest  the  use  of  the  granular  scaled  rennin  and  of 
phosphoric  acid  in  place  of  lactic  acid  in  the  prepara- 
tion of  essence  of  pepsin.  Investigations  concerning 
the  making  of  a  permanent  rennin  preparation  are 
now  under  way. 
Brooklyn.  N.  Y. 


MICRO-CHEMICAL  TESTS  FOR    THE    IDENTIFICATION  OF 
SOME  OF  THE  ALKALOIDS. 

By  Earl  B.  Putt. 
Received  January  29,  1912. 

Though  the  use  of  certain  precipitants  for  detecting 
alkaloids  has  been  quite  general  for  a  long  time,  the 
characteristics  of  the  precipitates  so  produced  do  not 
seem  to  have  received  the  study  which  they  deserve. 

Most  schemes  of  analysis  employ  these  general  pre- 
cipitants to  detect  the  presence  of  alkaloids  and  then 
rely  upon  various  color  tests  to  identify  any  particular 
alkaloid,  without  subjecting  the  first  precipitate  to 
any  further  examination.  If  the  color  tests  which 
are,  at  present,  so  extensively  applied  were  always 
satisfactory  and  distinctive,  there  would  be  little  value 
attached  to  any  other  system  of  identification.  But 
most  analysts  are  familiar  with  the  fact  that,  in  order 
to  secure  these  color  reactions  so  generally  relied  upon, 


the  alkaloids  being  t<  ited  must  bi  in  a  fairly  high 
of  purity,  sine,  tii'  original  tests  were  applied 
to  pure  alkaloids:  that,  in  "shaking  out"  alkaloids  by 
means  of  immiscible  solvents,  there  is  always  a  con- 
siderable amount  of  foreign  matter  present  in  the 
alkaloidal  residue  which  interferes  with  many  color 
reactions. 

Then  again  it  must  be  recalled  that  colorations 
produced  with  metallic  and  many  other  substances 
are  reactions  of  the  reagent  employed  and  not  of  the 
alkaloid.  An  example  of  this  may  be  cited  in  the 
tests  for  morphine  and  codeine  with  selenous  acid. 

Finally,  the  amount  of  material  required  to  per- 
form a  series  of  color  tests  on  an  alkaloidal  residue  is 
frequently  many  times  greater  than  the  entire  available 
sample. 

A  survey  of  the  standard  tests  for  alkaloids  indi- 
cates that  cocaine  is  the  only  alkaloid  commonly  iden- 
tified by  micro-chemical  means.  The  characteristics 
of  its  precipitates  with  such  reagents  as  chromic  acid, 
platinic  chloride  and  potassium  permanganate  are 
familiar  to  all  toxicologists  and  are  relied  upon  for 
identifying  that  alkaloid. 

While  but  few  alkaloids  can  be  precipitated  as 
easily  and  in  such  peculiar  forms  as  cocaine,  yet  it  is 
safe  to  predict  that  a  number  of  very  satisfactory 
tests  may  be  employed  in  a  similar  manner  for  the 
identification  of  other  alkaloids.  With  this  idea  in 
mind,  the  writer  has  been  engaged,  during  the  past 
two  years,  in  an  investigation  of  the  precipitates  pro- 
duced by  about  forty  of  the  alkaloids  with  some  of 
the  common  alkaloidal  reagents. 

The  method  of  procedure  differs  slightly  from  that 
usually  employed,  in  that  solution  of  the  alkaloid  is 
made  directly  on  a  microscope  slide  and  not  in  a  test 
tube  or  flask.  In  making  a  microscopic  examination 
of  crystals,  it  is  entirely  unnecessary  to  make  a  solu- 
tion in  a  test  tube  and  then  use  but  a  few  drops  for 
testing.  It  is  also  important  whether  a  precipitate 
is  produced  in  a  test  tube,  the  crystals  filtered  off  and 
then  placed  on  a  slide  or  whether  precipitation  is 
made  directly  on  the  slide  and  the  precipitate  viewed 
at  once  through  the  microscope.  The  significance  of 
this  point  will  be  shown  later.  A  moment's  considera- 
tion ought  to  show  also  that  it  is  just  as  easy  to  work 
with  a  milligram  of  alkaloid  dissolved  in  a  drop  of 
solvent  on  a  slide  as  to  prepare  a  i— 100  solution  and 
then  use  only  a  drop  of  the  dilution.  Moreover,  the 
practical  analyst  does  not  have  available  the  large 
amounts  usually  prescribed  for  many  of  the  tests  and 
if  he  identifies  a  given  alkaloid  with  a  10  mg.  sample 
that  is  his  good  fortune. 

In  every  case  the  method  of  procedure  in  precipi- 
tating the  alkaloids  was  the  same  and  essentially  as 
follows:  Using  a  teasing  needle  or  glass  rod,  transfer 
a  fragment  of  the  alkaloid  to  a  perfectly  clean  glass 
slide  and  drop  upon  it,  from  a  burette,  one  drop  of 
N/io  HC1.  By  tapping  the  end  of  the  slide  with  the 
finger,  sufficient  agitation  of  the  liquid  is  produced 
to  effect  solution  of  the  alkaloid.  When  all  is  dis- 
solved, add  from  a  dropping  bottle  a  drop  of  the 
appropriate  reagent  and,  without  stirring  or  otherwise 
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disturbing  the  mixture,  place  on  the  stage  of  a  micro- 
scope and  examine  under  the  low  power.  In  general, 
it  may  be  said  that  the  solution  of  alkaloid  must  be 
of  such  concentration  that  precipitation  on  the  slide 
takes  place  immediately  when  the  precipitant  is  added. 
By  noting  the  rate  of  solution  in  the  acid  this  may 
be  readily  determined  in  the  first  trial.  If  no  pre- 
cipitation takes  place  at  once,  set  the  slide  aside  pro- 
tected from  dust  and  make  a  new  precipitation  using 
not  necessarily  more  alkaloid,  but  a  smaller  quantity 
of  solvent,  in  order  to  obtain  a  more  concentrated 
solution.  In  all  cases  except  when  using  iodine  as 
the  precipitant  it  is  advisable  to  use  a  slight  excess 
of  precipitant,  i.  e.,  so  that  after  precipitation  the 
supernatant  liquid  has  a  distinct  color  of  the  pre- 
cipitant. In  general,  it  may  be  stated  that  when 
using  iodine,  only  a  fraction  of  a  drop  of  solution 
should  be  added  in  order  to  secure  a  crystalline  pre- 
cipitate free  from  large  masses  of  amorphous  pre- 
cipitate which  obscure  and  prevent  the  coalition 
of  compound  crystals.  The  reagents  used  to  secure 
the  crystals  shown  in  the  accompanying  photomicro- 
graphs were  as  follows:  N/10  iodine,  10  per  cent, 
platinic  chloride  solution  and  5  per  cent,  palladous 
chloride  solution. 

It  is  well  to  note  that  when  crystallizing  on  a  flat 
surface,  there  will  often  be  fern-like  crystal  forms 
along  the  edge  of  the  field  which  are  due  simply  to 
evaporation  of  liquid  and  distortion  due  to  the  flat 
surface.  The  crystals  shown  in  the  accompanying 
photomicrographs  were  all  formed  within  five  minutes 
after  precipitation  took  place. 

ALKALOIDS    PRODUCING    CHARACTERISTIC     CRYSTALS 
WITH    IODINE. 

Morphine  (Plate  1). — Even  the  smallest  drop  of 
N/10  iodine  solution  produces  instantly  a  dense  red- 
colored  precipitate  which  when  viewed  at  once  appears 
perfectly  amorphous  under  the  microscope.  Within 
about  a  minute,  however,  the  agglutinated  masses 
begin  to  separate  and  disclose  shining  red  plates  which 
overlap  each  other  and  often  extend  a  third  of  the 
distance  across  the  field.  In  some  cases  they  assume 
a  branch-like  appearance  but  the  individual  plates 
can  be  clearly  distinguished. 

Codeine  (Plate  2). — This  alkaloid  yields  an  amor- 
phous precipitate  at  first  as  in  the  case  of  morphine, 
but  the  crystals  eventually  formed  appear  much  more 
slowly.  Always  of  a  yellow  color  (never  red)  they 
first  appear  as  little  blade-like  needles  which  slowly 
grow  in  size  and  send  out  little  branches.  The  clusters 
finally  formed  are  much  smaller  than  those  of  dionin. 

Dionin  (Plate  3). — -This  alkaloid  (ethylmorphine) 
is  closely  related  to  the  above,  which  is  methylmor- 
phine,  and  as  we  might  expect  gives  a  precipitate  very 
similar  to  codeine.  Here  again  the  crystals  are  yellow 
in  color,  but  they  are  quickly  formed,  frequently  at 
the  first  precipitation,  and  are  much  larger  and  more 
branching  than  those  produced  by  codeine.  If  the 
solution  of  alkaloid  is  quite  concentrated,  a  number  of 
compound  crystals  are  sometimes  formed  which, 
though  much  smaller,  are  very  similar  to  the  crystals 


yielded  by  the  alkaloid  heroin  with  platinic  chloride 
(Plate  r4). 

The  other  alkaloids  of  the  morphine  group,  heroin, 
apomorphine  and  narcotine  yield  amorphous  precipi- 
tates with  iodine  which  do  not  become  crystalline. 

Atropine  (Plate  4). — This  alkaloid,  though  yielding 
oily,  amorphous  precipitates  with  a  large  number  of 
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Plate  1. 
Morphine  with  N/10  Iodine    X   40  . 

reagents,  forms  quite  readily  a  crystalline  precipitate 
with  iodine.  When  first  precipitated,  the  field  is 
simply  filled  with  minute,  red,  oily  globules.  After 
about  a  minute,  however,  these  little  globules  begin 
to  elongate  and  within  a  few  seconds  after  that  pro- 
cess has  begun,  the  entire  field  is  covered  with  very 
small  red  crystals.  The  latter  are  fairly  uniform  in 
size  and  show  a  tendency  to  form  small  clusters,  though 
they  never  unite  to  form  large  masses. 
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Plate  2. 
Codeine  with  N/10  Iodine    X   40. 

ALKALOIDS    PRODUCING    CHARACTERISTIC    CRYSTALS 
WITH    PALLADOUS    CHLORIDE. 

Morphine  (Plate  5). — In  a  concentrated  solution 
this  reagent  produces  beautifully  characteristic  dus- 
ters of  sheaves  of  crystals  with  morphine.  They  are 
light  brown  in  color  and  in  some  cases  form  so  dense 
a  cluster  as  to  appear  almost  spherical.  If  the  solution 
is  dilute,  there  is  no  precipitation  at  first,  but  if  the 
slide  is  observed  through  the  microscope,  one  may 
presently  see  an  occasional  cluster  or  bundle  of  crystals 
along  the  edge  of  the  drop.  These  crystals  thus 
observed  along  the  edge  are  always  much  larger  than 


Pi  ah:  3. 
Dionin  with  TV/10  Iodine   X    40. 


Plate  4. 
Atropine  with  JV/10  Iodine    X  40. 


Plate  5. 
Morphine  with  Palladous  Chloride   X  40. 
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Plate  6. 
Codeine  with  Palladous  Chloride    X  40. 
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Plate   9. 
Cocaine  with  Platinic  Chloride    X  40. 


Plate  7.  Plate  8. 

Codeine  with  Palladous  Chloride    X  40.  /?-Eucaine  with   Palladous   Chloride    X  40. 
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Plate  10.  Plate  11. 

-Eucaine  with   Platinic  Chloride   X  40.  Nicotine  with  Platinic  Chloride   X  40. 


Plate  12. 
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Plate  13. 


Antipyrine  with  Platinic  Chloride   X  40.  Strychnine  with   Platinic  Chloride    X  40. 


Plate  14 
Heroin  with  Platinic  Chloride    X  40. 
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those  formed  in  the  center  of  the  drop  by  reason  of 
concentration  due  to  creeping  and  evaporation. 
Whenever  this  first  crystal  makes  its  appearance, 
however,  in  this  as  in  all  other  similar  tests,  it  is 
usually  but  a  few  seconds  till  a  number  of  other  similar 
crystals  make  their  appearance  in  other  parts  of  the 
field.  The  first  one  is  therefore  a  good  index  of  the 
kind  of  crystal  to  follow.  Though  codeine  sometimes 
forms  a  somewhat  similar  type  of  crystals,  the  latter 
rapidly  grow  in  size  and  all  tend  toward  the  spherical 
form. 

Codeine  (Plates  6  and  7). — This  alkaloid  forms  very 
peculiar  crystals  with  palladous  chloride  which  rapidly 
change  in  appearance.  As  first  precipitated  there 
appear  a  large  number  of  light  brown  crystals  which 
are  clustered  needles  arranged  in  a  spherical  form 
very  like  the  crystals  of  heroin  with  platinic  chloride. 
This  form  is  transient,  however,  and  the  crystals  begin 
to  grow  in  size  and  density  till  they  assume  the  ap- 
pearance shown  in  Plate  7.  When  the  precipitate  is 
not  extremely  dense,  the  crystal  still  continues  to 
grow  and  needles  become  more  divided  and  branching 
(Plate  6).  The  latter  figure  shows  the  compound 
crystal  in  its  final  form  which  is  decidedly  different 
from  that  first  produced.  The  behavior  of  this  crystal 
shows  clearly  the  advantage  of  watching  the  develop- 
ment and  growth  of  these  crystals  from  the  time  the 
precipitation  is  first  made. 

Beta-Eucaine  (Plate  8). — Though  crystallization  is 
relatively  slow,  this  alkaloid  forms  highly  characteristic 
crystals  of  a  deep  yellow  color.  The  figure  represents 
crystals  formed  from  a  concentrated  solution.  If  they 
were  permitted  to  remain  undisturbed  they  would 
grow  to  a  size  almost  twice  that  shown  in  the  figure. 
The  crystals  are  very  distinct  and  seldom  have  more 
than  eight  branches. 

ALKALOIDS    PRODUCING    CHARACTERISTIC    CRYSTALS 
WITH    PLATINIC    CHLORIDE. 

Cocaine  (Plate  9). — This  plate  is  introduced,  not 
with  the  idea  of  presenting  a  new  reaction,  but  for 
the  purpose  of  emphasizing  the  importance  of  viewing 
alkaloidal  precipitates  when  first  formed.  The  ac- 
companying photograph  was  taken  immediately  after 
the  precipitant  was  added  to  the  alkaloidal  solution, 
and  shows  the  highly  characteristic,  feathery  crystals 
by  which  cocaine  may  be  readily  identified.  But 
there  is  a  vast  difference  in  the  appearance  of  these 
crystals  at  the  end  of  even  a  few  minutes  after  pre- 
cipitation. They  lose  their  delicate  structure  and 
while  of  course  retaining  a  semblance  of  their  former 
outline,  they  become  more  dense  and  show  heavy 
spines  where  at  'first  were  onry  delicate  feather-like 
processes.  It  is  significant  that  while  cocaine  is  the 
only  alkaloid  which  produces  these  delicate,  feathery 
crystals,  yet  other  alkaloids  also  produce  precipitates 
with  platinic  chloride  which  are  very  similar  to  the 
large  heavy  crystals  into  which  the  cocaine  crystals 
are  gradually  transformed.  A  notable  example  of 
this  is  the  alkaloid  nicotine  (see  below). 

Beta-Eucaine  (Plate  10). — This  alkaloid  yields,  with 
platinic  chloride,  crystals  which  resemble  a  cluster  of 
little  golden  flower  petals  and  are  highly  characteristic. 


They  do  not  in  the  least  resemble  those  produced  by 
the  near  relative  of  this  alkaloid,  cocaine.  The  pre- 
cipitate, at  first  amorphous,  slowly  becomes  crystalline 
and  the  crystals  stand  out  in  bold  relief. 

Nicotine  (Plate  11). — The  precipitate  which  this 
yields  with  platinic  chloride  is  often  so  similar  to  a 
large  dry  crystal  of  cocaine  under  similar  conditions 
that  they  can  scarcely  be  distinguished.  It  is  im- 
portant to  note,  however,  that  the  nicotine  precipitate 
takes  place  only  in  neutral  or  faintly  acid  solution  and 
is  soluble  in  acids.  The  cocaine  precipitate  is  of 
course  insoluble.  The  point  is  well  worth  remembering 
when  one  is  examining  a  preparation  of  tobacco  for 
the  presence  of  cocaine.  When  making  quick  pre- 
cipitations one  may  frequently  produce  crystals  with 
nicotine  and  platinic  chloride  as  small  as  those  shown 
in  Plate  9,  and  on  the  other  hand  cocaine  when  pre- 
cipitated with  platinic  chloride  and  the  crystals 
allowed  to  become  dry  will  often  yield  crystals  very 
like  those  shown  for  nicotine  (Plate  11). 

Antipyrine  (Knorr's)  (Plate  12). — Though  a  syn- 
thetic compound  which  does  not  occur  in  nature,  yet 
this  well  known  artificial  alkaloid  yields,  as  one  might 
expect,  a  precipitate  with  platinic  chloride.  The 
crystals  are  yellow  and  branching,  often  quite 
feathery  in  appearance. 

Strychnine  (Plate  13). — This  alkaloid  forms  almost 
instantly  with  platinic  chloride  a  great  number  of 
characteristic  crystals.  The  peculiar  chisel-shaped 
crystals  of  strychnine  are  present  and  these  rapidly 
assemble  to  form  a  cluster.  The  interesting  thing 
about  them  is  that  the  clusters  are  scarcely  formed 
till  they  suddenly  fly  apart  again,  leaving  only  a  num- 
ber of  individual  needles.  When  viewed  under  the 
microscope  the  crystals  seem  curiously  unstable  and 
active.  The  field  is  in  constant  motion  with  the 
union  and  dissolution  of  clusters.  In  order  to  secure 
a  satisfactory  photomicrograph,  one  must  almost  take 
a  "snap  shot."  Such  crystal  forms  could  never  be 
noted  by  viewing  the  dry  crystals,  filtered  from  an 
ordinary  precipitation. 

Heroin  (Plate  14). — This  alkaloid,  diacetylmorphine, 
yields  with  platinic  chloride  crystals  which  are  as 
characteristic  as  those  for  cocaine.  The  precipitate 
as  first  formed  is  perfectly  amorphous  and  remains 
so  for  fully  a  minute.  Within  usually  a  minute  or 
two,  there  appear  at  numerous  places  on  the  field, 
clear  circular  spaces  in  the  amorphous  mass  in  which 
are  small  clusters  of  needle-like  crystals,  one  cluster 
in  each  space.  The  cluster  grows  quickly  both  in 
size  and  number  of  needles  until  it  presents  the  ap- 
pearance of  a  golden  yellow  spherical  mass  of  spines. 
Frequently  a  chain  of  these  clusters  will  extend  across 
the  field.  Curiously  enough,  when  the  crystal  has 
attained  its  full  size,  the  needles  begin  to  fly  off  from 
the  main  body  as  in  the  case  of  strychnine,  but  not  so 
rapidly.  These  little  spines  keep  splitting  off,  usually 
in  pairs,  until  the  whole  cluster  is  disintegrated  and 
finally  there  is  nothing  left  of  the  original  symmetrical 
cluster  but  its  center,  an  orange  yellow  cube  of  platinic 
chloride. 

The  above  test  is  infallible  for  this  alkaloid  and  is 
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the  extract  obtained  after  subjecting 
the  alkaloid  to  the  usual  "shaking-out"  treatment 
with  immiscible  solvents,  sine-  heroin  is  not  thus 
mposed, 

Of  the  common  alkaloids  which  yield  amorphous 
precipitates,  under  the  above  renditions,  with  pal- 
as  chloride  may  be  mentioned  the  following: 
Apomorphine,  physostigmine,  nicotine,  heroin,  dionin, 
tine,  hydrastine  and  arecoline. 

Amorphous  with  iodine:  Heroin,  caffeine  (neutral 
solution),   alypin,  emetine,   narcotine  and  hydrastine. 

Amorphous  with  platinic  chloride:  Morphine,  atro- 
oine,  quinine,  coniine,  codeine,  hydrastine,  dionin, 
alypin,    aconitine,    apomorphine    and    physostigmine. 

With  these  and  other  reagents  many  of  the  alkaloids 
yield  crystals  which  are  fully  as  characteristic  as 
those  illustrated  above.  But  these  will  serve  to  indi- 
cate the  results  which  may  be  obtained. 

In  many  cases,  several  distinct  types  of  crystals 
are  formed  successively  by  the  same  precipitate,  and 
such  a  series  of  changes  has  an  additional  value  in 
determining  the  identity  of  any  particular  alkaloid. 

A  number  of  the  above  alkaloids  have  been  identified 
bv  the  above  reagents  in  actual  unknown  samples, 
and  all  others  have  been  subjected  to  the  usual  scheme 
of  extraction  and  tests  applied  to  the  alkaloidal  extract 
thus  obtained.  In  every  case,  a  satisfactory  test  was 
secured  on  the  first  extract  without  necessitating  any 
further  purification  of  the  alkaloidal  residue. 

When  not  otherwise  stated,  the  photomicrographs 
here  shown  were  taken  when  the  crystal  had  just 
attained  its  full  size  and  before  there  was  any  ap- 
preciable evaporation  of  mother  liquor  from  the  slide. 

Though  the  writer  is  fully  aware  that  it  is  not 
customary  to  mix  strong  solutions  in  order  to  secure 
satisfactory  crystallizations  yet  the  method  here  em- 
ployed minimizes  the  frequency  of  formation  of  ro- 
sette- or  cluster-forms  of  needles,  so  common  in  con- 
centration of  an  alkaloidal  solution.  It  should  be 
be  borne  in  mind,  however,  that  many  reagents  will 
throw  alkaloids  out  of  solution,  not  by  the  formation 
of  insoluble  double  salts,  but  by  a  "salting-out" 
action.  Many  of  the  slightly  soluble  alkaloids,  such 
as  strychnine,  are  thus  easily  precipitated  when  a 
drop  of  salt  solution  is  added  to  the  alkaloidal  solution 
on  the  slide.  When  thus  precipitated,  the  alkaloids 
show  a  pronounced  tendency  to  assemble  in  needle 
clusters,  and  this  behavior  is  not  to  be  confused  with 
the  formation  of  a  true  double  salt. 

The  tendency  of  a  number  of  the  alkaloids  to  form 
a  series  of  crystal  forms  may  explain,  in  part  at  least, 
the  extreme  variability  of  results  obtained  when 
volumetric  solutions  of  alkaloidal  precipitants  are 
used  for  the  quantitative  estimation  of  alkaloids. 
If  the  solution  of  the  alkaloid  is  fairly  concentrated, 
most  of  the  precipitate  is  amorphous  and  slowly 
becomes  crystalline;  if  dilute,  the  tendency  is  toward 
a  crystalline  precipitate  at  once;  and  the  two  varieties 
of  precipitate  are  not,  of  necessity,  identical  in  com- 
position. 

Department  of  Pharmacy. 
North  Dakota  Agricultural  College. 


AN  IMPROVED  METHOD  OF  ASSAY    FOR    AROMATIC    SUL- 
FURIC ACID.1 

H\    I  DTWOOD   a     Bbowm. 

Received  January  17,  1912. 

Duxin  imination   of   some  samples  of   aro- 

ulfuric  acid,  it  was  noticed  that  all  the  samples 
were  running  abnormally  low  in  sulfuric  acid,  so  much 
so  that  it  made  us  think  that  possibly  the  method 
might  be  at  fault.  Consequently,  we  began  some 
experiments  on  the  method  of  assay  for  this  preparation, 
the  results  of  which  are  given  in  this  paper,  and  which 
we  believe  will  be  of  some  interest  to  pharmaceutical 
chemists. 

Aromatic  sulfuric  acid  is  a  mixture  of  strong  sul- 
furic acid,  alcohol,  tincture  of  ginger  and  oil  of  cinna- 
mon, and  is  described  by  the  U.  S.  P.  as  follows: 
"Should  contain  not  lcs<.  than  20  per  cent,  by  weight, 
of  absolute  sulfuric  aciu,  partly  in  the  form  of  ethyl- 
sulfuric  acid." 

The  consensus  of  opinion  appears  to  be  that  ethyl- 
sulfuric  acid  is  formed  even  at  ordinary  temperature 
when  strong  alcohol  and  sulfuric  acid  are  mixed ;  also 
that  it  is  hydrolyzed  on  heating  with  water  or  alcohol, 
but  with  the  exception  of  Kastle  and  Frazer,  no  one 
seems  to  have  studied  its  quantitative  decomposition 
by  hydrolysis. 

It  appears  to  be  generally  thought  that  the  de- 
composition must  be  complete  when  heated  with  water, 
and  it  appears  that  the  Revision  Committee  of  the 
U.  S.  P.  8th  held  this  opinion,  for  the  present  method 
of  assay  is  based  upon  that  theory.  The  first  edition 
of  the  U.  S.  P.  8th,  in  the  assay  of  this  preparation 
required  it  to  be  boiled  with  30  cc.  water  "for  a  few 
minutes;"  the  later  editions,  "with  additions  and 
corrections  to  June  1,  1907,"  extend  this  time  of 
heating  to  4  hours.  Ethyl  sulfuric  acid  is  stated  to 
be  more  easily  decomposed  than  its  salts,  in  fact  the 
salts  of  this  acid  are  considered  as  not  being  hydro- 
lyzed on  heating.  This  view  is  contradicted  by  the 
work  of   Kastle  and  Wilkie*  in  their   work  "On   the 

Tablb  A. 


Time  of 

Per  cent 

HjSO,. 

No. 

heating. 

Cc 

.  of  H20. 

U.  S.  P. 

Method. 

1 

4  hours 

30 

18 

40 

2 

4      ' 

30 

18 

40 

3 

None 

13 

35 

4 

2  hours 

30 

15 

44 

5 

4      • 

30 

16 

81 

6 

6      ' 

30 

17 

83 

7 

8       ' 

30 

19 

02 

8 

4 

30 

16 

81 

9 

4 

60 

16 

46 

10 

4 

90 

16 

35 

11 

4       ' 

•    120 

15 

77 

12 

4 

150 

15 

53 

13 

4       ' 

300 

14 

81 

Table  B. 

Per 

cent. 

Per  cent 

HzSO, 

Gms. 

BaSO, 

Date 

free 

as  ethyl 

Total 

BaSO, 

Time  of 

(addi- 

of 

HjSO,. 

sulfuric. 

HjSO.. 

(direct). 

heating. 

tional). 

assay. 

16 

89 

3 

29 

20 

IS 

7/1/11 

6 

92 

12 

81 

19 

73 

12/6/11 

6 

94 

12 

86 

19 

so 

6 

95 

12 

59 

19 

54 

0 

1518 

1  hour 

0.0033 

6 

98 

13 

05 

20 

03 

0 

1509 

2  hours 

0.0048 

7 

00 

12 

99 

19 

99 

0 

1520 

3  hours 

0.0044 

6 

94 

12 

82 

19 

76 

0 

1503 

4  hours 

0.0046 

1  Presented  at  A.  C.  S.  Meeting  at  Washington,  D.  C.  December.  1911 
*  Unpublished — Thesis  for  B.S.  degree.  Ky.  State  Univ.,  1904. 
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Decomposition  of  Barium  Ethyl  Sulfate."  They,  how- 
ever, were  studying  the  effect  of  the  halogen  salts 
upon  the  barium  ethyl  sulfate,  which  has  very  little 
bearing  upon  the  conditions  present  in  this  paper. 

The  salts  of  ethyl  sulfuric  acid  are  soluble;  even 
the  barium  salt  is  soluble,  while  any  free  sulfuric  acid 
is  precipitated  as  the  sulfate,  the  barium  ethyl  sul- 
fate remaining  in  solution.  It  is  upon  this  feature 
that  we  have  endeavored  to  work  out  a  method  for 
the  determination  of  the  total  sulfuric  acid  in  the 
aromatic  sulfuric  acid,  U.  S.  P. 

METHOD    OF    ANALYSIS. 

After  making  up  my  standard  sample  of  aromatic 
sulfuric  acid,  containing  a  known  amount  of  sulfuric, 
I  then  assayed  it  by  the  U.  S.  P.  method  with  the 
results  shown  in  Exps.  1  and  2,  and  did  not  recover 
all  of  the  sulfuric  acid.  Now,  the  next  thing  to  do 
was  to  devise  a  method  which  would  yield  the  total 
acid  present.  After  a  number  of  ideas  were  tested 
out,  we  finally  decided  upon  the  following  method: 

A  sample  of  about  10  grams  was  weighed  out  and 
diluted  with  water  to  exactly  100  cc. ;  10  cc.  aliquots 
were  taken  and  the  total  acidity  determined  by  ti- 
trating against  decinormal  KOH,  using  phenolphthal- 
ein  as  indicator.  This  gave  us  the  acidity  due  to  free 
sulfuric  acid  and  to  ethyl  sulfuric  acid.  The  neutral- 
ized sample  was  then  diluted  to  a  volume  of  100  cc, 
then  quickly  heated  to  boiling  over  a  free  flame,  2 
cc.  hydrochloric  acid  added,  followed  by  an  excess 
of  barium  chloride  solution;  the  solution  was  boiled 
for  an  additional  minute  or  two,  then  placed  on  the 
water  bath  and  heated  for  one  hour.  The  precipitate 
of  BaS04  was  filtered  off,  washed  well,  ignited  and 
weighed. 

CALCULATION    OF    RESULTS. 

Grams  BaSO«  X  0.42  =  grams  H2S04  in  form  of 
free  sulfuric  acid,  divided  by  0.0048675  =  cc.  of  deci- 
normal KOH  required  to  neutralize  free  sulfuric  acid. 

Cc.  N/10  KOH  consumed  in  total  acidity  determina- 
tion, minus  cc.  equivalent  of  free  H2S04  equals  cc. 
N/10  KOH  required  to   neutralize  ethyl  sulfuric  acid. 

As  ethyl  sulfuric  acid  is  a  monobasic  acid,  multiply 
the  number  of  cc.  for  ethyl  sulfuric  by  2  X  0.0048675  X 
10  X  100  and  divide  by  weight  of  sample,  equals  per 
cent,  of  sulfuric  acid  in  sample  in  the  form  of  ethyl 
sulfuric  acid. 

Grams  free  sulfuric  X  10  X  100,  divided  by 
weight  of  sample  equals  per  cent,  of  free  sulfuric. 

This  method  was  tried  out  on  the  standard  sample, 
with  the  results  shown  in  Exps.  14-16. 

In  samples  that  have  been  allowed  to  stand  several 
months  a  small  amount  of  the  sulfuric  acid  is  con- 
verted into  the  di-ethyl  sulfate  and  which  is  not  de- 
termined by  this  method;  this,  however,  is  very  small, 
amounting  to  only  about  0.4  per  cent.  H2S04  in  five 
months,  under  the  conditions  existing  in  the  U.  S.  P. 
preparation. 

In  1898,  Kastle  and  Frazer.  in  an  unpublished 
work  (Thesis  for  Master  of  Science  degree,  Ky.  State 
Univ.),  studied  the  hydrolysis  ol  sulfuric  ethers,  and 
came  to  the  conclusion  that  ethyl  sulfuric  acid  is  hy- 


drolyzed  to  a  greater  extent  in  concentrated  than  in 
dilute  solutions. 

Experiments  8-13  show  the  effect  of  dilution  upon 
the  hydrolysis  of  ethyl  sulfuric  acid,  the  time  of  heat- 
ing being  constant  throughout  the  series. 

Experiments  3-8  show  the  effect  time  of  heating 
has  upon  the  hydrolysis,  the  dilution  remaining  con- 
stant throughout  the  series. 

In  order  to  see  what  effect  heating  would  have  upon 
the  barium  ethyl  sulfate,  in  separating  the  free  sul- 
furic from  the  ethyl  sulfuric  acid  in  the  proposed 
method,  Experiments  17-20  were  run  as  follows: 

After  the  sample  was  neutralized  by  the  standard 
alkali,  rendered  acid  by  hydrochloric  and  an  excess 
of  barium  chloride  added,  the  sample  was  heated  on 
the  water  bath  for  20  minutes,  or  just  long  enough  to 
enable  us  to  filter  off  the  precipitated  barium  sulfate, 
after  which  the  filtrates  were  heated  for  1,  2,  3,  and  4 
hours  longer,  and  any  additional  barium  sulfate 
formed  was  filtered  off  and  weighed  up  separate  from 
the  main  bulk  of  the  precipitate.  Reference  to  Table 
B  will  show  that  practically  no  hydrolysis  of  the 
barium  ethyl  sulfate  took  place,  as  the  small  amount 
of  barium  sulfate  obtained  after  heating  remained 
fairly  constant.  The  author  believes  that  the  addi- 
tional amount  of  barium  sulfate,  thus  obtained,  was 
largely,  if  not  entirely,  due  to  the  difficulty  of  re- 
moving the  finely  precipitated  barium  sulfate  after 
only  20  minutes'  heating,  and  not  to  any  hydrolysis 
of  the  barium  ethyl  sulfate. 

Table  C  shows  the  analysis  (by  both  the  U.  S.  P. 
and  the  proposed  method)  of  some  samples  of  aro- 
matic sulfuric  acid,  as  found  in  drug  stores. 


Brown's  method. 


Experi- 
ment No. 
33,860 
33,862 
33.884 
33,887 
33,889 
33,894 
33,910 
33,970 
33.974 


Per  cent. 
HuSO,. 

U.  S.  P. 

method. 
14.46 
15.28 
12.50 
14.87 
18.79 
16.44 
16.69 
17.63 
18.14 


Per  cent, 
free 
HiSO,. 
8.35 
7.71 
6.12 
6.43 
13.45 
8.37 
6.72 
7.77 
6.93 


Per  cent. 

HzSO, 

as  ethyl 

sulfuric. 

10.94 

14.74 

9.47 

13.82 

12.60 

12.96 

14.14 

15.30 

14.58 


Per  cent, 
total 
H2S04. 
19.29 
22.45 
15.59 
20.25 
26.15 
21.33 
20.86 
23.07 
21.51 


CONCLUSION. 

i.  The  U.  S.  P.  method  of  assay  does  not  give  the 
total  amount  of  sulfuric  acid  present. 

2.  Ethyl  sulfuric  acid  is  hydrolyzed  to  a  greater 
extent  in  concentrated  than  in  dilute  solutions. 

3.  The  hydrolysis  of  ethyl  sulfuric  acid  is  not  com- 
plete, even  after  8  hours'  heating,  but  does  increase 
with  the  length  of  time  of  heating. 

4.  That  a  small  amount  of  di-ethyl  sulfate  is  formed 
after  a  few  months  in  the  aromatic  sulfuric  acid,  and 
is  not  determined  by  either  the  U.  S.  P.  or  by  the 
proposed  method. 

5.  That  the  proposed  method  of  assay  gives  more 
accurate  results,  closely  approaching  the  theoretical 
amount  of  sulfuric  acid  present. 

6.  That  the  proposed  method  of  assay  shows  the 
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amount  of  esterification   that   has  taken   place   in   the 
sample. 

7.  Thai   barium  ethyl  sulfate  is  not  hydrolyzed  in 

dilute  slightly  acid  aqueous  solution,  to  any  appreciable 
extent. 

In  conclusion,  I  wish  to  give  credit  to  J.  M.  Humble 
for  his  assistance  to  me  in  conducting  the  experimental 
part  of  this  work. 

Kentucky  Agricultural  Experiment  Station. 


A  METHOD  FOR  ASSAYING  SPIRITS  OF  CAMPHOR. 

By  Arthur  T.  Collins. 
Received  February  29,  1912. 

Spirits  of  camphor  can  be  assayed,  and  the  per- 
centage of  camphor  very  accurately  determined,  by 
the  use  of  the  polariscope.  It  has  been  long  known 
that  camphor  is  optically  active,  some  camphors 
rotating  the  plane  of  polarization  to  the  right,  and 
some  to  the  left.  The  amount  of  this  deviation  will 
vary  in  camphors  coming  from  different  localities, 
or  even  from   the   same   locality. 

Most  camphors  are  dextro  gyrate,  a  10  per  cent, 
solution  giving  in  a  200  mm.  tube  an  angle  of  8°, 
more  or  less.  In  order  to  know  the  percentage  of 
camphor  in  a  solution,  it  will  be  necessary  to  know 
the  rotation  angle  of  the  particular  camphor  that  was 
used  in  making  up  the  solution.  This  can  be  done  by 
taking  50  cc.  or  more  of  the  spirits  of  camphor,  and 
evaporating  on  a  water  bath;  by  this  operation  the 
camphor  can  be  obtained  free  from  alcohol  or  moisture. 
Of  course  there  is  a  considerable  loss  of  camphor, 
often  as  much  as  30  to  40  per  cent,  but  the  camphor 
that  remains  has  exactly  the  same  rotation  as  the 
original. 

The  camphor  obtained  by  evaporation  on  the  water 
bath  contains  all  the  non-volatile  impurities  that  were 
in  the  original  solution,  and  in  order  to  get  rid  of 
these,  the  camphor  is  transferred  to  a  watch  glass  of 
about  7  or  8  cc.  diameter,  having  for  a  cover  a  glass 
funnel  of  the  same  diameter — both  funnel  and  watch 
glass  having  ground  edges.  The  apparatus  is  placed 
over  a  low  flame,  and  the  camphor  sublimed  on  to  the 
funnel. 

We  have  now  the  pure  camphor  that  went  to  make 
up  the  original  solution.  This  is  made  up  to  a  10  per 
cent,  solution  in  a  25  cc.  volumetric  flask,  and  used  as 
a  standard  for  the  determination  of  the  camphor  in 
the  spirits  of  camphor  in  question.  The  method  is 
very  accurate  and  the  entire  operation  may  be  ac- 
complished in  two  hours  time. 

Using  camphors  from  different  sources  made  up  to 
10  per  cent,  solutions,  the  results  are  as  follows: 

Rotation  in  minutes.  Per  cent. 

Sample  A 482.8  9.94 

Control 485.3 

SampleB 488.5  10.003 

Control 488.3 

Sample  C 492.5  10.01 

Control 491 .7 

If  the  original  gum  camphor  has  been  impure,  or 
if  optically  active  substances  have  been  added  to 
increase  the  rotation,  these  may  be  found  on  the  watch 
glass,  after  the  camphor  has  been  sublimed,  and  can 
then  be  weighed  or  investigated. 


In  case  sugar  has  been  added,  this  will  be  found  by 
evaporating  in  a  drying  oven  at  a  temperature  of 
105  °  C.  After  all  smell  of  camphor  is  gone  the  sugar 
should  be  made  up  to  volume  with  water,  and  the 
amount  of  rotation  deducted  from  the  optical  rotation 
of  the  original  spirits. 

The  entire  method  is  as  follows: 

Polarize  in  a  200  mm.  tube,  making  correction  for 
temperature  by  adding  x/a  minute  for  every  degree  C. 
above  20 °  C,  and  deducting  same  amount  below 
20  °  C.  Take  the  mean  of  10  readings,  place  50  cc. 
or  more  of  the  spirits  in  an  evaporating  dish  on  water 
bath,  using  cold  air  jet  if  convenient,  to  facilitate 
evaporation.  Just  before  the  camphor  solidifies,  stir 
with  glass  rod,  so  that  it  may  become  dry  as  soon  as 
possible.  When  quite  dry  place  on  watch  glass  having 
funnel  cover,  over  a  low  flame,  with  wire  gauze  between, 
and  fitting  closely  to  the  bottom  of  the  watch  glass. 

When  the  camphor  is  entirely  sublimed,  remove  the 
pure  camphor  from  the  funnel,  take  21/,  grams  of  this, 
make  up  with  alcohol  in  a  25  cc.  flask,  polarize  as  in 
the  first  case;  this  is  called  the  "control."  The  per- 
centage is  found  by  dividing  the  minutes  of  rotation 
of  the  control  into  minutes  of  rotation  of  the  original 
sample,  multiplied  by  ten. 

Swarthmore,  Pa. 


SUGGESTED  MODIFICATIONS  TO  THE   U.   S.    P.    ASSAY  OF 
OPIUM.1 

By  R.  Norris  Shreve. 
Received  January  17,  1912. 

The  Pharmacopoeia  directs  for  the  determination 
of  Morphine,  an  aqueous  extraction  of  the  opium, 
concentration  of  these  extracts,  precipitations  of  the 
morphine  from  a  weak  alcoholic  solution,  and  determi- 
nation of  the  impurity  in  the  precipitated  morphine 
by  weighing  of  the  substance  insoluble  in  lime-water. 
As  thus  carried  out  the  method  gives  results  that  are 
not  accurate.  There  are  the  following  sources  of 
error : 

i.   Incomplete  extraction  of  the  opium. 

2.  Retention  of  morphine  by  the  mother  liquor 
during  precipitation. 

3.  Inaccuracies  in  the  lime  water  method  for  de- 
termination of  the  impurities  in  the  precipitated 
morphine. 

INCOMPLETE     EXTRACTION    OF    THE    OPIUM. 

The  Pharmacopoeia  directs  for  the  extraction: 
Agitation  every  ten  minutes  (or  continuously  in  a 
mechanical  shaker)  during  three  hours,  followed  by 
filtration,  washing,  re-agitation,  and  re-washing.  In 
case  of  certain  opiums  this  procedure  will  not  exhaust 
the   opium   of   its   morphine   as   is  shown   in  Table  I. 

Comment  on  Tabic  I. — The  three  samples  of  opium 
were  of  Turkish  grade  and  of  a  moderately  fine  powder. 
In  every  case  ten  grams  were  used  for  assay.  In- 
stead of  determining  the  purity  of  the  crude  mor- 
phine by  the  lime  water  method  as  the  U.  S.  P.  directs, 
the    more   accurate   but   slightly   longer   Mallinckrodt 

1  Presented  at  the  A.  C.  S.  Meeting  at  Washington,  D.  C,  December. 
1911. 
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No. 


Outline  of  extraction,  U.  S.  P.  Method  except  as  indicated. 


Weight  of  crude 
precipitated 
morphine. 
Grams. 


Purity  of  crude  by     +  correction  for  solu- 

Mallinckrodt  bility  of  morphine  in         Pure 

re-assay.1        U.  S.  P.  mother  liquors,  morphine. 
Per  cent.  Grams.  Per  cent. 


94  6 
93.0 


90.6 
91.8 


91.3 
91.1 
89.6 


90.6 


0.052 
0  024 


■  0.076 
0.0635 


0.060 
0.055 

0.050 

0.51 

0.060 

0.051 
0.051 
0.052 

0.051 
0.051 
0.052 


13  02 
19.16 


15.11 

8.86 
9.26 
15.46 


9.56 
15.51 


Opium  sample  1. 

1  I  n  mechanical  shaker  for  8  hrs 1 .  5875  1 

Marc  of  preceding  reextracted 0.3185  ) 

2  Extracted  3  times  in  shaker 1 .909 

3  Opium  triturated  in  mortar,  then  put  in  shaker;  marc  of  preceding  1.6265) 

re-extracted 0.125     I* 

4  Extracted  shaker ;  Lamar2  modification  applied 1  .3125 

5  Opium  4-  45%  lime,  extracted,  acidified;  Lamar  modification  applied  2.097 

Opium  sample  2. 

6  In  mechanical  shaker  for  8  hours 0 .  988 

7  Duplicate 1 .030 

8  In  very  rapid  shaker  for  12  hours 1 .623 

Opium  sample  3. 

9  In  mechanical  for  8  hours 0.914 

10  Duplicate 0.960 

11  In  very  rapid  shaker  for  8  hours 1 .  668 

Opium  sample  4. 

12  In  mechanical  for  8  hours 0.987 

13  Duplicate 0.990 

14  In  very  rapid  shaker  for  8  hours 16 .55 

1  Proc.  A    O.  A.  C.  23rd  convention.  Bur.  Chem..  Bull.  105,   128  (1906). 

2  Am.  J.  Pharm.,  71,  36  (1900). 

re-assay  was  used.  This  re-assay  is  carried  out  as  test  the  marc  for  completeness  of  extraction ;  for  this, 
follows:  the  following  test  is  satisfactory:  Wash  the  marc 
Morphine  up  to  2  grams  is  mixed  with  0.5  gram  witri  an  additional  100  cc.  of  water;  evaporate  the 
of  freshly  slaked  lime,  and  18  cc.  of  water  added,  filtrate  to  about  2  cc,  filter,  add  4  cc.  of  washed  ether, 
rotated  occasionally  during  half  an  hour,  filtered  and  ammonia  to  faint  alkalinity.  If  the  morphine 
without  suction  (suction  causes  foaming),  and  washed  was  not  all  exhausted  in  the  regular  extraction,  it 
with  lime  water  until  the  filtrate  Weighs  35  grams:  wil1  precipitate  here  in  well  defined  crystals  which 
3  cc.  of  alcohol  added,  flask  rotated;  20  cc.  of  ether  give  the  characteristic  color  reactions.  The  pre- 
added,  flask  rotated  again ; finally  0.5 gram  of  ammonium  cipitation  is  facilitated  by  scratching  the  inside  of 
chloride  added,  and  the  flask  shaken  for  ten  minutes:  the  test  tube  with  a  glass  rod.  I  suggest  that  opium 
set  aside  for  2  hours  (or  over  night)  for  the  morphine  always  be  tested  for  completeness  of  extraction  of 
to  precipitate.  Morphine  filtered  and  washed,  in  its  morphine,  and  that  the  Pharmacopoeia  Revision 
the  manner  which  the  U.  S.  P.  directs  in  case  of  the  Committee  embody  some  such  test  as  the  one  just 
crude  morphine.  Correction  for  the  morphine  soluble  given  in  the  official  method,  with  directions  to  re- 
in alcoholic  mother  liquors  is  determined  by  blank  Peat  the  assay  using  more  vigorous  shaking  and  more 
assay  on  pure  morphine.  The  "+  correction  for  washing  in  case  the  test  shows  morphine  in  the  marc, 
solubility  of  morphine  in  U.  S.  P.  mother  liquors"  This  repeating  will  be  generally  necessary,  as  by  the 
was  obtained  likewise  by  running  a  blank  precipita-  time  the  result  of  the  test  is  obtained  the  morphine 
tion,  but  of  course  under  the  conditions  parallel  in  the  assay  will  have  been  precipitated,  since  it  is 
to  the  U.  S.  P.  assay.  riot  worth  while  to  wait  for  a  test  which  will  indicate 

The  opium  of  sample  1  was  not  completely  ex-  morphine  in  the  marc  in  only  an  occasional  opium, 
hausted  of  its  morphine  bv  the  aqueous  extraction,  In  case  of  the  U-  S-  R  powdered  opium,  the  sub- 
as  is  readily  seen  from  Experiments  1  to  4  of  Table  I.  stances  used  by  the  manufacturers  to  standardize 
However,  in  Experiment  5,  which  was  a  lime  assay,  the  °Plum  often  retard  the  extraction  of  the  morphine, 
the  opium  was  exhausted  as  determined  by  test  on  so  that  m  assav  of  °Pmm  of  this  kmd-  ll  1S  especially 
the  marc.  The  details  of  this  experiment  are  as  necessary  to  apply  tests  to  determine  completeness  of 
follows:  10  grams  opium  were  mixed  with  4.5  grams  extraction.  Because  of  this  difficulty  of  extracting 
of  lime,  and  triturated  with  100  cc.  water  for  several  some  opiums,  an  aliquot  part  method  for  the  assay 
hours,  filtered  and  washed  with  water  sufficient  to  of  this  dru§  is  not  advisable  as  one  could  never  be  sure 
make  filtrate-  measure  150  cc. ;  retriturated  and  re-  of  the  relative  amount  of  morphine  in  that  part  taken 
washed ;    filtrate    acidified    with    dilute    hydrochloric  assay. 

acid,  concentrated,  and  inorganic  matter,  etc.,  thrown  retention    of    morphine    by    the    mother    liquors 

out  by  alcohol  (Lamar  Modification,  Loc.  cit.);  alcohol  during  precipitation. 

evaporated   and    morphine   precipitated    as    U.    S.    P.  It  is  well  known  that  the  alcoholic  mother  liquors 

directs.  employed   during   the   precipitation   of   the   morphine 

The  opium  of  samples  2,  3  and  4  was  exhausted  of  hold  in  solution  some  of  the  morphine.     This  has  been 
only  about  »/i  of  its  morphine  by  gentle  mechanical  pointed   out  by   many  workers   especially   in  the   co- 
shaking    for    8    hours.      By    employing    a    mechanical  operative  work  on  opium  assaying,   done  during  the 
shaker  making  three  strokes  a  second,  it  was  possible  leadership  of  the  Bureau  of  Chemistry, 
to  exhaust  the  opium.  The  amount  of  pure  morphine  retained  by  solvents 

Such  being  the   case   with   some  opiums,   I  always  present    when    the    morphine    is    precipitated    in    the 
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U.   S.    I  is  easily  obtained   by  dissolvinj 

and  "Hi-  hall  rams  ol  morphine  in  5.5  cc.  N/i  sul- 
furic acid  and  water  sufficient  to  weigh  20  grams; 
then  precipitate  under  the  conditions  of  the  U.  S.  I*. 
Table  II   gives  results  of  such  blank  precipitations. 


morphine 
taken, 
No.         Grama 

1  1.500 

2  1 .500 

3  1.500 

4  1.500 


Table  II. 

\iui   ol  \111t.  of  morphine  Temperature 

morphine  retained  by  during 

recovered.  mother  liquors,  precipitation. 

('.rams.  Oram.  Centigrade. 

1.459  0.041  0° 

1.443  0.057  20° 

1.428  0.072  26° 

1.426  0.074  26° 


Comment  on  Table  II. — In  case  of  No.  4,  instead  of 
dissolving  the  morphine  in  5.5  cc.  of  normal  acid, 
there  was  used  16.5  cc.  to  ascertain  if  the  decrease  of 
free  ammonia  and  the  increase  of  ammonium  salts 
would  have  an  appreciable  effect  on  the  morphine 
retained;  the  result  shows  no  effect.  The  length 
of  time  for  precipitation  was  over  night,  though  for 
the  blanks  themselves  one  or  two  hours  is  sufficient. 

The  corrections  for  solubility  of  morphine  in  Table 
I  were  determined  by  such  blanks  run  parallel  to  the 
opium  precipitation.  There  is  no  doubt,  however,  that 
the  extractive  matter  in  opium  has  an  influence  on 
the  amount  of  morphine  thus  retained.  To  obtain 
some  evidences  on  this  point  the  following  experiments 
were  conducted: 

Two  assays  were  run:  No.  1  on  10  grams  of  opium 
in  the  regular  way;  No.  2  on  100  grams  of  opium, 
using  10  times  the  quantities  of  solvents,  etc.  Both 
assays  were  precipitated  under  the  same  conditions: 
No.  1  gave  1.624  grams  of  crude  morphine,  reassaying 
80.2  per  cent,  pure  and,  hence  containing  1.302  grams 
pure  morphine;  No.  2  gave  16.007  grams  of  crude 
morphine,  re-assaying  81. 1  per  cent,  pure,  and  hence 
contained  13.0  grams  pure  morphine.  Thus  both 
gave  the  same  percentage  of  morphine. 

The  mother  liquors  of  No.  2,  the  100  grams  assay, 
were  analyzed  for  morphine  by  this  method:  Made 
slightly  acid,  evaporated,  mixed  with  excess  of  slaked 
lime  and  the  cake  exhausted  of  its  morphine.  The 
lime  water  filtrates  were  extracted  with  benzole  to 
remove  non-phenolic  alkaloids,  then  acidified, 
evaporated  to  small  volume,  alcohol  added  to  throw 
out  inorganic  matter,  filtrates  plus  washings  heated 
to  drive  off  alcohol.  Now  morphine  completely  ex- 
tracted with  amyl  alcohol,  after  making  alkaline; 
amyl  alcohol  extracted  with  10  per  cent,  sulfuric  acid, 
and  morphine  precipitated  by  ammonia.  The  purity 
of  this  morphine  was  determined  by  Mallinckrodt 
re-assay:  result,  1.15  grams  of  morphine  alkaloid  which 
remained  dissolved  in  the  mother  liquors.  This  corre- 
sponds to  0.1 15  gram  for  regular  U.  S.  P.  mother 
liquors.  A  parallel  blank  on  pure  morphine  indicated 
a  correction  of  0.069  gram-  so  it  is  apparent  that  in 
this  case  the  extractive  plus  the  solvent  present  held 
back  considerably  more  morphine  than  is  represented 
by  the  dissolving  power  of  the  solvents  themselves. 

This  analysis  of  the  U.  S.  P.  mother  liquors  was 
very  tedious,  yet  it  should  be  carried  on  the  mother 
liquors  of  assays  from  a  number  of  different  opiums 
before  we  can  say  just  how  much  morphine  is  re- 
tained    in    the    precipitation     mother    liquors.     The 


chloroform  alcohol  method  of  Eaton'  could  probably 
be  useil  and  would  l>e  simpler. 

Of  course  it  would  be  better  to  use  an  immiscible 
solvent  method  for  the  assay  of  morphine  and  thus 
avoid  altogether  this  retention  of  the  morphine  in  the 
mother  liquors  of  the  U.  S.  P.  assay.  I  have  success- 
fully used  an  amyl  alcohol  extraction,  but  the  method 
is  tedious  and  long.  It  gives  results  agreeing  with  the 
modified  U.  S.  P.  method  as  was  used  for  the  assays 
of  Table  I. 

The  chloroform  alcohol  extraction  method  of  Eaton 
looks  very  promising,  but  I  would  suggest,  because 
of  the  difficulty  in  extracting  opium,  that  instead  of 
an  aliquot  part  extraction  of  the  opium,  a  complete 
lime  extraction  be  employed.  This  indeed  works 
very  nicely,  and  to  carry  it  out  I  mix  with  the  opium 
40  per  cent,  of  its  weight  of  lime  and  extract  with  lime 
water.  Furthermore  it  would  be  advisable  to  collect 
a  sufficient  quantity  of  the  morphine  from  the  evapora- 
tion of  the  chloroform  alcohol,  and  compare  the  purity 
by  titration  against  the  accurate  Mallinckrodt  re- 
assay  (run  with  blank  to  determine  morphine  in  the 
mother  liquors). 

INACCURACIES    IN    THE    LIME    WATER    METHOD    FOR    DE- 
TERMINATION    OF     THE     IMPURITIES     IN     THE     PRE- 
CIPITATED   MORPHINE. 

These  inaccuracies  were  pointed  out  by  Kebler 
in  the  above-mentioned  cooperative  work  under 
direction  of  the  Bureau  of  Chemistry.  My  experience 
has  been  that  the  lime  water  method  gives  results  that 
are  from  3-7  per  cent,  higher  than  the  truth,  the  error 
varying  with  the  nature  and  amount  of  impurity  with 
morphine.  This  variation  in  the  impurity  depends 
on  the  sample  of  opium  and  the  treatment  it  has  been 
subjected  to,  such  as  temperature  during  and  upon 
the  conditions  of  the  assay. 

The  only  satisfactory  method  for  the  determination 
of  the  purity  of  crude  morphine  in  the  U.  S.  P.  and 
similar  assays  is  the  Mallinckrodt  re-assay.  Two 
objections  have  been  brought  against  this  method, 
namely  (a)  time  involved,  (b)  correction  for  morphine 
in  mother  liquors. 

In  the  hands  of  several  chemists,  whom  I  have  ob- 
served, the  extra  time  necessary  over  that  required 
by  the  lime  water  method  is  the  15  or  20  minutes  it 
takes  to  filter  and  wash  the  precipitated  morphine 
from  the  re-assay.  On  the  other  hand  it  is  neither 
essential  to  use  counterbalanced  or  tared  filter  papers 
for  filtration  of  the  crude  morphine,  nor  is  it  worth 
while  to  dry  the  crude  morphine.'  After  washing  the 
crude  morphine,  suck  it  nearly  dry,  and  then  remove 
it  to  a  small  Erlenmeyer  flask  for  solution  in  excess  of 
lime,  and  filter  through  the  same  filter  paper. 

The  corrections  for  morphine  dissolved  in  the  re- 
assay  mother  liquors  can  readily  be  obtained  from 
blanks  on  pure  morphine.  This  correction  varies 
with  temperature  and  slightly  with  individual 
manipulation.  After  a  series  of  corrections  for  the 
conditions  are  determined,  it  is  no  longer  essential 
to  run  a  blank  as  the  variations  under  ordinary  con- 
ditions are  relatively  small.     Table  III  gives  a  series 

1  Bur.  Chem.,  Bull.  137,  188  (1910). 
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of  blanks  for  different  temperatures.  The  morphine 
used  was  purified  by  twice  crystallizing  from  Columbian 
spirits  and  the  alkaloid  obtained  by  precipitating  a 
solution  of  sulfate  of  morphine. 

Table  III. 

Amt.  of  morphine    Temperature 

Amt.  of                   Amt.  of                 retained  by  during 
morphine,      morphine  recovered,   mother  liquor     precipitation. 

No.         Grams.                     Grams.                     Gram.  Centigrade. 

1  1.500          1.482           0.018  17° 

2  1.500          1.481           0.019  22° 

3  1.500          1.4745         0.0255  27° 

4  1.500          1.474          0.026  29° 

CONCLUSION. 

We  have  discussed  (i)  the  difficulty  of  completely 
extracting  morphine  from  opium;  (2)  the  amount  of 
morphine  retained  by  the  alcoholic  mother  liquors 
of  the  U.  S.  P.  method;  (3)  the  determination  of  the 
purity  of  the  crude  precipitated  morphine. 

It  is  suggested  (1)  that  a  test  always  be  applied  to 
determine  the  completeness  of  the  removal  of  the 
morphine;  (2)  that  a  correction  be  added  for  morphine 
dissolved  in  the  mother  liquors  of  the  U.  S.  P.  opium 
assay,  and  that  provisionally  a  blank  on  pure  mor- 
phine be  made  to  determine  this  correction;  (3)  that 
the  Mallinckrodt  re-assay  be  used  to  determine  the 
purity  of  the  crude  morphine. 

It  gives  me  pleasure,  in  connection  with  this  paper, 
to  acknowledge  my  indebtedness  to  the  Lamar  Chem- 
ical Works  and  to  the  Mallinckrodt  Chemical  Works. 

Lamar  Chemical  Works, 
Newark,  N.  J. 


A  NOTE   ON   THE   DETERMINATION   OF   THE   DIGESTIVE 
VALUE  OF  PAPAIN. 

By  J.  R.  Rippetoe. 
Received  January  11,  1912. 

H.  T.  Graber  in  a  recent  article  (This  Journal, 
Dec,  191 1,  p.  919)  gives  a  method  for  determining  the 
digestive  value  of  papain,  using  fine  ground  steak  in 
0.3  per  cent,  hydrochloric  acid  solution  and  com- 
ments as  follows:  "Some  manufacturers  claim  that 
the  test  should  be  conducted  in  an  alkaline  media 
and  that  egg  albumen  should  be  used  instead  of  raw 
beef;  but  to  me  this  seems  as  absurd  as  to  claim  that 
pepsin  should  be  tested  upon  starch  in  an  alkaline 
media." 

For  several  years  this  laboratory  has  employed  a 
method  for  determining  the  digestive  value  of  papain 
using  egg  albumen  in  an  alkaline  media.  It  might 
be  of  interest  to  note  some  results  obtained  by  this 
method. 

Method. — Prepare  egg  albumen  as  directed  under 
pepsin  assay  U.  S.  P.  8th  revision.  Introduce  into  a 
4-oz.  wide-mouth  flint  bottle  40  cc.  of  a  0.1  per  cent, 
sodium  hydroxide  solution  and  add  10  grams  of  the 
disintegrated  albumen;  stopper  the  bottle  and  shake 
vigorously  until  the  albumen  is  broken  up.  Then 
add  the  papain  in  fine  powder  and  mix  by  shaking 
gently  for  15  seconds.  Place  the  bottle  in  a  water 
bath  previously  heated  to  52  °  C.  and  digest  at  this 
temperature  for  6  hours,  removing  the  bottle  every 
10  minutes  and  shaking  gently  for  15  seconds.  At  the 
end  of  this  period  transfer  the  mixture  to  a   100  cc. 


graduated   stoppered   cylinder,    rinse   the   bottle   with 

water,  add  the  rinsings  to  the  mixture  and  make  the 

volume   up  to   70  cc.   with  water.     Set  the  cylinder 

aside  and  after  standing  for  1  hour  read  off  the  volume 

of  the  deposit.     The  deposit  may  be  read  a  second 

time  after  standing   16-18  hours   (over  night)   which 

seems  to  give  more  positive  results,  especially  if  the 

volume  is  large. 

The  results  of  the  assay  of  five  samples  by  the  above 

method  are  recorded  in  the  following  tables: 

Table  I. 

Deposit  read  after  standing 

1  hr.  16  hrs. 

Sample.  Cc.  Cc. 

Blank 52.0  43.0 

A  0.1  gram  papain 26.0  18  0 

A  0.2  gram  papain 8.0  8.0 

B  0.1  gram  papain 41  .0  31  .0 

B  0.2  gram  papain 36.0  18.0 

The  blank  consisted  of  10  grams  of  the  disintegrated 
albumen  in  40  cc.  of  the  alkaline  solution  without 
the  addition  of  papain  and  was  carried  through  the 
digestion  and  agitation  in  the  same  manner  as~j;he 
tests  containing  the  papain. 

Sample  A  was  assayed  in  an  acid  media  using  0.2 
grams  of  papain  in  fine  powder  with  the  results  as 
shown  in  Table  II: 

Table  II. 

Deposit  read  after  standing 

1  hr.  16  hrs. 

Cc.  Cc. 

0.1  per  cent.  HC1  solution 16.0  20.0 

0.2  per  cent.  HC1  solution 30.0  30.0 

0.3  per  cent.  HC1  solution 32 . 0  30 . 0 

Table  III. 

Deposit  read  after  standing 

1  hr.  16  hrs. 

Cc.  Cc. 

C  0.1  gram  papain 15.0  12.0 

C  0.2  gram  papain 3.0  5.0 

D  0.1  gram  papain 25.0  23.0 

D  0.2  gram  papain 13.0  12.0 

Table  IV. 

Deposit  read  after  standing 

1  hr.  16  hrs. 

Cc.  Cc. 

C  0. 1  gram  papain 2.0  3.0 

C  0.2  gram  papain 0.8  1.0 

E  0. 1  gram  papain 5.0  ^.5 

E  0.2  gram  papain 1.0  1.5 

It  might  be  said  that  Sample  A,  Table  I,  had  twice 
the  digestive  value  of  Sample  B,  since  the  deposit  from 
o.i  gram  A  was  the  same  as  the  deposit  from  0.2  gram 
B,  reading  after  18  hours. 

The  results  shown  in  Table  II  indicate  that  some 
digestion  takes  place  in  0.1  per  cent.  HC1  but  0.2  or 
0.3  per  cent,  inhibits  the  action  of  the  ferment. 

The  variation  in  the  volume  of  the  deposit  obtained 
with  Sample  C,  as  shown  in  Tables  III  and  IV,  is  possi- 
bly due  to  the  varying  composition  of  the  albumen 
of  the  eggs  used,  and  suggests  the  advisability  of  using 
a  standard  sample  of  papain  for  comparison  when 
making  an  assay  of  an  unknown  sample  upon  egg 
albumen. 

The  method  is  also  applicable  for  determining  the 
digestive  value  of  pineapple  juice.     A  sample  of  dry 
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pineapple  juice,  usii  oi  dry  juice,  neutralized 

with  sodium  hydroxide,  to   to  ''.rams  oi   the  albumen 

i    prr  cent      sodium   hydroxide  solution, 

with  .;  h(  i  stion,  Left  a  residue  of  2  cc,  reading 

[8  hours,  while  a  blank  read  41  cc. 

tNALYTICAl     1"  PARTMXNT, 
SCBXBVrBLDI    v    CO.,    Xi:\v    YORK. 

THE    BROMINE    AND    IODOMETRIC    METHODS    FOR    THE 
VOLUMETRIC  DETERMINATION  OF  CRESOL.' 
By  C.  M.   Pi 
Received  January  17,  1912. 

1)1  the  several  methods  suggested  for  the  volu- 
metric determination  of  phenol,  the  bromine  method 
has  received  the  most  consideration,  and  in  almost 
every  instance  where  bromine  has  been  used  an  at- 
tempt has  been  made  to  substitute  iodine  in  its  stead. 

The  popularity  of  the  bromine  method  is  no  doubt 
due  to  two  causes:  First,  to  the  fact  that  it  answers 
the  demand  for  a  reliable  method  in  the  determination 
of  the  first  member  of  the  series,  namely,  phenol; 
second,  to  the  ease  in  manipulation  resulting  from  the 
use  of  the  Koppeschaar  bromine  solution. 

Now  cresol  is  the  next  member  of  the  homologous 
series;  however,  it  presents,  upon  treatment  with 
bromine  solution  and  acid,  problems  quite  different 
from  that  of  phenol.  Since  commercial  cresol  is  a  mix- 
ture of  the  three  isomeric  phenols  o-,  >n-  and  ^-cresol, 
the  presence  of  the  CH3  group  in  the  different  positions 
necessitates  the  formation  of  compounds  structurally 
unlike  and  empirically  the  same,  and  also  causes, 
in  the  case  of  meta  cresol,  the  formation  of  compounds 
both  structurally  and  empirically  different  from  those 
formed  by  o-  and  p-cresols.  In  2,4,6-tribrom  phenol 
brom,  the  bromine  occupies  both  the  o-  and  /^-positions. 
Now  in  the  case  of  o-  and  p-cresol  the  CH3  group 
occupies  the  o-  and  /^-positions  and  only  dibromcresol 
and  dibromcresol  brom  compounds  can  be  readily 
formed  since  the  CH3  group  is  more  difficult  to  replace 
by  free  Br  than  is  a  hydrogen  atom.  However, 
the  CH3  group  is  slowly  replaced  and  prolonged 
standing  (several  days)  results  in  formation  of  tri- 
bromphenol  brom — W.  Autenrieth  and  F.  Beuttel2 
have  recently  published  the  results  of  an  extensive 
investigation  along  this  line. 

Meta  cresol  forms  tribrom-jn-cresol  brom  since 
the  CH3  group  is  not  in  the  position  that  the  Br  atom 
would  occupy. 

H.  Ditz  and  F.  Cedivoda3  have  proposed  a  bromine 
method  for  cresols  depending  upon  the  difference 
in  speed  of  reactions  between  bromine  and  w-cresol 
on  the  one  hand  and  bromine  and  0-  and  p-cresols 
on  the  other.  If  either  o-  or  ^-cresol  is  mixed  with 
a  known  excess  of  bromine  solution,  acidified  wdth 
(1:1)  hydrochloric  acid  and  agitated  for  1  min.,  on 
adding  KI  and  titrating  with  thiosulfate  it  will  be 
found    that    each    molecule    of    o-    and    p-cresols    has 

1  Read  at  A.  C.  S.  meeting  at  Washington.  D.  C,  December,  1911. 

-  '  Ueber  die  Bestimmung  des  Phenols.  Salicyl  alkohols.  der  Salicyl- 
saure  und  />-oxybenzoesaure  a!s  Tribrom  phenol  brom"  (Autenrieth  und 
Beutel\  Arclm  der  Pkarm.,  1910,  112. 

3  "Reactions  of  Bromine  with  Phenol  and  the  Cresols,  a  Process  for 
Calculating  the  Composition  of  Mixtures  Thereof"  (Ditz  and  Cedivoda). 
Z.  angeu  Chem.,  1899,  873  and  897.     Abstr. — Aiuxlyst,  26,  74. 


absorbed  2  atoms  of  bromine.  Under  the  same  con- 
ditions each  molecule  of  »;-cresol  will  absorb  3  atoms 
of  bromine.  Now  if  acidification  is  effected  by  con- 
centrated sulfuric  acid,  the  solution  shaken  for  five 
minutes  and  insoluble  matter  removed  by  filtration, 
3  atoms  of  bromine  will  have  combined  with  each 
molecule  i>f  0-  and  p-cresol,  4  atoms  with  each  molecule 
of  w-crcsol. 

Tin'  above  method  depends  for  its  success  upon 
definitely  fixed  conditions;  namely:  time,  strength 
of  acid,  excess  of  bromine,  etc.  F.  Russig  and  G. 
Fortmann1  have  criticized  this  method  and  H.  Ditz' 
has  replied  at  length. 

The  present  study  of  the  reaction  of  bromine  and 
iodine  upon  the  different  cresols  was  made  for  the 
purpose  of  finding  which  of  the  cresols  were  amenable 
to  assay  by  processes  which  do  not  require  previous 
knowledge  concerning  the  percentage  of  product, 
that  is,  by  processes  dependent  upon  the  formation 
of  definitely  fixed,  comparatively  stable,  final  products; 
namely:  compounds  containing  three  atoms  of  bromine 
in  combination. 

Samples  of  the  individual  cresols  were  redistilled 
and  volumetric  solutions  prepared  from  the  dis- 
tillates, small  amounts  of  N/2  NaOH  being  added  to 
facilitate  solution.  Aliquot  portions  of  these  solutions 
were  used  in  the  several  determinations. 

The  results  appearing  in  the  tables  are  based  upon 
the  formation  of  dibromcresol  brom  and  tribrom  com- 
pounds on  the  one  hand  and  di'iodo  compounds  on  the 
other. 
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Ortho  cresol  does  not  readily  form  a  stable  di- 
brom-o-cresol  brom  or  a  tribrom  compound  as  is 
evidenced  in  Exp.  1.      However,  upon  i'/2  hours'  stand- 

1  "Estimation  of  Cresol"  cRussig  and  Fortmann),  Z.  angew.  Chem., 
1901,   157-60.     Abstr.— 7.  Chem.  Soc.  1901,  II,  289. 

-  "Estimation  of  Cresol"  (H.  Ditz),  Z  angew.  Chem.,  1901,  160-5. 
Abstr.—/.  Chem.  Soc.  1901,  II.  289. 

s  Heated  to  40°  C.  after  addition  of  KI. 
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ing  more  than  sufficient  Br  is  absorbed  for  the  forma- 
tion of  these  compounds  and  the  addition  of  10  to 
30  cc.  of  10  per  cent.  KI  with  from  i'/2  to  3 */a  hours' 
standing  does  not  result  in  the  liberation  of  the  bromine 
necessary  for  the  formation  of  either  dibrom-o-cresol 
or  a  tribrom  compound  as  would  occur  if  reaction 
proceeded  in  a  manner  strictly  analogous  to  phenol 
(Exps.  2,  3,  and  4). 

Now  a  greater  dilution  results  in  the  absorption 
of  a  smaller  quantity  of  bromine  but  results  are  still 
too  high,  Exps.  5  and  6.  Increased  standing  after 
addition  of  20  cc.  20  per  cent.  KI  causes  a  reversal 
with  practically  theoretical  quantities  of  bromine 
absorbed,  the  time  of  standing  being  materially  reduced 
upon  increase  in  the  quantity  of  KI  (Exps.  7,  8,  9 
and  10). 

An  increase  in  concentration  of  bromine  in  contact 
with  o-cresol  as  is  effected  by  larger  quantities  of  Br 
solution  or  a  decrease  in  the  quantity  of  cresol  solu- 
tion results  in  the  absorption  of  much  more  than  the 
theoretical  quantity  of  bromine  and  even  upon  prolonged 
standing  in  contact  with  increased  quantities  of  KI, 
suitable  reversal  does  not  take  place  (Exps.  11,  12, 
13,  14  and  15). 

The  effect  due  to  increase  in  the  quantity  of  acid 
is  very  marked.  When  bromine  is  liberated  by  one- 
half  the  usual  quantity  of  concentrated  HC1  sufficient 
reversal  does  not  take  place  after  addition  of  KI 
(Exps.  14  and  15).  However,  when  an  additional  5 
cc.  of  concentrated  HC1  are  added  at  the  same  time 
as  the  KI,  the  reversal  causes  far  less  than  theoretical 
quantities  of  bromine  to  remain  in  combination  (Exps. 
16  and  17). 

Thus  it  will  be  seen  that  practical  results  dependent 
upon  the  formation  of  a  dibromcresol  brom  or  tri- 
brom compound  can  not  be  obtained  except  by  defi- 
nitely fixing  the  several  conditions  of  the  experi- 
ment in  pursuance  of  which  a  previous  knowledge 
of  the  percentage  of  o-cresol  is  required. 

Now  when  iodine  acts  upon  o-cresol,  diiodo-o- 
cresol  is  formed.  The  reaction  is  reversible  and 
sodium  acetate  is  added  to  unite  with  the  hydriodic 
acid  produced  by  the  substituting  iodine,  thereby 
causing  the  reaction  to  proceed  to  completeness 
(Exps.  18,  19,  20,  21  and  22).  In  this  case,  the  reaction 
ends  with  the  formation  of  the  dii'odo  compound, 
hence  it  is  made  the  basis  of  the  following  method  for 
the  determination  of  o-cresol. 

Dissolve  2-2.5  S-  o-cresol  in  distilled  water  contain- 
ing about  10  cc.  N/2  NaOH  to  facilitate  solution. 
Dilute  to  1000  cc.  Withdraw  25  cc.  portions  and  place 
in  a  500  cc.  glass  stoppered  receptacle.  Add  to  the 
receptacle  approximately  9  grams  sodium  acetate 
and  then  50  cc.  N/10  I  solution.  Let  stand  1  hour, 
dilute  with  100-200  cc.  distilled  water,  add  a  few  cc. 
of  CHCI3  to  dissolve  the  precipitated  diiodocresol 
and  titrate  with  N/10  thiosulphate,  using  starch  as 
an  indicator. 

1  cc.  A'/io  I   =  0.002681  g.  o-cresol. 

Meta  cresol  does  not  rapidly  form  tribrom->n- 
cresol  brom  with  the  subsequent  formation  of  tri- 
brom-w-cresol    upon    standing    in    contact    with    KI 
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('Exps.  i,  2  and  3).  If  the  m-cresol  solution  stands 
i1/ 2  hours  in  contact  with  the  bromine  and  then  10 
cc.  20  per  cent.  KI  are  added  and  solution  is  allowed  to 
stand  1  to  2  hours,  all  the  cresol  is  converted  into 
tribrom- w-cresol  (Exp.  4). 

Dilution  permits  a  more  rapid  reaction  which  almost 
completes  itself  in  1/2  hour.  The  addition  of  KI 
causes  a  complete  reversal  even  though  the  time  of 
standing  in  contact  with  free  bromine  has  been  much 
prolonged  (Exps.  5,  6,  7,  8,  9,  10  and  n). 

It  is  thus  apparent  that  m-cresol  may  be  determined 
by  a  conversion   into   the   tribrom   compound. 

Upon  the  other  hand,  when  iodine1  acts  upon 
>w-cresol  in  the  presence  of  sodium  acetate  or  sodium 
bicarbonate,  a  dii'odo  compound  that  may  be  made 
the  basis  of  calculation  is  not  produced.  More  than 
the  theoretical  quantity  of  iodine  is  absorbed  (Exps. 
12,  13,  14,  15  and  16). 


Pah 

a  Cresol 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Result. 

Para 

AT/10 

Cc. 

Cone. 

Time  of 

20% 

Cone 

Time  of 

Per 

cresol. 

Br. 

H20. 

HC1. 

standing. 

KI. 

ho.. 

standing. 

cent. 

20 

50 

275 

5 

1  hr. 

10 

- 

2  hrs. 

81.1 

20 

50 

275 

5 

4'/2  hrs. 

10 

- 

18  hrs. 

95.73 

20 

50 

- 

5 

4V2  hr. 

10 

- 

18  hrs. 

76.35 

15 

50 

275 

2.5 

3  hrs. 

10 

- 

5  min. 

97.34 

15 

50 

275 

5 

1 '   2  hrs. 

30 

- 

18  hrs. 

89.73 

10 

25 

200 

2.5 

3  hrs. 

10 

- 

18  hrs. 

101.8 

10 

25 

200 

2.5 

3  hrs. 

20 

- 

18  hrs. 

101.75 

10 

25 

200 

5  hrs 

.  3  hrs. 

10 

- 

18  hrs. 

97.7 

10 

25 

200 

2.5 

8V2  hrs. 

10 

- 

16  hrs. 

104.6 

10 

25 

200 

2.5 

4  hrs. 

30 

5 

20  hrs. 

84.94 

10 

25 

Z 

-1       O 
0       O 

200 

2.5 

5  hrs. 

30 

5 

40  hrs. 

82.90 

0 

16       25 


50 


1  hr. 

Diluted,  added  5  cc. 

98.81 

1  hr. 

CHCI3,  titrated  with 

99  56 

1  hr. 

N   10  thiosulphate, 

99.75 

1  hr. 

usiiiK  starch  as  in- 

99.75 

.'  hrs 

dicator. 

99.75 

25 


1  "Preparations  of  Iodo  Derivatives  of  Phenol"  (E.  Richard),  J. 
Pharm.  Chem..  1902,  15  [5]  217-221.  Abstr.— J.  Soc.  Chem.  hid.,  1902, 
423.  "New  Class  of  Iodatcd  Phenols"  (Messenger  and  Vortmann),  Ber  , 
22,  2312-2322.      Abstr.—/.  Chem.  Soc.  1889,    1150. 
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i'sorbs  bromine  much  more  slowly 
than  either  oi  the  other  cresols.  Under  similar 
experimental  conditions,  4'/j  hours'  standing  in  con- 
tact with  free  bromine  results  in  absorption  of  only 
95«73  lH'r  cent,  of  the  theoretical  quantity  (Exps. 
1,  2,  and  3).  If  concentration  of  free  bromine  is 
increased  and  the  usual  quantity  of  HC1  decreased 
one-half,  the  bromine  in  combination  exceeds  the 
amount  necessary  for  the  formation  of  a  dibrom- 
f-cresol  brom  or  tribromcresol  compound  and  18 
hours'  standing  does  not  result  in  sufficient  decom- 
position even  though  the  quantity  of  KI  is  doubled 
(Exps.  4.  5,  6,  7,  8  and  9). 

However,  an  increase  in  both  HC1  and  KI  results 
in  a  most  pronounced  reversal1  which  is  due  to  the 
decomposition  of  dibrom-p-cresol  brom  into  dibrom- 
/^-cresol  (Exps.   10  and  11). 

Here  again  the  result  is  directly  dependent  upon 
conditions  and  previous  knowledge  is  necessary  on 
part  of   the   operator. 

Now  when  iodine  reacts  with  />-cresol  in  presence 
of  the  condensing  agent,  sodium  acetate,  di'iodo- 
p-cresol  is  formed  in  theoretical  quantity  if  sufficient 
time  is  allowed  for  reaction  to  complete  itself. 

This  reaction  is  made  the  basis  of  a  method  for  the 
determination  of  p-cresol  (Exps.  12,  13,  14,  15  and 
16).  The  procedure  is  exactly  the  same  as  that  given 
under  o-cresol. 

SUMMARY. 

1.  Usual  bromine  methods  for  determination  of 
cresol  depend  upon  fixed  conditions  presupposing 
a  previous  knowledge  on  the  part  of  the  operator,  and 
while  they  may  be  of  service  they  do  not  satisfy  the 
demand  for  a  desirable  method. 

2.  Tribrom-o-  and  ^-cresol  brom  compounds  can 
not  be  formed  in  a  manner  analogous  to  the  production 
of  2,4,6-tribrom  phenol  brom.  Dibromcresol  brom 
compounds  are  formed  and  finally  tribromphenol 
brom ;  however,  o-  and  ^-cresols  can  not  be  determined 
volumetrically  by  a  conversion  into  these  compounds. 

3.  Meta  cresol  is  determined  by  a  conversion  into 
tribrom-w-cresol. 

4.  Ortho  and  para  cresols  form  diiodo  compounds, 
and  this  reaction  is  made  the  basis  of  a  method  for 
their   determination. 

5.  Meta  cresol  does  not  yield  diiodo  compounds 
under  the  same  conditions;  hence,  cresol  U.  S.  P. 
or  any  mixture  containing  w-cresol  can  not  be  deter- 
mined by  a  volumetric  iodine  method. 

Department  of  Chemical  Research, 

Eli  Lilly  &  Company. 

Indianapolis. 


THE  ACCURATE  VOLUMETRIC  DETERMINATION  OF  PHOS- 
PHORIC ACLD  IN  PHOSPHATE  ROCK. 
By  John  G.  Fairchtld. 
Received  January  30.  1912. 

The  method  of "  determining  the  phosphoric  acid 
content  of  phosphate  rock  here  described  is  a  modi- 
fication of  Pemberton's  caustic  alkali  titration,  which 

1  "Zur  Quantitativen  Bestimmung  des  Phenols  und  Parakresols  in 
Gemischen  derselben  und  ihre  Anwendung  auf  den  Harn,"  Pharm.  Zentral- 
halle,  1911,  1288. 


has  the  great  advantage  of  being  quicker  than  other 
volumetric  or  gravimetric  methods.  The  difficulty 
rienced  in  the  use  of  the  Pemberton  method 
has  been  invariably  a  low  result  compared  with  that 
obtained  by  the  standard  method  of  weighing  the 
phosphoric  acid  as  magnesium  pyrophosphate.  After 
close  observation  of  the  successive  operations  where- 
by the  yellow  precipitate  is  dissolved  in  an  excess 
of  standard  alkali  and  this  excess  titrated  after  ad- 
dition of  a  few  drops  of  phenolphthalein,  it  was  noticed 
that  the  final  end  point  was  considerably  delayed, 
and  this  was  the  more  marked  the  greater  the  amount 
of  phosphoric  acid  present  or  the  larger  the  aliquot 
parts  taken. 

In  the  belief  that  if  this  behavior  of  the  indicator 
toward  phosphoric  acid  could  be  overcome  the  method 
would  be  very  accurate,  the  suggestion  of  Sutton' 
was  adopted,  namely,  to  precipitate  out  the  phosphoric 
acid  with  barium  chloride  in  excess  before  titrating 
the  excess  of  alkali.  The  results  stated  below  show 
how   the   method   is   improved   by   this   modification. 

In  the  first  place  low  results  being  obtained  in 
dealing  with  phosphate  rocks  by  standardizing  the 
alkali  solution  against  microcosmic  salt  in  the  old  way, 
it  was  thought  possible  that  the  other  salts  in  the  rock 
solution  interfered  wTith  the  titration.  A  rock  solu- 
tion whose  phosphoric  acid  content  was  accurately 
determined  gravimetrically  was  taken  as  the  standard. 
The  average  of  four  results  (32.69,  32.82,  32.88  and 
32.93)  obtained  by  using  different  aliquot3  parts 
of  a  2  gram  solution  was  found  to  be  32.83  per  cent. 
P,05.  Double  precipitations  were  made  after  weighing 
the  first  precipitate,  any  calcium  sulfate  or  silica 
being  removed  by  its  solution  in  sulfuric  acid  with 
alcohol.  The  second  weights  were  only  0.1  to  0.3 
mg.  less,  so  that  this  correction  could  be  disregarded. 

The  next  step  was  to  take  an  aliquot  part,  preferably 
0.1  gram,  add  20  cc.  of  strong  ammonia  (sp.  gr.  0.90), 
make  acid  with  1  :  1  nitric  acid,  and  add  slowly 
25  cc.  of  warm  molybdate  solution  (about  40°  C). 
The  temperature  of  formation  of  the  yellow  pre- 
cipitate here  is  most  important,  the  limits  being 
45°  to  55°  C.  After  shaking  for  five  minutes  the 
precipitate  is  let  stand  till  cool,  then  filtered  through 
a  9  cm.  No.  590  S.  &  S.  paper  and  washed,  once  with 
a  2  per  cent,  nitric  acid  solution  and  then  with  a  2 
per  cent,  potassium  nitrate  solution  till  the  washings 
cease  to  redden  blue  litmus.  Paper  and  precipitate 
are  then  transferred  to  the  original  flask  and  dissolved 
in  an  excess  of  standard  alkali;  diluted  slightly  with 
cold  water;  three  drops  of  phenolphthalein  solution 
are  added  and  one  drop  of  methyl  orange  (to  give  a 
sharper  end  point).  Excess  of  alkali  is  then  titrated 
with  standard  acid,  either  nitric  or  hydrochloric. 
Next,  about  8  cc.  excess  of  alkali  are  again  added  and 
10  cc.  of  a  10  per  cent,  solution  of  neutral  BaCl2, 
which  is  usually  sufficient  to  precipitate  all  the  phos- 
phate, the  molybdate,  and  also  any  carbonate.  The 
important  feature  is  the  elimination  of  the  phosphate. 
After  again  titrating  the  excess  of  alkali  the  two  read- 
ings show  32.6  cc.  and  33.1  cc.     The  results  of  several 

1  Volumetric  Analysis.  9th  Ed.,  p.  113. 

2  Pipettes  used  were  standardized  to  the  flask. 
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determinations  gave  this  difference  of  0.5  cc.  Dividing 
the  amount  of  P205  present,  0.03283  gram,  by  32.6 
and  by  33.1  gives  two  values  per  cubic  centimeter, 
namely,  0.001007  an(l  0.000992  gram  P205,  a  difference 
of  1.5  per  cent. 

Again,  taking  the  value  per  cubic  centimeter  as 
0.001007  gram  P205  and  multiplying  this  by  33.1, 
the  correct  number  of  cubic  centimeters  required 
for  0.1  gram  of  the  standard  rock  solution,  the  per- 
centage of  P20s  found  is  33.33,  which  is  0.51  per  cent, 
too  high  in  P205,  or  a  1.5  per  cent,  actual  error  cor- 
rected by  the  use  of  BaCl2. 

A  solution  of  microcosmic  salt  was  then  prepared 
by  dissolving  2.088  grams  in  some  water  containing 
40  cc.  1  :  1  nitric  acid  and  diluting  to  500  cc.  Several 
portions  of  25  cc,  equivalent  theoretically  to  0.03546 
gram  P205,  were  taken  and  their  content,  determined 
gravimetrically,  was  found  to  be  0.03575  gram  P205. 
Exactly  the  same  value  was  found  by  using  50  cc. 
of  solution.  A  volumetric  determination  was  now 
made  on  25  cc,  which  required  35.5  cc.  of  alkali, 
barium  chloride  not  being  used.  Excess  of  alkali 
was  again  added  with  10  cc.  of  BaCl2  and  the  excess 
titrated.  The  result  of  the  second  titration  was 
36.0  cc.  Multiplying  the  value  of  the  alkali  solution 
previously  obtained  against  the  standard  phosphate 
rock  we  have  36.0  X  0.000992  =  0.03571  gram  P205 
which  is  the  exact  amount  taken  for  analysis.  If 
the  first  burette  reading  is  used  we  have  35.5  X 
0.000992  =  0.03522  gram  P,06,  a  difference  of  0.5 
per  cent,  of  P205,  or  1.5  per  cent,  actual  error,  as 
before. 

Although  this  calculation  proves  that  microcosmic 
salt  can  be  safely  used  in  standardizing  the  alkali 
solution,  still,  in  order  to  show  more  strongly  that 
such  salts  as  calcium  nitrate  have  no  effect  on  the 
titration  figure,  sufficient  pure  dry  calcium  carbonate 
was  added  to  the  nitric  acid  solution  of  the  micro- 
cosmic salt  to  form  tricalcium  phosphate  with  all  the 
phosphoric  acid.  The  same  aliquot  portions  were 
taken,  precipitated,  and  titrated  with  these  results: 
without  BaCl2,  35.5  cc. ;  after  addition  of  BaCl2,  36.0 
cc.     These  check  the  results  first  obtained. 

The  value  of  the  alkali  solution  having  in  this  way 
been  fixed  very  accurately,  analyses  of  a  series  of 
eight  phosphate  rocks  (from  different  localities  in 
order  that  all  probable  variations  might  occur  in  the 
composition  of  the  rock  solution)  were  made  in  the 
regular  way  by  both  volumetric  and  gravimetric 
methods.  Two  grams  of  the  rock  powder  were  put 
with  a  little  water  in  a  small  covered  casserole  and 
digested  on  the  steam  bath  with  40  cc.  of  1  :  1  nitric 
acid  for   20   minutes  or  more.     The   filtered   solution 


Volumetric,  per  cent. 

Gravimetric,  per  cent. 

Differences 

31.68 

31.70 

— 0  02 

25.42 

25.74 

— 0.32 

31.79 

31.99 

—0.20 

14.40 

14.34 

+  0.0b 

24.83 

24.67 

+  0   16 

20 .66 

20.42 

+  0.24 

24.43 

24.49 

— 0.06 

37.82 

37.93 

— 0.11 

was  made  up  to  200  cc,  a  portion  amounting  exactly 
to  0.1  gram  being  taken  for  the  volumetric  and  0.5 
gram  for  the  gravimetric  determination.  In  the  pre- 
ceding table  will  be  found  the  results  of  single  determi- 
nations. 

Examination  was  next  made  of  the  insoluble  resi- 
dues. Four  of  these  were  combined  and  the  papers 
were  ashed  in  a  large  platinum  crucible  and  fused 
with  sodium  carbonate.  Silica  was  removed  by  evapo- 
ration of  the  acidified  solution  in  a  porcelain  dish, 
the  residue  taken  up  with  hot  1  :  1  nitric  acid,  and 
test  made  for  P2Os.  Only  a  trace  was  found.  The 
papers  of  the  second  four  were  ashed,  the  silica 
volatilized  with  HF  and  H2S04,  the  HF  being  prac- 
tically all  expelled  by  repeated  evaporation  on  the 
steam  bath.  After  oxidation  with  HNO„  filtration, 
addition  of  ammonia  and  about  10  grams  of  NH4NO„ 
the  P205  found  after  dividing  by  8  was  0.05  per  cent. 
Several  other  tests  have  been  made  of  residues  in- 
soluble in  hot  dilute  nitric  acid  and  only  once  was  as 
much  as  0.10  per  cent,  found,  the  usual  result  being 
no  more  than  a  trace. 

The  curve  below  shows  the  effect  of  BaCl2  on  the 
titration  when  increasing  amounts  of  phosphate  solu- 
tion are  used. 
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Average  difference  =  0.03  per  cent. 


These  are  the  actual  percentages: 

Portions  (gram  1 0.04  0.100  0.150  0.200  0.250 

With  BaCl2 33.02>        32.84  32.84  32.84  32.84 

Without  BaCl2 32.50  32.34  32.14  32.14  32.01 

The  following  results  compare  the  two  methods 
just  described,  the  old  method  of  weighing  the  yellow 
precipitate  direct,  and  Blair's  method2  of  reducing 
the  molybdic  acid  followed  by  titration  with  KMn04. 

1  Single  determination.     About  0.2  per  cent.  high.     See  curve. 

2  Analysis  of  Iron.  6th  Ed.,  p.  92. 


THE  JOl  RNAL  OF  INDl  STR1  \L  AND  ENGINEERING  CHEMISTRY. 


July,    I<;i2 


The  factor  used  for  r,(i,  in  the  ammonium  phospho- 
molybdate  was  0.0378a.     The  yellow  precipitate  was 

Washed   well   with   2  jut  cent,   nitric  acid  ami  dried   in 

a  porcelain  G-ooch  crucible  at  1250  ('.  to  constant 
weight, 

d  u  ammonium  phosphomolybdate, 

Gram.  Per  cent    I 

I  taken  0.250 

"M'l<         0.500 

Reduction   Mi  i  bod. 
Portion  taken, 

Gram,  Per  cent.  PjOi. 

0.025  32.94 

0.050  32.94 

0.050  32.51 

0.050  32.51 

Blair's  reduction  method1  gives  accurate  results 
when  extreme  care  is  taken  to  wash  the  yellow  pre- 
cipitate entirely  tree  from  the  molybdate  precipitant. 
Inasmuch  as  the  portion  taken  here  is  very  small, 
any  slight  difference  in  cubic  centimeters  of  KMnO, 
used  is  multiplied  by  a  large  factor  four  times  the 
factor  for  the  caustic  alkali  titration.  A  difference 
of  0.35  cc.  on  a  0.05  gram  portion  gives  a  difference 
of  0.40  per  cent,  in  P2Os  content. 

It  is  important  to  bear  in  mind  that  the  barium 
phosphate  precipitate  hydrolyzes  rather  rapidly,  so 
that  the  titration  should  be  finished  in  15  minutes. 
If  let  stand  an  hour  or  more  the  pink  color  returns 
to  the  indicator.     The  reaction  is  probably  like  this: 

Ba2(Hp64)2  +  2HOH  Z£±:  Ba(OH)2  +  Ba(H2PO,)2 
The  phenolphthalein  is  then  affected  by  the  barium 
hydrate.  With  precipitates  containing  more  than 
°-°35  gram  P205  it  requires  more  care  in  order  to  strike 
the  true  end  point.  The  plan  followed  above  was  to  close 
the  flask  and  shake  it  violently  a  few  minutes,  keeping 
it  cold.     With  smaller  precipitates  there  is  no  difficulty. 

The  least  amount  of  molybdate  solution  necessary 
to  completely  precipitate  0.030  gram  of  P2Os  was 
found  to  be  20  cc.  One  cc.  of  this  solution  contains 
0.048  gram  MoOs  and  will  precipitate,  theoretically, 
0.002  gram  of  P205.  When  only  15  cc.  were  used  on 
a  0.1  gram  portion  of  the  standard  rock  solution 
25.5  cc.  of  alkali  were  required  for  solution  of  the 
phosphomolybdate.  On  adding  5  cc.  more  of  molyb- 
date solution  to  the  filtrate  and  titrating  the  pre- 
cipitate, 7.2  cc.  more  of  alkali  were  used,  a  total  of 
32.7  cc,  whereas  the  correct  figure  was  33.1  cc.  To 
insure  a  noticeable  excess  25  cc.  of  the  molybdate 
solution  are  added. 

By  allowing  20  minutes  for  solution  of  the  rock  the 
time  for  a  single  determination  will  average  not 
more  than  one  hour. 

As  a  final  test,  the  amount  of  error  due  to  expan- 
sion of  the  standard  solutions  was  fixed.  A  standard 
alkali  solution  was  transferred  to  a  100  cc.  flask  up 
to  the  mark  and  its  temperature  taken.  The  solution 
was  then  heated  exactly  10  °  and  the  rise  in  volume 
noted  on  the  neck  of  the  flask.  This  increment  was 
then  withdrawn  by  a  pipette  and  its  value  found 
by  running  in  from  a  burette  enough  to  reach  the  top 
mark  again.  This  difference  due  to  10°  C.  was  found 
to  be  0.2  cc,  an  error  altogether  negligible. 

1  Factor  MoOa  :  Fe,  0.85714. 


In  conclusion,  it  is  seen  that  the  greatest  accuracy 
possible  by  the  gravimetric  method  is  0.50  per  cent., 
or  0.15  per  cent,  of  the  P2Os  content,  and  it  varies 
to  0.75  per  cent.,  or  0.25  per  cent.  P,05.  The  accuracy 
'■I  the  caustic  alkali  method  is  a  trifle  over  1  per  cent. 
actual  error,  or  a  difference  of  0.30  per  cent.  P20, 
in  the  rock. 

STANDARD    SOLUTIONS. 

Caustic  Alkali.  —  31  grams  of  the  C.  P.  soda  sticks 
dissolved  in  water  and  diluted  to  2  liters:  1  cc. 
equals  about  0.00 1  gram  P2Os.  The  small  amount 
of  CO,  present,  about  0.12  per  cent.,  is  negligible. 

Nitric  Acid. — Practically  a  2  per  cent,  solution 
which  is  diluted  till  1  cc.  equals  1  cc.  alkali  solution. 

Phenolphthalein. — A  1  per  cent,  alcoholic  solution. 

Methyl  Orange. — A  o.  1  per  cent,  solution. 

Molybdate  Solution. — 100  grams  Mo03,  144  cc. 
NH4OH  (sp.  gr.  0.90),  and  271  cc.  H20;  489  cc.  HNO, 
(sp.  gr.   1.42)  and   1.148  cc.   H20. 

U.  S.  Geological  Survey, 
Washington,  D.  C. 


THE  DETERMINATION  OF  TOTAL  MANGANESE  IN  SOILS. 

By  Ross  A.  Gortner  and  Clayton  O.  Rost. 

Received  January  25,  1912. 

INTRODUCTION. 

It  is  a  well-known  fact  that  the  gravimetric  estima- 
tion of  small  quantities  of  manganese,  such  as  occur 
in  rocks  or  soils,  is  highly  inaccurate  even  when  great 
care  is  used.  The  inaccuracy  may  be  caused  by  a 
number  of  factors,  including  incomplete  separa- 
tion from  the  iron  and  aluminium,  incomplete  pre- 
cipitation, and  contamination  of  the  precipitate  by 
other  substances.  These  errors,  because  of  the  small 
amounts  of  manganese  present,  can  not  be  depended  on 
to  balance  each  other.  ■  The  usual  method  which  is  now 
employed  is  to  determine  the  manganese  colori- 
metrically  after  oxidation  to  permanganic  acid. 
Various  means  of  effecting  this  oxidation  have  been 
employed.  The  oldest  method  is  the  oxidation  of 
the  manganese  in  nitric  acid  solution  by  the  addition 
of  lead  peroxide.2  This  material  proved  unsatis- 
factory owing  to  the  necessity  for  the  removal  of  the 
excess  of  the  lead  peroxide,  which  settled  very  slowly. 

Acting  on  the  suggestion  of  Marshall, ^  Walters* 
substituted  ammonium  persulfate  for  the  lead  peroxide. 
All  of  Walters'  determinations  were  made  either 
on  steel,  pig  irons  or  blast  furnace  cinders.  This 
method  was  later  adopted  by  Hillebrands  and  Washing- 
ton6 for  the  determination  of  total  manganese  in 
rocks. 

Essentially  the  method  consists  in  decomposing  the 
rock  powder  in  a  platinum  basin  by  means  of  hydro- 
fluoric and  sulfuric  acids,  expelling  the  excess  of  hy- 
drofluoric acid  by  repeated  evaporation  with  small 
amounts  of  sulfuric  acid,  evaporating  almost  to 
dryness,  diluting  with  i  :   i  nitric  acid,  filtering,  and 

1  See  Hillebrand.  Bull.  422,  116.  U.  S.  Geol.  Survey. 
-  Pichard.  C.  R.  acad.  sci..  Dec.  30.  1872. 

3  Marshall.  Chan.  Xeus.  83,  76  (1901). 

4  Walters,  Ibid..  84,  239  (1901). 


5  L.oc.  cit. 

11  Washingtu 
N.  Y.,  1910. 


"The  Chemical  Analysis  of  Rocks,"   Wiley   and  Sons, 
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oxidizing  the  manganese  to  permanganic  arid  by  the 
addition  of  ammonium  persulfate.     The  permanganic 

acid  solution  is  then  diluted  to  a  known  volume 
and  the  color  read  against  a  solution  of  known  strength 
in  a  colorimeter. 

In  applying  this  method  to  Nebraska  soils,  following 
the  detailed  directions  of  Washington'  we  have  found 
that  in  many  cases  we  could  not  obtain  concordant  re- 
sults on  duplicate  determinations,  the  variation  between 
duplicates  being  sometimes  as  much  as  two  hundred 
per  cent.  Brinton2  has  already  noted  that  in  some 
iron  ores  the  treatment  with  sulfuric  and  hydro- 
fluoric acids  does  not  give  complete  extraction  of  the 
manganese,  and  we  have  found  that  this  is  the  ease 
with  all  of  the  soils  which  we  have  investigated.  In 
most  of  these  soils,  three,  and  in  some  cases  four, 
extractions  with  hydrofluoric  and  sulphuric  acids 
were  necessary  before  all  of  the  manganese  was  ob- 
tained in  solution.  Inasmuch  as  each  extraction 
requires  nearly  three  hours,  it  will  be  seen  that  to 
accurately  determine  manganese  in  soils  by  this 
method  is  a  very  tedious  operation.  We  have, 
therefore,  endeavored  to  devise  a  method  which  is 
much  more  rapid,  more  accurate,  requires  less  atten- 
tion, and  eliminates  all  fumes  of  hydrofluoric  acid 
or  sulfur  trioxide.  The  smaller  amount  of  platinum 
required   in    the   process   is  also  a   decided  advantage. 

As  an  oxidizer  we  have  used  sodium  bismuthate 
instead  of  ammonium  persulfate,  inasmuch  as  it  gives 
a  better  oxidation,  always  giving  the  true  permanganate 
color  while  the  persulfate  oxidation  often  produces 
a  reddish  tint  that  is  difficult  to  read  accurately. 
Blair3  and  Brinton4  seem  to  recognize  the  superiority 
of  the  "bismuthate"  oxidation  by  stating  that  "for 
samples  containing  not  over  2  per  cent,  of  manganese 
the  bismuthate  is  the  most  accurate  method  known." 
Walters'  states  that  the  persulfate  oxidation  does  not 
always  progress  smoothly  for  when  the  salt  is  dry 
"the  reaction  is  very  incomplete  and  irregular  and 
not  to  be  depended  on",  a  fact  that  is  not  mentioned 
in  the  description  of  the  method  by  Hillebrand  or 
Washington.  By  moistening  the  persulfate  much 
more  concordant  results  are  obtained,  but  we  have 
found  that  the  bismuthate  is  much  more  reliable 
than  the  persulfate.  In  some  instances  we  were 
unable  to  oxidize  all  of  the  manganese  by  means 
of  ammonium  persulfate  but  when  these  same  solu- 
tions were  reduced  with  sulfurous  aeid  and  reoxidized 
with  bismuthate  the  correct  percentage  of  manganese 
was  obtained.  The  bismuthate  method  has  the  added 
advantage  over  the  persulfate  in  that  it  is  not  necessary 
to  add  silver  nitrate  to  catalyze  the  reaction. 

EXPERIMENTAL. 

The  Estimation  of  Manganese  in  Soils  by  Walters' 
Method. — The  soil,  which  had  been  ground  to  pa^ 
through  bolting  cloth  of  o.i  mm.  mesh,  was  treated 
with   hydrofluoric   and  sulfuric  acids  as   described    by 

1  Loc.  cit. 

-  Brinton.  This  Journal.  3,  237  (1911). 

3  Blair.  J.  Am.  Chan.  S.-c,  26,  793;  also  Chem.  Anal,  of  />.'».  71  li  Ed 
i>.  121. 

*  Loc.  cit. 


Washington'   and    the   manganese   determined    in    the 

extract.  The  first  pari  of  Table  i  shows  the  results 
which  were  obtained  on  eight  different  soils.  Soil 
number  3490  was  selected  to  determine  whether  or 
not  all  of  the  manganese  was  rendered  soluble  with 
one  extraction,  and  it  was  found  that  in  some  instances 
four  extractions  were  necessary  to  completely  remove 
all  traces  of  manganese.  In  those  samples  where 
several  extractions  were  made,  the  total  amount 
of  manganese  obtained  was  nearly  a  constant,  but 
even  in  these  there  is  too  great  an  error  for  exact 
work,  for,  although  the  maximum  difference  between 
duplicates  is  only  o.oio  per  cent.,  this  error  represents 
almost  ten  per  cent,  of  the  total  manganese  present. 
The  Estimation  of  Manganese  in  Sails  by  <>itr  \4ethod. 
— One  gram  of  soil  is  intimately  mixed  with  four 
grams  of  manganese-free,  dry,  sodium  carbonate 
and  fused  in  a  20  cc.  platinum  crucible  over  a  blast 
lamp  until  the  melt  is  quiet,  usually  after  about  ten 
minutes'  fusion.  The  liquid  mass  is  then  poured  into 
a  platinum  basin  and  the  basin  rotated  in  order 
to  obtain  the  melt  in  a  thin  film,  thus  providing  for 
more  rapid  solution.  The  melt  and  the  crucible  are 
then  treated  with  about  100  cc.  of  distilled  water  and 
heated  on  a  water  bath  in  either  a  platinum  or  a  porce- 
lain dish2  until  tin-  fused  product  is  completely  dis- 
integrated. The  crucible  is  then  removed  from  the 
dish,  any  adhering  solution  washed  off,  and  the  mixture 
acidified  with  130  cc.  of  35  per  cent,  (by  weighl  I 
sulfuric  acid3  and  diluted  to  250  cc.  Should  then- 
be  a  heavy  precipitate  of  silica  at  this  point  it  is  ad- 
visable to  filter,  using  a  Buchner  funnel  and  filtering 
by  suction.  This  is  seldom  necessary,  however, 
tor  in  most  eases  the  silica  does  not  precipitate  to  any 
extent,  but  merely  produce  a  slight  opalescence  which 
does  not  interfere  with  the  permanganate  readings. 
One  hundred  cc.  of  this  solution  are  then  placed  in  a 
beaker  and  from  0.25  gram  to  1  gram  of  sodium  bis- 
muthate added,  depending  on  the  quantity  of  man- 
ganese present.  We  have  found  that  0.25  gram  is 
sufficient  where  the  manganese  content  does  not 
exceed  0.20  per  cent.  The  oxidation  mixture  is  then 
heated  to  boiling  and  the  boiling  continued  until 
the  liquid  has  the  true  permanganate  tint.  If  then- 
is  any  red  coloration  the  boiling  has  not  been  continued 
long  enough.  The  solution  is  then  cooled  and  read 
in  a  colorimeter  or  Nessler's  glasses  against  a  standard 
solution  of  permanganic  acid  which  has  been  prepared 
by  reducing  a  solution  of  potassium  permanganate 
in  20  per  cent,  sulfuric  aeid  by  tin-  cautious  addition 
of  sulfurous  acid,  and  reoxidizing  with  bismuthate. 
This  standard  solution  should  contain  about  0.2  mg. 
ol  MnO  per  10  cc.  From  the  ratios  thus  obtained 
the    quantity    of    manganese    in    the    original    sample 

1  Loc.  cil. 

2  Glass  should  not  Ik-  used  inasmuch  as  the  alkali  might  attack  the 
^la^s  and  dissolve  out  some  of  the  manganese  which  is  present  in  most 
laboratory  «lass.  including  .Icna  apparatus.  See  Gortner,  Am.  Chem.  J.. 
39,  157  (1908). 

'  This  excess  of  sulfuric  acid  is  employed  inasmuch  as  the  oxidation 
progresses  more  rapidly  and  basic  bismuth  salts  do  not  precipitate.  The 
same  results  may  be  obtained  when  hall  of  this  Quantity  of  acid  is  used. 
but  the  oxidation  requires  several  minutes*  boiling  and  the  permanganic 
and  solution  must  be  filtered  through  asbestos  in  order  to  free  the  solution 
from  precipitated  bismuth  salts. 
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is  calculated,     Alter  a   little   practice,    the   complete 
operation  can  be  carried  <>ut   in  an  hour  and  a   half, 
bo  th.it   in   this  reaped   alone   the   method   is 
to  in-  preferred. 

When  duplicate  determinations  are  desired  onrj 
one  fusion  is  necessary,  for  two  separate  oxidations 
111. iv  be  taken  from  the  total  250  CC  In  the  data  which 
are  given  in  the  last  column  ol  Table  1  each 
represents  a  separate  fusion  and  oxidation,  and  in 
the  sixteen  determinations,  representing  duplicate 
fusions  on  eight  different  soils,  the  maximum  difference 
between  duplicates  amount  to  only  0.002  per  cent. 
No  determinations  were  discarded  in  compiling  this 
table. 

Tabi.r   I. — Pbkcbntaob  of  MnO  Found  by  Waltkrs'   Method    ts    Db 

scribkd  by   Washington,  and  by  our  New  Method. 

Exp.       Soil          Walters'  method,  MnO  in  extractions   I-IV.  Authors' 

Vo  N'o  I.  II  III.  IV.      Total       method 


1 

>490 

0  082 

0 

020 

0.004                 trace       0 

106 

0.  109 

2 

3490 

0  080 

0 

027 

0.005 

?          0 

112 

0    111 

3 

3490 

0.060 

0 

042 

trace 

?          0 

102 

4 

3490 

0.095 

0 

013 

trace 

?          0 

108 

5 

3490 

0.095 

0 

013 

trace 

?          0 

108 

6 

3490 

0.064 

0 

016) 

not 

7 

3490 

0.046 

0 

029) 

determined 

8 

3486 

0.045 

lot  determined 

0.107 

9 

3486 

0.052 

0.105 

10 

3487 

0.018 

0.111 

11 

3487 

0.028 

0.110 

12 

3488 

0  020 

0.111 

13 

3488 

0.112 

14 

3489 

0.025 

0.120 

15 

3489 

0.031 

0.119 

16 

3491 

0.044 

0.123 

17 

3491 

0.044 

0.125 

IS 

3483 

0.060 

0.096 

19 

3483 

0.060 

0.098 

20 

3459 

0  033 

0  067 

21 

3459 

0.067 

SUMMARY. 

t  .  We  have  found  that  Walters'  method  for  the 
determination  of  small  quantities  of  manganese,  as 
described  by  Washington  and  Hillebrand,  is  not 
applicable  to  Nebrasks  soils,  but  that  in  some  instances 
four  extractions  on  a  one-gram  sample  with  hydro- 
fluoric and  sulfuric  acids  were  necessary  before  all 
of  the  manganese  was  obtained  in  solution. 

2.  We  have  found  that  when  such  soils  are  fused 
with  sodium  carbonate  and  the  solution  of  this  melt 
is  acidified  with  sulfuric  acid  and  oxidized  by  means 
of  sodium  bismuthate,  that  all  of  the  manganese  is 
oxidized  to  permanganic  acid,  and  may  easily  be 
estimated  colorimetrically. 

3.  We  claim  for  this  method  greater  rapidity, 
absence  from  irritating  fumes,  less  danger  of  loss  by 
spattering,  more  ease  of  operation  in  unexperienced 
hands,  duplicate  determinations  on  one  sample  of 
soil,  and  much  greater  accuracy. 


ALTERING  THE  COMPOSITION  OF  INDIAN  CORN  BY  SEED 
SELECTION.1 

By  L.   H.  Smith. 
Received  January  8,  1912. 

In  a  paper  presented  before  the  American  Chemical 
Society  in  1899  Dr.  C.  G.  Hopkins  reported  a  line 
of  experiments  undertaken  at  the  Illinois  Experiment 
Station    to    influence    the    composition    of    the    corn 

1  Presented  at  A.  C.  S.  Meeting  at  Washington.  D.  C,  December.  1911. 


kerne]  ction  and  breeding.     At  that  time  the 

experiments   had    been    under   way   onlj    aboul    two 

,    but   already   results   had   been   obtained   su 
ciently    pronounced     to    indicate    the    possibility     ol 
changing  the  Ci  oi   the  corn  kernel  as  regards 

in,  oil  and  carbohydrate:  [n  fact,  in  his  con- 
elusion  the  author  remarks  that  "while  it  may  require 
ten  or  twenty  years'  work  to  enable  one  to  form  a 
very  definite  opinion  as  to  the  extent  to  which  it  is 
possible  to  influence  the  chemical  composition  of  corn, 
it  is  believed  thai  the  data  thus  far  obtained  may  be 
of  practical  and  scientific  value." 

Since  the  time  this  statement  was  made  this  in- 
vestigation has  been  continued  and  twelve  years' 
work  has  been  added  to  these  experiments.  No 
further  report,  however,  has  been  given  to  this  Society, 
and  in  view  of  this  fact  it  was  thought  that  the  members 
would  be  interested  to  learn  regarding  the  present 
status  of  the  work. 

Inasmuch  as  the  general  purpose  of  the  investiga- 
tion and  the  methods  of  carrying  it  out  have  been 
given  already  quite  fully  in  the  above-mentioned 
paper  and  elsewhere  (see  Bull.  128,  Illinois  Agri- 
cultural Experiment  Station),  it  will  be  the  present 
plan  to  mention  only  as  much  of  this  matter  as  is 
necessary  to  an  intelligent  understanding  of  the  re- 
sults, the  chief  purpose  being  to  give  a  brief  r6sume" 
of  the  results  up-to-date. 

Stated  briefly,  the  proposition  involved  in  this 
investigation  was  to  take  a  variety  of  corn  and  through 
selection  and  breeding  try  to  influence  the  composition 
of  the  grain  in  four  different  directions,  namely:  1, 
Increase  the  protein  content;  2,  Decrease  the  protein 
content;  3,  Increase  the  oil  content;  4,  Decrease  the  oil 
content. 

Through  a  preliminary  study  involving  the  analyses 
of  a  good  many  samples  of  different  ears  and  parts 
of  ears  the  principles  of  the  selection  were  established. 
It  was  found  that  there  is  considerable  variation 
among  different  ears  with  respect  to  composition, 
while  the  kernels  within  a  single  ear  are  comparatively 
uniform;  that  is  to  say,  the  ear  can  be  taken  as  the 
unit  of  selection  and  this  gives  the  working  basis. 
Thus  the  method  is  to  take  two  or  three  rows  of 
kernels  lengthwise  of  the  ear  as  a  sample  for  analysis. 
If  the  ear  proves  to  be  suitable  for  seed  the  remaining 
kernels  are  planted. 

Starting  in  1896  with  a  variety  then  known  as 
Burr's  White,  163  ears  were  chosen  and  analyzed, 
determinations  being  made  .for  protein,  oil,  ash  and 
carbohydrates.  According  to  the  percentage  of  the 
constituents,  four  lots  of  these  ears  were  picked  out 
with  which  to  start  the  four  respective  breeding  plots, 
a  high  protein  plot,  a  low  protein  plot,  a  high  oil 
plot,  and  a  low  oil  plot.  Each  ear  was  planted  in  a 
separate  row,  the  different  plots  being  isolated  in 
order  to  avoid  contamination  from  cross  pollination. 
From  the  harvest  a  large  number  of  ears  were  analyzed 
from  each  plot,  and  based  upon  these  results  ears 
were  selected  for  seed  with  which  to  plant  the  respect- 
ive plots  the  following  year. 

This    general    plan,    with    a    few    minor    changes    of 
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detail,  has  been  followed  year  after  year  until  we  now 
have  the  results  for  14  generations  (the  samples  for 
the  fifteenth  generation  have  not  yet  been  analyzed). 
In  this  manner  four  different  strains  emanating  from 
the  same  variety  have  been  derived.  It  has  been 
extremely  interesting  to  watch  their  gradual  evolution. 
This  may  be  shown  in  outline  by  the  following  tabular 
arrangement  : 

Breeding  for  High  and  Low  Protein. 
Average  per  cent,  protein  in  crop  each  generation. 


Year. 

High  protein. 

Low  protein. 

Difference. 

1896 

10.92 

10.92 

0.00 

1897 

11.10 

10.55 

0.55 

1898 

11.05 

10.55 

0.50 

1899 

11  .46 

9  86 

1  .60 

1900 

12.32 

9.34 

2.98 

1901 

14.12 

10.04 

4.08 

1902 

12.34 

8.22 

4.12 

1903 

13.04 

8.62 

4.42 

1904 

15.03 

9.27 

5.76 

1905 

14  72 

8.57 

6.15 

1906 

14.26 

8.64 

5.62 

1907 

13.89 

7.32 

6.57 

1908 

13.94 

8   96 

4.98 

1909 

13.41 

7.65 

5.76 

1910 

14.87 

8.25 

6.62 

Breeding  for  High  and  Low  Oil. 

Average  per  cent,  oil  in  crop  each  generation. 

Year.  High  oil.  Low  oil.                  Difference. 

1896  4.70  4.70  0.00 

1897  4.73  4.06  0  67 

1898  5.15  3.99  1.16 

1899  5  64  3.&2  1.82 

1900  6.12  3.57  2.55 

1901  6.09  3.43  2  66 

1902  6.41  3.02  3  39 

1903  6.50  2.97  3.53 

1904  6.97  2.89  4.08 

1905  7.29  2.58  4.71 

1906  7.37  2.66  4.71 

1907  7.43  2.59  4  84 

1908  7.19  2.39  4  80 

1909  7.05  2.35  4.70 

1910  7.72  2.11  5  61 

In  considering  these  data  attention  should  be  called 
to  the  fact  that  environmental  conditions  exert  an 
influence  upon  the  protein  as  well  as  the  oil  content 
and  a  study  of  these  results  reveals  some  pronounced 
seasonal  effects.  By  having  a  "high"  and  a  "low" 
plot  of  each,  however,  we  obtain  a  check  which  enables 
us  to  eliminate  these  seasonal  effects  to  some  extent. 
Thus  the  last  column  of  the  table  showing  the  dif- 
ference in  per  cent,  each  year  furnishes  the  best 
information   of   the   real   progress   due   to   heredity. 

Without  going  further  into  a  detailed  discussion 
of  the  figures  we  may  say  by  way  of  summary  that 
starting  with  a  variety  of  corn  of  average  composition 
it  has  been  possible  by  14  years  of  breeding  to 
increase  the  protein  content  from  10.92  per  cent, 
in  the  original,  to  14.87  per  cent,  in  the  crop  of  1910, 
at  the  same  time  by  selection  in  the  opposite  direction, 
to  decrease  this  constituent  to  8.25  per  cent.  Even 
more  striking  changes  than  these  have  been  produced 
in  the  oil  content.  The  oil  has  been  increased  from 
4- 70  per  cent,  in  the  original  to  7.72  per  cent  in  the 
crop  of  1910  while  at  the  same  time  in. another  strain 
it  has  been  decreased  to  2. 11  per  cent. 

In  other  words,  out  of  a  single  variety  of  corn 
two    strains    have    been    developed    of    which    one    is 


now  nearly  twice  as  rich  in  protein  as  the  other,  and 
two  other  strains  have  been  developed,  the  one  of 
which  is  now  more  than  three  times  as  rich  in  oil  as 
the  other. 

The  question  arises  as  to  the  effect  of  this  selection 
upon  the  composition  of  parts  of  the  plant  outside 
of  the  kernel.  This  matter  has  been  studied  by 
analyzing  each  year  different  plant  parts  in  the  various 
strains.  Without  entering  into  any  discussion  of 
the  results  it  may  be  stated  in  a  general  way  that  as 
yet  we  have  been  able  to  find  no  pronounced  changes 
in  the  composition  of  other  parts  of  the  plant  resulting 
from   the   changes  produced   in  the  grain. 

Another  practical  question  always  arises  in  this 
connection,  and  that  is  regarding  the  effect  of  this 
selection  upon  productive  qualities.  It  may  be  said 
that  in  spite  of  the  rigorous  selection  for  special 
characters  to  which  this  corn  has  been  subjected,  the 
yields  in  these  four  strains  have,  in  general,  been  quite 
well  maintained.  Selection  for  high  protein  seems 
to  have  been  accompanied  in  this  instance  by  a  some- 
what diminished  yield  as  measured  by  bushels  of  corn 
per  acre.  If,  however,  we  place  it  upon  the  basis 
of  pounds  of  protein  per  acre  our  high  protein  strain 
is  sufficiently  higher  in  percentage,  so  that  it  yields 
more  protein  per  acre  than  the  ordinary  varieties 
growing  alongside  it  in  the  productivity  tests. 

College  of  Agriculture, 
University  of  Illinois. 


RELATION  OF  ACTIVE  POTASH  TO  POT  EXPERIMENTS.1 

By  G.  S.   Fraps. 
Received  March  25,  1912. 

By  the  term  "active  potash"  we  mean  that  soluble 
in  N /$  nitric  acid.  This  solvent  has  been  in  use  for 
some  time  for  extracting  the  more  soluble  potash  and 
phosphoric  acid  from  the  soil.  As  pointed  out  in  a 
previous  article,  the  quantity  of  phosphoric  acid 
extracted  is  related  to  the  results  of  pot  experiments 
on  the  soil.  Similar  experiments  will  here  be  reported 
on  potash. 

Pot  experiments  with  representative  Texas  soils 
have  been  made  at  this  station  for  seven  years.  The 
experiments  have  been  carried  on  under  diverse  con- 
ditions, sometimes  not  favorable  to  the  best  growth  of  the 
plants.  The  plants  were  grown  in  Wagner  pots  contain- 
ing 500  grams  soil,  applications  of  fertilizer  being  made 
to  the  various  pots.  The  pots  were  kept  in  houses 
covered  partly  or  completely  with  canvas,  in  order 
to  moderate  the  temperature.  A  crop  is  regarded  as 
very  deficient  if  it  is  only  50  per  cent,  or  less,  of  the 
completely  fertilized  crop.  If  less  than  90  per  cent., 
it  is  considered  deficient  (D).  If  between  90  and  no 
per  cent.,  it  is  considered  as  not  deficient  (S).  If 
over  no  per  cent.,  it  is  considered  that  the  fertilizer 
injures  the  crop  (T).  The  crop  without  potash  (PN1 
is  always  compared  with  the  crop  with  potash  (PNK). 

Relation  of  Deficiency  to  Active  Potash. — The  172 
soils  studied  have  been  divided  into  groups  according 
to    their    content    of    active    potash.     The    following 

1  A  full  account  of  this  work  will  be  published  as  RulUtm  145  of  the 
Texas  Experiment  Station. 
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table  sticiws  tin-  percentages  of  deficient  crops,  l>  and 
l>|),  and  of  those  injured  by  potash  T, 

The   percentage   of   deficienl    crops   decreases   with 
the  quantity  of  active  potash  in  the  sc.il      Thi    pei 
centage  of  injured  crops  increases  with  the  quantity 

oi   act  n  e  potash  in  the  soil. 

i  M.i  i    i      Relation  01    \>  i  ivi   i ■■ . i  \sm   ro  Numbbi 

01    In  >  it  ii  N  i  (  ROPS, 
\i  in  .■  potash 

in  soil  Percentage  Percentage 

Parts  per  deficienl  injured. 

million.  i r>l>  and  6)                           (T). 

0  .so  86  7  7 

50-100  55. 1  17 

100   150  M    (  16 

I. SO- 200  39    I  17 

200-300  37    5  31 

.100-400  42  6  25 

400-600  ISO  46 

600-800  18.0  44 

Relation  to  Weight  oj  Crop. — The  weight  of  the  crop 
without  potash  divided  by  the  weight  with  potash, 
expressed  in  percentages,  shows  the  relative  effect  of 
the  potash  on  the  growth  of  the  plant.  The  average 
figures  for  403  crops  are  given  in  Table  II. 

Table    II. — Relative   Size   of   Crop   without   and   with    I'm  ami. 
Active  potash  in  soil  Percentage 

in  parts  per  million.  PN/PNK. 

0-50  67 

50-100  79 

100-150 
150-200 
200-300 
300-400 
400-600 
600-800 

The  effect  of  fertilizer  potash  on  the  weighl  of  the 
erop  decreases  with  the  active  potash  in  the  soil. 
When  the  active  potash  exceeds  200  parts  per  million, 
the  fertilizer  potash  effects  no  increase,  on  an  average. 

Relation  to  Potash  Content  of  Crop. — The  average 
potash  content  of  (a)  the  corn  crop  and  (b)  the  kafhr 
and  sorghum  crop,  is  given  in  Table  III. 


84 


100 


101 
116 


Table  III. — Relation  of 

Active  Potash 

OF 

Soil  to 

Potash  Content 

of  Crop. 

Percentage  of  potash. 

Active  potash  in 

parts 

per  million. 

Corn  crop. 

Kaffir 

and  sorghum  crop. 

0-50 

1.38 

0.78 

50-100 

1  .70 

0.93 

100-150 

2.29 

0.89 

150-200 

2.55 

1.45 

200-300 

3.65 

1  .68 

300-400 

3.53 

1.72 

400-600 

3.83 

2.44 

600-800 

4  31 

1.79 

The  potash  content  of  the  crops  increases  with  the 
active  potash  content  of  the  soil. 

Relation  of  Active  Potash  to  Total  Potash  Removed. — 
The   average   and    maximum   quantity   of   potash   re- 

Table  IV.  —Relation  of  Quantity  of  Potash  Removed  by  All  Crofs 
to  Active  Potash  of  Soils. 

Potash  removed  by  crops  in  parts  per  million  of  soil. 


Potash  in  soil.            <— 
arts  per  million. 

Average. 

Maximum. 

0-50 

29.3 

53.4 

50-100 

37.2 

143.3 

100-150 

51.0 

176.2 

150-200 

80.9 

249.6 

200-300 

120.1 

434.6 

300-400 

156.9 

354.8 

400-600 

119  4 

295.8 

600-800 

206.9 

380.8 

moved  by  the  Mop  which  received  no  potash  is  given 

in  Table  IV 

Tin'  .1  eragi  quantity  ol  potash  removed  1>  thi 
erop  increases  with  the  active  potash  content  oi  tin 
soil. 

1   \i  \1  \  l,' v     \  Nl)    CONCLUSIONS. 

1.  The  average  percentage  ol  crops  deficienl  in 
pota  ih  d<  1  n  ases  with  the  active  potash  in  the  soil. 

2.  The    average    percentage    of    crops    injured    by 

potash  increases  with  the  active  potash  in  the  soil. 

3.  The  effect  of  fertilizer  potash  on  the  weight  of 
the  erop  decreases  as  the  active  potash  content  of  the 
soil  increases. 

4.  The  percentage  of  potash  in  the  crop  increases 
as  the  active  potash  in  the  soil  increases. 

5.  The  total  potash  removed   by   the  crop  from    the 

soil  increases  as  the'  active  potash  content  of  the  soil 

increases. 

Agricultural  Ejcperimbni  Station, 
C01 1 1  ce  Station,  Texas. 


THE  DETECTION  OF   FORMIC  ACID  IN  FRUIT  PRODUCTS. 

By   !•*    1..  Shannon. 

Received  March  22.  1912. 

In  Bull.  195,  of  the  Dairy  and  Food  Depart- 
ment of  the  State  of  Michigan,  the  author  called 
attention  to  the  fact  that  formic  acid  was  bcine,  used 
in  this  country  as  a  preservative  of  fruit  products. 

It  has  been  the  general  belief  among  chemists,  for 
some  time,  that  some  preservatives  other  than  the 
ones  ordinarily  found  were  being  used  in  the  pre- 
servation of  fruit  products,  and  investigations  have 
been  made  in  various  laboratories  throughout  the 
country  for  the  purpose  of  determining  the  identity 
of  the  substance  used.  Owing  to  its  use  in  Germany, 
a  number  have  suspected  formic  acid  and  have  built 
up  their  investigations  with  that  substance  in  mind, 
but  because  of  the  unsatisfactory  and  indirect  methods 
of  identification  it  has  been  difficult  to  reach  a  positive 
conclusion. 

A  search  of  the  literature  on  the  subject  revealed 
the  fact  that  the  detection  of  formic  acid  did  not  de- 
pend upon  its  isolation  and  subsequent  identification, 
but  mainly  upon  the  indirect  method  of  its  reducing 
power,  principally  upon  silver  nitrate  and  mercuric 
chloride  solution.  For  example,  the  older  literature 
states  that  formic  acid  is  a  constant  constituent  of 
many  plant  and  animal  products,  a  statement  based 
on  the  fact  that  when  they  are  subjected  to  steam 
distillation  some  substance  is  obtained  in  the  distillate 
which  reduces  silver  nitrate  and  mercuric  chloride 
solution.  However,  in  view  of  recent  investigations 
along  this  line,  it  seems  that  this  whole  subject  of  the 
natural  occurrence  of  formic  acid  needs  further  study, 
as  it  has  been  found  possible  to  subject  a  host  of  sub- 
stances which  were  known  to  contain  no  formic  acid, 
to  steam  distillation  and  obtain  a  distillate  which  gave 
a  pronounced  reduction  with  both  silver  nitrate  and 
mercuric  chloride  solution.  From  none  of  these 
substances,  however,  has  it  been  possible  to  isolate 
and  identify  formic  acid  as  such.  Therefore,  it  is 
evident  that  we  are  not  justified  in  designating  as 
formic  acid  every  substance  obtained  by  steam  dis- 
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tillation  which  reduces  silver  nitrate  and  mercuric 
chloride  solution.  It  was  found,  for  example,  that 
when  phosphoric  acid  was  subjected  to  distillation, 
the  distillate  possessed  the  reducing  properties  generally 
ascribed  to  formic  acid.  Furthermore,  in  a  number 
of  methods  in  which  the  formic  acid  recovered  by 
steam  distillation  is  neutralized  using  phenolphthalein 
as  indicator,  the  indicator  itself  was  found  to  have 
a  reducing  action  on  mercuric  chloride. 

One  of  the  most  satisfactory  indirect  methods  for 
the  detection  of  formic  acid  is  based  on  its  reduction 
to  formaldehyde  by  means  of  magnesium  and  dilute 
sulphuric  acid.  Fenton'  has  shown  that  carbonic  acid 
may  be  reduced  in  the  same  way,  but  Bacon-'  has 
called  attention  to  the  fact  that  this  is  of  theoretical 
importance  only,  there  being  no  danger  of  confusing 
the  two  in  practice.  However,  every  step  in  this 
method  must  be  carried  out  with  absolute  precision, 
or  erroneous  conclusions  may  be  drawn. 

The  qualitative  method  as  applied  to  the  products 
used  in  this  investigation  is  as  follows:  To  about 
200-500  cc.  of  the  syrup  or  crushed  fruit  in  a  two-liter, 
long-necked  round  bottom  flask  provided  with  a 
Reitmeier  bulb,  add  about  50-100  cc.  of  water.  Sub- 
ject to  steam  distillation,  collecting  the  distillate 
(usually  about  2500  cc.)  until  it  ceases  to  give  an  acid 
reaction  with  litmus.  Exactly  neutralize  the  distillate 
with  N/i  NaOH,  using  litmus  as  an  indicator.  Evap- 
orate on  a  steam  or  water  bath  to  about  50  cc,  trans- 
ferring from  the  large  evaporating  dish  to  smaller 
ones  as  the  volume  decreases.  Transfer  to  an  Erlen- 
meyer  flask,  provided  with  a  glass  tube  about  three 
feet  long  as  an  air  condenser,  add  a  few  pieces  of  pure 
magnesium  ribbon  or  wire  and  a  slight  excess  of  dilute 
sulphuric  acid  and  set  in  a  cool  place  for  one  hour, 
adding  dilute  sulphuric  acid  through  the  tube  from 
time  to  time  as  the  reaction  ceases.  Transfer  the  liquid 
to  a  suitable  distilling  flask  and  collect  the  first  ten  cc. 
oi  the  distillate,  which  will  contain  most  of  the  formal- 
dehyde, if  the  original  syrup  contained  formic  acid. 

There  are  a  number  of  methods  published  for  the 
detection  of  formaldehyde  and  nearly  every  analyst 
has  his  favorite  test.  However,  the  methods  which 
proved  the  most  satisfactory  in  this  work  were,  Leach's 
Methods  Phloroglucinol  Methods  Rimini's  Method,' 
and  the  Rescorcin  Method  of  the  United  States  Phar- 
macopoeia. A  positive  reaction  with  these  jour  tests 
was  considered  conclusive  evidence  of  the  presence  of 
formaldehyde. 

CRYSTALLOGRAPHIC    IDENTIFICATION. 

Inasmuch  as  practically  all  methods  for  the  de- 
tection of  formic  acid  previously  reported  are  indirect 
methods  depending  upon  the  decomposition  of  the 
formic  acid  or  upon  its  reducing  powers,  it  seemed 
desirable  to  attempt  the  isolation  of  formic  acid  in  the 
form  of  an  insoluble  salt. 

The  usual  procedure  in  determining  the  identity 
of  an  organic  acid  in  plants  is  to  prepare  some  readily 
crystallizable  salt,  sparingly  soluble  in  water.      <  M   the 

1  J.  Chem.  Soc.  London.  1907,  91,  687. 

2  Circ.  74,  V.  S.  Dept    Agric,  Bur.  of  Chem. 

3  Bull    107,  185,  U.  S    Dept    Agrir  ,  Bur   ..f  Cliera 


various  formates  the  lead  salt  crystallizes  readily 
without  water  of  crystallization,  is  very  stable  and 
requires  63  parts  of  water  for  solution.  The  formation 
and  identification  of  lead  formate  would  therefore 
constitute  a  direct  and  positive  proof  of  the  presence 
of  formic  acid.  After  numerous  attempts  the  follow- 
ing procedure  was  adopted: 

Steam  distil  about  1000-1200  cc.  of  the  syrup  as 
in  the  first  operation,  collecting  the  distillate  (2500- 
3000  cc.)  in  a  receiving  flask  to  which  about  5  cc.  of 
lead  cream  has  been  added.  (This  is  made  as  follows: 
Precipitate  a  solution  of  lead  nitrate  with  potassium 
or  sodium  hydrate  in  the  presence  of  phenolphthalein 
until  a  faint  pink  color  appears.  Wash  by  decan- 
tation  8-10  times.)  Shake  the  flask  occasionally  and 
as  the  lead  hydrate  is  dissolved  add  a  few  cc.  more, 
until  all  of  the  formic  acid  is  combined.  Concentrate 
the  liquid  in  a  large  dish  on  a  steam  or  water  bath  to 
about  50  cc.  Filter  and  transfer  to  a  suitable  crystal- 
lizing dish  and  set  aside  in  a  desiccator.  If  formic 
acid  was  present  in  the  original  material,  needle-like 
crystals  of  lead  formate  will  form.  Wash  the  crystals 
with  absolute  alcohol,  to  remove  any  lead  acetate 
which  may  be  present,  spread  on  filter  paper  and  dry. 
To  the  dry  crystals  apply  the  following  tests: 

(a)  Aqueous  solution  will  reduce  AgN03  upon 
warming. 

(b)  Aqueous  solution  will  reduce  mercuric  chloride 
solution  upon  warming. 

( i  1  Aqueous  solution  will  reduce  platinum  chloride 
upon  warming. 

(./)  To  a  portion  of  the  crystals  in  a  dry  test  tube 
add  sulphuric  acid  and  warm.  Carbon  monoxide  is 
generated  which  will  burn  in  the  tube  with  a  blue  flame 
when  ignited.  Further  note  that  the  lead  formate 
is  not  discolored. 

(e)  Transfer  some  of  the  crystals  to  a  small  distilling 
flask,  treat  with  concentrated  phosphoric  acid  and 
distil.  The  distillate,  which  is  formic  acid,  will  react 
as  f( dlows: 

1.  Acid  to  litmus  and  acid  taste. 

2.  Reduces  silver  nitrate  on  warming. 

3.  Reduces  mercuric  chloride  on  warming. 

4.  Reduces  platinum  chloride  on  warming. 

5.  Is  reduced  to  formaldehyde  by  magnesium  and 
dilute  sulphuric  acid. 

As  previously  mentioned  it  was  found  that  when 
phosphoric  acid  and  water  alone  were  distilled,  the 
distillate  would  reduce  silver  nitrate  and  mercuric 
chloride  solution.  Therefore,  before  test  (e)  was  car- 
ried out  the  phosphoric  acid  was  subjected  to  distil- 
lation until  it  no  longer  gave  a  distillate  that  would 
reduce  silver  nitrate  or  mercuric  chloride.  The 
crystals  of  the  lead  compound  were  then  added  and  the 
distillation  continued. 

Although  the  chemical  evidence  that  the  volatile 
a.id  obtained  from  the  fruit  products  used  in  this 
investigation  is  conclusive,  it  was  thought  desirable 
to  submit  the  crystals  to  Dr.  Edward  H.  Kraus,  Pro- 
fessor  of  Geology  and  Mineralogy,  University  of 
Michigan  and  he  reports  as  follows: 
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"The  crystals,  which  were  examined  crystallo- 
graphically,    were    obtained    b)     slow    crystal! 

•>  aqueous  solution  ol  the  material  furnished 
by  Pern  L  Shannon.  State  Analyst,  Lansing,  Mil 
They  are  prismatic  in  habit  and  about  2-3  mm.  in 
and  of  slightly  yellowish  color.  All  crystals 
lear  and  transparent.  Although  the  crystals 
wire  in  genera]  doubly  terminated,  readings  were 
made  only  upon  the  faces  oi  the  prism  zone,  the  end 
faces  being  extremely  small  and,  hence,  difficult  of 
adjustment.  The  images  obtained  were  very  good, 
considering  the  size  oi  the  crystals. 

■The  measured  angles,  compared  with  the  values 
given  by  Plathan,'  for  lead  formate  are  as  follows: 

Kraus  Plathan. 

M       »i      (110)  :    (110)        73°   26'  73°   28' 

m      m      U10        (110)        53°    17'..'  53°    16' 

"This  comparison  shows  that  the  agreement  in  the 
values  for  this  material  and  those  given  by  Plathan  for 
lead  formate  are  exceedingly  close. 

"Parallel  extinction  was  observed  upon  all  the  faces 
examined.  The  indices  of  refraction  are  higher  than 
that  of  methylene  iodide,  as  determined  by  the  Becke 
and  the  Schroeder  van  der  Kolk  methods. 

•The  above  crystallographic-optical  properties,  to- 
gether with  the  fact  that  a  distinct  reaction  for  lead 
is  easily  obtained  upon  the  plaster  tablet  with  the 
blowpipe,  indicates  conclusively  that  the  substance 
examined  is  lead  formate." 

To  further  substantiate  the  proof  a  number  of  fruit 
syrups  that  were  known  to  contain  no  added  formic 
acid  were  subjected  to  steam  distillation,  and  an  at- 
tempt made  to  separate  a  lead  compound.  In  some 
instances  a  few  crystals  were  obtained,  but  at  no  time 
would  the  crystals  give  the  characteristic  tests  for  lead 
formate. 

It  would  seem  then  that  the  formation  of  formal- 
dehyde coupled  with  the  formation  of  lead  formate 
and  their  subsequent  identification  would  furnish  a 
conclusive  and  positive  proof  of  the  presence  of  formic 
acid. 

The  author  desires  to  take  this  opportunity  to 
thank  Dr.  Edward  H.  Kraus  for  his  cooperation  in 
this  work. 

Michigan  Dairy  and  Food  Department, 
Lansing 


THE  DETECTION  OF  PRUSSIAN  BLUE  IN  TEA. 

By  i  *XD  West. 

Received  January  26,  1912. 

In  this  tesl  advantage  is  taken  of  the  well  known 
blue  color  reaction  between  Prussian  blue  and  a  solu- 
tion of  oxalic  acid. 

Grind  about    15  grams  of  the  tea  to  be  examined, 
in  a  mortar,  and  pass  through  a  20-mesh  sievi 
lecting  the  few  stems  which  resist  comminution. 

Procure  five  squares  of  plate  glass  15  X  15  cm.  each; 
ach  plate  place  an  11  cm.  circular  filter,  as  thin 
as  procurable  and  having  a  smooth  surface. 

Saturate  each  filter  with  test  solution  oxalic  acid, 
U.  S.  P.,  removing  any  air  spaces  under  filter. 

The  well  wetted  filters  are  now  to  be  sprinkled  with 
the  ground  tea.  This  is  best  performed  by  sifting  the 
tea  from  the  sieve,  holding  it  about  30  cm.  above  the 
plates,  which  should  lie  flat.  Sprinkle  filters  well  but 
avoid  overlapping  the  particles  of  tea. 

Allow  the  filters  to  dry  on  the  plates  in  the  air. 
When  thoroughly  dry  remove  filters  from  plates  and 
brush  off  tea  with  a  stiff  brush. 

The  presence  of  Prussian  blue  is  indicated  by  bright 
blue  spots,  best  seen  with  the  aid  of  a  hand  glass,  and 
where  large  particles  of  the  Prussian  blue  have  rested, 
the  color  radiates  and  spreads  through  the  filter  fiber. 

If  smooth  filters  are  not  procurable,  rough 'ones 
may  be  used,  but  a  second  glass  plate  should  be  clamped 
over  the  filter  to  press  the  particles  of  tea  against  the 
fiber.  This  necessitates  the  use  of  gentle  heat  to  dry 
the  plate. 

Comparison  of  the  amount  of  color  in  different 
samples  may  be  observed  by  noting  the  total  number 
of  spots  to  each  sample,  using  five  plates  to  each  one. 
Difficulty  in  counting  spots  on  the  filters  can  be  over- 
come by  using  a  Wolff huegel  counting  plate  and  a  large 
hand  lens. 

As  the  natural  coloring  matter  in  tea  does  not  stain 
the  filters  in  the  presence  of  the  oxalic  acid,  this  gives 
a  clear  white  field  upon  which  any  blue  spots  will 
show  very  clearly.  The  blue  spots  on  the  filters  are 
fairly  permanent  and  the  filters  may  be  attached  to 
the  report  sheets  for  reference. 
San  Francisco,  Cal. 


LABORATORY  AND  PLANT 


FACTORS    DETERMINING   THE    CAPACITY    OF    A    FILTER 

PRESS. 

By  C.  Almy,  Jr.,  and  W.  K.  Lewis. 

Received  March  18.  1912. 

Very  little  information  can  be  found  in  the  literature 
regarding  the  flow  of  a  liquid  through  a  filter  cake. 
Hitherto  the  popular  assumption  has  been  that  the 
rate  of  flow  is,  up  to  a  certain  point,  directly  propor- 
tional to  the  pressure  and  inversely  proportional  to 
the  thickness  of  the  cake.  The  object  of  this  investiga- 
tion has  been  to  establish  more  accurately  the  relation- 
ships existing  between  the  rate  of  flow,  pressure, 
and   thickness   of    cake:    relationships   which,    as   will 

1  Gruth.  Chemisette  KryslaUographie,  1910,  3.  16. 


be  shown,  can  for  any  particular  sludge  be  expressed 
by  a  simple  mathematical  equation. 

For  this  purpose  we  used  a  chromium  hydrate 
sludge  made  by  reducing  dichromate  with  glucose  and 
precipitating  with  sodium  carbonate.  The  filter  press 
was  a  six  inch  corner-feed  laboratory  press.  It  was 
of  course  impracticable  to  measure  the  thickness  of 
the  cake  during  the  progress  of  a  run,  but  as  the  volume 
of  filtrate  at  any  time  is  obviously  proportional  to 
the  thickness  and  is  an  equally  significant  value  in 
filtration,  this  figure  has  been  substituted  throughout 
this  work  in  both  plots  and  equations. 

Six  runs  were  made,  at  ioo  lbs.,  75  lbs.,  50  lbs.,  25 
lbs.,    10  lbs.   and   5   lbs.   pressure  per  square  inch  re- 


July,  19 1 2  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


529 


Table  I. 

100  lbs. 

Vol.  of  flit. 

Vol.  of  filt. 

Time. 

Cc. 

Time. 

Cc. 

1'  15" 

600 

14'  30" 

2400 

V  55" 

1000 

18'  20" 

2700 

6'  00" 

1500 

22' 35" 

3000 

8'  20" 

1800 

27'  30" 

3300 

11'  15" 

2100 

1 

["able  11. 
75  lbs. 

32'  50" 

3600 

\  Ol.  of  filt. 

Vol.  of  lilt 

rime 

Cc. 

Time. 

Cc. 

V  15" 

800 

15'  35" 

2300 

4'  00" 

1100 

19'  40" 

2600 

6'  10" 

1400 

24'  25" 

2900 

8'  45" 

1700 

29'  30" 

3200 

1 1 '  55" 

jooo 

T 

Abl-E    111 

50  lbs. 

35'  30" 

3500 

Vol.  of  lilt 

Vol.  of  lilt. 

Time. 

Cc. 

Time. 

Cc. 

45" 

400 

16'  00" 

2200 

2'  00" 

700 

20'  25" 

2500 

3'  45" 

1000 

25'  20" 

2800 

6'  00" 

1300 

30'  50" 

3100 

8' 50" 

1600 

37'  05" 

3400 

12'  10" 

1900 
T 
Vol.  of  till 

Aid  1.    1  V 

25  lbs 

42'  35* 

3600 
Vol.  of  lilt 

Time 

Cc. 

Time. 

Cc. 

40" 

300 

17' 40" 

2100 

2',00" 

600 

22'  35" 

2400 

y  55" 

900 

28'  10" 

2700 

6'  30" 

1200 

34'  25" 

3000 

9'  40" 

1500 

41'  35" 

3300 

13'  20" 

1800 

49'  05" 

3575 

Table  V. 

10  lbs. 

Vol.  of  filt 

Vol.  of  filt. 

Time. 

Cc. 

Time. 

Cc. 

2'  05" 

500 

21'  10" 

2000 

7'  35" 

1100 

27'  10" 

2300 

11'  20" 

1400 

34'  10" 

2600 

15'  55" 

1700 

42'  30" 

2900 

Table  VI. 

5  lbs. 

Vol.  of  filt 

Vol    of  filt 

Time. 

Cc. 

Time. 

Cc. 

1'  50" 

400 

20'  45" 

1800 

5'  20" 

800 

27'  25" 

2100 

10'  10" 

1200 

35'  25" 

2400 

14'  55" 

1500 

41' 55" 

2600 

spectively.  Two  half-inch  distance  frames  were  used 
giving  two  cakes  s/8"  thick  with  an  area  of  about 
35  sq.  in.  These  runs  were  all  made  on  the  same  day 
with  the  same  sludge,  experience  having  shown  us 
that  in  order  to  get  comparable  results  this  is  abso- 
lutely essential.  It  is  impossible  to  exactly  duplicate 
conditions  on  two  different  days,  and  furthermore 
the  character  of  the  sludge  itself  has  unquestionably 
been  shown   to  alter  very   materially   on   standing. 

The  sludge  which  was  kept  thoroughly  agitated 
was  pumped  into  the  frames  by  hand,  and  the  time 
recorded  for  every  100  cc.  of  filtrate  (see  Tables  I-VI). 

From  the  data  in  these  tables,  the  six  curves  in 
figure  1  were  plotted.  By  means  of  these  curves, 
the  rate  of  flow  was  graphically  determined  at  frequent 
intervals  and  plotted  against  the  volume  of  filtrate 
as  before.     It  is  evident  that  the  rate  of  flow  is,  as 

1  To  economize  space,  only  a  small  number  of  the  recorded  values  have 
been  given  in  this  and  in  the  following  tables. 


expected,  some  function  of  both  the  volume  of  filtrate 
and  the  pressure.  With  the  object  of  ascertaining 
whether  the  rate  was  a  power  function  of  the  volume 
of  filtrate,  in  which  case  the  relationship  could  be 
expressed  by  the  equation, 

P 


R 


/ 


V"' 


the  logarithms  from  these  curves  were  plotted  as  shown 
in  figure  2.'  It  will  be  seen  that  with  the  exception 
of  the  100  lb.  run,  these  are  all  parallel  straight  lines 
for  the  greater  part  of  their  length,  showing  that  up 
to  the  break,  the  rate  of  flow  for  a  constant  pressure 
is  a  power  function  of  the  volume  of  filtrate  or  thick- 
ness of  cake. 

The  unexpectedly  quick  rate  of  flow  for  the  first 
part  of  the  100  lb.  run  is  a  phenomenon  that  was 
always  observed  at  high  pressure  and  is  difficult  to 
satisfactorily  account  for.  Presumably  it  is  due 
to  the  fact  that  the  sludge,  rushing  into  the  frames 
with  increased  velocity,  does  not  at  first  pack  evenly 
over  the  surface  of  the  filter  cloths  but  forms  small 
channels  through  which  the  liquid  flows  more  readily. 
It  should  be  mentioned  incidentally  that  a  pressure 
of  100  lbs.  is  so  high  that  it  could  not  be  used  in  prac- 
tice on  account  of  the  probability  of  obtaining  a 
cloudy  filtrate. 

The  break  in  the  curves  which  occurs  after  approxi- 
mately 2000  cc.  of  filtrate  have  come  over  represents 
the  point  at  which  the  distance  frames  become  com- 
pletely filled  with  the  precipitate.  If  more  sludge 
be  pumped  in,  it  gets  tightly  packed  around  the  in- 
lets with  the  result  that  the  entire  filtering  surface 
of  the  cloths  is  no  longer  effective  and  consequently 
the  rate  of  flow  decreases.  As  would  be  expected, 
this  point  occurs  somewhat  later  with  the  higher 
pressure  than  with  the  low,  since  at  high  pressure 
the  capacity  of  the  frames  is  increased  on  account 
of   the  greater  compression  of  the  precipitate. 

With  the  idea  that  the  rate  of  flow  might  possibly 
be  a  power  function  of  the  pressure  as  well  as  of  the 
volume  of  filtrate,  we  plotted  the  rate  for  a  constant 
volume  (1000  cc.)  against  the  pressure,  and  taking 
the  logarithms  as  before,  obtained  the  straight  line 
shown  in  figure  3.  This  indicates  that  such  is  actually 
the  case,  or  to  express  the  relationships  mathematically, 
P 

V"  ' 

where  R  is  the  rate  of  flow  in  cubic  centimeters 
per  minute,  V  is  the  volume  of  filtrate  in  cubic 
centimeters,  and  K  is  a  constant.  For  the  series 
of  runs  above  described,  the  calculated  values  of 
m,  n  and  K  will  be  found  to  be  0.270,  0.810  and  13,600, 
respectively,  giving  as  the  equation  for  the  rate  of 
flow  at  any  volume  of  filtrate  or  pressure, 

pO-27 


R  =   K' 


R=  13,600 


V« 


From  this  equation,  it  is  strikingly  evident  that 
instead  of  the  rate  of  flow  being  directly  proportional 
to  the  pressure  as  has  hitherto  been  generally  supposed, 

1  As  each  of  these  runs  was  carried  out  at  a  constant  pressure,  /(P) 
is,  of  course,  a  constant,  and  the  equation  becomes  R  =  K/Vn.  Taking 
the  logarithm  of  each  side  gives  us  Log  R  =-  K  —  n  Log  V. 
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it    is  for   this   particular  sludge   proportional    to  only 
approximately   thb  ii>urtli  rool   ol    the  pressure      As 

i  probable,  thai  the  rate  of  flow  I  h 
a  filter  cake  is  analogous  to  that  through  fine  capillary 
lulus  where  the  rate  is  directly  proportional  to  the 
pressure  and  to  the  square  oi  the  radius  oi  the  openings, 
this  low  coefficient  is  readily  explained  by  the  nature 
ol  the  sludge  here  used.  Owing  to  its  non  crystalline 
character,  it  is  very  easily  compressed,  and  conse- 
quentl)  with  the  same  amount  of  precipitate  in  the 
frames,  at  the  higher  pressure  the  passages  through 
the  cake  would  be  expected  to  l>e  considerably  smaller 
than  at  the  lower  pressures.  If  this  explanation  is 
correct,  then  with  a  sludge  containing  a  more  granular 
precipitate  the  pressure  coefficient  should  more  nearly 


carried  out  inside  ol  two  hours  on  a  small  laboratory 

press    Such  as  was  used  in  this  investigation  with  results 

which    may   be  depended   on   to  closely  approximate 

those  ol   actual   prai  I  i 

i  i  i  i  i   i    OP    VISCOSITY, 

In  commercial  filtration,  the  viscosity  is,  as  a  rule. 

a    pre  determined    factor    which    cannot     he    varied    at 

will.     Hut  it  is  very  possible  thai   the  viscosil 
maj    be   ol    considerable    importance    in    determining 
the   rate   of   washing,   where   the   washing   medium   is 
usually  less  viscous  than  the  original  filtrate.      I' 

■  in  the  analogy  already  observed  between 
flow  through  a  filter  cake  and  flow  through  capillary 
tubes,  it  would  be  expected  thai  the  rate  would  be 
inversely  proportional  to  the  viscosity.'     To  determine 
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approach  unity,  and  work  to  determine  this  point 
has  already  been  started  in  this  laboratory. 

A  study  of  these  results  makes  it  clear  that  all 
the  problems  in  filter  press  design  can  readily  be  solved 
by  their  aid.  The  equation  for  the  rate  of  flow  having 
been  established  as 

R  =K—   , 

V" 

it  is  only  necessary  to  determine  experimentally  the 
values  of  K,  m,  and  n,  to  be  able  to  calculate  the  rate  at 
any  pressure  or  thickness  of  cake  tiesired.  From  work 
that  is  at  present  being  carried  on  in  this  laboratory,  and 
from  other  data  already  on  hand,  it  is  known  that  these 
values  vary  very  greatly  with  the  nature  of  the  pre- 
cipitate, but  for  any  particular  sludge  they  are  constant. 
To  determine  these  values  for  industrial  application, 
it  is  necessary  to  make  only  two  trial  runs  at  different 
pressures,  and  it  is  our  opinion  that  these  runs  may  be 


35  40  4f  50 

this  point,  and  also  to  ascertain  whether  the  viscosity 
has  any  effect  on  the  pressure  and  volume  coefficients, 
the  two  runs  described  below  were  undertaken. 

These  runs  for  determining  the  effect  of  viscosity 
were  exactly  the  same,  except  that  the  amount  of  pre- 
cipitate varied.  An  indefinite  amount  of  sludge 
(about  a  liter  and  a  half  for  the  first  run  and  a  half 
liter  for  the  second)  was  pumped  into  the  frames  at 
25  lbs.  pressure,  and  then  filtrate  alone  was  pumped 
through  until  the  rate  of  flow  became  constant.  By 
referring  to  Run  No.  4,  the  volume  of  filtrate  to  which 
this  rate  corresponds  can  be  readily  ascertained. 
The  filtrate  was  now  diluted  one-half  with  water 
and  again  pumped  in  until  the  rate  was  constant. 
Without  changing  the  solution  entering  the  press, 
the  pressure   was  dropped  to   5   lbs.   and  then  raised 

1  The  flow  through  a  capillary  tube  is  equal  to  rcr'y/Siil,  where  i  is 
the  radius  of  the  tube.  /  is  the  length,  P  the  pressure,  and  «  the  viscosity 
of  the  liquid       (Lamb,  "Hydrodynamics."  p.  544.) 
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again  to  25  lbs.,  the  rate  being  recorded  for  each  pres- 
sure. The  discrepancy  which  will  be  noticed  ex- 
isting between  the  rates  at  25  lbs.  before  and  after 
dropping  the  pressure  is  probably  due  to  channels 
forming  through  the  sludge  when  the  pressure  was 
relieved,  and  on  this  assumption  the  second  rati-  has 
been  accepted  as  the  more  comparable  to  the  other 
values.      Finally  in  the  same  manner,  pure  water  was 


explanation  advanced  for  the  low  coefficient  previously 
encountered,  for  in  this  case  where  the  pressure  is 
simply  lowered  and  raised  again  without  the  addition 
of  any  more  precipitate,  it  would  not  be  expected 
that  the  size  of  the  small  openings  through  the  cake 
would  alter  materially;  consequently  the  rate  of  flow 
would  follow  the  law  for  flow  through  capillary  tidies 
where  it    is    directly  proportional  to  the  pressure. 


26  27  Z8  2-9  3.0 

pumped  in,  and  the  rates  of  flow  determined  as  before 
at  25  lbs.  and  5  lbs.  pressure. 

From   these  runs,    the   following  data  were  secured: 

Run  A.        Run  B. 
Cc.  Cc. 

Rate  of  flow  with  filtrate  (at  25  lbs  I        87  lo7 

Volume  of  filtrate  corresponding  to  this  rate  as  de- 
termined from  Run  No.  4.  .  1515  675 

Rate  with  diluted  filtrate  at  25   lbs: 

Before  dropping    pressure 92.3  174 

After  dropping  pressure 100  1 75 

Rate  with  diluted  filtrate  at  5  lbs 20  *5 

Rate  with  pure  water  at  25  lbs.  109  180 

Rate  with  pure  water  at  5  His  21.5  36 

Absolute  viscosity  of  filtrate' 0  0124 

Absolute  viscosity  of  diluted  filtrate 0.0109 

Absolute  viscosity  of  pure  water     0.0096 

From  these  figures,  the  rate  of  flow  is  apparently 
approximately  proportional  to  the  viscosity  as  was 
expected,  but  owing  to  the  fact  that  on  account  of 
the  change  in  conditions  experienced  on  dropping 
the  pressure,  the  rate  with  straight  filtrate  is  not 
strictly  comparable  to  the  other  rates;  too  much  faith 
should  not  be  put  in  this  conclusion  in  the  absence 
'■I    further  confirmatory  evidence. 

It  will  be  noticed  that  the  rate  of  flow  at  25  lbs. 
pressure  is  in  every  case  just  live  times  that  at  5  lbs.; 
in  other  words,  the  pressure  coefficient  lias  become 
equal  to  one      This  is  directly  in  accordance  with  the 

1  Viscosity  determinations  were  mad.-  according  to  Gurney's  method, 

I    Am.  (hem.  Sue.  34,  24.; 
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The  values  for  the  volume  coefficient  (w)  as  calculated 
from  these  runs  are: 

straight  filtrate     .    ...   08 10 

Diluted  filtrate 0  692 

Pure  water 0.621 

It  must  be  understood  that  these  figures  are  not 
tn  be  considered  anything  but  relative,  since  their 
absolute  accuracy  depends,  of  course,  on  the  correct- 
ness of  the  value  for  the  volume  of  filtrate  which  was 
taken  from  Run  No.  4 — a  run  made  with  a  different 
batch  ill  sludge.  But  though  the  above  calculated 
figures  for  11  are  for  this  reason  possibly  considerably 
in  error,  nevertheless  the  relationship  between  them 
is  correct,  which  is  all  that  is  essential.  Comparing 
these  values  with  the  absolute  viscosity  of  the  solu- 
tion, it  appears  that  the  volume  coefficient  is  roughly 
proportional  to  the  viscosity.  This  relationship  is 
brought  out  by  the  following  table: 


Straight  filtrate (10124  0.810  0  015.1 

Diluted  filtrate  0  0109  0  692  0.0158 

Pure  water 0.0096  0.621  0  015.5 

The  reason  for  this  unexpected  relationship  is 
very  difficult  to  see,  and  it  is  unquestionably  true 
that  too  much  emphasis  should  nut  lie  laid  upon  re 
suits  from  preliminary  experiments  such  as  these. 
But    it   is   hoped   that   by    pointing   out   this  apparent 
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rtionality,  other  investigators  will  be  led  to 
trv  more  exhaustive  and  accurate  experiments  which 
■vill    afford   an   explanation  for  the  phenomenon. 
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From  the  equation   R  =  K--,  it  would  be  expected 

that  K  would  vary  inversely  with  the  viscosity,  but 
the  effect  of  the  above-mentioned  variation  in  n  is 
so  great  that  the  reverse  is  true.  The  calculated 
values  of  K  are  as  follows: 


Viscosity. 

K. 

0.0124 

1310 

0.0109 

635 

0.0096 

410 

These  values  of  K  are  interesting  chiefly  as  an  in- 
dication of  what  may  be  expected  to  develop  on  further 
investigation  of  the  subject. 

The  purpose  of  this  article  is  twofold:  First,  to 
point  out  that,  despite  the  popular  theory,  the  rate 
of  flow  of  a  liquid  through  a  filter  cake  is  not  as  a 
rule  directly  proportional  to  the  pressure  and  inversely 
proportional    to    the    thickness   of   cake,    but    can    be 

Dm 

expressed  by  the  equation  R  =  K    ,    ,  in    which    the 

constant  and  coefficients  can  be  quickly  and  easily 
determined;  a*id  secondly,  by  outlining  some  pre- 
liminary experiments  carried  out  in  this  laboratory 
to  stimulate  further  investigation  which  will  be  able 
to  explain  the  very  interesting  and  unexpected  re- 
lationships which  apparently  exist  between  the  vis- 
cosity of  the  filtrate  and  the  values  of  n  and  K. 

Research  Laboratory  of  Applied  Chemistry, 
Massachusetts  Institute  of  Technology, 
Boston. 


IMPROVED  SULPHURIC  ACID  CHAMBERS.1 
By  Thomas  H.  Norton. 
While  visiting  the  extensive  works  of  the  Union 
Fabrik  Chemischer  Produkte  at  Kratzwieck,  near 
Stettin,  I  was  afforded  an  opportunity  to  examine 
minutely  two  series  of  sulphuric-acid  chambers  re- 
cently constructed  by  the  company.  These  are  re- 
garded as  embodying  the  most  advanced  ideas  of  the  day. 

1  Special  report  to  Bureau  of  Manufacturers.  Department  of  Commerce 
and  Labor. 


On  October  io,  1910,  three  of  the  nine  chamber 
plants  were  destroyed  by  fire.  In  planning  fur  re- 
building, the  director  decided  to  adopt  the  essential 
features  of  the  so-called  Moritz  system  of  chamber 
construction,  as  not  only  promising  economy  in  future 
cost  of  production,  but  also  offering  exceptional 
facilities  for  rapid  replacement  of  the  missing  units, 
even  during  the  winter  season.  He  was  able  to  use 
the  first  series  of  chambers  on  March  15th  and  the 
second  on  April  4th  of  this  year.  The  construction 
of  the  third  unit  did  not  begin  until  July. 

The  Moritz  system  was  brought  to  the  attention  oi 
technical  chemists  about  four  years  ago.  It  was  first 
introduced  at  Wasquetal,  northern  France,  by  the 
Societe  anon,  des  Etablissements  Eyken  et  Leroy, 
with  which  the  inventor,  R.  Moritz,  is  connected. 
The  results  obtained  in  a  chamber  system  of  4,500 
cubic  meters  were  so  satisfactory  that  several  French 
and  Belgian  works  utilized  the  new  method  when 
increasing  their  chamber  capacity. 

At  present  a  large  system  of  8,000  cubic  meters  is 
under  construction  at  Hainaut,  Belgium,  a  smaller 
one  of  4,000  meters  at  Elberfeld,  Germany,  and  the 
third  unit  of  the  "Union"  works  (5,200  meters). 

As  a  rule,  in  chambers  constructed  according  to 
prevalent  methods,  the  sides,  the  top,  and  the  bottom 
of  a  lead  chamber  are  supported  by  strong  wooden 
beams.  These  timbers,  while  showing  externally 
no  change,  are  seriously  affected  by  the  radiation  of 
heat  from  the  adjacent  lead  walls.  The  temperature 
of  the  walls  may  attain  90  °  and  even  1000  C,  and  as  a 
result  the  wood  rapidly  loses  its  strength,  becomes 
brittle,  and  is  warped.  This  leads  to  a  dangerous 
strain  upon  the  flaps  along  the  walls.  They  are 
frequently  torn  off  and  the  wall  loses  its  shape.  This 
tendency  is  heightened  by  the  great  difference  be- 
tween the  coefficients  of  expansion  of  lead  and  wood. 
The  thoroughly  dry  timber  offers  also  an  undesirable 
amount  of  very  combustible  material,  as  shown  by  the 
extensive  fire  at  Kratzwieck  in  1910  and  the  con- 
flagration at  the  Wasquetal  works  in  1907. 

Much  more  serious,  however,  is  the  increased 
corrosion  of  the  lead  chambers,  due  to  the  use  of 
wooden  supports.  Those  portions  of  the  lead  walls 
adjacent  to  the  timber  supports  are  prevented  from 
radiating  heat  freely.  This  retards  the  oxidizing 
reaction  in  the  immediate  vicinity,  while  allowing 
the  lead  to  be  corroded  more  rapidly.  Careful  measure- 
ments of  the  thickness  of  the  wall  in  different  parts 
of  a  lead  chamber,  after  the  fires  mentioned,  showed 
that  the  portions  of  wall  screened  by  a  timber  were 
on  an  average  half  a  millimeter  thinner  than  other 
sections  of  the  chamber.  This  was  in  spite  of  the  fact 
that  the  timbers  were  separated  by  spaces  of  8-10  cm. 
from  the  lead  walls. 

An  additional  disadvantage  results  from  the  more 
rapid  corrosion  of  the  lead  behind  a  beam,  as  leaks 
occur  thereby  most  frequently  at  points  where  the 
repairs  are  difficult  to  execute.  In  some  few  works 
iron  instead  of  wooden  beams  have  been  introduced. 
This  obviates  the  distortion  of  the  chamber  walls, 
due  to  the  warping  of  the  wood,  but  does  not  diminish 
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the  trouble  arising  from  rapid  corrosion  and  the  diffi- 
culty in  carrying  out  repairs. 

With  regard  to  the  bottom  of  chambers,  observa- 
tion shows  that  corrosion  is  very  pronounced  along 
the  lower  edge,  where  the  lead  is  bent  upward.  Here 
a  zone  of  about  6  inches  is  peculiarly  liable  to  rapid 
attack;  and  the  same  is  true  of  the  lower  part  of  the 
side  walls,  which  form  the  hydraulic  joint.  The 
direct  cause  of  this  quick  corrosion  is  the  thick  floor- 
ing of  wood  necessary  to  support  the  weight  of  the 
acid,  by  retarding  the  radiation  of  heat  from  the 
surface  of  the  lead. 

The  tops  of  chambers  are  ordinarily  flat.  The  lead 
sheets  are  attached  by  flaps  to  overhead  beams  or 
hung  upon  iron  rods  or  tubes.  In  both  cases  the  same 
disadvantages  exist  as  have  been  previously  men- 
tioned. A  flat  roof  also  favors  the  accumulation  of 
dust,  which  in  turn  retards  radiation.  As  a  rule  it 
is  a  matter  of  great  difficulty  to  clean  thoroughly  the 
ordinary  flat  roof  of  an  acid  chamber. 

The  prevalent  method  of  attaching  the  various 
sections  of  a  lead  chamber  to  its  supports  prevents 
almost  entirely  any  uniform  expansion  of  the  different 
parts.  In  consequence  of  the  heavy  weight  of  the 
lead,  and  of  the  uneven  expansion,  there  is  a  constant 
tendency  toward  strain  about  the  flaps,  and  cracks 
that  are  exceedingly  awkward  to  mend  appear  along 
the  soldering  lines. 

All  of  these  defects  of  the  customary  construction 
seem  to  be  avoided  in  the  Moritz  chambers.  The 
essential  feature  of  such  a  chamber  unit  is  a  strongly 
built  skeleton  of  structural  iron,  enclosing  the  cham- 
bers, which  are  suspended  from  overhead  beams. 
The  skeleton  serves  also  as  a  support  for  the  roof. 

The  main  columns  of  this  skeleton,  which  bear  the 
weight  of  the  roof,  have  been  constructed  in  some  cases 
of  concrete  or  masonry.  Preference  is,  however, 
given  to  iron,  as  involving  less  time  in  preparation 
and  assuring  greater  strength.  A  tile  roof  is  used. 
The  outer  walls  of  the  structure  are  built  of  brick, 
laid  between  the  upright  columns.  The  bricks  are 
placed  edgewise,  so  that  the  walls  are  exceedingly 
light,  2.36  inches  in  thickness.  No  windows  are  re- 
quired. An  abundant  use  of  panels  of  wire-net  glass 
and  of  ordinary  glass  tiles  in  the  roof  affords  all  needed 
light.  Some  additional  light  and  abundant  ventila- 
tion are  assured  by  numerous  series  of  openings  in 
the  brick  walls,  the  bricks  being  arranged  in  a  lattice- 
like manner  at  distances  of  3.937  inches  from  each 
other.  Such  an  arrangement  suffices  to  keep  out 
snow  and  rain,  while  affording  a  maximum  of  air 
circulation  for  cooling  purposes. 

At  Kratzwieck  two  units  are  located  side  by  side, 
separated  from  each  other  by  an  aisle  about  4  feet 
wide,  and  under  a  single  roof.  In  other  forms  of  con- 
struction there  is  a  separate  roof  over  each  unit. 

Great  ingenuity  is  displayed  in  the  manner  of  sus- 
pending the  chambers  from  the  skeleton  framework. 
At  intervals  of  31.5  inches  along  the  top  edges  (27.5 
inches  on  the  end  sides)  hooks  of  half-inch  iron  are 
attached  firmly  to  the  lead  sheets.  These  hang  by 
iron   rods   (1.57   by   0.24   inches)    from  the  T  girders 


overhead,  and  thus  insure  a  complete,  unhindered 
exposure  of  the  side  walls  to  the  cooling  action  of  the 
air.  There  is,  however,  a  further  addition  necessary, 
in  order  to  obviate  any  danger  from  expansion  or 
contraction.  Along  the  walls,  likewise  at  distances 
of  31.5  inches  (or  27.5  inches  on  the  end  walls),  vertical 
flaps  are  soldered  on  tightly.  Light  iron  rods,  round 
or  flat,  pass  through  these,  and  are  connected  above 
with  the  pendant  supports,  while  below  they  are 
attached,  by  means  of  spring  hooks,  to  the  upturned 
edge  of  the  chamber  floor.  They  give  a  ribbed  ap- 
pearance to  the  chamber  walls  and  increase  the  coaling 
surface.  While  imparting  a  certain  amount  of  rigidity, 
and  preventing  undue  swelling  outward,  or  inward 
depression,  they  still  permit  of  free  play  for  ordinary 
contraction,  or  the  reverse,  without  any  undue  strain 
falling  upon  the  soldered  fastening  of  the  ribs.  The 
effectiveness  of  this  rib  construction  is  heightened  by 
numerous  horizontal  connections,  by  means  of  iron 
rods,  with  the  skeleton  frameworks. 

A  similar  principle  is  applied  in  the  case  of  the  top 
of  a  chamber.  Here  there  is  also  a  ribbed  construc- 
tion, and  hooks  at  frequent  intervals  are  connected 
by  round  iron  bars  with  the  girders  overhead.  All 
exposed  iron  parts  are  carefully  protected  from  cor- 
rosion by  a  special  paint. 

In  the  shape  of  the  chamber  top  we  encounter  one 
of  the  most  striking  innovations  of  the  Moritz  system. 
It  is  of  a  semicylindrical  form  to  prevent  the  accumula- 
tion of  dust,  while  avoiding  "dead  corners"  inside  the 
chamber,  and  their  liability  to  frequent  repairs, 
and  assuring  a  more  perfect  circulation  of  air  about 
its  upper  surface. 

The  lead  floor  of  the  chamber  rests  upon  an  under 
floor  of  iron  plate  0.197  inch  in  thickness,  and  this  in 
turn  is  supported  by  brick  columns  about  8  feet  high. 
In  some  instances  the  constructors  have  used  wood 
or  ferro-concrete.  In  all  cases,  however,  the  up- 
turned edge  of  the  floor  consists  of  iron  plate,  bent 
underneath  to  a  distance  of  9.8  inches.  This  is  to 
insure  the  most  rapid  cooling  at  the  weakest  point 
in  the  construction  of  a  chamber,  where  corrosion  is 
most  pronounced,  and  repairs  involve  a  complete 
stoppage  of  manufacture.  An  identical  method  is 
used  in  supporting  the  lead  mantles  of  the  Glover  and 
Gay-Lussac  towers.  Details  are  naturally  much 
simpler,  on  account  of  the  smaller  size  of  the  towers. 
Each  tower  shows  eight  vertical  ribs. 

There  are  certain  theoretical  considerations  con- 
nected with  the  use  of  the  rounded  roof  that  deserve 
mention.  In  addition  to  the  advantages  attendant 
upon  this  particular  shape,  the  inventor  claims  that 
it  is  a  powerful  factor  in  equalizing  temperature,  and 
consequently  in  insuring  uniform  chemical  activity 
and  production  in  all  parts  of  a  chamber.  While 
there  is  little  movement  of  air  over  a  flat  roof,  there 
is,  on  the  contrary,  an  active  current  over  the  surface 
of  a  curved  roof,  thus  bringing  about  a  more  rapid 
cooling.  In  a  chamber  of  rectangular  construction 
the  hotter  gases  accumulate  at  the  top.  With  a 
curved  roof  the  volume  of  such  gases  is  reduced  to  a 
minimum.     They    are    constantly    drawn    off   by    the 
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.it,. rv  movemenl  of  the  chamber's  contents,  due  to 
externa]  cooling,  and  descend  steadily  downward  along 
the  walls  An  instance  is  cited  from  the  observations 
made  at  Wasquetal  upon  the  temperatures  a1  three 
differenl  points  in  the  first  chamber  of  a  plant.  Under 
similar  conditions  of  external  temperature,  with  the 
same  pyrites,  the  same  ovens,  and  the  same  towers, 
the  temperatures  observed  at  the  three  points  in  a 
rectangular  chamber  were  90  .  88  ,  and  86  C.  In 
the  chamber  with  curved  t(>|>,  which  replaced  the 
former,  they  were  75",  75°,  and  74"  C.  The  more 
rapid  cooling  and  the  close  approach  to  uniformity 
arc  noteworthy.  The  director  of  the  works  at  Kratz- 
wieck  is.  however,  oi  the  opinion  that  a  more  gently 
(  urved  root  is  quite  as  effective  as  one  <>f  semicircular 
shape  and  more  desirable  from  several  standpoints. 
In  the  plant  now  under  construction  he  plans  to 
modify  Uns  feature. 

At  the  outset  it.  must  be  noted  that  the  cosl  of  con- 
struction, per  unit  of  cubic  chamber  space,  is  higher 
than   by   the  old   method.     At    Kratzwieck    the   addi 
tional    cost      was     found     to     be     about      ]j    per    cent. 
This   figure    would    vary    according    to    local    factors. 

There  seems  to  be  no  doubt  of  the  manifest  economy 
in  space,  frequently  an  important  factor  where  chemical 
works  are  hampered  in  their  development  by  lack  of 
sufficient  available  area  for  building.  At  Kratz- 
wieck  the  two  units  already  built  on  the  Moritz  system 
occupy  but  two-thirds  of  the  area  formerly  covered 
by  three  separate  units  before  the  fire.  Yet  these 
two  units  produce  more  sulphuric  acid  than  the 
three  units  that  were  destroyed. 

The  next  important  economy  is  in  the  amount  of 
nitric  acid  required  to  produce  the  maximum  effect 
in  the  lead  chambers.  The  newly  erected  plant  of 
the  "Union"  yields  daily  about  7  kilograms  of  acid 
(So°Baume)  per  cubic  meter  of  chamber  space. 
Formerly,  at  this  rate  of  production,  0.7-0.8  kilogram 
of  nitric  acid  (36 °  Baume)  was  consumed  for  each 
roo  kilograms  of  chamber  acid  of  the  above  strength. 
This  consumption  has  now  fallen  to  very  nearly  0.5 
kilogram.  It  is  to  be  noted  that  0.9  kilogram  is  a 
very  common  figure  in  German  acid  works.  In  1900 
the  average  consumption  was  1.4  kilograms  in  Ameri- 
can acid  works  burning  pyrites.  This  loss  of  nitric 
acid  is  an  important  item  in  the  cost  of  producing 
sulphuric  acid.  In  Germany  it  constitutes  4-8  p>er 
cent,  of  the  total  cost.  It  is  obvious  that  a  saving 
of  1  or  2  per  cent,  in  this  direction  constiUttes  a  notable 
economy.  The  inventor  guarantees  a  maximum  loss 
of  0.6  kilogram  where  chambers  are  producing  7 
kilograms  daily  per  cubic  meter.  It  may  be  men- 
tioned in  this  connection  that  in  the  "Union"  system 
water  in  the  form  of  spray  is  admitted  to  the  chambers 
in  summer  and  in  the  form  of  steam  during  the  winter. 

Apart  from  the  direct  saving  on  the  daily  cost  of 
production,  the  director  of  the  "Union"  works  is 
confident  from  his  study  of  the  plant  during  the  few 
months  that  it  has  been  in  operation  that  there  will  be 
ultimately  a  very  material  saving  in  the  item  of  de- 
preciation, through  the  prolonged  life  of  the  chambers, 
and  the  ease  and  simplicity  with  which  any  necessary 
eventual    repairs    can    be    executed. 


A     MODIFICATION     OF    THE     FRARY     ELECTRODYNAMIC 

STIRRING  DEVICE. 

1 1 \     I     M     k\,,o     am,   \v     k     Work. 

Received  March  m.  1912. 

The  use  of  a  solenoid  lor  tin  rapid  determination  oi 
metals  in  the  electrolytic  way  was  proposed  by  Frary 
I  Journal  o)  ih<  American  Chemical  Society,  November, 
1907,  and    in   other  publications).      He   employed    the 

usual  form  ol  solenoid  which  is  a  coil  of  copper  wire 
cylindrical  in  shape  and  hollow,  and  enclosed  in  an 
iron  case.  The  beaker  containing  the  electrolyte  is 
put  into  the  hollow  space  in  the  center  of  the  coil  and 
a  current,  passed  through  the  electrolyte  in  the  usual 
way.  At  the  same  time  a  current  through  the  solenoid 
produces  a  magnetic  field  in  the  region  of  the  beaker 
which  in  conjunction  with  the  electrolyzing  current 
causes  a    rapid   circulation   in   the  electrolyte. 

The  disadvantages  of  this  form  of  apparatus  are  that 
the  electrolyte  is  not  in  sight  and  an  inspection  of  the 
electrodes  during  the  process  of  electrolysis  is  not  easy. 
The  solution  becomes  quite  hot  and  in  some  common 
determinations  this  is  not  desirable.  The  use  of  a 
cooling  coil  complicates  the  apparatus. 

MODIFICATION. 

By  actual  measurements  the  magnetic  field  pro 
duced  by  a  solenoid  was  shown  to  be  practically  as 
strong  at  the  top  of  the  coil  as  it  is  at  any  point  in  the 
interior,  and  an  inch  above  the  top  it  still  amounts  to 
40  per  cent,  of  this  strength,  gradually  decreasing  as 
the  distance  increases,  as  shown  by  Fig.  1.      The  lines 


Fia    I. —  Vertical  Section  through   Solenoid   and 
Diagram  op  Magnetic  Field  Above  It. 

of  force  which  constitute-  the  field  pass  without  hin- 
drance through  glass,  paper,  wood,  brass,  etc.,  so  it 
is  a  simple  matter  to  put  the  coil  of  the  solenoid  around 
an  iron  core,  cover  the  top  with  a  suitable  material 
and  place  the  beaker  containing  the  electrolyte  on  it. 
By   using   electrodes   with    bent   stems   a   very   simple 
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and  convenient  electrode  holder  can  be  used  in  con- 
junction with  this  form.  Both  electrodes  are  fastened 
to  a  small  block  which  is  raised  with  one  hand  while  the 
wash  bottle  is  used  with  the  other. 

The  objection  might  be  raised  to  our  modification 
that  on  account  of  the  strong  Held  at  the  bottom  of  the 
beaker  and  the  weak  one  at  the  top,  most  ol  thi 
stirring  would  be  at  the  bottom.  It  is  true  that  the 
vigorous  stirring  does  originate  at  the  bottom,  but 
on  account  of  the  free  circulation,  the  upper  part  of 
the  solution  gets  all  the  stirring  necessary.  In  any 
event  the  solenoid  stirring  docs  not  produce  the  com- 
motion in  the  solution  caused  by  a  mechanical  stirrer 
but  nevertheless  results  can  be  obtained  quickly. 
The  average  strength  of  the  magnetic  field  measured 
in  the  region  of  the  beaker  is  700  gausses. 

RESULTS. 

(Frary  has  described  in  detail  the  speed  and  ac- 
curacy obtained  by  the  use  of  a  solenoid  in  electrolytic 
work.) 

The  four  solenoids  shown  in  Fig.  2  have  been  in  use 
in  the  Chemical  Department  of  the  Pittsburg  Testing 
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Fig.  2. —  Solenoids  with  Moveable  Electrode  Holders  in  Position. 

Laboratory  for  several  months  and  are  very  satis- 
factory for  the  large  variety  of  determinations  we  are 
called  upon  to  make.  We  recognize  the  merits  of 
the  various  forms  of  apparatus  proposed  for  mechanical 
stirring  but  prefer  our  present  equipment.  We  find 
it  much  more  satisfactory  than  the  stationary  gauze 
electrode  alone  where  a  variety  of  determinations  arc- 
to  be  made. 

With  stationary  gauze  electrodes  in  1  j 5  cc.  of  solu- 
tion containing  about  one  gram  of  copper  we  allowed 
three  amperes  to  pass  for  fifty  minutes  in  order  to 
be  sure  all  the  copper  had  been  deposited.  With  the 
solenoid  the  same  amount  of  copper  is  deposited  in 
thirty  minutes  under  the  same  conditions  using  the 
same  electrodes.  With  a  higher  current  the  results 
can  be  obtained  in  less  time. 

Pittsburgh  Testing  Laboratory, 
Carnegie  Technical  Schools. 


THE      UNDERWRITERS'      LABORATORIES      EXTRACTION 
APPARATUS. 

By   Henry  J.   Cary-Curr. 
Received  April  16,  1912. 

It  has  been  found  necessary  in  certain  lines  of  ex- 
traction work  to  devise  for  routine  work  a  method 
that  is  both  rapid  and  convenient,  such,  for  example, 


as  the  determination  of  certain  extractable  con- 
stituents of  rubber  insulation  on  wire,  etc.  In  such 
a  case  the  moisture  content  (generally  less  than  one- 
half  of  i  per  cent.)  is  a  negligible  factor  in  the  di 
mination  and  may  therefore  be  overlooked  except,  in 
special  cases  where  it  is  especially  desired.  Rased  on 
this  ground  the  Chemical  Department  of  the  Under- 
writers' Laboratories  at  Chicago  have  spent  several 
years  in  developing  methods  and  apparatus  to  be  used 
in  a  standard  procedure  for  chemical  tests  of  rubber 
compounds  used  on  wires  and  cords. 

Any  form  of  extraction  apparatus  may  be  used, 
but  it  must  conform  to  the  following  specifications: 
(i)  "The  extraction  cup  shall  be  surrounded  by  the 
vapor  of  the  solvent  at  its  boiling  point."  (2)  "The 
condensed  solvent  shall  fall  directly  on  the  sample." 
(3)  "The  outlet  from  the  extraction  cup  shall  be 
at  the  bottom  only."  (4)  "  No  rubber  or  cork  stoppers 
shall  come  in  contact  with  the  solvent."  (5)  "Sample 
shall  be  put  directly  into  extraction  cup  without  the 
use  of  a  paper  thimble — a  disc  of  filter  paper  or  its 
equivalent  at  the  bottom  of  the  cup  being  depended 
upon  to  hold  back  the  solid  pari  of  the  sample." 

Following  the  manipulations  ,  ,1  the  above-men 
tioned  methods  it  becomes  necessary  to  extract  into  a 
tared  tlask  which  must  be  reweighed  and  which  must 
therefore  be  of  proportions  and  style  suitable  for  ad 
mission  to  the  bows  and  pans  of  an  ordinary  analytical 
balance. 

Rapidity  and  efficiency  oi  condensation  together 
with  ease  of  manipulation  and  installation  as  well  as 
simplicity  of  construction  and  therefore  low  cost  ol 
maintenance  and  replacement  were  other  points  to  be 
considered. 

To  meet  these  requirements  a  new  apparatus  has 
been  devised  and  thoroughly  tried  out  and  is  of  ex- 
ceptional merit. 

It  consists  of  a  short,  metallic,  spiral-tube  reflux 
g)  condenser,  whose  inlet 
and  outlet  tubes  project 
through  a  metal  plate 
which  serves  the  double 
purpose  of  a  support  for 
the  condenser  and  a 
closure  for  the  extraction 
flask.  The  flask  is  of 
rat  her  conical  form  with 
a  long  neck  and  flat 
bottom.  Two  holes  are 
bored  on  opposite  sides 
of  the  Upper  rim  ol  a 
porcelain  Gooch  crucible 
winch  is  suspended  from 
the  condenser  by  passing 
through  the  holes  a  short 
piece  of  platinum  or 
aluminum  wire  whichalso 
passes  through  the  loop 
at  the  bottom  of  the  condenser.  The  charge  having 
been  placed  in  the  crucible,  the  condenser  and  crucible 
are  placed  in  the  neck  of  the  flask,  the  water  connec- 
tions made  and  when  a  good   (low  iH    water  has  been 
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established  heal  is  applied  to  the  flask  and  the  action 
is  ci  tutomatically. 

The  evaporated  solvenl  is  condensed  on  the  spiral 
coil  and  drops  into  the  crucible,  passing  through  the 
sample  into  the  flask  when-  it  is  again  volatilized  and 
the  cycle  is  repeated. 

As  the  whole  apparatus  is  only  6"  high  and  3*  wide 

.  up  the  minimum  oi   space,  and   where  much 

work  "t  'his  character  is  done  a  battery  of  extractors 

and  flasks  can  be  arranged  on  a  hoi   plate  or  water 


bathof  verj  small  dimensions,  say  two  n  iv  sol  tenor  more 
flasks,  in  which  case  the  bath  can  be  furnished  with  a 

pring  clip  the  flasks  when  oni 

set  isremoved.     Thev  ingfrom  one  condenser 

to   tin    othei    only   one   inlet   and  one  nutlet  is  needed. 
Copies  ol  the  Standard  Methods  alluded  to  above  may 
be  obtained    from    the    Underwriters'    Laboratories   of 
;o ; the  apparatus  from  E.  II.  Sargent  &  Co.,  of 
Chicago. 


ADDRESSES 


THE    PRESENT    STATUS    OF    THE  GAS  INDUSTRY  AND  ITS 
OUTLOOK.' 

H\    CH  UU.BS    E.    Munkof. 

When  speaking  of  the  gas  industry  our  mind  natur- 
ally reverts  to  those  public  service  corporations  that 
are  manufacturing  gas  for  distribution  and  sale,  and 
it  is  interesting  to  note  that  we  are  almost  touching 
the  centenary  of  their  origin,  an  event  which  has 
proved  of  such  importance  in  the  development  of 
civilization  and  in  making  life  in  dense  communities 
feasible,  and  relatively  secure,  as  to  be  worthy  of 
commemoration;  for,  although,  following  Murdoch's 
demonstration  at  Redruth,  in  Cornwall,  England,  in 
17Q2,  several  isolated  plants  for  lighting  houses  and 
factories  were  built  and  operated,  the  gas  industry 
as  we  now  regard  it,  with  its  central  producing  plant 
connected  by  mains  and  services  with  a  multitude  of 
consumers  began  when,  in  April.  181 2,  a  Royal  Charter 
of  Incorporation  was  granted  to  the  Chartered  Gas- 
light and  Coke  Company  of  London,  England. 

In  the  United  States,  although  isolated  plants  of 
an  experimental  nature  are  recorded  as  having  pre- 
viously been  erected  at  Newport,  R.  I.,  and  Richmond, 
Va.,  this  industry  began  with  the  chartering  of  a  gas 
company  in  Baltimore,  Maryland,  in  1816. 

Gas  Industry, 

Number  of  establishments    1,296 

Capital $915,537,000 

Cost  of  materials  used 52,428,000 

Salaries  and  wages 33,316,000 

Salaries 12.385.000 

Wages 20,931.000 

Miscellaneous  expenses 27,757,000 

Value  of  products 166,814,000 

Value  added  by  manufacture  (products  less  cost  of  materials)        1 14,386.000 
Employees: 

Number  of  salaried  officials   and  clerks 13,515 

Average  number  of  wage  earners  employed    during  the 

year 37,215 

Primary  horsepower 128,350 

Products. 

Total  gas  produced -150,835.793,000  cu.  ft. 

Straight  coal -19,985.253,000      "     " 

Straight  water 1,726,082,000      "     " 

Carbureted  water 79,418,486,000      "     " 

Mixed  coal  and  water 40,775,283.000      "     " 

Oil 8,688,860,000      "     " 

Acetylene 225, 186,000     "    " 

All  other 216,643,000     "     " 

Coke -  82,049.683,000        bu. 

Tar 2  92,152.938.000        gal. 

1  Address  before  the  Division  of  Industrial  and  Engineering  Chemistry. 
Annual  Meeting  A.  C.  S..  Washington,  December,  1911. 

2  In  addition,  27,558  thousand  cubic  feet  of  straight  coal  gas.  13,070 
thousand  cubic  feet  of  acetylene  gas.  44.347  bushels  of  coke,  and  38.370 
gallons  of  tar  were  produced  for  sale  by  establishments  engaged  primarily 
in  the  manufacture  of  other  products. 


The  present  status  of  this  industry  in  the  United 
States  is  approximately  set  forth  in  the  preceding 
table,  wherein  the  statistics  given  are  those  collected 
by  the  Bureau  of  the  Census  for  the  year  ending  De- 
cember 31,  1909;  they  show  to  what  enormous  di- 
mensions this  industry  has  grown  in  this  country  in 
less  than  one  hundred  years. 

In  presenting  these  statistics  I  must,  as  I  have  on 
several  previous  occasions,  call  your  attention  to  the 
limitations  placed  on  census  statistics,  in  common 
with  all  other  bookkeeping  statistics,  growing  out  of 
the  necessity  for  keeping  each  category  carefully 
separated. 

Thus  while  in  the  foot-note  there  is  given  the. sta- 
tistics for  those  establishments  that  manufacture 
"artificial  gas  for  sale"  as  a  subsidiary  product,  there 
is  not  included  in  the  table  or  foot-note  the  natural 
gas  produced  for  sale,  since  this  is  not  manufactured, 
nor  the  blast  furnace  gas  or  producer  gas,  since  while 
these  are  manufactured  they  are  not  produced  for  sale 
but  are  consumed  by  the  establishments  manufactur- 
ing them.  Likewise,  though  the  by-products  coke 
oven  gas  produced  for  sale  is  included  in  the  statistics 
of  the  table  when  such  establishments  are  primarily 
engaged  in  producing  gas  for  sale,  yet  the  gas  from  the 
larger  number  of  by-product  plants,  and  also  the  coke 
and  tar  produced  by  them,  is  not  included  in  the  table 
since  these  products  are  chiefly  consumed  by  the 
establishments  of  wmich  they  form  a  part.  Such  gas, 
however,  as  has  been  sold  by  these  last  mentioned 
establishments  to  gas  companies  appears  in  the  table 
by  value,  though  not  by  quantity. 

A  comprehensive  treatment  of  all  gas  industries 
would  include  the  statistics  for  gas  from  all  these 
sources,  and  I  hope  to  be  able  later  to  present  them. 

It  is  to  be  noted  that  the  Chartered  Gaslight  and 
Coke  Company  and  the  Baltimore  Gas  Company  made 
coal  gas  by  the  destructive  distillation  of  bituminous 
coal.  The  table  includes  water  gas,  mixed  coal  and 
water  gas,  oil  gas,  and  acetylene  gas  in  addition  to 
coal  gas.  In  quantity,  carbureted  water  gas  exceeds 
them  all,  and  if  the  straight  water  gas  together  with 
that  used  in  compounding  the  mixed  gas  be  also  re- 
garded, water  gas  greatly  exceeds  in  quantity  all 
other  gases  combined.  There  may  be  some  little 
surprise  at  finding  acetylene  gas  and  oil  gas  carried 
in  this  account  for  they  are  not  usually  thought  of 
as  being  handled  by  public  service  corporations,  yet 
to-dav    there   are   a   considerable    number   of    smaller 
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communities  having  central  acetylene  plants,  and  as 
this  condition  carries  these  acetylene  statistics  into 
this  account,  other  returns  for  acetylene,  shipped  in 
containers,  are  combined  with  them.  Oil  gas  is  more 
remotely  connected  with  this  category,  for  it  is  almost 
wholly,  if  not  completely,  sold  in  containers,  hut 
nevertheless  it  is  more  closely  connected  with  this 
account  than  any  other  opened  on  the  Census  books, 
and  hence  is  placed  here.  Besides,  since  the  product 
is  largely  supplied  to  railway  coaches,  and  thus  enters 
as  a  factor  in  interstate  commerce,  the  companies  are 
quasi-public. 

The  history  of  the  gas  industry  is  a  record  of  con- 
tinued struggles.  As  Walton  Clark  has  said:  "The 
conception  of  a  system  of  illumination  comprehending 
a  central  source,  and  radiating  lines  of  conduits;  the 
measurement  and  recording  of  the  service  rendered 
as  rendered,  and  the  absolute  and  immediate  control 
by  the  served  of  the  time,  period  and  measure  of  ser- 
vice, was  as  bold  and  startling  as  has  occurred  in  the 
mind  of  man."  The  product  was  early  known  to 
possess  poisonous  properties  and  to  form  explosive 
mixtures  with  the  atmosphere.  Its  manufacture  was 
promptlv  observed  to  create  nuisances.  For  fifty 
years  its  most  potent  competitors  in  the  field  of  arti- 
ficial illumination  were  tallow,  wax,  and  sperm  oil, 
and  the  producers,  conveyors  and  merchandizers  of 
these  materials  were  active  in  proclaiming  the  evils 
and  dangers  attending  gas  lighting,  and  opposing  its 
introduction  and  growth.  Because  of  its  advantages 
outbalancing  its  disadvantages  and  because  of  many 
inventions,  through  which  these  evils  and  dangers 
were  reduced  and  its  benign  characteristics  improved, 
it  eventually  overcame  these  competitors  and  out- 
stripped them,  only  to  be  met  by  petroleum  and  petro- 
leum refining  which,  through  the  many  forms  of  lamps 
devised  for  the  burning  of  its  products,  gave  cheap 
and  brilliant  illumination. 

Fortunately  about  this  time,  through  the  ingenuity 
of  Tessie  du  Motay  and  of  T.  S.  C.  Lowe,  the  manu- 
facture of  water  gas  and  especially  carbureted  water 
gas  was  made  commercially  practicable.  Moreover, 
in  1856,  Perkin  had  made  his  discovery  of  mauve. 
In  1867  Kekule  published  his  classic  memoir  which 
stimulated  the  utilization  of  coal  tar.  The  Bunsen 
burner  had  become  known  and  its  value  demonstrated. 
About  this  time  the  value  of  ammoniacal  salts  as 
fertilizers  began  to  be  recognized  and  in  consequence, 
the  tar  and  ammoniacal  liquor  began  to  assume  com- 
mercial value,  and,  thus  protected  and  fostered,  the 
gas  industry  flourished  and  grew  side  by  side  with  its 
competitor  petroleum,  and  even  fed  upon  the  latter 
in  that  the  cheaper  petroleum  distillates  were  suc- 
cessfully adapted  to  the  carbureting  of  the  water  gas. 

But  in  1879  Edison  gave  to  the  world  the  first  prac- 
tical incandescent  electric  lamp  and  in  a  short  time 
the  commercial  feasibility  and  advantage  of  this 
method  of  illumination  became  so  markedly  apparent 
that  the  gas  industry  was  thought  to  be  doomed. 
Yet  a  series  of  events  regalvanized  it  and  put  fresh 
life  into  it.  First  in  importance  was  the  invention 
bv  Auer  von   Welsbach  in    1886   of  the   incandescent 


gas  mantle  which  he  attached  to  the  Bunsen  burner 
and  which  had  been  1  p  trfected  by  C892  that  the  use 
of  these  mantles  became  so  widespread  that  approxi- 
mately 100,000,000  of  them  were  manufactured  in 
the  year  1903,  and  a  larger  number  annually  since  then. 
In  1881  the  Siemen's  regenerator  was  adapted  to  the 
Coppee  oven  and  the  general  type  of  by-product  oven 
since  styled  Otto-Hoffmann  was  produced.  In  1882 
the  Knab-Carves  oven  was  developed  into  the  Semet- 
Solvay  by-product  oven,  and  through  these  and  sub- 
sequent improvements  in  the  designs  and  methods  of 
operation  of  the  by-product  ovens  and  their  accessories 
the  cost  of  the  manufacture  of  gas  became  greatly 
reduced.  Moreover,  by  the  adaption  of  the  Bunsen 
principle  by  Fletcher,  in  1883,  and  others,  to  burners 
of  various  kinds,  gas  heating  became  feasible,  and  the 
use  of  gas  as  a  source  of  heat  and  power,  as  well  as 
of  light,  promoted  the  growth  and  extension  of  the 
industry. 

But  the  perfection  of  methods  for  low  cost  genera- 
tion 'and  distribution  of  the  electric  current  and  its 
utilization  as  a  source  of  light,  heat  and  power  for 
almost  every  condition  under  which  these  forms  of 
energy  are  employed  for  domestic,  manufacturing  and 
community  purposes,  has  gone  on  in  the  last  ten  years 
with  continued  acceleration  so  that  the  gas  industry 
to-day  finds  itself  menaced  at  every  point  by  this 
competitor,  and  in  the  power  field  finds  the  gas  engine 
completely  outranked  in  simplicity  and  certainty 
of  operation,  and  cost  of  up-keep,  by  the  electric  motor. 
Wisely,  most  of  the  larger  gas  corporations  have  pro- 
tected themselves  by  combining  the  generation  and 
distribution  of  electricity  with  the  manufacture  and 
distribution  of  gas,  thus  removing  a  dangerous  com- 
petitor from  the  field,  while  at  the  same  time  gaining 
an  intimate  acquaintance  with  each  industry  and 
keeping  informed  of  the  state  of  each  art  and  the 
attitude  of  the  community  toward  each  product. 

I  sympathize  with  the  owners  of  gas  securities  who 
anticipate  a  great  shrinkage  in  the  values  of  their 
holdings,  but  I  cannot  believe  the  chance  of  this  oc- 
curring in  the  near  future  to  be  so  likely  as  some  may 
fear.  It  is  true  that  to  hold  the  field  where  active 
competition  with  electricity  may  arise  or  to  prevent 
this  competitor  from  entering  the  field,  the  price  of 
gas  must  be  reduced ;  but  the  profit  can  be  maintained 
by  reducing  the  cost  of  its  production;  this  simply 
means,  in  most  instances,  the  introduction  of  better, 
and  in  most  cases,  now  known  methods  and  devices, 
and  in  a  more  scientific  management  of  the  enterprise. 

A  first  step  may  be  taken  in  the  employment  of  the 
chemical  engineer  to  observe  and  check  with  his  ther- 
mocouples, his  burettes,  and  reagents,  the  operations 
of  gas  making  and  purification,  and  the  character  of 
the  by-products  and  their  derivatives  at  every  stage 
of  the  operations.  The  expense  involved  in  the 
employment  of  a  wise  and  accomplished  chemical 
engineer  cannot  fail  to  prove  to  be  a  profitable  in- 
vestment. 

A  second  step  may  be  taken  in  the  reduction  of 
heat  losses  whereby  a  saving  may  be  effected  in  the 
fuel  account,   and   the  efficiency  of   the  operators   im- 
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proved,    Ft >i    this   is   .1    Feature    in    the    manufacturing 
ion!     « hich,    until    recent  l\ ,    has    been    almosl 
mini  1  salh  1 1\  erlooked 

A   third  step  ma)  be  taken  in  the  more  complete  re 
cover)  of  the  by  product  s  .mil  their  more  complete  utili 
zation.     Tins  will  lead  to  .1  more  diversified  industry 
and  demand  a  larger  measure  ol  chemical  kno 
and  experience.     It  may  be  ol  interest  to  recall,  what 
has  already  been  recorded  in  our  literature,  thai  one 
gas  establishment   in  the  United  States  has,  in  addi 
tion    t>>    producing    coke,    tar   .- 1 1 1  <  1    ammonium    salts, 
entered    on    the,    manufacture    of    cyanides.     Hut    it 
trios  the  patience  of  the  chemisl  to  sec  the  sulfur  and 
other    compounds    going    to    waste    in    the    purifying 
ial  when  they  can  be  usefully  employed  For  so 
many  different  purposes. 

A  cheapening  of  cost  throughout  may  be  effected  b\ 
the  introduction  of  more  modern  plants.  There  is 
not  time  in  which  to  go  into  details  of  the  several 
systems  but  I  may  refer  to  the  by-product  coke  ovens 
as  having,  through  the  size  of  their  units  the  following 
advantages;  the  introduction  of  mechanical  methods 
for  handling  coal  and  for  charging  and  discharging 
the  ovens;  the  ability  to  successfully  make  use  of 
eoals  not  before  classified  as  gas  coals;  the  better  re- 
covery and  utilization  of  the  by-products;  and  the cheaper 
production  of  gas.  A  difficulty  in  their  use  lies  in 
the  fact  that  they  are  primarily  coke  producers  and 
that  they  can  be  employed  profitably  only  where,  as 
at  blast  furnaces,  there  is  an  assured  market  for  this 
coke  at  a  reasonable  price.  When,  in  iqo6,  I  was 
engaged  in  the  study  of  this  industry  I  found  its  prog- 
ress arrested  by  an  inability  to  dispose  profitably  of 
the  tar.  It  is  worthy  of  note  that  in  the  interval 
that  has  elapsed,  the  proof  of  the  value  of  coal  tar  as 
a  binder  for  road  material  has  been  so  well  demon- 
strated, and  the  "good  roads  movement"  has  met 
with  such  acceptance,  that  an  active  market  has  been 
made  for  coal  tar  and  the  building  of  by-product  coke 
ovens  has  proceeded  while  the  outlook  for  the  dis- 
posal of  tar  from  gas  works  has  improved.  Beginning 
with  the  by-product  plant  at  Everett,  Massachusetts, 
,^as  from  such  plants  has  been  distributed  for  sale 
when  they  were  conveniently  adjacent  to  large  con- 
suming communities,  and  to  a  market  for  the  coke, 
but  a  combination  of  these  prerequisite  conditions 
is  not  common. 

Fortunately  there  have  now  been  devised,  both  by 
Koppers  and  by  the  Semet-Solvay  Company,  gas 
ovens  which  combine  with  the  proved  advantages  of 
the  by-product  oven  a  method  of  utilizing  such  a 
portion  of  the  coke  in  further  manufacture  that  most 
neighborhood  markets  can  absorb  the  residue  at  a 
good  price.  So  far  as  I  am  aware  the  Semet-Solvay 
oven  is  yet  undemonstrated  but  the  Koppers  gas 
oven  has  been  built  and  operated  and  it  has  been 
ready  to  contract  to  put  gas  made  in  this  oven  into 
the  holder  at  a  cost  of  but  6.3  cents  per  thousand 
cubic  feet.  At  such  a  cost  gas  can  for  a  long  time  yet 
compete  with  electricity. 

The  development  of  flameless  incandescent  surface 
combustion   may   fortify   the  gas   industry.     The   ap- 


this  means  to  d< >mest i<-  uses, 
manufacturing  and  metallurgical  purposes  and  to  tin 
generati  mi,  are  most    impressive.     This  dis- 

cover)  and  invention  is  now  being  subjected  to  severe 
scrutin;  and  t'  1  and  U  it  proves  to  he  wliat  it  hot 
appears  to  lie,  it  is  expected  to  be  oi  more  benefit  to 

the    gas    industry     than     Wclsbach's    invention    ol     the 

incand 1  gas  mantle. 

Moreover,  the  recovery  ol   the  sulfur  whose  loss  in 

thi     past    has  been   ment  lonei  1  and    deplored    seems    now 

commercially  possible  since  means  for  its  utilization, 
which  have  been  demonstrated  as  feasible  and 

tive  in  the  laboratory  are  now  being  tested  on  a  com- 
mercial scale  in  the  factories,  Burkheiser's  recovery 
process  being  operated  in  connection  with  th<    Flemalli 

Grande  coke  ovens  near  Liege,  Belgium,  while  Walther 
Peld's  rival  process  is  being  employed  at  the  gas  works 
in  K6nigsberg,  German)-.  Roth  aim  to  produce 
ammonium  sulfate  from  the  ammonium  compounds 
in  the  gas  liquor  and  the  sulfur  compounds  obtained 
from  the  coal.  Feld's  process  is  of  special  interest  to 
the  theoretical  chemist  in  that  the  formation  of  the 
commercial  product  sought  and  the  saving  of  the  use- 
ful matter  accomplished  is  effected  through  tin  aid 
of  the  tetrathionates  and  the  controlling  under  manu- 
facturing conditions  of  the  reactions  through  which 
they  are  formed  and  those  into  which  they  will  enter. 

An  unexpected  competitor  to  the  gas  industry  in 
its  c<  immercially  successful  utilization  of  its  by-products 
is  the  alcohol  industry  which  produces  as  a  by-product 
enormous  quantities  of  slops,  the  major  portion  of 
which  have  gone  to  waste,  for  it  is  found  that  through 
the  action  of  the  enzyme,  amidase,  upon  the  diamido 
acids  present  in  these  distillery  residues,  ammonia 
and  propionic  acid  are  formed.  Being  an  enzymatic 
reaction  no  expensive  or  complicated  plant  and  no 
difficult  or  dangerous  manipulation  is  required  in  the 
process.  This  process,  known  as  the  Effront  process, 
produced  at  the  Nesle  distillery,  from  the  molasses 
vinasse,  resulting  from  the  production  of  100  liters  of 
alcohol,  35  kilos  of  ammonium  sulfate  and  35  kilos  of 
the  fatty  acid;  and  from  the  beet-root  vinasse  repre- 
senting 100  liters  of  alcohol  it  produced  16  kilos  of 
ammonium  sulfate  and  12-14  kilos  of  fatty  acid.  In 
the  process,  the  diamido  nitrogen  was  completely 
converted  into  ammonia,  no  amines  or  ammonia 
compounds  resulting. 

The  competition  from  this  quarter  is  prospective 
but  it  is  not  likely  to  materialize  immediately.  For 
the  consolation  of  the  afflicted  manager  of  gas  works 
it  may  be  said  that  the  microorganisms  and  their 
enzymes  may  be  commercially  employed  in  the  reso- 
lution of  some  of  his  troubles.  Very  properly  the 
denser  and  more  progressive  communities  are  for- 
bidding him  to  discharge  his  polluted  effluents  into  the 
adjacent  water  courses.  I  imagine  nothing  can  be 
more  enraging  than  to  be  thus  enmeshed,  but  these 
microscopic  bodies  may  be  put  under  his  command 
to  not  only  so  purify  these  effluents  that  they  become 
quite  innocuous,  but  to  also  give  such  a  commercially 
valuable  return  in  the  product  as  to  almost  if  not  quite 
repay  the  cost  of  the  operation. 

George  Washington  University. 
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SELENIUM  GLASS. 

Selenium,  to  the  extent  of  about  11,000  lbs.  annually,  is  pro- 
duced by  three  American  firms  from  the  anode  muds  in  elec- 
trolytic copper  refining.  The  demand,  which  is  not  large,  is 
practically  limited  to  manufacturers  of  red  glass  and  red  enameled 
ware;  but  while  the  use  of  selenium  as  a  means  of  coloring  glass 
was  patented  twenty -one  years  ago  by  F.  Welz  {Bcr.,  25,  819), 
very  little  has  been  published  on  selenium  glass.  It  is  for  this 
reason  that  the  paper  by  Fritz  Kraze  in  Sprcchsaal,  45,  No.  14, 
214-6;  No.  15,  227-8  (1912)  is  of  great  interest  to  the  glass 
manufacturer;  accordingly,  it  is  abstracted  at  some  length. 

Welz  used  selenium  or  a  compound  of  selenium  and  cadmium 
sulphide  for  the  production  of  rose,  red  and  orange  colored 
glasses  (see,  in  this  connection,  Eng.  Min.  J.,  December  18, 
1897,  731);  but  an  enquiry  in  the  "Fragekasten"  of  the  Sprcch- 
saal showed  Kraze  that  these  mixtures  were  not  yet  satis- 
factory. He  gives  as  a  good  composition  for  coral-red  corre- 
sponding to  Kaiser-red  glass  (see  Sprcchsaal,  191 1,  707):  100 
kg.  sand,  20  kg.  soda,  8  kg.  potash,  7  kg.  lime,  0.5  kg.  borax, 
13  kg.  cryolite,  300  grams  selenium,  700  grams  cadmium  sulphide, 
and  230  grams  sulphur.  Similarly,  for  a  transparent  yellow-red 
glass,  200-300  grams  selenium  and  60  grams  uranium  oxide 
with  100  kg.  sand,  12  kg.  soda,  16  kg.  potash,  20  kg.  minium, 
and  10  kg.  limestone,  are  recommended.  The  use  of  selenium 
and  uranium  oxide  in  the  manufacture  of  orange-yellow  glass, 
was  patented  in  1893.  Uranium-selenium  glass  shows  a  green 
color  in  reflected  light,  while  it  is  yellow-red  in  transmitted 
light  (cf.  uranium  glass). 

Spitzer  patented  a  process  for  the  red  coloration  of  glass  by 
the  use  of  selenites  and  selenates  (Bcr.,  27,  777).  These  com- 
pounds are  more  suitable  than  metallic  selenium,  since  they  are 
more  stable  in  the  heat  of  the  furnace,  and  are  in  consequence 
less  likely  to  become  lost  through  volatilization  and  oxidation. 
New  shades  of  color  are  obtained  by  the  use  of  selenium  and 
selenium  compounds  with  gold  {Ibid.,  28,  195),  or  with  silver, 
opacifying  metallic  oxides  and  certain  minerals,  such  as  cryolite, 
fluorspar,  various  phosphates,  etc. 

Even  if  elementary  selenium  is  incorporated  into  the  glass 
batch,  it  dissolves  in  the  clear  fusion  without  producing  any 
coloration;  doubtless  it  is  oxidized  and  exists  in  the  form  of 
dioxide  in  a  colloidal  state.  A  reducing  agent  i  necessary  if  a 
red  selenium  -glass  is  to  be  obtained.  Arsenic  trioxide  will 
effect  the  reduction  of  selenium  compounds  dissolved  in  glass, 
and  the  same  reaction  occurs  with  corresponding  amounts  of 
powdered  charcoal  or  in  fusion  in  a  reducing  atmosphere.  With 
glasses  fused  with  sodium  selenate,  Kraze  always  obtained  a  red 
coloration  following  an  addition  of  arsenic  trioxide  correspond- 
ing to  the  reduction  to  selenium. 

"All  formulas  including  saltpeter  for  red  selenium  glass  are 
absurd;"  in  fact,  the  use  of  saltpeter  "does  not  seem  to  apply 
even  in  lead  glass  colored  with  selenium"  (Sprcchsaal,  191 1, 
142),  for  there  will  always  be  an  oxidation  of  the  selenium 
present,  giving  rise  to  ineffective  selenium  (colorless  dioxide) 
and  occasioning,  considerable  loss.  Kraze  failed  to  obtain  a 
color  with  a  batch  of  the  following  composition:  100  kg. 
sand,  15  kg.  potash,  15  kg.  soda,  12  kg.  marble,  6  kg.  minium, 
3  kg.  saltpeter,  and  125  kg.  selenium. 

Kraze  concluded  that  if  the  red  color  of  selenium  glass  is  due 
to  the  separation  of  red  elementary  selenium,  then  there  must 
result  an  evolution  of  hydrogen  upon  treating  the  glass  with 
concentrated  hydrofluoric  acid.  Investigation  showed  a 
simultaneous  formation  of  hydrogen  selenide,  which  could  only 
be  attributed  to  the  presence  of  a  selenide  in  the  glass  examined, 
No.  1  of  the  experiments  given  below. 

Glasses  decolorized  by  means  of  selenium  possess  an  unusual 


clearness  and  brilliancy.  The  use  of  selenium  as  a  decolorizing 
agent  (sodium  selenate  is  generally  used)  is  claimed  in  German 
Patents  63,558,  78,565,  and  88,615.  Careful  experiments  have 
shown  (see  Miskowsky,  Keram.  Rundschau,  18,  457)  that  the 
ratio  of  ferrous  oxide  to  decolorizing  agent  is  1  :  0.000208  for 
selenium,  which  acts  as  a  decolorizcr  by  producing  a  comple- 
mentary color  which  "covers"  the  green  tint  imparted  to  glass 
by  iron  oxides.  (Selenium-manganese  is  now  being  marketed 
in  the  United  States  as  a  glass  decolorizer.)  Kraze  found  that 
the  undesirable  red  tint,  due  to  too  much  selenium  in  decolorized 
glasses,  was  removed  when  arsenic  was  added  to  the  molten 
glass,  which  showed  that  arsenic  acted  as  a  reducing  agent. 

In  the  experiments  made  by  Kraze,  the  following  types  of 
glass  were  placed  in  a  Seger  oven  in  chamotte  crucibles  and 
mixed  with  sodium  selenate  or  selenium: 


Mo. 

I. 

1.7 

K2O 

CaO 

9.8 

S1O2 

No. 

II. 

1.7 

Na20 

CaO 

9.8 

SiOs 

No. 

III. 

1.18 

Na20 

CaO 

6.94 

SiOj 

No. 

IV. 

1.53 

K20 

CaO 

5.4 

SiOj 

No. 

V. 

1.53 

K20 

BaO 

5.4 

SiOa 

No. 

VI. 

1.53 

Na20 

BaO 

5.4 

Si02 

No. 

VII. 

1.53 

K4O 

ZnO 

5.4 

SiOj 

No. 

VIII. 

1.53 

Na20 

ZnO 

5.4 

Si02 

No. 

IX. 

1.49 

K20 

CaO 

9.8 

S1O2 

No. 

X. 

1.49 

K20 

BaO 

9.8 

SK>2 

No. 

XI. 

1.49 

K20 

ZnO 

9.8 

Si02 

No. 

XII. 

1.49 

K20 

PbO 

9.8 

Si02 

No. 

XIII. 

1.49 

K20 

CaO 

9.3 

SiQ2 

0.5    B£>3 

No. 

XIV. 

1.49 

K20 

CaO 

9.47 

SiOo 

0.33  P2Os 

No. 

XV. 

1.49 

K20 

CaO 

9.3 

Si02 

0.5    Sn02 

No. 

XVI. 

1.49 

K20 

CaF2 

0.3 

A1203 

9.8     Si02 

According  to  the  calculation  of  the  mixtures  of  types  I-X VI, 
all  contained  100  parts  by  weight  of  quartz,  in  order  to  measure 
the  proportion  of  added  selenium  recommended  by  Schuster 
&  Wilhelmy  A.-G.  for  the  production  of  rose-colored  glass. 
According  to  this  firm,  300-350  grams  sodium  selenate  or  100- 
120  grams  elementary  selenium  are  used  with  100  kg.  sand. 

No.  I. — The  crude  mixture  contained  by  weight:  100  quartz, 
40  potash,  17  limestone.  Of  this  mixture  157  grams  were  fused 
with  0.3  gram  sodium  selenate.  On  the  first  run,  3  hours  after 
heating  the  Seger  oven,  the  glass  was  still  colorless.  It  was  then 
treated  with  0.5  gram  arsenic,  and  after  30  minutes  another 
test  was  made.  The  result  was  a  completely  fused  glass  with  a 
very  faint  red  color.  This  molten  glass  was  next  well-stirred 
and  1  hour  after  the  previous  test  was  found  to  be  colored  red. 
After  another  hour  the  color  remained  unchanged.  It  was  next 
mixed  with  0.6  gram  more  arsenic,  which  produced  a  deep  red 
color;  and,  in  15  minutes,  with  the  addition  of  another  gram  of 
arsenic,  the  color  remained  unchanged.  This  experiment 
showed  that  the  red  colored  selenium  separated  out  under  strong 
reducing  influences,  the  color  increasing  until  the  completion 
of  reduction. 

No.  II. — An  equal  molecular  weight  of  soda  was  substituted 
for  potash;  and  the  mixture  contained  100  grams  quartz,  31 
grams  calcined  soda,  and  17  grams  lime.  This  time  0.5  gram 
selenium  was  added.  After  2  hours,  the  glass  was  colorless; 
the  addition  of  arsenic  an  hour  later  gave  no  result,  and  the 
glass  finally  became  greenish  without  any  noticeable  red  tint. 
These  experiments  showed  that  the  soda-lime  glass  was  un- 
united for  selenium  coloring;  the  formation  of  a  colored  sodium 
selenide  had  not  taken  place.  The  green  color  observed  was 
traced  to  dissolved  ferrous  silicate,  resulting  from  the  iron  rod 
employed  in  stirring. 

No.  III. — This  corresponded  to  a  glass  composition  according 
to  Tscheuschner  and  was  selected  in  order  to  try  a  high-alkali 
glass:  100  grams  quartz,  30  grams  calcined  soda,  and  24  grams 
calcium  carbonate  were  fused  with  0.3  gram  sodium  selenate. 
After  3  hours,  the  glass  was  incompletely  fused,  very  opaque, 
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rl     ro  1  colored,  being  even  Btrongei  than  Mo    I  before 
the  addition  of  arsenic     The  glass  became  slightl)  tra  1 
30  minutes  later,     but  the  red  color   had    disappeared;    afto 
anothei    half-hour  there  still  remained  some  unfused   matter, 
but  othei  u  ise  the  glass  was  clear,  although  it  .  greenish 

tint.  An  addition  «>f  d.5  gram  arsenic  was  now  made,  and  the 
result  was  a  clouded  and  intensely  green  colored  glass;  the  green 
coloi  persisted  until  cleai  fusion.  Anothei  addition  oi  0.5  gram 
arsenic  gave  a  pale  bul  stui  green  glass.  These  fusions  showed, 
as  in  the  case  oi  No.  11,  thai  soda  lime  glass  was  hardly  suited 
for  selenium  coloring,  even  though  the  greater  lime  content  as 
compared  to  the  soda  present,  was  somewhat  favorable  for  color- 
ing at  first.  The  increase  in  depth  of  the  green  color  after  the 
addition  of  arsenic  was  ascribed  to  a  reduction  of  ferric  silicate. 

No.  IV. — 100  grams  qviartz,  65  grams  potash,  and  31  grams 
calcium  carbonate  were  fused  with  0.5  gram  selenium.  The 
iron  oxide  (from  the  rod  1  altered  the  red  color  of  the  selenium. 
An  addition  of  0.5  gram  arsenic  brightened  the  glass,  and  further 
additions  served  to  produce  ferrous  oxide,  the  green  color  of 
which,  with  the  red  color  of  the  selenium,  produced  the  de- 
colorization.  The  cold  glass  was  bright  yellow  brown,  although 
it  had  a  rose  tint. 

No.  V. — The  batch  contained  100  grams  quartz,  65  grams 
potash,  and  60  grams  barium  carbonate,  making  a  glass  which 
fused  easily:  0.5  gram  selenium  was  added,  and  before  fusion 
an  addition  of  1.5  grams  arsenic  was  made.  After  2  hours,  the 
glass  was  bright  and  possessed  a  coffee-brown  color  and  a  rose 
shade.  After  30  minutes,  1  gram  arsenic  was  added,  where- 
upon the  glass  rapidly  became  colorless,  with  only  a  weak  brown 
tint.  Further  additions  of  arsenic  produced  a  green  color. 
The  arsenic  had  finally  caused  a  complete  reduction  of  ferric 
oxide  to  ferrous  oxide  and  consequently  a  green  color;  the 
selenium  had  been  volatilized,  although  probably  barium 
selenide  was  formed  to  a  certain  extent. 

No.  VI.— The  batch  contained  100  grams  quartz,  50  grams 
calcined  soda,  60  grams  barium  carbonate,  and  0.5  gram 
selenium.  The  addition  of  arsenic  was  made  as  in  No.  V. 
The  first  result  was  an  orange-brown,  crystalline  glass;  after 
another  addition  of  arsenic  (1  gram),  it  became  colorless.  The 
complementary  effects  of  the  colors  entered  in  here,  for  on  re- 
peated additions  of  1  gram  arsenic,  the  glass  became  very  green 
colored. 

No.  VII. — The  fusion  was  made  with  100  grams  quartz,  65 
grams  potash,  25  grams  zinc  oxide,  and  0.5  gram  selenium. 
After  2'/2  hours,  the  glass  was  clear  and  of  a  deep  brownish 
vellow  color.  The  addition  of  arsenic  failed  to  produce  a  change 
in  color  after  15  minutes;  a  second  addition  gave  rise  to  a  yellow- 
ish gray  tint;  and  a  third  addition  caused  no  change  but  a  slight 
brightening.  Kraze  was  led  to  believe  that  zinc  selenide  was 
formed  in  this  experiment. 

No.  VIII. — 100  grams  quartz,  50  grams  calcined  soda,  25 
grams  zinc  oxide,  and  0.5  gram  selenium.  The  results  obtained 
were  similar  to  those  in  No.  VII,  except  that  the  clarification 
occurred  after  3  hours  and  the  color  changes  were  different. 
After  the  first  addition  of  arsenic,  the  color  change  was  to  yellow, 
and  further  additions  effected  no  change  in  color  and  only  a 
slight  clarification.     A  red  tint  was  never  noticed. 

The  following  tests  were  decidedly  more  acid  than  the  pre- 
ceding and  the  glasses  were  similar  to  potassium  glasses  of  the 
type: 

1.49  K2O.R0.9.8  acid. 
In  the  previous  tests  the  acids  entered  into  the  composition 
solely  as  silica;  in  the  following  difficultly  fusible,  acid  glasses 
were  experimented  with  for  comparison. 

No.  IX. — This  was  a  composition  for  Bohemian  crystal 
glass  taken  from  Hohlbaum's  "Zeitgem&sse  Herstellung,  Bear- 
beitung  tind  Verzierung  des  jeineren  Hohlglascs."  The  batch  of 
100  grams   quartz,   35   grams  potash,   and    17   grams   calcium 


carbonal  1  with  onl)  0.1  gram  selenium.    Three  noun 

in.  1  heating  the  furnace,  tes!  1  showed  no  unfused  parts  and 
was  deep  brown  hours  after,  tests  2  and  3  possessed  the  same 
color  The  addition  of  0.5  gram  arsenic,  however,  caused  a 
hi  a  prettj  red  (test  p.  The  rose  color  did  no1  change 
alt,  1    :  ,  houi  (tesl  si,  and  even  remained  aftei  repeated  addi 

tious  (2  5  ,  i  on  i  ill  arsenic  i  test  6).  Kven  after  30  minutes 
later,  following  an  addition  of  arsenic  (0.5  gram),  no  change  in 
coloi  was  observed.  The  results  of  this  experiment 
that  the  desired  color  had  been  obtained  with  very  small  amounts 
of  selenium  (o.i  gram).  Hence  the  results  agreed  with  those  of 
N11,  I,  lor  the  measured  addition  of  sodium  selenate  (40  per 
1  ,  ill  dt)  used  in  the  latter  corresponded  to  0.12  gram  selenium; 
but  glass  No.  I,  with  less  silica,  did  not  assume  a  rose  color  so 
rapidly  as  No.  IX.  Therefore,  it  seems  that  the  acid  content 
of  the  glass  plays  an  important  part  in  developing  the  red  color. 
Nevertheless,  it  must  not  be  considered  that  sodium  selenate 
requires  more  energetic  reduction  for  red  coloring  than  selenium. 

Kraze  also  fused  the  batch  of  No.  IX  with  0.2  gram  of  selenium, 
with  1  gram  selenium,  and  again  with  double  and  five  times  the 
amount.  What  he  expected  did  not  occur:  he  red  coloration 
did  not  become  intensified  from  an  increase  in  the  selenium 
content,  and  the  rose  color  resulting  from  an  addition  of  0.1 
gram  selenium  could  not  be  distinguished  from  that  from  0.2 
gram  selenium — in  fact,  both  glasses  were  colored  even  more 
strongly  than  when  0.5  gram  selenium  was  used. 

No.  X. — In  this  experiment  lime  was  substituted  by  barium 
oxide,  but  otherwise  the  glass  was  the  same.  The  batch  was: 
100  grams  quartz,  35  grams  potash,  33  grams  barium  carbonate, 
and  0.2  gram  selenium.  The  first  test  had  hardly  been  fused 
before  it  showed  a  rose  tint.  Two  hours  after  the  gas  oven  was 
started,  the  glass  was  thoroughly  fused,  but  the  rose  color  was 
brown  tinted.  Four  hours  later,  tests  showed  that  the  product 
was  somewhat  brighter. 

No.  XI. — A  more  acid  zinc  glass  than  No.  VII  was  obtained 
by  substituting  zinc  oxide  for  barium  oxide.  The  batch  con- 
sisted of  100  grams  quartz,  35  grams  potash,  14  grams  zinc 
oxide,  and  0.2  gram  selenium.  Tests  showed  that  at  the  be- 
ginning of  the  fusion  there  was  a  very  weak  rose  tint,  but  the 
melt  later  became  absolutely  colorless;  the  addition  of  arsenic 
did  not  cause  the  least  coloration. 

No.  XII. — Composition:  100  grams  quartz,  35  grams  potash, 
39  grams  minium,  and  0.2  gram  selenium.  After  4  hours 
fusion,  the  tests  showed  a  yellow  glass,  but  later  brownish  yellow, 
and  finally  a  glass  colored  a  little  more  intensely. 

The  next  three  experiments  were  again  with  potassium — lime 
glasses,  but  boric  acid,  phosphoric  acid,  or  stannic  oxide  was  in 
part  substituted.  Replacement  of  part  of  the  silicic  by  boric 
acid  in  the  acid  potash  glasses  diminished  the  red  color;  and 
phosphoric  acid  and  stannic  oxide  acted  in  a  similar  manner  and 
to  a  greater  extent.  Replacement  of  the  lime  by  fluorspar 
gave  only  a  colorless  glass,  owing,  no  doubt,  to  the  volatilization 
of  the  selenium  as  fluoride  during  the  fusion. 

Kraze  promises  to  investigate  the  existence  of  selenides  in 
colored  selenium  glasses. 

HEAVY  OIL  ENGINES. 

The  following  is  an  abstract  of  an  address  by  Capt.  H.  R. 
Sankey  before  the  Royal  Society  of  Arts,  April  29,  191 2: — 

Some  twenty  years  ago  there  was  only  one  form  of  oil  engine, 
of  which  the  Hornsby-Akroyd  and  Priestman  could  be  taken 
as  types.  These  engines  required  external  heat  at  starting  for 
the  evaporation  of  their  fuel  and  worked  on  paraffin.  In  1890, 
Daimler  invented  the  petrol-engine,  which  worked  with  petrol 
of  a  specific  gravity  of  about  0.68  and  which  required  no  ex- 
ternal heat  for  the  evaporation  of  its  fuel.  Seven  years  later 
Diesel  introduced  his  engine,  which  worked  with  heavy  oil  and 
required  no  external  heat,  as  the  fuel  was  mechanically  "pulver- 
ized" instead  of  being  evaporated. 
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At  the  present  time,  two  classes  of  oil-engines  are  in  use,  viz.: 
light-oil  engines,  which  use  fuel  capable  of  forming  explosive 
mixtures  at  ordinary  temperatures  and  possessing  a  density  of 
0.68-0.72;  and  heavy-oil  engines,  which  use  fuel  requiring  high 
temperatures  or  mechanical  "pulverization"  for  the  formation 
of  explosive  mixtures,  and  possessing  a  specific  gravity  of  0.8- 
0.9.  Of  the  heavy-oil  class,  the  Diesel  engine,  which  has  re- 
ceived much  space  lately  in  the  technical  press,  is  the  most 
important  type.  In  it  the  compression  occurs  entirely  on  a 
charge  of  air,  into  which  the  fuel  is  afterwards  injected,  so  that 
there  is  no  danger  of  pre-ignition,  and  compression  pressures 
up  to  450-500  lbs.  per  sq.  in.  can  be  used.  It  is,  in  fact,  in  its 
high  compression  that  the  great  efficiency  of  the  Diesel  engine 
lays.  In  the  semi-Diesel  type  of  engine,  in  which,  after  com- 
pression of  air,  the  fuel  is  injected  into  a  hot  bulb,  there  is  no 
danger  of  pre-ignition,  but  compressions  up  to  about  200  lbs. 
per  sq.  in.  are  usually  found  to  be  sufficient  to  ensure  ignition. 

In  the  Diesel  engine  admission  occurs  at  constant  pressure 
and  exhaust  at  constant  volume,  as  compared  with  the  gas- 
engine  and  petrol-engine,  in  which  admission  takes  place  at 
constant  volume.  This  difference  gives  the  Diesel  engine  an 
advantage,  since  there  is  a  greater  difference  between  the  upper 
portions  of  the  actual  and  theoretical  diagrams  in  the  two  cases. 
The  economy  of  the  Diesel  engine  is  also  largely  accounted  for 
by  the  high  compressions,  up  to  from  450-500  lbs.  per  sq.  in., 
which  can  be  used.  The  temperature  reached  in  the  cylinder 
of  a  Diesel  engine  is  usually  about  12000  F.  With  a  2 -stroke 
cycle  gas-engine  there  is  danger  that  some  of  the  new  working 
charge  may  be  blown  out  of  the  exhaust  by  the  scavenging  air, 
but  in  a  Diesel  engine  this  can  not  happen,  so  that  the  Diesel 
may  be  regarded  as  essentially  a  2-stroke  engine. 

According  to  Industrial  Engineering,  II,  401,  the  thermal  or 
indicated  efficiency  of  the  Diesel  engine  of  to-day  reaches  48 
per  cent.,  while  the  effective  or  brake  efficiency  reaches,  in  some 
cases,  35  per  cent,  of  the  heat  value  of  the  fuel.  This  engine 
converts  the  heat  of  the  natural  fuel  into  work  in  the  cylinder 
itself,  without  any  previous  transforming  process. 

Allner  (/.  GasbeL,  54,  321)  reported  that  tests  on  a  100  h.  p. 
Diesel  motor  showed  vertical-oven  tar  was  a  very  satisfactory 
fuel  for  this  type  of  engine;  later  (Progressive  Age,  20,  481) 
it  was  pointed  out  that  tar  fuel  was  the  least  expensive  for 
Diesel  engines  and  that  with  slight  changes  in  the  engine,  no 
difficulty  was  experienced  in  using  it;  and  Allner  has  more 
recently  pointed  out  (/.  GasbeL,  54,  1025)  that  the  present 
practice  in  using  tar  is  to  assist  ignition  by  spurting  into  the 
cylinder  about  5  per  cent,  of  gas  oil  just  ahead  of  the  tar.  Re- 
cently, however,  it  has  been  found  possible  to  operate  on  tar 
oil  and  avoid  the  use  of  even  this  small  amount  of  gas  oil,  and 
quite  lately  it  has  been  ascertained  that  a  40  h.  p.  Diesel  engine 
may  be  operated  by  the  use  of  raw  tar  itself,  using  both  vertical 
oven  tar  and  certain  kinds  of  retort  oven  tar,  and  wholly  avoid- 
ing any  use  of  ignition  oil. 


THE  CLASSIFICATION  OF  SOAPS. 

With  the  object  of  classifying  different  soaps  on  a  commercial 
scale,  the  Commission  appointed  by  the  Italian  Union  of  Soap 
Makers  has  proposed  to- divide  them  in  the  order  of  their  re- 
quirements. Gianoli  reports  as  follows  concerning  the  rec- 
ommendations of  the  Commission  \Chcm.  Trade  J.,  50,  465 
(1912)]: 

I.    PURE   SOAPS   OF   THE   FINEST   QUALITY. 

(a)  Boiled  Soaps. — Hard,  soft,  floating,  white  and  dyed, 
scented  or  unscented;  not  liable  to  change  color  or  to  become 
rancid;  completely  soluble  in  water  and  in  alcohol;  and  con- 
stituted by  a  combination  of  soda  and  fatty  acids  when  this  is 
insoluble  in  sodium  chloride  solutions  at  150  Be\,  i.  e.,  free 
from  oxy-fatty  acids,  and  in  which  the  total  percentage  of 
hydrated  fatty  acids,  non-siccative,  is  not  less  than  60  per  cent. 


Free  from  unsaponified  glyecrides,  hydrocarbons,  wax,  alkaline 
and  metallic  soaps;  not  more  than  0.3  per  cent,  free  sodium 
hydroxide;  not  more  than  1.5  per  cent,  total  mineral  matter; 
nut  more  than  2  per  cent,  foreign  organic  matter  (coloring 
matter,  perfume,  or  fatty  acids  of  low  molecular  weight). 

(b)  Resin  Soaps. — Boiled  with  nut  more  than  15  per  cent,  of 
colophony,  and  otherwise  corresponding  to  the  requirements 
assigned  to  the  preceding. 

(c)  Mottled  and  Marbled  Soaps,  in  which  the  proportion  of 
hydrated  fatty  acids  is  not  less  than  55  per  cent.,  and  the  total 
free  alkalies,  carbonates,  sulphates,  and  alkaline  silicates  do  not 
exceed  3.5  per  cent. 

2.  CURRENT  SOAPS  OF  INFERIOR  QUALITY. 
Hard  or  soft,  plain  or  marbled,  containing,  or  not  containing, 
alkaline  mineral  detergents,  organic  or  mineral  fillings  in  quan- 
tities greater  than  3.5  per  cent,  when  the  soaps  contain  33  per 
cent,  humidity — namely,  soaps  containing  carbonates  and 
alkaline  silicates,  talc,  kaolin,  asbestine,  fossil  flour,  or  sugar, 
starch,  fecula,  hydrocarbons,  etc.  Soaps  manufactured  cold 
or  hot  with  fatty  acid  or  glyecrides  of  any  nature,  with  or  with- 
out resin. 

3.    DRY   SOAPS. 

Soaps  which  do  not  give  more  than  20  per  cent,  of  water  when 
exposed  for  3  hours  to  a  temperature  of  105-110°  C.  after  being 
pulverized  with  10  times  their  weight  of  powdered  glass. 

The  soap  classifications  hitherto  published  have  been  generally 
based  on  the  methods  of  manufacture.  The  above  classifica- 
tion seemed  to  the  Italian  Commission  to  more  nearly  meet  the 
requirements  of  the  analyst  and  consumer.  What  the  latter 
desires  to  know  is  the  peculiar  character  of  the  soap  he  is  buying, 
and  not  how  it  is  made.  Consequently,  to  satisfy  the  trade, 
the  limits  within  which  the  composition  may  vary  must  be 
specified. 


THE  SPONTANEOUS  COMBUSTION  OF  CHARCOAL. 

In  191 1,  there  were  64  reported  fires  in  the  transportation  of 
charcoal  in  the  United  States,  and  of  these  63  were  evidently 
caused  by  spontaneous  combustion.  During  191 1,  experiments 
on  the  spontaneous  heating  and  ignition  of  hardwood  charcoal 
were  started  at  Straight,  Pa.,  and  at  Westline,  Pa.,  by  the 
Bureau  for  the  Safe  Transportation  of  Explosives  and  other 
Dangerous  Articles.  The  charcoal,  after  varying  treatment 
as  to  cooling  and  air  exposure,  was  loaded  into  box  cars,  and  the 
temperature  of  the  interior  of  these  cars  was  observed  at  inter- 
vals to  detect  any  increase  in  temperature.  From  the  incom- 
plete series  of  experiments  performed,  it  was  reported  (Bureau 
of  Explosives,  Report  No.  5,  February,  1912,  p.  47)  that  "no 
conclusions  can  be  drawn  as  to  the  relative  efficiency  of  various 
periods  of  cooling  and  airing.  In  no  case  was  there  any  ignition 
or  an  increase  of  temperature  approaching  ignition.  In  every 
case  but  one  there  was  a  noticeable  rise  of  temperature,  which 
can  be  ascribed  only  to  the  action  of  air  on  the  cold  charcoal, 
and  not  to  any  residual  sparks  or  fire."  The  figures  obtained 
so  far  have  not  shown  that  wetting  the  charcoal  increases  the 
heating  effects,  although  it  is  the  general  belief  that  heating 
more  frequently  occurs  in  damp  weather.  "To  attain  absolute 
security  from  fires  of  spontaneous  origin  it  is  necessary  to  store 
the  charcoal  in  the  open  till  such  time  as  it  attains  its  equilib- 
rium with  regard  to  absorption  of  air" — an  impracticable 
procedure,  so  "the  logical  alternative  is  to  supplement  the  best 
present  practice  of  cooling,  airing  and  storing  in  open  cars  for 
24  hours  prior  to  shipment  by  a  safe  method  of  ventilation  of 
cars  during  shipment." 

The  experiments  on  the  spontaneous  combustion  of  charcoal 
recently  published  by  the  National  Physical  Laboratory  (Re- 
port for  1010,  85;  191 1,  86)  were  conducted  in  an  electrically 
heated  oven,  in  which  1  cu.  ft.  of  the  charcoal  was  exposed  to  a 
uniform    temperature    (constant    within    i°C),    measured    by 
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thermocouples  The  charcoal  was  Burrounded  bj  as 
;iii  Bpac<  iboul  3  inches  wide,  and  the  oven  could  be  closed  air 
tight  01  a  currenl  of  aii  oi  anj  desired  velocity  passed  through 
it.  Experiments  with  flake  charcoal  showed  thai  with  ah 
currents  ranging  from  5  6a  cu.  ft.  pet  minute  for  1  cu.  ft.  of 
charcoal,  spontaneous  combustion  occurred  at  temperatures  of 
from  96  [io°  C,  while  al  Iowa  temperatures  no  signs  of 
spontaneous  heating  could  be  observed.  Additional  experi 
Hunts  showed  that  in  a  current  of  air  containing  5  per  cent, 
sulphur  dioxide,  spontaneous  combustion  of  the  charcoal  took 
place  afu-i  some  hours;  therefore,  there  is  risk  of  danger  in  using 
sulphui  dioxide  for  disinfecting  rooms,  etc.,  where  charcoal 
is  present  in  the  walls  It  is  reported  that  decayed  wood  ap- 
pears to  be  much  less  inflammable  than  charcoal. 

ARTIFICIAL  RUBBER  FROM  SEAWEED. 

A  product,  now  being  marketed  under  the  name  "Seagumite," 
said  to  be  non-inflauimable,  damp-proof,  and  unaffected  by 
heat  or  cold,  and  to  be  expected  to  provide  a  substitute 
for  rubber  and  leather,  is  the  subject  of  a  patent  recently 
issued  to  J.  S.  Campbell,  of  London  (English  Patent  5395, 
191 1).  His  invention  relates  to  improvements  in  the  pro- 
duction of  a  substance  having  the  characteristics  of  rubber 
and  capable  of  vulcanization.  It  had  previously  been  pro- 
posed to  treat  marine  plants,  lixiviated  by  acidulated  water, 
with  alkalies  such  as  ammonia;  and  it  is  said  that  the  material 
thus  produced  has,  after  impregnation  with  siccative  oil  or  dis- 
solved india-rubber,  been  found  suitable  for  use  in  the  whale- 
bone industry.  The  Campbell  process  consists  in  boiling 
washed  and  crushed  seaweed  in  steam-jacketed  pans  with  am- 
monia for  about  45  hours,  1  gallon  of  ammonia  (specific  gravity, 
0.88)  being  used  for  5  cwts.  of  seaweed;  drying  in  an  agitating 
apparatus,  to  which  heat  is  applied,  and  during  agitation  adding 
1  gallon  of  a  mineral  or  vegetable  oil,  as  rosin  oil;  adding  next 
a  vulcanizing  substance,  such  as  sulphur,  and  subsequently 
mixing  the  whole  mass  with  25  per  cent,  by  weight  of  a  glutinous 
or  resilient  binder,  as  pontianac  gum,  jelutong,  gutta-percha,  or 
reclaimed  rubber  waste.  The  whole  is  then  heated  for  1  hour 
and  finally  dried  in  a  vacuum  pan  or  press.  Prior  to  removing 
and  drying,  a  preservative,  as  wood  or  bark  extract,  may  be 
added  to  the  amount  of  0.85  per  cent,  by  weight  of  the  seaweed 
used. 

The  Campbell  process  seems  to  be  primarily  dependent  upon 
the  formation  of  ammonium  alginate.  Algin  in  its  soluble 
forms  is  recognized  as  having  probable  value  as  an  agglutinant, 
and  a  substance  resembling  gutta-percha  may  be  prepared 
from  the  alkaline  alginates  and  shellac. 

"TEMPERED  COPPER"  TOOLS. 

According  to  Tlw  Engineering  and  Mining  Journal,  93,  No. 
20,  986,  the  copper-cutting  instruments  of  the  Tarascans,  found 
in  the  Balsas  River  ruins  in  Guerrero,  are  so  hard  that  they 
would  turn  the  edge  of  a  modern  knife,  and  it  has  been  claimed 
that  these  people,  along  with  the  Aztecs  and  Toltees,  possessed 
the  secret  of  tempering  copper.  On  the  other  hand,  copper 
knives  and  axes,  found  at  Atcopotzalco,  are  so  soft  that  they 
can  be  cut  with  an  ordinary  pocket  knife.  Analysis  showed 
that  in  all  three  localities  the  copper  implements  were  of  the 
same  composition  as  the  copper  ores  found  therein.  The 
blades  from  Guerrero,  which  are  hard  and  apparently  tempered, 
were  made  from  the  natural  ore  carrying  nickel  and  cobalt, 
thus  rendering  the  smelted  alloy  steel-like  in  hardness.  Thus, 
the  natural  product  gave  an  alloy  of  great  hardness  when  heated 
and  sharpened,  while  the  other  ores  of  practically  pure  copper, 
when   smelted,   resulted    in   implements   whi  h   were   soft   and 


mi in  cutting  value     The  sharp  cutting  tmpli     en1 

therefore  the  result  of  Nature's  handiwork,  and  it  is  indeed  very 

questionable  whethei  these  peoph  possessed  the  Becel  of  ten 
pering. 

THE  PURIFICATION  OF  AIR  BY  OZONE. 
Nature,   89,   304,   states  that  the  system   of   ozone   production 

and  distributing  plant  installed  for  air  purification  and  ventila 
tion  on  the  Central  London  Railway  is  a  plenum  one,  and  con- 
sists of  Siroeeo  fans  placed  at  each  of  the  underground  stations, 
except  that  at  Shepherd's  Bush.  The  total  air  supplied  to  tin 
tubes  is  about  80,000,000  cu.  ft.  per  day.  Each  fan  draws  its 
air  through  a  filter  screen,  and  works  in  conjunction  with  an 
ozone-generating  plant.  The  latter  consists  of  mica  sheets 
with  metallic  gauze  on  each  side,  stacked  side  by  side,  and 
energized  by  alternating  current  at  about  5,000  volts,  in  such 
connection  that  a  silent  discharge  passes  between  the  various 
plates,  so  that  air  passing  between  them  is  ozonized.  The 
ozone  generator  is  supplied  with  a  small  transformer,  which  in 
turn  is  supplied  with  380  volts  alternating  current  from  a  small 
rotary  converter.  The  converter  is  connected  on  its  direct- 
current  side  to  the  550-volt  lighting  circuit  of  the  railway. 


THE  USE  OF  COKE-OVEN  GAS. 

Cooper  (/.  Gas  Ltg.,  118,  107)  states  that  in  Germany  the 
towns  of  Waldenburg,  Altwasser,  Salzbrunn,  Essen,  Dortmund, 
and  Mulheim  have  been  supplied  for  some  time  with  gas  from  the 
neighboring  coke-oven  plants.  The  entire  supply  of  gas  for 
Mulheim-on-the-Ruhr  and  for  Barmen  is  obtained  from  two 
coke-oven  plants.  The  installation  consists  of  50  Koppers' 
horizontal  regenerator  ovens,  each  of  which  is  capable  of  taking 
a  charge  of  8-10  tons  of  coal;  the  period  of  carbonization  is  24 
hours  and  only  the  richer  portion  of  the  gas  (that  evolved  from 
the  second  to  the  twelfth  hour,  representing  50  per  cent,  of  the 
yield)  is  used  for  distribution.  During  this  time  one  oven  will 
produce  70,600  cu.  ft.  of  gas  possessing  a  calorific  value  well 
over  600  B.  t.  u.  per  cu.  ft.  and  costing  $0.17  per  1,000  cu.  ft. 
The  gas  is  purified  from  hydrogen  sulphide  by  the  town  authori- 
ties and  distributed. 

THE  PRESERVATION  OF  WOOD  WITH  "BELLIT." 

In  order  to  increase  the  preservative  effect  of  sodium 
fluoride  on  wood,  it  is  now  being  mixed  with  nitro-phenols. 
According  to  Nowotny  (Oesterr.  Chem.  Ztg.,  15,  100;  cf.  Idem, 
13,  81),  one  of  these  mixtures,  "Bellit,"  consists  of  90  parts  of 
90-95  per  cent,  sodium  fluoride  and  10  parts  of  dinitrophenol- 
aniline.  The  latter  compound  is  used  because  it  does  not,  like 
free  dinitrophenol,  act  upon  the  iron  vessels  in  which  the  cimber 
is  impregnated;  it  is  also  active  as  an  antiseptic.  The  selective 
phenomena  observed  when  treating  timber  with  mixtures  of 
zinc  fluoride  and  hydrochloric  acid  are  reproduced  in  the 
"Bellit"  treatment. 


CHROME-NICKEL  BRONZE. 

Chrome-nickel  bronze  is  now  being  manufactured  by  a  Phila- 
delphia company,  the  product  being  known  as  "Chromax 
Bronze."  The  proportions  of  metal  in  the  alloy  are  said  to  be 
as  follows:  Copper,  66.66  per  cent.;  zinc,  12.13  Pa  cent.; 
nickel,  15.15  per  cent.;  chromium,  3.03  per  cent.;  and  aluminum, 
3.03  per  cent.  The  tensile  strength  of  the  alloy  is  said  to  be 
79,000  lbs.  per  sq.  in.;  the  color  is  white,  and  it  takes  a  fine, 
silvery  polish;  the  fracture  is  fine  and  dense,  particularly  after 
being  remelted;  and  the  alloy,  owing  to  its  high  melting  point, 
has  a  denser  structure  and  greater  compressive  strength  than 
manganese  bronze.     It  can  be  rolled  into  sheets  and  wire. 
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NOTES  AND  CORRESPONDENCE 


NOTES  ON  THE  COMPOSITION   AND  ANALYSIS   OF   DESIC- 
CATED MILK  AND  CREAM. 
■     By  R.  S.  Fleming. 

The  analysis  of  desiccated  milk  presents  several  difficulties 
which  do  not  appear  in  the  analysis  of  fresh  liquid  milk,  and 
serious  errors  have  been  made  through  assuming  that  methods 
which  apply  to  the  one  would  necessarily  apply  to  the  other. 
Especially  is  this  the  case  in  the  estimation  of  butter  fat. 

Before  making  the  analysis  the  sample  should  be  thoroughly 
mixed  and  then  placed  in  a  tightly  stoppered  bottle  to  prevent 
the  absorption  of  moisture,  most  milk  powders  being  quite 
hygroscopic. 

Moisture  is  estimated  by  drying  in  a  wide  shallow  weighing 
bottle  one  or  two  grams  of  milk  powder  to  constant  weight, 
preferably  in  a  vacuum  oven  at  95  °  to  100 °  C.  Five  hours  is 
generally  sufficient.  Do  not  dry  longer  than  this  without 
weighing.  A  slight  increase  in  weight  takes  place  after  long 
drying,  probably  from  oxidation  of  some  of  the  constituents. 
In  the  absence  of  a  vacuum  oven  an  ordinary  water  or  steam 
oven  having  a  temperature  of  990  to  100°  would  give  fair  re- 
sults, but  it  takes  considerably  longer,  about  10  hours,  and  even 
then  the  results  are  likely  to  be  a  trifle  low. 

Milk  sugar  can  be  best  determined  gravimetrically  as  follows: 
Weigh  out  in  a  small  beaker  2V2  grams  of  the  milk  powder  or 
such  a  quantity  that  there  is  not  over  0.3  per  cent,  of  sugar 
in  the  purified  solution.  Add  a  little  warm  water  at  about 
50  °  C.  and  stir  up  the  mixture  to  a  smooth  paste,  then  add  more 
warm  water  and  wash  into  a  500  cc.  flask.  Shake  up  with  the 
warm  water  until  thoroughly  dissolved.  Small  particlesof  themilk 
powder  are  liable  to  remain  undissolved  if  care  is  not  taken. 
Cool  and  make  up  the  volume  to  about  400  cc.  Add  10  cc. 
to  Fehling's  copper  sulphate  solution  and  proceed  as  in  A.  O. 
A.  C.  methods,  Bull.  107,  Bureau  of  Chemistry,  pages  119 
and  148.  Preferably  deposit  the  reduced  copper  electrolytically 
from  sulphuric  acid  solution. 

Cane  sugar,  if  present,  can  be  estimated  readily  by  a  modi- 
fication of  the  Stokes  and  Bodner  method,  by  which  the  cane 
sugar  is  inverted  by  means  of  citric  acid,  the  citric  acid  having 
no  inverting  action  on  the  milk  sugar.  In  a  250  cc.  Erlenmeyer 
flask,  place  50  cc.  of  the  sugar  solution  prepared  as  for  milk 
sugar  determination  by  precipitating  proteins,  etc.,  with  copper 
sulphate  and  carefully  neutralizing.  Add  0.5  gram  of  citric 
acid.  Boil  with  reflux  condenser  for  35  minutes.  Neutralize 
and  determine  the  reducing  power  of  the  solution  in  same  way 
as  for  milk  sugar,  adding  the  boiling  Fehling  solution  directly 
to  the  flask  containing  the  sugar  solution.  From  the  weight 
of  copper  found,  subtract  the  amount  found  in  previous  deter- 
mination for  the  milk  sugar,  multiply  by  the  factor  0.5395 
as  given  by  Allen,  Volume  1,  page  284.  This  gives  the  amount 
of  cane  sugar. 

Casein  is  rather  difficult  to  determine  from  the  fact  that 
it  precipitates  in  very  fine  particles  that  clog  the  filter.  The 
following  has  been  found  by  the  writer  to  be  the  most  satis- 
factory of  several  methods  tried:  To  50  cc.  of  a  10  per  cent, 
solution  of  the  milk  powder  at  40  °  C.  add  2  cc.  of  a  warm  satura- 
ted solution  of  potassium  alum.  Allow  to  settle.  Filter  on  a 
large  filter  paper  (15  cm.).  If  the  filtrate  is  not  clear,  filter 
on  another  smaller  paper.  Transfer  precipitate  to  filter.  Wash 
and  place  filter  papers  and  contents  in  a  Kjeldahl  flask. 
Determine  nitrogen  by  any  of  the  Kjeldahl  modifications.  If 
the  Gunning  method  is  used,  add  a  little  anhydrous  copper 
sulphate  to  hasten  the  reaction.  Three  hours'  digestion  by  this 
method  is  generally  sufficient.     Use  the  factor  6.38. 

Albumin   is   approximately    determined    by   subtracting   the 


casein  from  the  total  protein.  The  latter  may  be  determined 
by  digesting  one  gram  of  milk  powder  and  proceeding  in  the 
regular  way.  It  is  to, be  noted  that  in  milks  which  have  been 
highly  heated  the  albumin  is  partially  or  wholly  coagulated. 
In  that  case  the  suspended  albumin  will  precipitate  with  the 
casein,  making  the  percentage  of  the  latter  higher  than  it  should 
be. 

Ash  is  best  determined  by  incinerating  one  or  two  grams  in 
a  platinum  dish  at  a  low  red  heat.  For  the  first  half  hour  use 
a  very  low  flame. 

Butler  fat  may  be  determined  by  any  of  the  following  methods : 

First.  Extraction  with  pure  ethyl  ether  of  a  specific  gravity 
of  0.720  (anhydrous  ether  +0.5  per  cent,  by  volume  of  water) 
as  described  by  MeLellan,  Analyst,  1908,  page  353.  It  is  un- 
necessary, however,  to  soak  over  night  and  re-extract.  Six- 
teen hours'  continuous  extraction  in  a  Soxhlet  or  a  direct 
extraction  apparatus  is  sufficient.  Schleicher  &  Schuell's 
double  thick  extraction  cartridges  are  excellent  for  retaining 
the  fine  particles  of  milk  powder. 

Second.  The  Werner-Schmidt  method.  This  method  is 
most  conveniently  applied  as  follows:  Weigh  out  one  gram  of 
milk  powder.  Place  on  a  well  annealed  glass  stoppered  tube 
of  at  least  80  cc.  capacity.  Add  5  cc.  of  water.  Shake  until 
homogeneous,  then  add  7.5  cc.  of  concentrated  hydrochloric 
acid  (sp.  gr.  1 .  19).  Shake  until  dissolved.  Remove  the  stopper. 
Place  in  boiling  water  bath  for  five  minutes,  shaking  gently 
to  keep  the  mixture  agitated.  Remove  and  cool.  Then  add 
pure  ethyl  ether.  Shake  vigorously,  allow  to  settle  for  ten 
minutes.  Remove  ethereal  layer  to  a  weighed  flask  by  means  of  a 
wash  bottle  connection.  Repeat  the  extraction  three  times. 
Evaporate  off  the  ether  and  dry  in  the  water  oven.  Cool  and 
weigh.  Should  the  fat  be  contaminated,  as  it  will  be  at  times, 
dissolve  out  the  fat  with  petroleum  ether,  leaving  the  impuri- 
ties adhering  to  the  flask.  Dry  and  re-weigh.  Subtract  the 
impurities. 

Third.  A  new  method  worked  out  by  Redmond  in  this  labora- 
tory and  described  in  the  accompanying  paper,  "A  New  Method 
for  the  Determination  of  Fat  in  Desiccated  Milk,"  has  been 
found  to  give  splendid  results. 

Fourth.  The  Rose-Gottlieb  method  has  been  found  to  give 
satisfactory  results,  but  is  somewhat  tedious. 

The  following  methods  have  been  found  to  be  unsatisfactory 
as  they  give  low  results:  Adams,  Babcock,  extraction  with 
anhydrous  ether  or  chloroform. 

The  composition  of  milk  powder  varies  within  wide  limits. 
Very  recently  cream  powder  has  been  put  on  the  market  which 
has  almost  as  high  a  butter  fat  content  as  butter  itself.  Small 
amounts  of  cane  sugar  are  frequently  added.  Modified  milk 
for  infants  has  much  less  casein,  more  albumin  and  more  milk 
sugar  than  normal  milk.  The  accompanying  table  gives  the 
analyses  of  a  number  of  different  milk  and  cream  powders: 

Butter  Albu-       Milk  Cane  Mois- 

No.  fat.        Casein.        min.      sugar.         sugar.     Ash.       ture.        Total. 

1  29.12       24.06  1.86       37.52  5.72        1.48  99.76 

2  1.81        32.31  5.85       49.32  8.21        2.53        100.03 

3  15.26       27.18         4.84       43.92  6.46       2.03  99.69 

4  0.6  2.3  10.20       77.2  9.10        1.40        100.80 

5  11.25        11.30  7.57        60.10  7.66        1.37  99.25 

6  53.08  16.89  26.04  3.78       0.81        100.60 

7  67.64  12.21  15.92  2.67        0.76  99.20 

8  21.00  18.90  23.82        29.98       3.93        2.94        100.57 

9  47.16  2.25 
10                                                               49.71  1.54 

No.  1 ,  made  from  whole  milk. 

No.  2,  made  from  skimmed  milk. 

No.  3,  made  from  half  skimmed  and  half  whole. 

No.  4,  made  from  whey,  the  casein  having  been  largely  removed. 
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\\.  5,  made  from  whole   milk   modified  frith  whey,      When  dissolved 
«iiii  the  propei  proportion  ol  water  it  hai  approxlm  iti  i-   thi 

hum. 111   milk 

aade  from  tight  cream  and  No   1  from  heavier  cream. 
|i   from  know n  milks. 

\,.  8,  evidently  bom  whole  milk  with  the  addition  ol  u    11 

d  Mo   10.  evidently  (rom  aldmmed  milk  with  the  additi 

amoi  ugar. 

\.      8   10  made  from  unknown  milks 

I. Ml., I        r..l\.      MlKRELL  SOUXE     Co., 

SYRACUSB,    N.  Y.,  Feb.  17,  1912. 


A  MODIFICATION  OF  THE  BABCOCK  TEST  AS  APPLIED  TO 

THE  ESTIMATION  OF  FAT  IN  DESICCATED  MILK. 

By  N.  Gregory  Redmond. 

\<  tin-  Babcock  method  is  the  one  most  generally  used  by 
dairymen  and  manufacturers  using  milk  products,  either  it  or 
some  equally  unsuitable  method  is  often  applied  to  determine 
the  fat  in  desiccated  milk.  Van  Slyke1  appreciates  the  fact 
that  the  ordinary  Babcock  method,  when  used  with  milk  pow- 
der, gives  results  which  are  too  low. 

It  occurred  to  the  writer  that  it  would  be  an  advantage  if 
the  Habcock  test  could  be  so  modified  that  it  would  give  ac- 
curate results.  This  modification  was  finally  worked  out,  and 
has  been  successfully  used  for  several  months.  To  test  the  ac- 
curacy of  the  method,  the  fat  was  determined  on  a  sample  of 
desiccated  milk  by  several  different  methods.  One  of  those 
used  was  the  Werner-Schmidt  method.  That  this  method  is 
trustworthy  has  been  shown  by  H.  D.  Richmond2  and  also  by 
an  abstract  in  The  Analyst  of  a  recent  paper  by  A.  Burr3  on  the 
"Composition  of  Dried  Milk  Powder."  The  results  which  are 
shown  in  the  table  prove  that  the  direct  extraction  of  the  milk 
powder  with  anhydrous  ether  gives  results  which  are  too  low. 
In  each  case  where  a  direct  extraction  was  made,  the  powder 
was  first  dried  at  900  C.  to  100°  C.  for  at  least  five  hours.  In 
using  the  Werner-Schmidt  method  the  fat  was  redissolved  in 
petroleum  ether  and  an  allowance  made  for  any  impurities. 
This  was  also  done  with  the  direct  extractions  when  the  fat  ap- 
peared to  be  impure. 

In  the  ordinary  Babcock  test,  the  powder  was  weighed  and 
transferred  to  the  test  bottle,  then  dissolved  in  warm  water, 
cooled,  and  concentrated  sulphuric  acid  added.  This  prevents 
any  error  whi  h  might  occur  from  inaccurate  sampling  by 
measuring  an  aliquot  part  of  a  10  per  cent,  or  20  per  cent,  solu- 
tion. The  general  experience  of  this  laboratory  has  been  that 
this  method  is  about  3  per  cent.  low. 

The  accuracy  of  the  new  method  is  shown  by  the  fact  that  the 
average  of  ten  determinations  by  the  various  methods  (exclud- 
ing the  direct  extraction  with  ether  distilled  over  sodium  and 
the  ordinary  Babcock  method)  is  28.49  per  cent,  fat,  and  the 
average  of  four  determinations  by  the  new  method  is  28.62 
per  cent.  fat. 

A  determination  in  duplicate  by  the  new  method  can  easily 
be  made  in  less  than  one  hour.  Some  of  its  advantages  are 
cheapness,  simplicity,  speed  and  accuracy. 

The  following  is  a  description  of  the  method: 

Weigh  2 . 5  grams  of  milk  powder  and  transfer  it  to  an  ordi- 
nary Babcock  milk  bottle,  graduated  to  10  per  cent.  A  glass 
funnel  (about  2"  in  diameter  and  with  the  stem  cut  off  to  K") 
is  inserted  in  the  neck  of  the  bottle  and  is  of  great  help  in  trans- 
ferring the  powder.  Add  31  cc.  of  dilute  sulphuric  acid  (395 
cc.  concentrated  HjSO^  diluted  to  1  liter)  and  place  the  bottle 
upright  in  a  dish  of  gently  boiling  water.  Shake  frequently 
and  keep  in  the  boiling  water  until  all  the  powder  is  dissolved 
and  the  solution  is  dark  brown  in  color.  This  usually  takes 
from  7  to  10  minutes.  After  removing  the  bottle  from  the 
'  "Modern  Methods  of  Testing  Milk  and  Milk  Products."  1906,  Ed.,  p. 
86. 

»  The  Analyst.  31,  No.  364,  pp.  218-224. 
*  Ibid.,  36,  No.  423,  p.  279. 


wate  add  is  cc.  concentrated  H..S' >,  (sp.  gr.  1  8a  1.83)  and 
mix  thoroughly,  taking  care  to  keep  the  solution  out  of  the 
neck  of  the  bottle  Vgitate  with  a  rotary  motion.  Place  the 
bottle  in  a  centrifuge  and  whirl  for  4  or  5  minutes,  Add  hoi 
w;iii  1  until  the  solution  reaches  the  lower  cud  ol  the  neck,  whirl 
again  for  1  minute,  then  add  hoi  water  until  the  fat  rises.     Whirl 

n  for   1   minute.     I ler  to  secure  accurati    r<  itilts,  tin 

fat  column  must  be  read  at  a  temperature  not  abov<    140     1 
noi  below  1300  !•';  by  setting  the  bottle  in  water,  the  desired 
temperature  may  be  reached.     Readings  should   be  made  to 
0.05  "ii   the  bottle.     The  reading  multiplied  by  7.-'  gives  the 
percentage  of  fat. 

2.5  grams  :  18  grams  =  Reading  :  X. 

If  reading  =  4.00,  then  2.5  :  18  =  4.00  :  X. 

1 8 
OrX  ■=  400  X  =  400  X  7.2  or  X  =  28.80  per  cent. 

2-5 
A  Comparison  of  Different  Methods  of  Determining  Fat  in   Milk 
Powder. 

Fat.  Aver- 

Per  cent.        ages. 

Squibb's  ether — 16  hours'  direct  extraction 28.30  1 

28.45/        28  37 
Ether  containing  5  cc.  HoO  per  liter,  16  hours'  direct     28 . 50 )  J2 

extraction 28.55  J 

Ether  containing  5  cc.  H20  per  liter,  18  hours' direct     28.50)         28  55 

extraction 28  .60  J 

Ether    containing    5    cc.    H20    per    liter.    Werner-     28.501  s3 

Schmidt  method 28 .56  I 

Anhydrous  ether  (distilled  over  sodium),  Werner-     28.39 ^ 

Schmidt  method 28  .54  ) 

Average  of  ten  determinations  above 28.49 

28.80] 

By  the  proposed  new  method 28  .44  I     *      „   „ 

28.44  [        28" 
28.80  J 
Anhydrous  ether  (distilled  over  sodium),  16  hours'     13.55)  _ 

direct  extraction 13 .40  f 

Babcock  method 25  .20  I 

25.20J        " 

Babcock  bottles  vary  in  volume.  It  is  more  convenient  to 
use  bottles  which  hold  at  least  45  cc.  of  water  when  filled  to 
the  lower  end  of  the  neck.  The  bottle  should  be  thoroughly 
cleaned,  rinsed  with  alcohol  and  dried  (to  prevent  powder 
sticking  in  the  neck)  before  using.  This  insures  clear  and  ac- 
curate readings.  Commercial  sulphuric  acid  has  been  used 
in  making  the  dilute  H2SO,  solution  and  good  results  were  ob- 
tained. It  is  better,  however,  to  use  c.  p.  acid  and  thus  avoid 
contamination  of  the  fat  column  by  impurities  in  the  acid. 
Laboratory,  Merrell-Soule  Co., 
Syracuse,  N.  Y.,  Feb.  17.  1912. 


ALUNDUM  NOT  CONSTANT  IN  WEIGHT. 
By  E.  B.  Forbes. 

The  invention  of  porous  earthenware  laboratory  utensils 
immediately  satisfied  a  large  number  of  urgent  and  long-standing 
requirements.  As  is  inevitable  under  such  circumstances  this 
new  ware  has  been  put  to  some  uses  which  it  is  not  adapted  to 
serve,  and  a  correct  appreciation  of  its  very  great  value  in  the 
laboratory  requires  that  we  search  out  and  recognize  its  limi- 
tations. 

In  an  effort  to  shorten  and  improve  upon  the  usual  method 
for  crude  fiber  determination,  we  followed  the  Morgan  P. 
Sweeney  modification  except  that  instead  of  straining  through 
an  unstandardized  cloth  we  conducted  our  filtration,  washing 
and  ignition  all  without  transfer,  in  an  alundum  extraction 
capsule.  It  appeared  to  be  a  beautiful  method,  and  through 
the  substitution  of  an  efficient,  standardized  filter  for  the  rag 
strainer  it  seemed  to  remove  from  this  very  unscientific  deter- 
mination one  of  the  principal  grounds  for  our  objections;  but 
things  were  not  as  they  seemed.  Alundum  is  not  constant  in 
weight  through  treatment  with  water  and  heat. 
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Table  I. — Effects  op  Heat  and  Water  on  Weight  of  Alundum. 
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Table  I  sets  forth  results  of  a  test  with  four  alundum  extrac- 
tion capsules.  They  were  washed  with  water,  dried  at  100° 
for  2  hours,  weighed,  burned  in  a  muffle  and  weighed  again. 
In  all  weighings  the  capsules  were  contained  in  glass  weighing 
bottles  where' they  had  been  placed  while  as  hot  as  they  could 
be  without  breaking  the  glass.  The  weighing  bottles  were 
dried  with  the  capsules  in  the  oven  and  were  kept  in  desiccators 
over  sulphuric  acid. 

The  weight  after  firing  showed  that  all  of  the  capsules  had 
lost  in  weight,  the  amounts  varying  from  2.8-4.3  TnS-  P^" 
haps  they  were  not  dry.  We  then  washed  with  water  and 
lengthened  the  drying  to  3  hours  at  100  °,  weighed,  dried  2  hours 
more  at  100°  and  weighed  again.  There  was  no  change  in 
weight  between  dryings,  but  when  fired  all  lost  in  weight  from 
1.2-3.4  mg-;  and  what  is  more,  the  capsules  did  not  return  to 
the  weight  obtained  after  the  first  firing  but  during  this  second 
test  gained  1. 0-1.8  mg. 

Table  II. — Effects  of  Heat  and  Water  on  Weight  of  Alundum. 
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We  then  added  four  more  capsules  to  the  test  (Table  II), 
washed  with  water,  dried  for  3  hours  at  no0,  weighed,  dried 
for  three  more  hours  at  1200,  weighed,  fired  and  weighed  again. 
Between  dryings  the  weights  were  absolutely  constant,  but  on 
firing  we  got  a  loss  of  1.6-2.6  mg. 

Next  we  washed  in  water,  dried  for  3'/2  hours  at  1600, 
weighed,  ignited  and  weighed.  This  time  there  was  as  before 
Table  III. — Effects  of  Heat  on  Weight  of  Alundum. 
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a  loss  in  each  case  from  2.0-4.0  mg.  and  this  last  weight  as 
compared  with  the  one  after  the  previous  ignition  showed  in 
each  case  an  appreciable  loss. 

One  point  had  become  clear.  Water  combines  chemically 
with  some  constituent  of  the  alundum  capsule,  a  combination 
which  is  not  broken  up  at  1600  but  which  is  destroyed  at  a 
temperature  considerably  below  10000. 

To  throw  more  light  on  the  apparent  change  in  the  weight 
of  the  capsule  aside  from  that  caused  by  the  hydrating  and 
dehydrating  process  above  referred  to,  we  subjected  the  same 
eight  capsules  to  three  consecutive  firings  and  weighings  without 
treatment  with  water.  The  weights  are  set  down  in  Table  III. 
In  the  first  firing  the  capsules  gained  0.2-1.5  mg.,  in  the  second 
from  2.6-4.2  mg.  more,  and  in  the  third  firing  one  capsule 
gained  0.2  mg.  while  the  rest  lost  0.2-0.8  mg. 

Thus  aside  from  the  change  in  w-eight  due  to  the  taking  up 
and  loss  of  water  there  seems  to  have  been  operative  a  second 
factor  resulting  in  a  gain  in  weight  which  partially  compensated 
for  the  losses  occasioned  as  above  mentioned,  this  gain  not 
reaching  its  limit,  under  conditions  existing  in  the  muffle,  until 
the  second  firing  after  the  tests  reported  in  Tables  I  and  II. 
The  reddish  yellow  color  of  the  alundum  became  much  lighter 
during  these  tests,  perhaps  due  to  change  in  the  condition  of 
the  0.5  per  cent,  of  iron  contained  therein.  . 
Ohio  Agricultural  Experiment  Station, 
February  19,  1912. 


THE  CENTENARY  OF  THE  INTRODUCTION  OF  GAS. 

The  Centenary  of  the  Introduction  of  Gas  was  celebrated  in 
Philadelphia  on  Thursday  and  Friday,  April  18th  and  19th, 
according  to  the  program  published  in  the  April  issue  of  This 
Journal,  p.  309. 

The  addresses  are  now  appearing  in  full  in  the  A  merican  Gas 
Light  Journal  and  in  the  Proceedings  of  the  American  Gas  In- 
stitute. A  limited  edition  is  also  being  printed  in  book  form; 
180  pages,  illustrated.  Price,  $2.00.  Copies  should  be  ordered 
at  once  of  the  American  Gas  Institute,  29  West  39th  St.,  New 
York  City. 

Brief  abstracts  of  the  five  addresses  follow: 

By-Products  in  Gas  Manufacture.  By  Charles  E.  Munroe, 
Professor  of  Chemistry  at  George  Washington  University. 

Professor  Munroe's  address  gave  an  excellent  review  of  the 
scope  and  influence  of  the  gas  industry  since  it  took  up  not  only 
the  real  by-products  of  gas  manufacture,  but  the  subsidiary- 
products  which  are  often  those  of  allied  industries. 

Among  the  subsidiary  products  were  mentioned  dyes,  ex- 
plosives, flavoring  materials,  perfumes,  synthetic  drugs,  sweeten- 
ing principles  and  photographic  developers — all  obtained  from 
the  by-product,  coal-tar,  while  water-gas  tar  yields  light  oils 
of  the  benzole  series,  creosoting  oils,  naphthalene  oils,  road 
compounds  and  pitches. 

The  U.  S.  Bureau  of  Mines  has  taken  up  the  study  of  the 
entirely  unknown  constitution  of  coals  in  connection  with  the 
work  they  are  doing  toward  the  more  complete  and  economic 
development  of  our  fuel  resources. 

The  by-products  of  the  coal  gas  industry  are  coke,  gas,  carbon, 
tar,  ammoniacal  liquor  and  spent  purifying  material,  either  lime 
or  oxide:  in  the  water  gas  industry,  tar  and  purifying  material 
with  a  meager  amount  of  ammoniacal  liquor:  in  the  oil  gas 
industry,  lampblack,  tar  and  spent  purifying  material  for  the 
new  Low  process,  and  "hydrocarbons"  for  the  cracked  and  com- 
pressed oil  gases.  In  the  acetylene  gas  industry  calcium  hy- 
droxide is  practically  the  only  product  incidental  to  the  reaction 
other  than  the  acetylene. 

The  importance  of  the  many  varieties  of  nitrogen  and 
ammoniacal  products  to  the  fertilizer  industry  as  well  as  to  the 
nation  were  presented  with  care,  as  well  as  the  methods  for  their 
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1    attention   being    given    to    the    processes 

1  i  \ 
Finally  the  speaker's  scheme  ol  producing  Kas  -ll   the  coal 
mine  and  shipping  it  by  pipe  line  was  discussed,  and  it  was  noted 
Win.  Ramsay  had  recently  given  ibis  suggestion  his 

■milt 
The  Commercial   and  Financial  Aspects  of  the  Gas  Industry, 
rau,    President    ol    the   Consolidated 

New   Y..ik. 

A  portion  "i  tins  address  was  devoted  to  a  historical  account 
oi  the  development  of  the  gas  industry  together  with  a  discussion 
of  the  objections  raised  to  the  introduction  o(  gas. 

The  ever-increasing  output  of  gas,  notwithstanding  the  com- 
petition from  electricity,  kerosene  lamps,  etc.,  has  been  accom- 
panied by  a  steadily  diminishing  price  of  gas.  Sales  of  gas  in 
large  eitics  grow  almost  twice  as  fast  as  the  population.  In 
view  of  this  fact,  the  speakei  predicted  a  steady  growth  of  the 
gas  business,  if  properly  operated,  with  constant  provision  for 
invention  and  improvement.  The  importance  of  scientific 
salesmanship,  combined  with  efficient  and  prompt  service,  was 
strongly  emphasized. 

The  speaker  discussed  the  relations  of  employees  to  the 
company  and  the  public;  franchises,  municipal  and  private 
ownership;  ompctition  vs.  monopolistic  control  of  Public 
Utilities;  and  Commission  Regulation. 

The  Technic  of  Gas  Manufacture.  By  Alfred  E.  Forstall, 
Secretary  Trustees  Gas  Educational  Fund  of  the  American 
Gas  Institute. 

Being  unable  to  find  a  description  of  manufacturing  apparatus 
specifically  stated  to  have  been  used  in  the  first  works  of  the 
Chartered  Gas  Light  &  Coke  Company,  the  speaker  told  of  the 
apparatus  described  by  Accum  in  18 15.  This  was  followed 
by  a  detailed  account  of  the  modern  coal  gas  plant,  the  various 
improvements  being  noted  in  order. 

The  fact  that  more  than  two-thirds  of  the  total  amount  of 
illuminating  gas  made  and  sold  in  this  country  is  carburetted 
water  gas,  called  for  a  description  of  its  methods  of  manu- 
facture. Brief  mention  was  made  of  the  California  process, 
the  use  of  wood  gas  and  of  "Mond  gas." 

Especial  attention  was  called  to  the  many  factors  which  enter 
into  the  control  of  gaseous  products  and  by-products  due  to  the 
complex  nature  of  the  raw  materials,  final  products  and  the 
reactions  that  take  place  in  the  process  of  manufacture. 

Gas  as  an  Illuminant.  By  Van  Rensselaer  Lansixgh,  Presi- 
dent of  the  Illuminating  Engineering  Society,  New  York. 

After  a  discussion  of  lighting  by  torches,  candles,  oil  lamps 
and  kerosene  lamps,  the  speaker  took  up  gas  lighting,  begin- 
ning with  Murdock's  burner  which  was  merely  a  small  iron 
tube  open  at  the  end.  This  was  succeeded  by  the  bats-wing, 
the  fish  tail,  the  Argand  and  the  regenerative  burners. 

The  invention  of  mantle  burners  by  Auer  von  Welsbach  in 
1885  made  modern  gas  lighting  possible. 

Flat  flame  burners  are  now  used  only  in  special  instances  and 
no  reliance  can  be  put  in  the  consumption  rating  of  these  burner 
tips  on  the  American  market. 

Much  poor  gas  service  can  be  traced  to  failure  to  select  mantle 
burners  adapted  to  the  existing  quality  of  gas  and  pressure 
conditions.  With  ordinary  shades,  flat  flame  burners  give 
spherical  distribution  of  light,  upright  incandescents  give  two- 
thirds  of  their  light  above,  and  inverted  burners  two-thirds 
below  horizontal.  High  pressure  increases  the  candle  powTer  of 
mantle  burners  as  much'  as  two  and  one-half  times  and  is  used 
chiefly  in  street  lamps.  With  increased  candle  power,  diSusion 
becomes  more  and  more  necessary  so  that  bare  mantle  burners 
are  rare. 

Methods  of  gas  ignition  were  merely7  noted. 

The  speaker  recommended  greater  range  in  size  of  units,  re- 
liable methods  of  commercially  rating  lamps  and  standardiza- 
tion of  mantles,  lamps,  and  fittings. 


The  Use  of  Gas  for  Heat  and  Power;  The  Testing  of  Gas.  By 
Mk.  !•;  1;  Ro  ,  Chid  Physicist,  Bureau  of  Standards, 
Washington,  l>  C 

With  more  than  1300  gas  eompanics  in  the  Country,  with  a 
combined  capital  <>l  one  billion  dollars  and  annual  sales  of  two 
hundred  million  dollars,  the  gas  industry  is  indeed  an  import  ni 
1  hi. 

Mr  Rosa  discussed  the  use  of  coal,  acetylene,  natural  and 
producer  gases,  and  the  historical  development  of  the  use  of 
gas  for  cooking,  water  heating,  room  heating  and  industrial 
purposes.  This  was  followed  by  a  brief  resume'  of  the  work 
that  has  been  done  on  the  various  types  of  gas  engines. 

Thanks  were  extended  on  the  part  of  the  Bureau  of  Standards 
to  the  officers  and  technical  staffs  of  the  various  gas  companies 
and  to  the  members  of  public  service  commissions,  gas  in- 
spectors and  consulting  engineers  for  the  fairness  and  broad- 
minded  spirit  they  have  shown  in  discussing  the  questions 
connected  with  the  work  now  being  done  by  the  Bureau  towards 
the  standardization  of  the  testing  of  gas. 

The  work  accomplished  already  was  discussed  and  special 
stress  was  laid  on  the  necessity  for  using  the  vet  heat  for  measure- 
ment of  the  heating  value  of  a  gas.  The  effect  of  atmospheric 
conditions  on  the  gross  heat  was  shown  and  it  was  suggested 
that  a  committee  of  the  American  Gas  Institute  cooperate 
with  the  Bureau  in  studying  the  question  " Sliall  the  actual  vet 
heat  be  substituted  for  the  gross?"  Mr.  Rosa  believes  that  since 
instruments  and  methods  of  measurement  are  more  accurate 
than  ever  before,  uniform  standards  of  gas  quality  should  be 
adopted,  taking  into  account  varying  density  as  well  as  accurate 
measurements  of  volume  and  quality.  The  next  publication 
of  the  Bureau  will  take  up  these  questions  of  testing  methods, 
and  the  cordial  cooperation  of  the  gas  interests  is  earnestly 
solicited. 

AMERICAN  ELECTROCHEMICAL  SOCIETY  RESEARCH  FUND. 

In  order  to  further  the  objects  of  our  Society  as  given  by  our 
Constitution,  it  has  seemed  wise  to  try  the  experiment  of  assisting 
purely  scientific  research  work  in  electrochemistry  where  this 
is  done  under  conditions  which  wyould  make  the  application  of 
a  few  hundred  dollars  annually  of  effective  and  efficient  assist- 
ance. 

For  this  purpose,  $250  is  made  available  for  this  year,  to  be 
given  in  whole  or  in  part  to  help  members  of  the  Society  who 
need  such  assistance  to  carry  on  some  predetermined  work. 

The  Committee  does  not  wish  to  burden  the  scheme  with 
unnecessary  rules  or  requirements,  and  proposes  to  carefully 
consider  requests  for  this  assistance  on  the  merits  of  the  case  as 
it  may  be  presented.  If  the  further  developments  of  the  scheme 
warrant  the  issuing  of  limitations  on  the  distribution  of  the  fund, 
such  will  be  published. 

The  Committee's  aim  will  be  to  give  assistance  to  those  who 
are  apparently  equipped  to  do  effective  work  along  those  purely 
scientific  lines  which  are  not  usually  explored  by  commercial 
or  industrial  organizations.  In  other  words,  we  wish  to  advance 
the  science  of  electrochemistry. 

The  research  work  thus  assisted  must  be  published  in  the 
Transactions  of  the  Society. 

Applications  may  be  sent  to  the  Chairman  of  the  Committee 
and  should  be  received  before  August  first. 

W.  R.  Whitney,  Chairman, 

W.  H.  Wajlker, 

F.  A.  J.  Fitzgerald. 


MAINE  SECTION  OF  THE  AMERICAN  CHEMICAL  SOCIETY. 

The  recently  authorized  Maine  Section  of  the  American 
Chemical  Society  held  its  initial  meeting  in  Fernald  Hall  on  the 
University  of  Maine  Campus  on  May  16,  1912.  The  meeting 
was   attended   by   about   thirty   enthusiastic   members   of   the 
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Section  and  at  the  afternoon  meeting,  at  which  papers  were 
presented,  there  .were  present  a  number  of  student  chemists  of 
the  University  of  Maine.  Papers  were  presented  by  Mr.  A.  B. 
Larchar,  of  Oldtown,  on  "Some  Practical  Observations  on  the 
Electrolysis  of  Brine;"  by  R.  H.  McKee  on  "An  Oil  from  the 
Red  Spruce;"  and  by  L.  M.  Burghart  on  "Some  New  Forms  of 
Chemical  Apparatus." 

After  discussion  the  meeting  temporarily  adjourned  to  give 
opportunity  for  the  preparation  of  a  lunch  which  was  served 
in  the  laboratory.  After  lunch  a  short  business  meeting  was 
called  to  order  by  R.  H.  McKee  and  a  committee  nominated  the 
following  officers  who  were  elected  to  serve  until  organization 
has  been  perfected  and  by-laws  adopted:  President  of  the 
Section,  A.  B.  Larchar,  Oldtown;  Councilor,  R.  H.  McKee, 
Orono;  Secretary  and  Treasurer,  H.  H.  Hanson,  Orono.  The 
officers  named  were  elected  as  an  executive  committee  to  arrange 
for  the  next  meeting  and  to  present  at  that  meeting  by-laws  to 
govern  the  Section.  H.  Hanson,  Secretary. 

ORGANIZATION  OF  COMMITTEES  FOR  STUDY  OF  INDUS- 
TRIAL DISEASES. 

The  membership  of  the  Committee  on  Industrial  Diseases 
of  the  New  York  Association  for  Labor  Legislation  is  made  up 
of  the  following: 

PROF.  HENRY  R.  SEAGER,  President  of  the  American 
Association  for  Labor  Legislation,  Chairman. 

PROF.  SAMUEL  McCUNE  LINDSAY,  President  New  York 
Association  for  Labor  Legislation,  Ex  Officio. 

DR.  CHARLES  L.  DANA,  Chairman  Committee  Public  Hy- 
giene, Academy  of  Medicine,  Ex  Officio. 

DR.  JOHN  B.  ANDREWS,  Secretary  American  Association 
Labor  Legislation. 

CHAS.  BASKERVILLE,  Professor  of  Chemistry,  College  of 
the  City  of  New  York. 

DR.  WARREN  COLEMAN,  New  York  Academy  Medicine. 

MR.  MILES  M.  DAWSON,  Actuary. 

MR.  LEONARD  W.  HATCH,  Statistician  Department  Labor, 
State  of  New  York. 

MR.  FREDERICK  L.  HOFFMAN,  Statistician  Prudential 
Life  Insurance  Co. 

DR.  JOHN  H.  HUDDLESTON,  New  York  Academy  Medicine. 

DR.  JAMES  ALEX.  MILLER,  New  York  Academy  Medicine. 

DR.  W.  GILMAN  THOMPSON,  New  York  Academy  Medicine. 

DR.  LINSLY  R.  WILLIAMS,  New  York  Academy  Medicine. 

PROF.  C.  E.-A.  WINSLOW,  College  of  the  City  of  New  York. 

MR.  PAUL  KENNADAY,  Secretary  New  York  Association 
Labor  Legislation. 

The  Committee  on  Occupational  Diseases  in  Chemical  Trades, 
New  York  Section  of  the  American  Chemical  Society,  is  as  follows: 

DR.  GEO.  P.  ADAMSON,  Baker  &  Adamson  Chemical  Co., 
Easton,  Pa. 

MR.  W.  H.  BASSETT,  American  Brass  Co.,  Waterbury,  Conn. 

MR.  WM.  F.  DOERFLINGER,  Mutual  Chemical  Co.  of 
America,  55  John  St.,  New  York  City. 

DR.  A.  C.  LANGMUIR,  Chairman  New  York  Section,  9  Van 
Brunt  St.,  Brooklyn,  N.  Y. 

DR.  GEO.  D.  'ROSENGARTEN,  Powers,  Weightman  & 
Rosengarten,  Philadelphia,  Pa. 

DR.  A.  H.  SABIN,  National  Lead  Co.,  129  York  St.,  Brooklyn, 
N.  Y. 

MR.  E.  C.  UHLIG,  Secretary,  Brooklyn  Union  Gas  Co., 
5th  &  Hoyt  Sts.,  Brooklyn,  N.  Y. 


General  Rubber  Consideration  Committee:  D.  A.  Cutler, 
Chairman;  H.  van  der  Linde,  W.  E.  Piper,  G.  T.  Cottle,  A.  D. 
Hopkins,  D.  Spence,  Dorris  Whipple,  C.  R.  Boggs,  H.  Fay,  W. 
C.  Geer. 

Analytical  Committee:  Dorris  Whipple,  Chairman;  J.  W. 
Schade,  P.  H.  Walker,  J.  B.  Tuttle,  G.  T.  Cottle,  Geo.  Oenslager, 
W.  A.  Ducca. 

Committee  on  Specifications:  C.  R.  Boggs,  Chairman;  G.  H. 
Savage,  H.  Fay,  W.  C.  Gccr,  II.  B.  Rodman,  D.  A.  Cutler. 

It  was  also  decided  to  have  the  General  Rubber  Consideration 
Committee  ask  all  the  members  of  the  Section  to  submit  the  best 
known  method  for  analyzing  rubber  goods;  the  Committee  is 
then  to  select  the  best  method,  submitting  same  to  the  American 
Chemical  Society  asking  the  Society  to  publish  this  as  being  the 
best  authority  known  to  it  at  the  present  time.  The  Analytical 
Committee  will,  in  the  meantime  and  in  the  future,  attempt,  by 
research  and  such  other  methods  as  it  may  select,  to  revise  this 
adopted  method  from  time  to  time,  as  may  seem  best  for  the 
interests  of  the  Rubber  Section,  the  object  being  that  any 
chemist  in  the  country  who  may  have  occasion  to  analyze  rubber 
goods  may  have  an  authorized  standard  method  of  procedure. 

When  this  has  been  accomplished  there  should  not  be  such  a 
variance  in  the  results  reported  from  different  chemists  who 
analyze  vulcanized  rubber  products.  We  hope  to  have  this 
accomplished  so  that  it  may  be  announced  at  the  coming  Inter- 
national Conference  in  September. 

D.  A.  Cutler,  Chairman. 


PAINT  AND  VARNISH  IN  THE  U.  S.  NAVY. 
Editor  of  the  Journal  oj  Industrial  and  Engineer  wig  (  'hi  tnistry : 

I  notice  in  your  issue  of  May,  1912,  a  communication  from 
Professor  Sabin,  in  which  he  refers  to  the  steps  taken  recently 
by  the  Naval  authorities  looking  toward  the  use  of  so-called 
"newer  paint  materials." 

Professor  Sabin  seems  to  be  under  the  impression  that  the 
Navy  Department  expects  to  find  these  materials  not  so  efficient 
as  those  previously  used,  and  that  they  are  even  willing  that 
such  should  be  the  case. 

As  I  have  been  identified,  to  some  extent,  with  literature 
on  this  subject,  and  a  good  deal  of  prominence  has  been  given 
to  a  paper  which  I  presented  to  the  Naval  Institute  in  December 
last,  I  feel  that  I  should  attempt  to  correct  the  impression  given 
by  Professor  Sabin  in  his  letter. 

Although  one  of  the  arguments  advanced  in  favor  of  the  use 
of  cheaper  paint  materials  was  to  the  general  effect  that  even 
if  they  were  not  quite  so  lasting,  there  would  be  still  ample 
reason  for  their  use  in  view  of  the  frequent  repainting  that  is 
necessary  from  other  considerations,  the  use,  however,  of  ma- 
terials that  are  less  effective  than  those  heretofore  used  actually 
has  not  been  accepted  and  all  of  the  changes  that  have  been  made 
by  the  Navy  Department  have  been  made  only  after  extensive 
experiments  showed  that  there  would  be  no  loss  in  efficiency. 
The  changes  to  date  have  been  the  use  to  some  extent  of  lower 
priced  and  more  effective  paints  in  place  of  red  lead  as  a  priming 
coat,  the  use  of  hydrocarbon  spirits  in  place  of  turpentine,  the 
use  of  blanc  fixe  in  slate  colored  outside  paint  for  battleships 
and  cruisers,  and  the  tentative  use  of  fish  oil  in  place  of  a  portion 
of  the  linseed  oil.  These  changes  were  not  made,  however, 
until,  as  noted  above,  the  naval  authorities  were  convinced 
that  there  would  be  no  loss  of  efficiency  in  durability  of  the 
paints  or  in  protective  effect.  Henry  Williams. 

Navy  Yard,  New  York. 


ORGANIZATION  OF  RUBBER  SECTION. 

Editor  of  the  Journal  oj  Industrial  and  Engineering  Chemist)  1  .' 

At  a  meeting  of  the  Rubber  Section  of  the  American  Chemical 
Society  held  on  June  5th,  the  following  committees  were  ap- 
pointed : 


A  COLORIMETRIC  METHOD  FOR  THE  DETERMINATION  OF 

CARBON  IN  IRON  AND  STEEL.     A  NOTE  OF  PROTEST. 
The  Editor  of  tin   Journal  of  Industrial  and  Engineering  Chemistry: 

In  the  May  number  of  This  Journal,  there  is,  under  the  title 
"A  Colorimetric  Method  of   Determining  Carbon  in  Iron  and 
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Steel,"  what  purports  t"  be  a  "novel"  method  of  determining 
carbon  bj  a  modification  of  the  Eggertz  process;  as  this  "new" 
method  has  probably  been  practiced  evei   since  the 

was  introduced,  I  think  it  is  time  a  protest  wa  entered 
against  such  self-evident  modifications  being  published  as 
original.  I  do  not  know  to  whom  this  particular  method  of 
dilution  is  originally  due,  but  it  lias  been  used  by  nearly  all  steel 
works  chemists  in  this  country  for  the  past  17  or  18  years  to 
im  personal  knowledge. 

A  modification  of  the  Eggertz  process  which  I  do  not  know 
t.>  be  so  commonly  used,  as  it  might  well  be,  refers  to  the  de- 
termination of  carbon  in  very  soft  steel,  etc.,  and  when  the  carbon 
is  below  0.10%,  is  carried  out  by  weighing  a  portion  of  a 
standard  steel,  say  0.1  gram,  and  adding  0.1  gram  of  the  sample 
to  it;  this  is  dissolved  alongside  a  0.2  gram  portion  of  the  same 
(or  other)  standard  and  the  two  compared,  when  a  simple  cal- 
culation will  give  the  result  for  the  steel. 

Any  one  who  is  associated  with  the  comparison  of  low  carbon 
steels,  j.  e.,  steel  with  carbon  under  about  0.10  per  cent.,  will  be 
acquainted  with  the  difficulty  of  comparison  on  account  of  the 
greenish  tint;  the  above  process  is  designed  to  overcome  this 
difficulty  and  I  can  confidently  recommend  its  trial. 

While  on  the  subject  of  carbon  determination,  I  might  mention 
that  I  have  successfully  used  a  similar  process  in  connection 
with  the  determination  of  carbon  by  direct  combustion  in  oxygen 
of  the  more  refractory  ferro  alloys:  by  placing  a  known  quantity 
of  a  standard  steel  in  the  combustion  boat  and  sprinkling  the 
weighed  portion  of  the  alloy  over  this,  when  the  heat  generated 
by  the  combustion  of  the  steel  standard  has  been  sufficient  to 
insure  complete  combustion  of  the  alloy. 

I  am  not  claiming  originality  for  these  modifications  which 
are  in  this  country  looked  upon  merely  as  "shop  kinks." 

E.  Escorr  Wood. 
Laboratory  of  The  Brymbo  Steel  Works, 
Wrexham.  Wales. 


A  COLORIMETRIC    METHOD    FOR    THE    DETERMINATION 
OF  CARBON  IN  IRON  AND  STEEL— A  NOTE. 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  the  May  issue  of  This  Journal  for  the  current  year  there 
appeared  an  article  entitled  "A  Colorimetric  Method  for  the  De- 
termination of  Carbon  in  Iron  and  Steel."  This  method  is  claimed 
to  be  similar  to  the  one  proposed  by  Eggertz.  This  statement  was 
very  surprising  to  me  because  I  had  studied  Eggertz'  method 
under  him  in  the  Royal  Mining  School  at  Stockholm,  Sweden, 
and  later,  in  my  own  laboratory,  I  made  about  five  thousand  de- 
terminations using  his  method.  When  reading  Mr.  Kohout's 
method,  I  found  same  identical  with  Prof.  Eggertz'  method.  At 
present  I  can  only  refer  to  a  foot-note  in  Blair,  "Analyses  of  Iron 
and  Steel"  on  page  170,  sth  edition,  and  page  17  s,  concerning 
the  dilution  of  the  standard. 

Yours  very  truly, 

C.  G.  Hellman. 
165  Grand  Street, 
Jersey  City,  N.  J. 


following  discussion,  changing  the  same  to  a  depreciative 
criticism  oi  Mr,  Fobs'  statement,  which  I  did  not  intend  to  do. 
Mr.   h'ohs  stales  that   the  silicates  mentioned  in  my  article  01  (in 

occasionally  associated  with  fluorspar,  but  not  with  Kentucky 
fluorspar.  Ernst  BroTSi. 

GENERAL  BAKELITE  COMPANY   STARTS    INFRINGEMENT 
SUITS. 

General  Bakclite  Company  has  brought  suits  for  infringements 
of  its  Bakclite  patents  against  the  Condensitc  Company  of 
America  ami  several  users  of  "Condensitc;"  among  them  the 
Dickinson  Manufacturing  Co.  of  Springfield,  Mass.,  The  Duranoid 
Mfg.  Co.  of  Newark,  N.  J.,  and  Hardman  &  Wright  of  Belle- 
ville, N.  J. 

In  relation  to  this,  it  is  of  interest  to  note  that  the  funda- 
mental Bakclite  patents  have  been  allowed  in  Germany  and 
have  been  sustained  by  the  German  Patent  Office,  notwith- 
standing the  fact  of  several  public  contestations. 


THE   END  OF  THE    COOPERATIVE  GLASS    FACTORIES  IN 
ITALY. 

In  the  "Fachgenosse",  28,  No.  58  (an  organ  of  the  German  glass 
unions),  appears  an  article  noting  the  failure  of  the  cooperative 
glass  factories  of  Italy  in  their  struggle  with  the  trust  (cf.  C. 
A.,  5,  166). 

These  rival  glass  factories  were  started  by  the  labor  unions 
in  1903  with  the  small  capital  of  $5,750.  They  proceeded  to 
compete  with  the  trusts  for  the  control  of  the  market,  hoping 
at  least  to  compel  recognition  of  their  union  and  improve  con- 
ditions for  the  men.  During  the  last  nine  years  these  factories 
have  been  increased  to  seven  in  number  at  the  time  of  the  bank- 
ruptcy. Business  conditions  in  the  Italian  glass  industry 
throughout  the  last  year  particularly  have  been  very  unfavorable. 
In  1910  occurred  a  shortage  in  the  grape  crop  result  in  a 
lessened  demand  for  bottles,  and  the  Turko-Italian  war  proved 
to  be  the  last  straw  in  the  situation  for  the  cooperative  factories. 
They  were  scattered  over  the  northern  part  of  Italy,  with  the 
exception  of  one  factory  in  the  vicinity  of  Naples,  and  with  their 
scanty  capital  and  lack  of  close  cooperation  were  unable  to 
cope  with  the  hard  times  and  consequent  losses. 

J.  B.  Patch. 


VALUATION  OF  FLUORSPAR— A  CORRECTION. 

In  my  article  in  this  paper,  Vol.  4,  No.  3,  March,  1912,  I 
quoted  incorrectly  Mr.  F.  Julius  Fobs'  statement  published  in 
Bulletin  9  of  the  Kentucky  Geological  Survey,  viz.,  "silicates 
occurring  associated  with  Kentucky  fluorspar."  The  word 
"Kentucky"  should  be  omitted:  it  disturbs  the  meaning  of  the 


INTERNATIONAL    CONGRESS    OF    APPLIED    CHEMISTRY. 
ANNOUNCEMENT  BY  SECTION  I,  ANALYTICAL 
CHEMISTRY. 

The  President .  of  Section  I,  Analytical  Chemistry  of  the 
approaching  Congress  of  Applied  Chemistry,  desires  to  call  the 
attention  of  chemists  to  an  official  notification  received  by  him, 
that  two  important  propositions  will  be  advocated  at  the  Con- 
gress. 

It  will  be  moved  by  the  Verein  deutscher  Chemiker:  To  adopt 
for  practical  purposes  an  atomic  weight  table  only  once  in  five 
y-ears  and  on  a  given  date  to  introduce  this  generally  and  recog- 
nize it  as  binding  in  mutual  dealings. 

The  Sectional  Group,  "Analytical  Chemistry,"  of  the  Verein 
deutscher  Chemiker  will  make  the  following  suggestion:  To  re- 
quest the  Sub-committee  on  Uniform  Sampling  of  the  Inter- 
national Committee  on  Analyses  to  take  up  the  sampling  of  ores. 

For  fuller  details,  consult  Chemiker  Zeitung,  June  6,  page 
635,  and  Zcitschrift  fur  angewandte  Chcmic,  June  7,  page   1 171. 
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BOOK  REVIEWS 


Corrosion  of  Iron  and   Steel.     By  J.  Newton  Friend,  Ph.D. 

Longmans,  Green  &  Co.,  191 1.      pp.  300;  62  figures.     Price, 

$1.80  net. 

With  the  exception  of  an  occasional  failure  due  to  so-called 
fatigue,  the  life  of  a  structure  made  from  iron  or  steel  is  in 
general  determined  by  the  rate  at  which  it  corrodes,  or  as  we 
say  rusts.  A  voluminous  literature  of  the  past  exists,  while 
that  of  the  present  is  constantly  being  swollen  by  contributions 
from  the  many  investigators  now  in  the  field.  We  therefore 
welcome  heartily  a  book  such  as  the  one  here  considered  which 
so  carefully  digests  the  work  already  reported  and  collates  in 
such  a  clear,  unbiased  way  that  portion  of  the  literature  which 
seems  to  be  worthy  of  consideration.  The  subject  is  one  of 
immense  practical  importance,  and  no  engineer  or  metallurgist 
can  afford  to  be  ignorant  of  either  the  purely  scientific  aspects 
of  the  matter,  or  of  those  observations  which  have  proved  a 
genuine  help  in  the  solution  of  an  apparently  simple,  but  really 
highly  complex  problem. 

After  a  brief  historical  introduction  the  author  discusses  what 
might  be  called  the  mechanism  of  rusting  and  gives  a  clear 
statement  of  the  different  theories  which  have  been  advanced 
to  explain  rusting  and  the  experiments  on  which  such  theories 
are  based.  He  falls  into  an  obvious  error,  however,  when  in 
attempting  to  distinguish  between  th;  so-called  acid  theory 
and  the  electrolytic  theory  of  corrosion,  he  states  that  the  latter 
"stands  or  falls  with  the  solubility  or  otherwise  of  iron  in  per- 
fectly pure  water."  Elaborate  experiments  are  described 
which  are  intended  to  prove  that  iron  in  water  in  the  entire 
absence  of  carbonic  acid  or  other  electrolyte  is  not  dissolved. 
What  these  experiments  prove  and  all  that  they  prove  is  that 
under  certain  conditions  below  a  definite  temperature,  iron 
does  not  dissolve  rapidly  enough  in  pure  water  to  be  easily 
noticed.  The  rate  of  the  reaction  increases  so  rapidly  with 
rise  of  temperature  that  it  might  be  expected  that  if  the  tem- 
perature were  raised  without  changing  in  any  way  the  other 
conditions,  rusting  should  become  evident;  Mr.  Fleming  in  an 
article  in  this  number  of  the  Journal  seems  to  have  proved 
this  to  be  a  fact.  But  is  this  all  not  "using  a  sledge  hammer  to 
kill  a  flea?"  Suppose  it  were  true  that  at  ordinary  temperatures 
iron  did  not  rust  in  perfectly  pure  water;  this  fact  in  no  way 
invalidates  the  electrolytic  theory.  When  iron  dissolves  in 
water  with  carbonic  acid  or  without  it,  energy  is  set  free  and  can 
take  the  form  of  electrical  energy  in  the  same  way  as  that  set 
free  by  the  reaction  taking  place  in  a  Daniell  cell;  and  the 
phenomenon  is  just  as  truly  electrolytic  in  one  case  as  in  the 
other. 

The  studied  attempt  of  the  author  to  avoid  all  the  concepts 
introduced  by  the  electrolytic  theory  renders  the  treatment 
of  many  important  phenomena  less  clear  than  it  would  otherwise 
be.  How  else  can  one  explain  the  accelerating  action  of  metallic 
platinum  or  forge  scale  on  the  rusting  of  iron?  How  explain 
the  protection  of  iron  by  zinc,  or  the  fact  that  the  area  of  iron 
protected  by  zinc -is  a  function  of  the  conductivity  of  the  water 
surrounding  the  two,  and  a  hundred  other  facts?  To  call  such 
phenomena  "galvanic  action"  is  simply  admitting  the  facts 
while  refusing  to  utilize  the  conclusions  which  such  facts  warrant 
and  to  use  the  benefits  which  may  accrue  from  broader  generaliza- 
tions based  upon  such  facts  and  conclusions.  The  book  gains 
nothing  by  this  careful  exclusion  of  the  electrolytic  theory, 
while  it  loses  much. 

In  the  chapter  devoted  to  the  rusting  of  iron  as  influenced 
by  natural  forces  and  conditions  the  author  shows  his  broad 
grasp  of  the  literature,  and  presents  the  subject  in  a  well  balanced 
discussion  of  the  influence  of  dissolved  oxygen,  in  water  the  rate 


of  movement  of  the  water,  the  action  of  light,  biological  activity, 
etc.  To  the  action  of  acids,  alkalies,  aqueous  solution  of  simple 
salts,  and  solution  of  two  or  more  electrolytes  on  iron  there  is 
devoted  a  chapter  respectively.  The  passive  state  of  iron  is 
the  subject  of  an  interesting  chapter  which  brings  this  in- 
teresting subject  well  up-to-date,  as  is  also  true  of  the  section 
on  the  influence  of  the  chemical  composition  of  iron  on  its 
corrosion.  In  considering  the  relative  rate  of  corrosion  of  iron 
and  steel  the  author  suggests  a  "Corrosion  Factor"  and  points 
out  that  an  American  firm  has  made  this  possible  by  placing 
on  the  market  a  "pure  iron,"  that  is,  a  metal  containing  99.954 
per  cent.  iron.  These  figures  are  taken  from  an  analysis  given 
on  page  114  as  furnished  by  the  American  Rolling  Mill  Co. 
of  Middletown,  Ohio,  for  its  product:  much  to  the  author's 
surprise  he  later  found  by  analyzing  the  sample  himself,  that  it 
contained  0.172  per  cent,  copper. 

Throughout  the  volume,  attention  is  called  to  the  gaps  in  our 
present  knowledge  and  its  study  should  prove  a  source  of  fruit- 
ful suggestion  for  those  looking  for  subjects  for  investigation. 

The  book  constitutes  a  distinct  and  valuable  contribution 
to  the  literature  on  the  subject  of  corrosion,  and  will  prove  of 
interest  to  the  general  reader  as  well  as  of  great  service  to  those 
particularly  interested  in  the  field.  Wm.  H.  Walker. 

Technologic  Papers  of  the  Bureau  of  Standards,  No.  3:     Tests 
of  the  Absorptive  and  Permeable  Properties  of  Portland  Cement 
Mortars    and    Concretes,    together    with     Tests     of     Damp- 
Proofing  and  Waterproofing  Compounds  and  Materials.      By' 
Rudolph  J.  Wig  and  P.  H.  Bates.      127  pages,  53   figures, 
8vo.     Washington:  Government  Printing  Office,  1912. 
The    investigations    reported    in    this    brochure    cover    some 
previously  unstudied  phases  of  the  important  subjects  of  Port- 
land cement  mortars  and  concretes.     The  account  of  the  work 
is  divided  into  two  parts:     Part  I  comprises  the  results  of  a 
series  of  tests  on  1 1  different  mortars  and  23  concretes  to  ascer- 
tain their  permeability  at  various  ages,  for  various  consistencies 
and  thickness  of  test  piece,  and  the  absorption  on  12  mortars 
at   various  ages  and  for   various  consistencies,   while  Part   II 
embodies  the  results  of  a  series  of  comparative  tests  of  40  com- 
pounds and  several  void -filling  materials  recommended  for  use 
or  advertised  as  "damp-proofing"  or  "waterproofing"  mediums, 
purchased  privately  in  the  open  market. 

Valuable  as  are  the  data  contained  in  Part  I,  the  series  of 
tests  made  on  various  "damp-proofing"  and  "waterproofing" 
compounds  and  materials  should  be  of  more  interest  to  the 
engineer,  architect  and  contractor — to  all  those  engaged  in 
construction  work  who  have  been  misled  by  such  statements  as, 
"This  compound  waterproofs  the  heart  of  concrete  construction," 
or  "To  make  the  whole  mass  of  the  masonry  waterproof. . .  .add 
to  the  cement  a  compound  which  is  water  repellent  and  breaks 
up  the  continuity  of  the  capillaries."  It  is  demonstrated  by 
Wig  and  Bates,  in  a  quite  convincing  manner,  that  Portland 
cement  mortar  and  concrete  can  be  made  practically  water- 
tight or  impermeable  to  any  hydrostatic  head  up  to  40  feet 
without  the  use  of  any  of  the  so-called  "integral"  waterproofing 
materials  (19  were  tested).  Furthermore — but  in  this  case  the 
authors  urge  cautious  interpretation — "The  damp-proofing 
tests  as  conducted  would  indicate  that  Portland  cement  mortars 
can  be  made  not  only  impermeable  but  damp-proof  as  well.  .  .  . 
without  the  use  of  any  damp-proofing  or  waterproofing  com- 
pound." 

There  are  about  fifty  waterproofing  compounds  (coatings  and 
"integrals")  on  the  American  market.  The  addition  of  "inte- 
gral" compounds  will  not,  •according  to  Wig  and  Bates,  compen- 
sate for  lean  mixtures,  poor  materials  nor  for  poor  workman- 
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slup,  but  ii  le  i  i    orae  "i  the  coating  compounds  have  a.  use,  h>i 

ti undo  certain  conditiona,  it  la  undoubtedly 

desirable  to  usi    bituminous  oi   similai   coatings,  even  on  new 
work,  as  a   protection  where  cracks  ma]    occur."     H 
even  in  such  cases  the  authors  asset t  that  "where  crack    can  i>e 
prevented  no  coating  whatevei  is  required  to  make  the  strui  ture 
hnpe  meable  \Y     \.  1 1  \m<  »r. 

A  Dictionary  of  Applied  Chemistry.  Second  edition,  by  Sih 
EJdward  Thorpe  and  other  eminent  contributors.  To  be 
issued  in  five  volumes.  Revised  and  enlarged  Volume  I, 
758  pages.  Price  of  complete  sel  when  issued  $50. <>d.  Price 
per  volume,  $13.50.  Longmans,  Green  &  Co.,  London  and 
V u   Yoik.   [912. 

The  lirst  edition  oi  tliis  well  known  work  appeared  twenty-two 
\eai  i  ago.  In  the  meantime,  great  advances  have  been  made 
in  the  science  oi  chemistry  and  its  applications,  new  industries 
have  been  developed  and  established  processes  have  undergone 
great  changes.  The  appearance  of  this  second  completely 
revised  and  enlarged  edition  is  therefore  a  matter  of  importance 
to  the  chemical  profession. 

The  editorial  board  has  been  enlarged  under  the  able  guidance 
of  Sir  Edward  Thorpe  and  now  includes  forty-five  eminent 
experts  selected  from  England,  Germany,  Switzerland  and 
America.  It  would  be  difficult  to  find  a  more  representative 
set  of  men  than  those  thosen  to  treat  the  subjects  presented  in 
this  volume. 

All  articles  of  the  first  edition  have  been  carefully  revised  or 
rewritten  and  a  large  amount  of  new  subject  matter  has  been 
introduced.  References  to  original  papers  have  been  more 
carefully  preserved  and  brought  up-to-date.  From  the  stand- 
point of  bibliography  alone,  the  work  is  of  inestimable  value 
and  a  careful  comparison  of  individual  articles  shows  a  con- 
sistent and  judicious  editorial  policy. 

Volume  I  covers  in  its  758  pages,  the  words  A  to  Che  com- 
pared with  715  pages  in  the  first  edition  from  A  to  Dy. 

New  chapters  have  been  introduced  on  Abrasives,  Acetins, 
Adhesives,  Adrenaline,  Amines,  Anaesthetics,  Argon,  Aspara- 
gine,  Boiler  Incrustation,  Casein,  and  a  particularly  good  chapter 
on  Chemical  Affinity.  These,  together  with  the  extention  of 
other  subjects  which  have  increased  in  importance  since  the 
first  edition,  make  a  book  of  great  reference  value  to  the  chemist 
and  chemical  engineer. 

The  general  workmanship  on  the  volume  is  excellent.  The 
paper  and  binding  are  well  adapted  to  withstand  the  hard  service 
of  the  reference  library  and  laboratory  and  the  chemical  pro- 
fession will  receive  the  timely  revision  and  reissue  of  this  well 
known  work  with  gratitude  to  both  editors  and  publishers. 

M.  C.  Whitaker. 

Allen's    Commercial   Organic    Analysis.     Fourth   Edition,   Vol. 

VI.    Edited  by  W.  A.  Davis  and  S.  S.  SadtlER.     Philadelphia: 

P.   Blakiston's  Son  &  Co.,  1912.     Cloth,  Octavo  viii    +    726 

pages.     Price,  $5.00  net 

The  appearance  of  this  volume,  devoted  chiefly  to  the  alkal  ids 
and  corresponding  to  Vol.  Ill,  Part  II,  oi'  the  previous  edition, 
s  especially  welcome  because  of  the  lack  of  comprehensive 
modern  literature  on  the  analytical  chemistry  of  the  alkaloids. 
Although  20  years  have  elapsed  since  the  last  edition  of  this 
part  of  Mr.  Allen's  work,  and  the  material  has  been  entirely  re- 
written and  reset,  the  scope  and  general  arrangement  are  but 
little  changed. 

As  in  the  other  volumes  of  the  fourth  edition,  the  work  of 
revision  has  been  divided  among  a  number  of  contributors — in 
this  case  ten  English  and  four  American.  The  division  is  as 
follows:  Amines   and  Ammonium   Bases,    by   W.  A.  Davis,  49 


pages;  Aniline  ind  it  Allies,  by  S.  S.  Sadtler,  60  pages;  Naph- 
thylamines,  Pyridine,  Quinoline  and  Acridine  Bases,  by  \v.  11. 
Glover,  \  pagi  1;  Vegetable  Ukaloids,  by  T,  A.  Henry,  44 
olatile  1  "i  Vegetable  Origin,  l>\    F,  0    Taylor,  25 

pages;  \i  otine  ;m,i  ["obaci  i,  b\  R.  \Y  Tonkin,  18  pages;  Aco- 
nite Alkaloids,  l>v  !•'.  II  Carr,  36  pages;  Atropine  and  its  Allies, 
i'  1  11  1  11  8  pages;  Cocaine,  by  S.  1'.  Sadtler,  33  pages; 
Opium  Alkaloids,  by  I'".  0.  Taylor,  86  pages;  Stryehnotis  Alka- 
C.  E.  Vanderkleed,  38  pages;  Cinchona  Alkaloids,  by  0. 
Chiek,  7 j  pages,  Ik  limine  an  1  its  Associates,  by  E.  Horton,  28 
pages;  Caffeine,  Tea  and  Coffee,  by  J.  J.  Fox  and  P.  J.  Sageman, 
,  Cocoa  an  I  Chocolate,  by  R.  Whympcr,  37  pages. 
Those  alkaloids  which  in  tin-  previous  edition  were  included  in 
Part  III  <>i  Volume  III  are  left  for  Volume  VII  of  the  pn  1  nl 
edition.  Since  the  work  is  being  entirely  reset  it  seems  unfortunate 
that  the  descriptions  of  all  the  alkaloids  should  not  be  brought 
into  one  volume. 

The  division  of  the  subject  matter  among  such  a  number  of 
contributors  has  its  advantages,  as  for  example  in  permitting  the 
introduction  of  a  chapter  on  Cocoa  and  Chocolate  by  such  a 
specialist  as  Mr.  Whymper,  but  it  seems  also  to  have  resulted 
in  some  over-specialization  within  the  volume  with  a  correspond- 
ing loss  to  the  more  general  features.  One  fails  to  find  in  the 
present  volume  a  satisfactory  development  of  those  33  pages  in 
which  20  years  ago  Mr.  Allen  so  clearly  summarized  the  general 
analytical  reactions  and  methods  of  isolation  and  purification  of 
the  alkaloids  as  a  group. 

The  separate  sections  have  been  extensively  rewritten  and 
much  new  matter  included,  the  volume  as  a  whole  being  about 
one-fifth  larger  than  its  predecessor.  In  most  sections  the-  de- 
scriptive matter  is  more  prominent  than  the  strictly  analytical, 
and  the  volume  will  doubtless  be  used  as  much  for  a  reference 
text  as  for  a  laboratory  guide.  H.  C.  Sherman. 

The    Chemistry    of  Breadmaking.     By    James    Grant,    M.Sc. 

Tech.,  F.I.C.,   F.C.S.     Longmans,  Green  &  Co.,    1912.     224 

pages,  47  illustrations.     Price,  $1.25. 

This  small  volume  was  written  to  assist  the  beginner  as  an 
introduction  to  the  chemistry  of  breadmaking.  With  this 
purpose  in  view  the  author  does  not  attempt  to  cover  the  same 
ground  as  other  more  special  treatises. 

The  first  5  chapters  of  the  book  take  up  in  a  very  elementary 
way  the  applications  of  chemistry  and  physics  to  the  problems 
of  the  bakery.  Succeeding  chapters  discuss  the  composition 
of  cereals  and  of  their  milling  products,  the  functions  of  yeasts 
and  other  ferments,  breadmaking  processes,  bakehouse  hygiene, 
fuels  and  ovens,  and  the  analysis  of  cereal  foods. 

As  an  introductory  handbook  for  students  the  present  volume 
is  in  every  way  much  better  suited  than  the  more  exhaustive 
work  of  Jago  (This  Journal,  4,  313)  which  is  preeminently 
a  book  for  the  specialist  and  one  in  which  the  beginner  may  have 
difficulty  in  finding  his  way. 

The  design  of  Prof.  Grant  to  put  forward  an  introductory 
volume  for  beginners  which  would  fill  a  gap  in  the  literature  and 
text  books  upon  breadmaking  is  a  laudable  one  and  has  been 
very  well  carried  out.  C.  A.  Browne. 

The  Laboratory  Apparatus  Blue  Book,  published  by  the  Scien- 
tific Materials  Co.,  of  Pittsburgh.  Sent  free  of  charge  to  chief 
chemists,  metallurgists  and  professors. 

This  book  describes  and  illustrates  the  apparatus  manufac- 
tured or  imported  and  sold  direct  to  laboratories  by  the  authors. 

A  complete  list  of  all  the  modern  and  approved  laboratory 
material  is  given,  and  arranged  alphabetically.  The  descrip- 
tions are  clear  and  a  large  number,  perhaps  2000,  different 
illustrations  are  used.  This  catalogue  contains  a  great  deal  of 
new  and  improved  apparatus,  which  will  no  doubt  be  of  interest 
to  up-to-date  chemists. 
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Alloy;  Metallurgical  and  Technological  Studies  In  the —  Industry. 
By  M.  Weidig.  8vo.  Price,  $1.50.  Leonhard  Simion,  Berlin.  (Ger- 
man.) 

Annual  Table  of  Constants  and  Numerical  Data,  Chemical,  Physical 
and  Technological  for  1910.  By  Ch.  Marie.  4vo..  pp.  727.  Price, 
$5.00.      University  of  Chicago  Press.  Chicago.   1912. 

Cellulose;  Critical  Studies  on  the  Hydrolysis  of—  and  of  Wood. 
By  J.  Newmann.  8vo.  Thesis.  Technical  High  School,  Dresden 
(German.) 

Cement;  Portland —  with  the  Addition  of  Puzzolan.     By  s.  Kasai. 

8vo.      Price,  $1.25.      Tonindustrie  Zeitung,  Berlin.      (German.) 
Cerium;  The —  Metals  and  their  Pyrophoric  Alloys.     By  H.  Keller- 
mann.     L.  8vo.,    pp.     116.     Price,    $150.     W.     Knapp.    Halle.     (Ger- 
man.) 
Chemistry;  Treatise  on  General — .     (Translation  in  French.)     By  W. 
Nernst.     6th.    Edition.      8vo..   422   pp.      Price,   $2.00.     A.  Hermann    & 
Fils,  Paris. 
Coking;   Contribution  to  the   Chemistry  of — .    By  F.  H.   Lierg. 

8vo.      Price,  $.25.     Thesis,  Technical  High  School,  Dresden.      (German.) 
Colloid    Chemistry.     By    Richard    Zsigmondy.     8vo.     Price,    $4.25. 

Otto  Spamer.  Leipzig.      (German.) 
Concrete  Costs.     By  Frederick  W.  Taylor  and  Sanford  E.  Thompson. 

Sm.  8vo.,  709  pp.      Price,  $5.00.     John  Wiley  &  Sons,  New  York. 
Concrete;    Reinforced — .     By    Paul    Rohland.     8vo.     Price,    $0.75. 

Otto  Spamer.  Leipzig.     (German.) 
Dictionary    of   Applied    Chemistry,   Vols.    I   and   II.     By   Edward 

Thorpe.     Vol.     5.     Revised     edition.     L.  8vo.     Price.     $23.00.     Long- 
mans Green  &  Co  .  London. 
Essential  Oils:  Semi  Annual  Report  of  Schlmmel  &  Co.,   April, 

1912.     Anonymous.     8vo.,  197  pp.     Schimmel  &  Co.,  Miltitz. 
Fertilizer;  The  American —  Hand  Book:  A  Standard  Directory  of 

the  Commercial  Fertilizer  Industry  and  Allied  Trades,     pp.  306. 

Price,  $1.50.     Ware  Bros.  Co.,  1010  Arch  St.,  Philadelphia,  Pa. 
Industrial  Chemistry.     By  Allen  Rogers  and  Alfred  B.  Aubert. 

8vo.,  872  pp.      Price,  $5.00.      D.  Van  Nostrand  Co.,  New  York. 

Industry;  Directory  and  Trade  Book  of  the  Chemical —  of  the 

German    Empire.     Anonymous.     12th    edition.     8vo.     Price,    $8.00. 

R.  Mueckenberger,  Berlin. 
Inorganic;  Recent  Advances   in  Physical  and —   Chemistry.     By 

A.  W.  Stewart.     2nd  edition.     8vo.     Price.  $2.00.     Longmans.  Green 

&  Co.,  London. 
Iron;  The  Modern  Materials  of —  Pipes.    By  O.  Kroehnke.    8vo. 

Price,  $1.00.     Rohrtechnik,  Magdeburg.     (German.) 
Materials;  Handbook  of —  for  Machine  Construction;  Metals  and 

Alloys.     Part  I.     Lev.  8vo.,  506  pp.     Price,  $10.50.     Julius  Springer. 

Berlin.     (German ) 
Metallurgical    Practice,    Rand's.     Vol.     I.      By     Various     Authors. 

8vo.,  488  pp.      Price,  $5.25.     C.  Griffin,  London. 
Organic;    Industrial —    Chemistry.     By    Samuel    P.    Sadtler.    4th 

edition.     8vo.,   586  pp.      Price,  $5.00.     J.   B.   Lippincott  Co.,    Philadel- 
phia. 
Potash;  The  German —  Industry.    Anonymous.     8vo.     Price,  $17.00 

Mitteldeutsche  Privat-Bank.  Magdeburg.      (German.) 
Pumping;   Centrifugal —  Machinery.     By  Carl  George  de  Laval 

8vo.    184  pp.     Price,  $3.00.     McGraw  Hill  Book  Co.,  New  York. 
Radio;   The  Chemistry  of  the —  Elements.     By   Frederick   Soddy 

8vo.      Price,  $0.75.      Longmans,  Green  &  Co.,  London. 
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RECENT  INVENTIONS 


Reported  l.y  C    I-    Parker.  SolidtOI  ■  >(  Chemical  Patents.  tfeOlU  Building,  Washineton,  D.  C. 


METHOD  OF  PRODUCING  NITROGEN  COMPOUNDS. 
U.  S.  Patent  No.  1,018,802,  to  Charles  E.  Acker,  of  Ossining,  New 
York,  Assignor  to  the  Nitrogen  Company  of  New  York. 
The  patentee  has  discovered  thai  a  direct  current  of  electricity 
from    an    alkali-metal    alloy,    c.    c...    sodiuiu-lcad    alloy,    through 
molten  alkali  cyanid  to  a  carbon  cathode  liberates  the  alkali 
metal  in  the   pure   Man     it    the 
cathode;  but  if  ammonia,  hydro- 
carbon amins  or  their  decompo- 
sition products,  singly  or  mixed, 
or    other     suitable     nitrogenous 
•  be  brought  into  contact 
\\  ith  the  surface  of  this  cathode, 
while    the    current    is    passing, 
such  reagent  will  instantly  com- 
bine  with   the    liberated    alkali 
metal  and  carbon  of  the  cathode, 
to    form     more    alkali    cyanid 
which    immediately  mixes  with 
the     mass     of     molten     cyanid 
already  present. 

The  hydrogen-carbon-nitrogen 
compound  must  have  carbon- 
aceous and  nitrogenous  constituents  capable  of  combining  to 
form  a  radical  comprising  carbon  and  nitrogen  when  the  com- 
pound is  reacted  upon  by  the  nascent  metal. 

METHOD  OF  MAKING  ANHYDROUS  TIN  CHLORTD. 
U.  S.  Patent  No.  1,018,805,  to  Gervais  Baillio,  of  Niagara  Falls, 
New  York,  Assignor  to  Castner  Electrolytic  Alkali  Company. 
A  continuous  process  for  converting  metallic  tin  into  anhy- 
drous tin  bichlorid  on  a  commercial  stale. 

In  manufacturing  an- 
-=gj  hydrous  tin  bichlorid  in 
the  dry  way7,  i.  e.,  by  pass- 
ing dry  chlorin  gas  over 
metallic  tin,  sufficientheat 
is  developed  to  melt  the 
tin,  and  part  of  the  tin 
forms  stannic  oxid ,  causing 
a  loss  of  tin. 

The  patentee  avoids 
any  oxidation  of  the  tin 
by  submerging  it  in  a 
quantity  of  anhydrous 
liquid,  so  that  the  tin  is  completely  covered;  chlorin  gas 
is  then  applied.  This  operation  must  be  carried  out 
in  a  water-jacketed  vessel  fitted  with  steam  connections, 
as  temperature  control  is  necessary.  While  the  tin  used 
may  be  perfectly7  pure,  it  is  not  necessarily  so,  as  verv 
satisfactory  results  have  been  obtained  from  a  compound  con- 
taining about  90  per  cent,  tin,  the  remaining  10  per  cent,  being 
composed  of  lead,  iron  and  other  impurities. 

Carbon  tetrachlorid  or  any  suitable  anhydrous  liquid  may  be 
employed  as  the  substance  in  which  the  tin  is  submerged,  but 
the  patentee  recommends  the  use  of  anhydrous  tin  bichlorid 
for  this  purpose.  When  the  chlorin  is  admitted  to  the  tin 
bichlorid,  or  other  anhydrous  liquid,  it  attacks  the  tin  contained 
therein  and  forms  additional  tin  bichlorid.  The  latter  is  per- 
fectly free  from  moisture  (notwithstanding  the  fact  that  moist 
chlorin  gas  may  be  used)  and  may  be  drawn  off  from  time  to 
time,  without  interfering  with  the  continuity  of  the  process. 


THE  MANUFACTURE  OF  SODIUM  CYANIDE. 
U.  S.  Patent  No.  1,010,002,  to  Chas.  E.  Acker,  of  Ossining,  New 
York. 
This  pro<  ess  consists  iii  passing  a  current  of  electricity  through 
an  electrolyte  of  sodium  and  barium  chlorides,  using  molten 
lead  for  the  cathode;  circulating  the  resulting  alloy  of  sodium, 
barium  and  lead  through  the  apparatus  by  means  of  a  centrif- 
ugal pump;  introducing  a  large  amount  of  finely-divided  char- 
coal in  a  reaction  chamber,  then  lowering  a  plunger  until  slightly 
submerged;  introducing  at  this  stage  fuel  oil  under  pressure 
through  this  plunger  and  nitrogen  through  another  pipe.  The 
fuel  oil  is  decomposed  into  hydrogen,  which  escapes,  and  carbon, 
which,  with  some  of  the  carbon  of  the  charcoal,  forms  barium 
carbide ;  the  nitrogen  combines  with  the  barium  carbide  to  form 
barium  cyanide.  The  latter  compound  is  then  decomposed  by 
the  sodium,  regenerating  the  barium  and  forming  sodium 
cyanide  which  rises  to  the  top  of  the  bath,  and  can  be  drawn  off. 

INDUCTION  FURNACE. 
U.  S.  Patent  No.  1,020,688,  to  Richard  Fleming,  of  Lynn,  Massa- 
chusetts, Assignor  to  General  Electric  Company. 
This  invention  relates  to  electric  furnaces  of  the  induction 
type,  in  which  the  mass  of  metallic  ore  to  be  fused  forms  the 
closed  secondary  circuit  of  a  transformer,  the  primary  circuit 

consisting  of  a  suitable 
coiled  conductor  in  in- 
ductive relation  to  a 
magnetic  core  common  to 
both  circuits. 

Heretofore  it  has  been 
customary  to  incorporate 
the  primary  winding  in 
the  structure  of  the 
furnace,  concentric  with 
the  core  which  passes  also 
centrally  through  the  cir- 
cular crucible  in  which  the  ore  to  be  smelted  is  placed. 

As  all  parts  are  stationary,  the  apparatus  calls  for  additional 
devices  for  regulating  the  current  and  adjusting  it  to  the  load; 
because  with  different  quantities  or  qualities  of  ore,  different 
quantities  of  current  must  be  used. 

The  object  of  this  invention  is  to  render  the  furnace  self- 
regulating  so  that  it  will  automatically  adjust  itself  to  any 
variation  in  load.  This  is  accomplished  byr  making  the  primary 
coil  separate  from  the  furnace  as  shown;  and  mounting  it  ad- 
jacent thereto  in  such  a  manner  that  it  can  move  under  the 
mutual  repulsion  which  exists  between  it  and  the  secondary 
circuit.  A  counterweight  12  tends  to  force  the  movable  coil 
toward  the  crucible  in  order  that  the  repulsion  may  be  opposed 
until  the  current  exceeds  the  desired  strength. 

ART  OF  CONCENTRATION  OF  MINERAL  SUBSTANCES. 
U.  S.  Patent  No.  1,022,085,  to  James  M.  Hyde,  of  Basin,  Mont. 
This  is  a  process  of  separating  by  flotation  the  valuable  part 
of  the  mineral  substance  of  ore  pulps  from  the  valueless  or  less 
valuable  gangue  minerals,  by  first  preferentially  coating  the 
valuable  part  by  means  of  a  fat  or  oil  whereby  it  exhibits  mark- 
edly different  surface  tension  phenomena  from  the  remainder 
of  the  ore.  The  mixture  is  then  agitated,  permitting  the  valua- 
ble parts  of  the  ore  to  float  in  the  form  of  a  froth  which  is  separa- 
ted from  the  balance  of  the  ore  by  overflowing  it  together  with 
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some  water  to  insure  overflow  of  the  entire  froth  mass.  The 
separated  froth  is  subjected  to  a  cleansing  operation  which 
consists  in  reagitating  the  concentrated  material  to  free  im- 
purities entrapped  therewith  and  permit  the  concentrates  to 


again  form  a  froth.  This  froth  is  overflowed  without  any  free 
flowing  water  and  the  settled  impurities  and  the  part  of  the 
froth  not  carried  into  the  overflow  is  returned  to  the  part  of  the 
pulp  which  is  undergoing  the  separation  treatment. 

METHOD  OF  RECOVERING  RESIN  FROM  WASTE  PRODUCTS. 

U.  S.  Patent  No.  1,022,194,  to  Frank  L.  Huggins,  of  Wilmington, 

N.  C,  Assignor  of  one-half  to  John  P.  Moore,  Jr.,  of 

Wilmington,  N.  C. 

This  process  as  carried  out  continuously  is  as  follows: 

The  material  is  placed  in  the  digestor  1  and  a  solvent,  such  as 

gasolene,  is  admitted  from  a  solvent  tank  11  to  submerge  the 

charge  which  is  then  heated.     Steam  is  then  admitted  to  the 

upper  part  of  the  digestor  to  expel  the  solvent  through  pipes 

16  and  17  back  to  the  tank  11.     The  residue  in  the  digestor  1 


is  then  removed  and  a  fresh  supply  of  material  placed  in  the 
digestor  and  subjected  to  the  action  of  the  previously  used  sol- 
vent. This  solvent  is  again  forced  back  into  the  tank  1 1  and  a 
supply  of  fresh  solvent  from  tank  10  admitted.  This  after  a 
heating  operation  is  forced  back  into  tank  10.  Steam  is  then 
passed  through  the  residue  which  is  then  ready  for  removal. 
The  solvent  is  distilled  from  time  to  time  in  the  still  21  to  sep- 
arate the  resin. 


MANUFACTURE  OF  ISOPRENE. 

U.  S.  Patent  No.  1,022,338,  to  Oswald  Silberrad,  of  Buckhurst 

Hill,  England. 

This  is  a  process  for  the  dcpolymerization  of  turpentine  oil 
for  the  production  of  isoprene. 

The  invention  consists  in  subjecting  turpentine  oil  vapor  to 
the  action  of  heat  having  the  pressure  in  the  apparatus  con- 
siderably below  atmospheric  pressure. 

The  apparatus,  in  which  the  process  is  carried  out,  consists 
of  a  heating  coil,  a,  inside  a  heating  chamber,  b,  heated  by  the 
products  of  combustion  from  a  number  of  gas  burners,  c,  using 
electric  pyrometers,  d,  d,  to  determine  the  temperature.     From 


U 


the  heating  coil,  a  pipe,  e,  leads  to  a  water-cooling  coil,  /,  situated 
iu  a  water  chamber.  The  hydrocarbons  condensed  in  the  coil 
/  pass  into  a  vessel,  h,  and  the  uncondensed  vapors  pass  through 
a  pipe,  k,  provided  with  a  mercury  gage,  /,  into  another  condensing 
chamber,  m,  from  which  further  hydrocarbons  are  collected  in 
the  vessel  n.  The  vacuum  is  produced  by  means  of  the  vacuum 
and  compressing  pump  o,  and  the  vapors  passing  the  pump  pass 
through  a  cooling  coil,  p,  immersed  in  brine.  Isoprene  is  con- 
densed in  the  coil  p,  and  is  collected  in  the  chamber  r.  From 
the  chamber  r,  the  uncondensed  vapor  passes  by  the  pipe  s  to 
the  chamber  t,  immersed  in  brine.  A  blow-off  valve,  v,  is  provided 
from  the  top  of  this  last  condensing  chamber. 

PROCESS  OF  TREATING  NATURAL  GAS. 
S.  Patent  No.  1,023,783,  to  Isaac  N.  Knapp,  of  Ardmore,  Pa., 
Assignor  to  The  United  Gas  Improvement  Company  of 
Philadelphia,  Pa. 

The  purpose  of  the 
process  is  to  make 
acetylene  from  natural 
gas.  Natural  gas  con- 
taining approximately 
92  per  cent,  to  97  per 
cent,  of  methane  or 
marsh  gas,  CH4,  is 
passed  through  a  bed 
of  coke  or  coal  from 
which  air  is  excluded 
and  which  is  main- 
tained at  a  heat  higher 
than  that  of  ordinary 
or  atmospheric  com- 
bustion. The  marsh 
gas  is  converted  into 
acetylene,  C2H2,  the 
reaction  being  repre- 
sented by  the  equation 
CH.  +  3C  =  2C.H,. 
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AVBRAOB    WHOLESALE   PRICES  OF   BTANSASD 
ORGANIC   CHEMICALS. 


nilid      Lb. 

Acetone  (drums) Lb, 

Ucohol,  grain  1 188  proof)  . .   ,    .Gal. 

Alcohol,  WOOd  (93  ]>er  cent.)  '  1  il. 

AJcohol,  denatured  (180  proof).  .Gal. 

Ann  I  

A.,  tic  A. ui  (28  per  cent.) C. 

Aniline  Oil  Lb. 

Benzoic  Acid Lb. 

Carbon  Tetrachloride  (drums). .  .Lb. 

Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb, 

Citric  Acid  (domestic),  crystals.  .Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn) C. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC   CHEMIC 

Acetate  of  Lime  (gray) C. 

Acetate  of  Lead  (brown,  broken)Lb 

Alum  (lump) C. 

Ammonium  Carbonate,  domestic  Lb. 

Ammonium  Chloride,  gray Lb. 

Aluminum  Sulphate C. 

Aqua  Ammonia  (drums)  160.  . .  -Lb. 

Arsenic,  white Lb. 

Brimstone  (crude,  domestic)  .  .  .  -Ton 

Barium  Chloride C. 

Barium  Nitrate Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) . . .  .Lb. 

Bromine,  bulk Lb. 

Bleaching  Powder  (35  per  cent.)   C. 
Barytes  (prime  white,  foreign). .  .Ton 

Blue  Vitriol Lb. 

Calcium  Chloride C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth,  powdered C. 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Lithium  Carbonate Lb. 
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EDITORIALS 


THE  EIGHTH  INTERNATIONAL  CONGRESS  OF  APPLIED 
CHEMISTRY. 

Within  .-)  fi'\v  weeks  will  occur  an  evenl  of  supreme 
importance  to  American  Chemists  and  especially  to 
those  interested  in  the  branches  of  our  Science  to 
which  'Puis  Journal  is  especially  devoted:  the 
meeting,  in  Washington  and  New  York,  oi  the  Inter- 
national Congress  of  Applied  Chemistry.  Strictly 
speaking,  this  is  not  the  first  time  that  such  an  organi- 
zation has  met  on  American  soil,  since  the  first  impetus 
to  the  plan  of  these  international  meetings  seems  to 
have  been  derived  from  the  sessions  of  foreign  and 
American  chemists  who  attended  the  Columbian 
Exhibition  in  Chicago  in  1893.  Every  World's  Fair 
has,  in  recent  years,  been  accompanied  by  meetings 
ol  specialists  in  sciences  and  arts;  but  it  must  be  re- 
membered that  they  bear  the  relation  of  what  is  popu- 
larly called  a  side-show  to  the  Exhibition  itself.  They 
are  more  or  less  haphazard  in  their  relation  to  the  gen- 
eral world  of  science  and  there  is  no  continuity  of 
management  from  one  occasion  to  the  next.  The 
various  international  scientific  congresses  are  auton- 
omous; the  experiences  gathered  at  one  meeting  are 
utilized  in  the  preparation  for  the  next  one;  special 
problems  are  committed  to  the  care  of  qualified  experts, 
for  the  report  of  authoritative  opinion  to  the  next 
gathering  and  the  way  is  paved  for  that  general  world- 
wide cooperation  in  the  advancement  of  knowledge 
and  the  perfection  of  its  utilization,  which  has  been 
within  narrower  limits  the  chief  virtue  of  the  various 
national  organizations. 

It  is  just  250  years  since  the  Royal  Society  was 
incorporated  in  London, — with  the  sole  exception  of 
the  Accademia  du  Lincei — probably  the  oldest  extant 
society  for  the  exchange  of  knowledge  between  the 
devotees  of  exact  and  natural  sciences.  For  nearly 
two  centuries  these  societies  were  not  only  close 
corporations  but  also  practically  local  clubs.  The 
greater  diffusion  of  scientific  learning,  as  well  as  the 
increased  means  of  communication  by  railroad  and 
telephone,  led  to  the  establishment  of  national  associa- 
tions, with  more  liberal  terms  of  membership,  and 
various  associations  for  the  advancement  of  science, 
with  the  added  feature  that  the  meetings  were  never 
held  twice  in  succession  in  the  same  city.  A  natural 
outgrowth  were  the  national  societies  for  the  promotion 
of  some  particular  science;  since  increased  specializaT 
tion  made  it  possible  for  anybody  to  follow  under- 
standingly  the  sessions  of  a  general  association,  which 
soon  met  in  sections,  that  naturally  led  to  a  demand 
for  a  closer  form  of  union  of  their  respective  members. 
So  that,  in  chemistry  at  least,  each  great  nation  now 
possesses  one  or  more  special  societies,  not  restricted 
as  to  localities  or  qualifications,  as  is  the  case  with  the 
academy  or  institute,  but  open  to  every  person  inter- 
ested in  the  science.  At  the  last  annual  meeting  of 
the  American  Chemical  Society,  there  were  assembled 
as  many  members  as  would  have  been  deemed  a  fair 
attendance   for  the   entire   American   Association   for 


the  Advancement  ol  Science,  not  so  many  years  . 
It  is  not  necessary  to  descant  here  on  the  advanta 
of  oral  discussion,  supplemented  by  the  pleasures  of 

social  intercourse,  which  make  these  general  ses 
so  attractive,  any  more  than  it  is  important  to  point 
out  the  same  gregarious  instinct,  which  has  led  to  Un- 
successful institution  of  so  many  local  sections,  with 
their  well-attended  stated  meetings.  But  we  must 
emphasize  the  fact  that  local  chemical  societies  led  a 
very  precarious  existence  until  the  more  powerful 
national  organization  enabled  them  to  gather  strength 
by  cooperation  and  let  them  experience  the  stimulus 
of  generous  rivalry. 

And  now  we  have  entered  into  a  new  era,  practically 
with  the  opening  of  the  XXth  Century,  that  of  the 
utter  abolition  of  national  boundaries  so  far  as  scien- 
tific endeavor  is  concerned.  A  new  chemical  discovery 
in  Paris  is  known  in  London,  New  York  and  Tokio  in 
far  less  time  than  was  consumed  in  the  transmission 
of  Priestley's  or  Cavendish's  communications  to  the 
Royal  Society  in  London,  and  the  time  is  rapidly 
passing  when  the  possession  and  guarding  of  a  scientific 
secret  could  be  deemed  a  national  advantage.  If  it 
be  deemed  conducive  to  international  amity  that  the 
young  men  of  all  nations  should  meet  at  the  Olympian 
games,  in  contests  of  brawn  and  motor-nerves,  how 
much  more  important  is  it  that  there  be  occasional 
interchanges  of  thought  and  knowledge.  And  yet,  we 
wonder  whether  the  press  of  New  York  will  afford  as 
many  paragraphs  to  the  forthcoming  International 
Congress  of  Applied  Chemistry,  for  matter  supplied 
to  it  free  of  expense,  as  it  has  published  pages  of  ex- 
pensive cablegrams  from  Stockholm?  We  do  not 
expect  any  mobs  of  frenzied  cheerers  to  throng  around 
the  arena  of  scientific  debate ;  and  yet  we  know  that 
the  impression  which  our  foreign  visitors  will  take 
home  of  the  progress  in  American  science  and  scientific 
industry  will  be  of  far  greater  importance  to  the  esteem 
in  which  our  country  will  be  held  abroad,  than  the 
number  of  cups  which  the  Finland  will  bring  home 
from  Stockholm.  Our  individual  responsibility  in 
this  Congress  is  as  great  as  our  individual  oppor- 
tunity. 

To  meet  the  leaders  of  chemical  knowledge  and  of 
chemical  manufacture,  from  abroad  as  well  as  home, 
to  listen  to  a  free  exchange  of  thought  and  practical 
experience,  are  privileges  for  which  innumerable  chemists 
have  traveled  to  Berlin,  London,  Paris,  Vienna  and 
Rome .  We  all  now  have  these  chances  at  home,  coupled 
with  the  opportunity  to  benefit  by  free  and  generous 
criticism  of  whatever  we  may  desire  brought  to  their 
view.  In  chemical  industry,  at  least,  medieval 
secretiveness  is  breaking  down  in  favor  of  frank  ex- 
change of  experiences. 

That  the  scientific  importance  of  the  approaching 
Congress  is  thoroughly  realized  may  be  gathered  from 
the  fact  that  upwards  of  600  papers  have  already  been 
accepted  and  are  being  printed,  ready  for  distribution 
at  the  Congress  itself.     In  view  of  the  stringent  rules 
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of  acceptance  which  have  been  adopted,  and  the  early 
date  set  for  the  submission  of  the  papers  themselves,  it 
would  probably  have  been  easier  for  the  authors  to  secure 
publication  in  the  journals  of  their  respective  national 
chemical  societies,  had  they  not  recognized  the  para- 
mount claims  of  this  International  scientific  gathering. 
The  American  Committee  of  Arrangements  is  bend- 
ing every  effort  toward  making  the  sessions  agreeable 
to  the  participants;  they  are  particularly  anxious  to 
make  this  Congress  memorable  for  the  promptness 
with  which  it  shall  transact  its  business,  the  smooth- 
ness with  which  the  machinery  of  entertaining  its 
members  shall  revolve  and  the  completeness  with 
which  their  comfort  may  be  considered.  This  means 
as  full  cooperation  on  the  part  of  every  American 
chemist  as  has  been  cheerfully  afforded  by  the  hard- 
working members  of  the  various  committees.  It  may 
be  taken  for  granted  that  every  chemist  who  can  get 
away  from  his  work,  no  matter  in  what  part  of  the 
United  States  he  resides,  will  be  anxious  to  attend  the 
Congress,  not  only  for  the  selfish  reasons  already 
stated,  but  also  for  the  patriotic  one  of  adding  by  his 
own  presence  to  the  prestige  of  the  greatest  chemical 
function  which  is  likelv  to  occur  here  for  many  a  year. 


But  it  is  not  fair  to  the  managers  that  you  should 
leave  them  in  the  dark  as  to  your  intentions:  mere 
subscription  to  the  Congress  does  not  necessarily  mean 
attendance.  Write  to  the  Reception  Committee  at 
the  Chemists'  Club,  52  East  41st  Street,  New  York 
City,  of  your  purpose  to  come  on;  of  your  probable 
address;  of  the  ladies  who  will  accompany  you.  If 
you  desire  it,  write  also  the  kind  of  rooms  you  wish  to 
have  reserved  for  you,  with  your  preference  of  hotels, 
as  this  committee  has  undertaken  to  look  after  all  the 
personal  comforts  of  the  members.  If  you  have  not 
even  paid  your  subscription  as  yet,  do  not  postpone 
this  duty  until  your  arrival  here,  but  attend  to  it  now! 
Remember  that  no  hostess  feels  happy  if  she  is  in 
doubt  as  to  the  acceptance  of  a  single  guest,  and  that 
there  are  all  kinds  of  functions  planned  for  this  Con- 
gress, which  cannot  be  completely  arranged,  until  the 
approximate  number  of  participants  is  ascertained. 
The  man  who  waits  until  the  last  minute  unless  com- 
pelled to  do  so.  "because  there  is  always  room  for  one 
more,"  catalyzes  more  profanity  among  his  colleagues 
than  his  conscience  can  bear.  Do  your  share,  in  the 
matter  of  time  as  well  as  personal  attendance.  You 
will  not  be  sorry. 


ORIGINAL  PAPLRS 


THE  MANUFACTURE  OF  CARBON  BISULPHIDE.1 
By  Edward  R.   Taylor. 
Received  May  22,    1912. 

The  radical  changes  that  have  been  made  possible 
by  the  use  of  electricity  in  chemical  industries  are  well 
exemplified  in  the  advance  in  the  manufacture  of 
carbon  bisulphide  during  the  past  thirty-five  years. 
Reports  have  been  made  on  the  progress  of  this  work 
from  time  to  time.2 

The  old  retort  method  of  manufacturing  bisulphide 
of  carbon  was  fraught  with  many  annoyances  and 
disagreeable  circumstances.  Yet  at  one  time  I  had 
as  many  as  twelve  of  them  in  running  condition. 
With  but  one  retort  in  a  place,  economies  vanish 
rapidly.  With  a  number  in  the  same  furnace  they  arc 
not  all  likely  to  fail  at  the  same  time,  but  one  is  con- 
stantly taking  out  and  putting  in,  which  keeps  the 
works  in  a  state  of  confusion  all  the  time.  Fortunately. 
the  large  dynamo,  with  its  ability  to  generate  electricity 
in  large  quantities  and  at  reasonable  rates,  has  come 
to  our  aid.  In  any  of  the  usual  retorts  we  are  limited 
as  to  sizes  of  retort  by  possible  heat  penetration  to 
the  interior.  As  these  old  retorts  are  heated  exter- 
nally, you  will  appreciate  some  of  the  difficulties  of 
their  operation. 

With  the  electric  retort,  however,  we  can  have  the 
heat  in  the  interior,  where  we  want  it  and  keep  the 
shell  cool;  that  is  the  secret  of  its  great  success. 

In  regard  to  the  development  of  our  electric  retort, 
I  had  considered  numerous  ways  of  conducting  elec- 
tricity  into  the   furnace,   and  gave   up  as   inadvisable 

1  Presented  before  the  New  York  Section  of  the  American  Chemical 
Society.  May  10.  1912. 

2  Trans.  Am.  Eleclrochem.  Soc,  1,  Xo.  1.  115-7  (1912 1;  J.  Frank. 
Inst..  Feb..  1908. 


the  idea  of  using  movable  electrodes  as  is  ordinarily 
done  in  furnaces.  I  concluded  if  I  could  substitute 
for  that  some  electrical  conductor  in  small  pieces 
which  would  come  in  between  stationary  electrodes 
and  stand  the  brunt  of  the  stress,  I  would  overcome 
the  necessity  of  moving  the  electrodes,  and  this  has 
been  so  successful  that  we  have  been  able  to  run  our 
furnace  anywhere 
from  eight  months 
to  a  year  without 
shutting  down,  and 
we  have  made 
from  1.500,000  to 
2,000,000  pounds 
of  carbon  bisulphide 
in  a  furnace  with- 
out cleaning  out. 

Two  large  induc- 
tion type  dynamos, 
made  by  the  Stanley 
Company,  are  used 
in  producing  the 
electricity  to  supply 
our  furnace  and 
have  given  excel- 
lent satisfaction. 
A  waterfall  and  lake 
furnish  regular 
water  head  for  the 
turbine  generator. 
A  Corliss  engine 
helps  out  the  water 
power.  Two  cables 
convey     the      elec- 
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tricity  from  the  dynamos  to  aluminum  bars  6*  wide 
and  s  ,*  thick,  which  arc  connected  with  the  insulated 
electrodes.  Aluminum  is  used  in  preference  to  copper 
it  is  less  liable  to  corrosion.  Careful  and 
absolute  insulation  from  the  shell  of  the  furnace  is 
necessary  and  possible 

PigS.    1    and    II     show     the     interior    construction     of 

the  furnace.  Bach  composite  electrode  in  this  furnace 
is  composed  of  twenty-five  carbons  each  4*  X  4"  X  48," 
making  a  complete  electrode  twenty  inches  square  and 
forty-eighl  inches  long.     We  use  two-phase  alternating 

current  and  four  of  these  electrodes.  In  the  center 
Of     the    furnace    they    are    about    twelve    inches    apart. 


They  also,  ii  possible,  serve  a  still  more  impi 
purpose    in    regulating    the    current    and    Baving    the 
ty   oi    moving   the   electrodes   through   the   walls 

oi  the  furnace,  which  would  be  a  very  troubl' 
thing  to  do  in  a  furnace  filled  with  melted  and 
izing  sulphur.  This  was  a  problem  that  presented 
very  serious  features  in  the  early  thoughl  oi  a  furnace 
lor  this  purpose.  The  broken  carbons  also  relieve 
the  intense  violence  <>1  the  heat  at  the  terminals.  It 
will  be  appreciated  that  tor  low  temperature  work,  like 
the  manufacture  of  bisulphide  of  carbon,  this  is  very 
essential.  They  also  facilitate  the  starting  and  stop- 
ping of  the  furnace.  Indeed  the  broken  carbons  are 
.so  valuable  in  this  respect  that  we  find 
we  can  stop  and  start  at  will,  even 
when  the  furnace  has  become  com- 
pletely cold,  and  I  cannot  emphasize 
too  highly  the  value  of  these  broken 
carbons  in  a  furnace  of  this  construction. 
To  charge  the  furnace,  sulphur  is 
filled  in  up  to  the  top  of  the  electrodes 
and  broken  carbons  are  added,  in- 
cluding the  filling  of  the  different 
chimneys  over  the  several  electrodes; 
the  shaft  of  the  furnace  is  filled  with 
charcoal,  and  the  periphery  spaces  of 
the  furnace  filled  up  with  sulphur. 

With  the  large  construction,  it  is 
easy  to  feed  the  cold  and  crushed 
sulphur  around  the  periphery  of  the 
furnace,  allowing  it  to  find  its  way  in 
the  melted  state  into  the  interior  heat 


Fig    II.     Height,  41  Ft 


eter,  16  Ft. 


Chimneys  above  each  of  these  electrodes  are  used  to 
convey  broken  carbons  down  upon  them  and  over 
their  ends.  Their  action  breaks  up  and  diffuses  the 
current  which,  instead  of  being  of  one  or  two  arcs,  is 
broken  up  into  a  multitude  of  little  ones,  but  these 
probably  disappear  as  the  furnace  heats  up.  This 
moderates  the  intensity  of  the  heat,  stops  entirely  the 
hissing  of  the  current  so  common  in  arc  furnaces,  and 
protects  from  excessive  wear  the  main  and  more  ex- 
pensive electrodes,  which  last  a  year  or  more  without 
renewal. 


Being  progressively  raised  in  tem- 
perature as  it  approaches  the  zone  of 
reaction,  the  level  of  the  melted  sulphur 
is  regulated  by  the  amount  of  current 
supplied  to  the  furnace  and  the  amount 
of  cold  sulphur  fed  into  the  periphery. 
On  combination  of  the  sulphur 
vapor  with  the  charcoal,  the  formed 
bisulphide  of  carbon  rises  through  the 
charcoal  above  it,  heating  it  as  it  pro- 
gresses downward  towards  the  reaction 
zone. 

Thus,  in  this  furnace,  the  heat  seek- 
ing to  escape  by  radiation  is  continu- 
ously borne  back  to  the  reaction  zone 
by  the  incoming  material. 

So  complete  is  this  return  that, 
when  making  bisulphide  of  carbon  at 
the  rate  of  fourteen  thousand  pounds  per  twenty-four 
hours  with  the  room  at  i6°  C,  the  outside  shell  of  the 
furnace  shows  temperatures  at  different  points  ranging 
from  2 3-64 °  as  a  maximum:  with  yet  more  power  in 
the  furnace,  the  production  would  be  greater  and  these 
readings  still  lower. 

There  is  very  little  wear  to  the  interior  of  the  furnace. 
If  electrodes  are  disposed  to  get  very  hot,  we  feed  a 
little  more  sulphur  than  otherwise,  and  that  has  a 
tendency  to  cool  the  electrodes. 

Sometimes  pillars  are  disposed  to  form  in  the  cor- 
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Fig.  III. 
ners  between  the  electrodes.  We  use  the  2 -phase 
current,  with  one  phase  put  on  one  side  and  the  other 
phase  on  the  other.  Now,  if  pillars  form  in  the  cor- 
ners, and  the  conductivity  of  the  furnace  is  not 
just  right,  we  sometimes  change  over  and  run  the 
current  to  adjacent  electrodes  to  burn  out  the  pillars. 
This  change  is  shown  in  Fig.  III. 

The  provision  for  the  sulphur    is,   I  believe,  one  of 
the  most  important  features  of  the  furnace  structure. 


never  yet  been  able  to  put  enough  cur- 
rent into  one  of  these  furnaces  to  enable 
us  to  keep  all  of  these  perfectly  full. 
I  am  looking  forward  in  a  few  weeks  to 
being  able  to  do  that,  and  I  anticipate 
that  I  shall  be  able  to  produce  from 
25,000-30,000  lbs.  of  carbon  bisulphide 
in  one  of  these  furnaces  in  twenty-four 
hours.  We  have  already  produced 
16,000  lbs.  in  twenty-four  hours,  as  it 
is,  but  with  sufficient  power  to  go  into 
the  same  furnace,  it  will  practically 
double  the  output. 

Penn  Yan.  New  York. 


THE  OCCURRENCE  OF  EFFLORESCENCE  ON  LAVA 
BRICKS. 

By  William  McGeorge. 
Received  March  20.    1912. 

It  is  a  common  occurrence  to  see  brick  walls  partially 
covered  with  a  white  film  generally  most  abundant 
under  the  eaves  and  window-sills  but  more  or  less 
scattered  over  the  whole  building.      This  film  is  com- 


Carbon  Bisulphide  Plant.  Penn  Yan.  N'ew  York 


We  are  able  to  lag  the  furnace  from  the  inside  instead 
of  outside,  and  we  lag  it  with  the  very  materials  used 
in  the  production  of  the    carbon  bisulphide. 

Now  the  more  perfectly  we  can  carry  this  out,  and 
the  more  completely  full  all  of  these  channels  can  be 
kept  with  sulphur,  the  greater  the  economy  will  be  in 
the  production  of  the  goods.     The  real  fact  is  I  have 


posed  of  soluble  salts  which,  being  washed  from  the 
interior,  on  appearance  at  the  surface  and  subsequent 
evaporation  of  the  water  are  deposited  as  a  film.  In 
most  cases  it  is  composed  of  sulphates  of  calcium, 
magnesium,  potassium  or  sodium.  The  carbonates 
of  calcium  and  magnesium  are  considered  too  insoluble 
to   appear   and    those   of   sodium   and   potassium   too 
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main  on  the  surface  ol   the  brick.     This 

maj    !"•  attributed   to  several  causes,  .1   few  of 

which  are  as  follows:  (1)  presence  <>t  soluble  salts  in 

the  materials  used,    (a)   soluble  salts  formed   din 

or  i  rough  the  action  oi   the  vap(  >rs  in  the 

iln,  (3)  soluble  salts  formed  through  the  action 

he  mortar  alter  the  bricks  have  been  placed  in  th< 

wall. 

Undoubtedly  most  of  the  cases  ol  efflorescence  may 
be  i  ause  (1);  namely,  the  presence  of  soluble 

matter  in  the  material  used.  In  our  ease  it  was  no- 
ticed  that  the  appearance  varied  with  the  degree  of 
porosity  or  compactness  of  the  finished  brick,  the  more 
porous  brick  being  covered  with  a  heavy  film  soon 
after  being  placed  in  the  yard.  The  more  compact 
ones  being  less  easily  penetrated  by  the  rains  kept 
their  natural  appearance  longer  or  did  not  have  so 
heavy  a  film. 

The  Honolulu  Lava  Brick  Company  is  making 
brick  from  dark  gray  basaltic  lava  rock  such  as  is  used 
for  building  purposes  in  the  islands.  This  rock  exists 
in  large  quantities  on  this  island  (Oahu)  and  contains 
a  comparatively  high  percentage  of  water  soluble 
matter.  Their  process  is  essentially  as  follows:  the 
rock  is  ground  in  a  mill  to  a  fine  powder,  to  which  after 
the  addition  of  a  small  per  cent,  of  lime,  cement  or 
both,  according  to  formula,  enough  water  is  added  to 
dampen  the  mixture.  The  whole  is  then  run  into  a 
press  and  pressed  into  brick.  They  are  then  dried 
in  a  manner  best  suited  for  the  setting  of  the  lime  or 
cement.  The  resulting  product  has  shown  excellent 
physical  tests  and  is  a  good  grade  of  building  brick 
of  gray  color.  It  has  been  noticed,  however,  from  the 
beginning,  that  some  of  the  bricks,  soon  after  being 
wetted  by  the  rain,  became  covered  with  a  heavy 
white  efflorescence.  At  first  it  makes  its  appearance 
in  the  form  of  needle-like  crystals  shooting  out  from 
the  pores  of  the  brick.  Later  as  the  quantity  increases 
the  deposit  becomes  heavy  and  can  be  scraped  from 
the  surface  in  large  amounts. 

"Without  ascertaining  the  composition  of  this  film 
the  company  tried  several  methods  of  eradicating  it, 
which  had  been  recommended  by  different  people. 
Two  of  these  were  addition  of  barytes  which  had  little 
or  no  effect,  and  the  painting  of  the  surface  with  oil, 
which  in  this  case  did  not  even  have  a  temporary 
retaining  effect. 

Upon  making  an  analysis  of  this  film  it  was  found 
to  be  composed  essentially  of  a  mixture  of  sodium  and 
potassium  carbonates.  The  following  is  a  complete 
analysis: 

Si02 0  85  HjO  24 .32 

Fe203 NasO  29.81 

AI2O3 0.93  K20  10.14 

PjA, SO3  0.32 

CaO 1.56  CI  0  20 

MgO 0.42  CO2  31.39 

It  may  be  seen  at  a  glance  that  it  is  composed  of 
extremely  soluble  constituents.  In  fact,  it  may  be 
dissolved  by  placing  in  the  palm  of  the  hand  and 
rubbing  with  the  finger.      On  the  other  hand  it  does 
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not   agree   vei  .    closel;     mi  b   t  be  compi  >sit 
Boluble  ma!  tei  exisl  ing  in  the  1 

Composition  01  1  w.\  and  i.ava  i  i 

1.  11. 

52.15  23.28 

\l  "                                 12.57  33.77 

I  •   <  ■     I    16  13.31 

PeO      7.07  (.08 

Mn.c  1, 0 .5(1  0  40 

CaO 8.54  0.16 

MgO 6. SI 

K.o 0.84  0.23 

2  64  0.29 

PjO 0.28  0.32 

SOj 0  ',1  (I  46 

ROs 4.07  4.49 

Vol.  matter 0  57  14.53 

lla> 0.37  6.90 

1  From  analysis  by  W.  P.  Kellcy. 

The  above  table  shows  the  effects  of  weathering  and 
disintegration  upon  lava  rock  and  incidentally  the 
soluble  and  insoluble  constituents.  Column  I  is  an 
analysis  of  lava  rock  and  II  is  its  disintegration  product 
taken  out  of  the  gulch  at  the  edge  of  I  where  the  rock 
was  badly  disintegrated  and  most  of  the  soluble  matter 
washed  out  into  the  soil.  The  samples  were  taken 
very  close  to  each  other  and  were  originally  of  the 
same  composition.  Hence  these  analyses  show  con- 
clusively that  the  major  part  of  the  soluble  matter 
is  calcium,  magnesium  and  silica,  while  sodium  and 
potassium  are  of  only  secondary  importance.  It  may 
be  stated  at  this  point  that  the  lava  rock  mass  "con- 
tains little  or  no  carbonate,  but  a  large  percentage  of 
these  lavas  have  a  vesicular  structure  and  these 
vesicles  or  holes  are  in  many  cases  coated  with  a  film 
of  salts,  varying  in  composition.  Some  of  these  are 
composed  of  carbonates.  While  the  above  table  shows 
the  relative  solubility  of  the  various  ingredients  it 
presents  no  data  which  would  hinder  one  from,  con- 
cluding that  the  sodium  and  potassium  were  dissolved 
out  more  quickly  during  the  weathering  stages  than 
the  other  ingredients,  even  though  a  larger  relative 
percentage  of  them  remains  in  the  residue.  If  this 
were  true  it  would  account  for  the.  small  percentage 
of  calcium  and  magnesium  in  the  film.  Accordingly, 
a  set  of  leaching  experiments  were  run  to  ascertain  if 
the  above  were  true  and  to  test  out  the  possibility  of 
leaching  the  ground  rock  before  pressing,  thereby 
removing  the  soluble  matter  as  far  as  possible  from  the 
material.  The  results  of  leaching  the  ground  rock  are 
shown  in  the  following  tables,  and  proved  entirely 
impracticable.  Although  the  soluble  matter  of  which 
the  film  is  composed  decreases,  it  does  so  only  to  a 
slight  extent,  while  the  calcium  and  magnesium  are 
leached  out  very  rapidly  as  sulphates. 

Solubility  of  Crushed  Lava  in  Hot  H2O. 

I.  II,  III.  IV. 

Si02 0.97  17.30  16.05  16.17 

CaO 13.75  0.26  0.28  0.27 

SO3 36.48  5.04  3.50  2.28 

MgO 3.98  0.18  0.56  0.21 

Na20 32.10  21.66  34.78  16.10 

K2O 1.86  1.54  5.46  4.65 

Res.  inlOOcc 0.9851  0.9516  0  8288  0.7442 

The    above    table    shows    the    results    obtained    by 
leaching  the  ground  rock  with  hot  water  for  eleven 
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days.  Leachings  were  made  by  allowing  the  ground 
rock  to  remain  in  an  iron  tank  containing  hot  water. 
After  one  hour  the  leachings  were  drawn  off  and  the 
partial  analysis  made  on  this  solution  is  shown  in 
column  I,  Fresh  hot  water  was  then  added  and 
allowed  to  remain  twenty  four  hours  and  this  repeated 
for  eleven  days.  Column  II  represents  the  partial 
analysis  of  the  solution  obtained  after  one  day  in 
contact  with  the  ground  rock  following  the  one-hour 
extraction,  column  III,  that  on  the  fourth  day  and  IV, 
the  eleventh  day.  Constituents  are  given  in  per- 
centages in  solids  obtained  from  leaching  waters  and 
grams  of  solids  per  100  cc.  of  solution  are  shown  at 
the  bottom.  The  first  leaching  was  neutral  to  litmus 
and  all  the  rest  were  decidedly  alkaline. 

Leaching  with  cold  water  was  also  tried  but  the 
experiment  was  stopped  at  the  end  of  the  third  day. 
A  glance  at  the  following  table  will  show  that  the 
action  of  the  hot  and  the  cold  water  was  about  the  same 
except  that  the  latter  was  much  slower. 

Solubility  of  Crushed  Lava  in  Cold  Water. 

1  hr.  2  days.  3  days. 

SiO? 1.44  13.28  15.30 

CaO 20.92  6.53  5.16 

S03 28.26  11.08  10.68 

MgO 0.94  6.32  6  04 

Na20 14.58  21.76  45.52 

K20 1.78  5  56  6.06 

Res.  in  100  cc 0.4637       0  0594  0.0638 

This  table  also  shows  percentages  in  the  solid  matter 
in  the  leaching  waters  and  grams  of  solid  matter  in 
ioo  cc.  Bricks  made  from  the  leached  rock  also 
developed  efflorescence.  The  major  part  of  the  dif- 
ference between  the  sum  of  the  constituents  recorded 
in  both  of  the  above  tables  and  ioo  per  cent,  is  made 
up  of  CO,  and  water  of  crystallization.  In  the  analyses 
of  the  extracts,  the  water  and  carbon  dioxide  varied 
greatly  and  were  not  considered  to  be  of  sufficient 
value  to  warrant  their  determination. 

In  addition  to  these  leaching  experiments  a  number 
of  finished  bricks  were  submerged  in  water  to  ascertain 
if  a  sort  of  osmosis  could  be  set  up  within  the  brick 
by  which  a  large  percentage  of  the  saline  matter  would 
be  retained  in  the  interior  of  the  brick.  They  were 
submerged  for  various  periods  and  it  was  found  that 
it  gave  only  temporary  benefit. 

Barium  carbonate  and  chloride  have  been  used  as  a 
means  of  removing  soluble  sodium  and  potassium  com- 
pounds, their  action  being  to  replace  the  alkalis  and  form 
harmless  by-products,  the  alkali  compounds  being 
washed  out.  However,  this  method  has  been  used 
only  in  the  wet  process  and  in  cases  where  the  per- 
centage of  sodium  is  much  less  than  ours.  As  stated 
above  when  used  in  our  case  it  had  no  effect  and  altered 
very  little  the  indefiniteness  of  the  time  it  would  take 
the  various  weathering  agents  to  remove  the  salts  by 
the  washing  of  the  rain,  evaporation  and  drawing  to 
the  surface  of  more  saline  matter. 

Upon  further  investigation  it  was  noticed  that  those 
bricks  to  which  lime  had  been  added  invariably  gave 
a  thick  efflorescence,  increasing  with  an  increase  in 
the  percentage  of  lime  added.  Then  this  same  rock  has 
been  used  as  a  building  stone  in  its  natural  state  and 


while  it  is  quite  porous  has  rarely  shown  any  of  the 
above  efflorescence  when  used  as  such.  From  these 
facts  it  appears  that  the  addition  of  lime  is  the  cause, 
at  least  in  part,  of  the  trouble.  On  the  other  hand  it 
is  absolutely  necessary  to  add  some  binding  material 
to  hold  the  brick  together  after  it  comes  from  the  press. 
While  a  brick  may  be  made  simply  by  dampening  the 
ground  rock  and  pressing,  the  corners  chip  easily  upon 
handling. 

Since  there  seemed  to  be  no  chemical  means  of 
complete  removal  or  precipitation  of  the  saline  matter 
and  addition  of  lime  was  partly  the  cause  of  the  ap- 
pearance of  the  film,  through  its  alkaline  action  on 
the  sodium  and  potassium  and  subsequent  conversion 
of  these  into  carbonates,  the  problem  narrowed  down 
to  an  elimination  of  the  lime,  if  possible,  and  the  ad- 
dition of  a  binding  agent  which  would  give  a  more 
compact  brick  as  well  as  one  which  might  have  some  os- 
motic properties. 

Potassium  and  sodium  are  known  to  occur  in  basaltic 
lava  in  the  form  of  complex  silicates.  From  this  fact 
it  is  apparent  that  these  silicates  are  acted  upon  by  the 
lime,  since  the  bricks  after  being  pressed  are  run  into 
drying  kilns  and  heated  under  pressure  with  steam. 
The  lime,  under  pressure  and  at  the  high  temperature 
of  the  kiln,  reacts  with  the  sodium  and  potassium  in 
the  complex  silicates  and  forms  caustic  soda  and  potash 
as  by-products  which  upon  appearance  at  the  surface 
are  converted  by  the  carbon  dioxide  of  the  air  into 
carbonates  and  bicarbonates  of  the  alkalis.  If  this 
were  true  then  an  elimination  of  the  use  of  lime  as  a 
binding  agent  should  eliminate  the  trouble.  This  was 
done  and  a  small  per  cent,  of  cement  was  used  in  its 
stead  and  the  method  of  drying  altered.  In  this  way 
a  more  compact  brick  was  obtained  and  at  present 
writing  the  alteration  is  producing  decidedly  better 
results. 

Thanks  are  due  Mr.  W.  P.  Kelley  for  valuable  sug- 
gestions; also  for  the  analyses  showing  effects  of  dis- 
integration on  lava  rock,  these  analyses  being  taken 
from  investigations  made  by  him  on  lava  disintegration. 

Contribution  No.  4,  Federal  Experiment  Station, 

Honolulu,  Hawaii. 


ENAMELS  FOR  SHEET  STEEL.1 

By  Robert  D.  Landrum. 

Received  April  4,    1912. 

Enamels  for  sheet  steel  are  boro-silicates  of  sodium, 
potassium,  calcium  and  aluminum  and  are,  in  every 
sense  of  the  word,  glasses.  Such  enamels  are  so  com- 
pounded that  they  form  a  homogeneous,  glossy  coating 
on  the  surface  of  the  sheet  steel  utensil,  which  will 
not  be  corroded  by  the  acids  or  alkalies  used  in  cooking 
and  which  will  resist  punishment  both  by  impact  and 
by  rapid  changes  of  temperature. 

Although  an  enamel  is  a  glass,  the  fact  that  it  must 
adhere  to  steel  and  resist  the  abuse  common  to  cooking 
utensils  makes  necessary  the  addition  of  other  ingre- 
dients besides  those  used  in  manufacturing  ordinary 
glass.  In  enamels.,  ground  quartz,  flint  or  sand  supply 
the  silica,  and  feldspar  and  clay,  the  alumina.     Fluor- 

1  Delivered  before  the  Chemists'  Club  of  Rochester  at  the  University 
of  Rochester,  Rochester,  New  York.  April  1,  1912. 
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spaj  is  added  to  supply  the  lime  and  cryolite 

to  render  the  enamel  translucent.  Soda  ash  and  pearl 
ash  are  fluxes  adding  sodium  oxide  or  potassium  oxide 
to  the  produd  .  and  borax  furnishes  the  boric  anhydride, 
which  adds  many  desirable  qualities,  such  as  greater 
ductility  and  elasticity.  Sodium  or  potassium  nitrate 
is  used  iii  white  enamels  and  manganese  dioxide  in 
dark  colored  enamels  as  an  oxidizing  agent.  Oxide 
of  cobalt   is  used  in  enamels  which  come  directly  in 

contact    with    the   steel    and    adds   adhesiveness    to   this 

coating. 

For  producing  white  enamels,  oxide  of  tin  is  used; 
for  blue,  cobalt;  for  violet  and  brown,  manganese; 
for  gray,  nickel;  for  green,  copper  or  chromium:  for 
yellow,  uranium  or  titanium;  and  for  red,  iron, 
selenium  or  gold. 

Enameling  is  still  held  as  a  secret  art,  and  the  for- 
mulas are  carefully  guarded.  Most  companies  allow 
very  few  visitors  to  go  through  their  plants  and  some 
keep  their  employees  in  ignorance  by  various  schemes. 
In  one  American  works,  each  of  the  enamel  raw-ma- 
terials is  given  a  number.  They  are  ordered,  shipped, 
kept  account  of,  and  stored  under  their  respective 
numbers,  and  only  those  in  authority  even  know  what 
materials  are  used.  In  this  same  factory,  employees 
of  one  department  are  not  allowed  in  another  and  after 
being  employed  in  one  department,  a  man  is  barred 
from  employment  in  any  other.  Some  works  have 
the  formula  for  each  enamel  divided  into  two  parts, 
one  of  which  is  mixed  by  one  man,  the  other  by  a  sec- 
ond, and  certain  proportions  of  each  are  then  mixed 
together  by  a  third  man.  In  practically  all  enameling 
works,  the  materials  are  weighed  on  a  scale,  the  beam 
of  which  is  hidden  from  the  laborers,  who  are  also 
generally  of  foreign  birth  and  are  changed  frequently. 

The  ''Black  Shape." — The  sheet  steel  which  is  used 
for  enameled  ware  is  as  nearly  as  is  possible  free  from 
carbon,  silicon,  sulphur  and  phosphorus,  and  its  man- 
ganese content  is  generally  about  0.2  per  cent.  These 
sheets  come  in  squares  and  oblongs  from  27  to  20  gauge 
and  are  circled,  stamped  and  spun  with  as  little  heat 
treatment  as  possible  and  with  the  use  of  a  lubricant 
that  can  easily  be  cleaned  off.  The  ears,  handles  and 
other  trimmings  are,  as  far  as  is  practical,  welded  on, 
as  riveted  joints  are  difficult  to  enamel. 

Pickling  Process. — The  surfaces  of  the  completed 
steel  vessels  are  thoroughly  freed  from  carbonaceous 
matter  by  annealing  at  a  low  red-heat  and  are  then 
pickled  in  hot  dilute  acid,  thoroughly  rinsed  in  water, 
and  then  in  weak  alkali  solution.  After  a  quick  drying 
they  are  ready  to  be  enameled. 

The  Enamel. — In  the  making  of  an  enamel,  the 
various  raw-materials  are  loaded  from  their  respective 
bins  into  small  cars  called  "dollies."  These  are  filled 
to  a  line  which  approximates  the  correct  weight,  then 
they  are  pulled  on  a  scale,  the  beam  of  which  is  hidden 
from  the  workman,  and  the  enamel-master  indicates 
whether  the  loai  is  light  or  heavy,  and  the  workmen 
correct  this  by  shoveling  on  more  or  taking  some  off. 
When  each  of  the  "dollies"  is  corrected  so  that  the 
required  amount  of  material  for  a  mix  is  in  it,  all  are 
dumped    on    a    large,  hard    maple    floor,    the    coarser 


material  on  t  he  bottom  and  t  he  liner  on  the  top.      This 

pile  is  thoroughly  mixed  by  Bhoveling,  and  is  loaded 

into    an    electric    elevator,    which    hoists    11     to    it1,    bin. 
There  is  a   Inn   lor  each  different  kind  ol   enamel,  and  a 
traveling     bucket     which     holds    a     melt     (about     1200 
pounds)    carries    the    mix    to    the    lank    furnaces    w] 
it  is  melted  into  a  liquid  glass. 

These  tank  fun:  regenerative,  reverberator^ 

furnaces  like  those  used  in  the  manufacture  ol  glass, 
and  natural  gas  or  crude  oil  is  an  ideal  fuel  for  them. 
However,  in  the  older  enameling  works,  coal  is  used 
directly,  and  in  the  later  ones  producer-gas  is  used 
as  a  fuel.  The  temperature  required  for  smelting 
the  different  enamels  varies  from  iooo°C.  for  a  glaze 
to  13000  C.  for  a  ground  coat,  and,  in  most  enameling 
works,  pyrometers  are  installed  to  assist  in  controlling 
these  temperatures.  Bach  furnace  will  give  seven 
or  eight  melts  in  twenty-four  hours. 

After  the  enamel  is  melted  into  a  liquid  glass,  a  fire- 
clay plug  in  the  front  of  the  furnace  is  pulled  out  and 
the  glowing  liquid  stream  plunges  out  and  is  caught 
in  a  tank  of  cold  running  water.  The  reaction  is 
terrific  and  the  glass  mass  is  torn  and  shredded,  crack- 
ing into  small  pieces  like  popcorn,  each  of  which  is  a 
myriad  of  microscopic  seams  and  fissures.  This 
"quenching,"  as  the  process  is  called,  toughens  the 
enamel  and  facilitates  the  process  of  grinding  which 
comes  next. 

The  water  is  drained  from  the  tanks,  leaving  the 
"enamel  frit."  This  is  shoveled  into  pans  (a  certain 
weight  to  a  pan)  and  is  ready  for  grinding. 

In  the  mill  room,  the  enamel  frit  is  ground  in  large 
ball  mills  for  about  thirty  hours.  These  mills  are 
cylindrical,  about  five  feet  long  and  six  feet  in  diameter, 
and  are  lined  with  porcelain  bricks.  The  frit  is  put 
into  them  with  fifty  per  cent,  of  water  and  several 
per  cent,  of  white  ball-clay.  For  the  white  cover-coat 
enamels,  tin  oxide  is  also  added.  The  mill  revolves 
and  the  constant  impact  of  the  flint  stones  against 
the  glass  particles  grinds  them  to  an  impalpable  pow- 
der, which  mixes  with  the  water  and  the  clay,  forming 
a  mass  which  has  the  consistency  of  rich  cream.  This 
is  loaded  into  tanks,  where  it  is  allowed  to  age  a  week 
or  so. 

Application  of  the  Enamel. — From  the  mill  room  the 
enamel  is  taken  to  the  dipping  room,  where  it  is  put 
into  tanks  that  are  like  large  dish-pans.  These  are 
sunk  into  tables,  and  at  each  tank  a  slusher  works. 
The  slusher  takes  the  stamped-out  steel  vessel,  which 
has  been  thoroughly'  cleaned,  and  plunges  it  into  the 
enamel.  When  taken  out,  the  wet  enamel  forms  a 
thin  film  over  the  entire  surface.  By  a  gentle  swinging 
motion,  the  excess  of  enamel  is  thrown  off,  and  the 
vessel  is  placed  bottom  down  on  three  metal  points 
projecting  from  a  board.  Three  or  four  vessels  are 
put  on  a  board;  these  are  placed  on  racks  and  when 
the  vessels  are  thoroughly  dry  they  are  carried  to  the 
furnace  room. 

The  furnace  room  contains  a  long  bank  of  muffle- 
furnaces  and  in  these  the  ware  is  put  after  drying. 
The  temperature  in  these  furnaces  is  about  10000  C. 
and  here  the  little  powdered  particles  of  enamel  are 
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fused  together  in  a  solid  glass  coating  over  the  vessel, 
the  process  requiring  from  three  to  five  minutes. 

Each  coat  is  burned  separately.  For  instance,  we 
have  a  pudding  pan  that  is  to  be  a  three-coat  white 
inside,  turquoise-blue  mottle  outside.  It  is  first  dipped 
in  the  ground  coat  enamel,  the  excess  is  shaken  off 
and  the  vessel  put  on  a  three-pointed  rack  and  dried. 
After  drying,  the  enamel  stands  in  little  grains  all  over 
the  surface  of  the  ware,  adhering  to  the  metal  on  ac- 
count of  the  raw  clay  ground  with  it.  At  this  stage 
every  care  must  be  taken,  for  a  scraping,  even  of  the 
finger  nail,  would  take  off  some  of  the  powdered 
particles  of  the  enamel.  This  pan  is  then  put  into  the 
muffle  of  the  furnace,  and  the  heat  fuses  all  the  little 
particles  together,  leaving  a  tight-holding  vitreous 
coating  all  over  the  surface  of  the  vessel.  This  funda- 
mental coating  is  nearly  black,  due  to  the  oxides  of 
cobalt  and  nickel  which  it  contains,  and  shines  with  a 
glass-like  luster. 

After  the  vessel  has  cooled  at  the  ordinary  tempera- 
ture of  the  room,  it  is  again  brought  to  the  slushing 
room,  and  here  is  covered  with  an  enamel — this  time 
a  white.  It  goes  through  the  same  process  as  before, 
except  that  a  black  bead  is  brushed  around  the  rim. 
On  account  of  the  dark  color  of  the  first  coat  showing 
through,  this  second  coat,  after  it  is  burned,  has  a  gray 
appearance,  and  is  called  the  "gray  coat"  or  "first 
white."  The  vessel  is  again  sent  to  the  slushing  room, 
and  is  dipped  into  a  white  enamel,  the  excess  shaken 
off,  and  before  drying  the  blue-green  enamel  is  sprayed 
on  the  outside. 

This  spraying  process  was  at  one  time  done  by  dip- 
ping a  wire  brush  into  the  wet  blue-green  enamel  and 
the  slusher  shaking  it  over  the  surface  of  the  vessel, 
causing  the  blue  enamel  to  fall  in  little  speckles  all 
over  the  white  enamel.  In  most  factories,  however, 
spraying  machines,  which  work  on  the  principle  of  an 
atomizer,  have  been  installed.  A  tank  full  of  the 
colored  enamel  stands  over  the  table  and  the  enamel 
is  forced  out  through  a  nozzle  in  a  spray  by  compressed 
air.  The  flowing  of  the  enamel  is  controlled  by  the 
foot  of  the  slusher  as  he  holds  the  vessel  in  the  spray. 
The  vessel  is  then  dried  and  the  coating  is  fused  in 
the  muffle-furnace,  the  result  being  turquoise-blue 
spots  on  a  white  background. 

The  finished  ware  is  assorted  into  three  lots:  firsts, 
seconds,  and  job  lots.  Some  of  the  seconds  and 
job  lots  are  fit  for  redipping.  They  may  have  some 
little  spots  where  the  original  vessel  was  not  properly 
cleaned  and  where,  on  account  of  the  rust  or  dirt,  the 


enamel  did  not  adhere.  These  spots  are  filed  or  are 
held  under  a.  sand-blast  until  the  exposed  surface  is 
perfectly  clean,  and  then  the  vessel  is  covered  with 
another  coat  of  enamel. 

There  are  schemes  for  saving  money  in  all  manu- 
facturing plants,  and  in  the  enameling  business  a  large 
part  of  the  profit  comes  from  the  residues.  For  in- 
stance, every  bit  of  enamel  is  scraped  from  the  tanks  and 
tables,  all  sweepings  from  floors  are  saved,  and  all  the 
waste  water  from  the  various  departments  is  first  carried 
into  catch  basins,  and  every  few  days  these  are  cleaned 
and  the  residue,  which  has  settled  to  the  bottom,  is 
taken  out.  The  residues  from  all  these  sources  are 
again  melted  with  the  proper  amount  of  fluxing  ma- 
terial and  coloring  matter,  and  this  dark-colored 
enamel  is  used  for  coating  the  cheaper  wares. 

.4  German  White  Enamel. — In  order  to  give  an  idea 
of  the  composition  of  a  white  cover-coat  frit,  such  as  is 
used  on  cooking  utensils,  and  to  show  the  method  used 
by  ceramists  to  calculate  its  so-called  molecular 
formula,  the  following  enamel,  the  formula  of  which 
is  taken  from  the  191 11  edition  of  the  "Taschenbuch 
fur  Keramiker,"  is  used: 

Feldspar  38.6  per  cent.,  quartz  19.0  per  cent.,  borax 
15.4  per  cent.,  cryolite  11.7  per  cent.,  saltpeter  6.5  per 
cent.,  calcite  6.5  per  cent.,  fluorspar  1.3  per  cent,  and 
magnesium  carbonate  1.0  per  cent. 

Enamel  Materials. — All  the  materials  used  were 
practically  pure  except  the  feldspar,  which  was  a 
pegmatite  of  the  following  composition: 


Silica (Si02) 

Alumina AI2O3 

Potassium  oxide K2O 

Sodium  oxide Na20 

Lime CaO 

Carbon  dioxide CO2 

Moisture H20 


Per  cent. 
70.66 
16. 85 
5.93 
4.61 
0.52 
0.41 
1.02 


This  figures  to  a  "molecular"  formula  of 
'1  f7'" 

>  A1203S  0.34 
J  (.0.06 


0.45  Na20 
0.39  K20 
0.06  CaO 


1 1  Si02 
.34  H20 
.06  C02 


the  molecular  weight  of  which  would  be  602. 
The  other  materials  used  were: 


Material. 
Quartz 
Borax 
Cryolite 
Saltpeter 
Calcite 
Fluorspar 


Formula. 


Equivalent 

weight. 

60 


Magnesium  carbonate    MgO-C02. 
Feldspar 


Si02 

Na202B203-  10H2O 382 

2Na3AlFfi,  giving  3Na2OAl203-6F2  .  .  .  420 

2K2ON2Os 202 

CaO  C02 100 

CaF2,  giving  CaOF2 78 

84 

(Given  above) 602 


The  Enamel.2 


itch  Mix.  Per  cent. 

Material. .  used. 

Feldspar 38.6 

Quartz 19  0 

Borax 15.4 

Cryolite 11.7 

Saltpeter 6.5 

Calcite 6.5 

Fluorspar 1.3 

Magnesium    carbonate.  ..  .         1.0 


Molecular 
M.  W.   equivalent.3 


382 
420 
202 
100 


0.0641 
0.3167 
0.0403 
0.0279 
0  0322 
0.0650 
0.0167 
0.0119 


NajO. 
0  0288 


0.0403 
0.0837 


K20. 
0.0250 


CaO. 

0  0038 


0 . 0650 
0.0167 


A1203. 

SiOj. 

0.0641 

0.4558 

0.3167 

Total 


0.0855  0.0119  0.0920 


'  Page  18.      Published  by  Keramische  Rundschau.  Berlin.  N.  \V.,  21. 
2  A  complete  description  of  the  manufacturing  of  this  enamel  and  of 
the  physical  properties  of  a  ware  coated  with  it  is  given  by  the  writer  in 


7725  0.0806  0.1841 

the  Trans.  Am.  Ceramic  Soc, 


"A  Comparison  of  Ten  White  Enamels 
Vol.  XIV. 

Molecular  equivalent  equals  per  cent,  used  divided  by  M.  W 
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total  corresponds  to  the  following  in 
lar  formula  oi  enamel: 


(i   19;   s  ,  ■  1 

.,  1 

0  278  v.  il ' 
a  039  ' 

K  I  -I    ll'.ll    I    MMKMOKI  . 
I  isk  M  vmi  \i  11  RING  Co.,   I    li.. 
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THE  PRODUCTION  OF  EXCESSIVE    HYDROGEN  SULFID  IN 
SEWAGE  DISPOSAL  PLANTS  AND  CONSEQUENT  DIS- 
INTEGRATION OF  THE  CONCRETE.1 
By  William  M.  Harr  and  K.  B.  Buchanan. 
Received  February  is.  1912. 

It  is  well  known  tu  those  who  arc  familiar  with  the 
operation  of  the  septic  tank  that  in  the  chambers  of 
such  tanks,  which  operate  in  the  absence  of  litjht  and 
air,  the  bacteria  produce,  in  the  decomposition  of  the 
organic  matter  of  the  sewage,  quantities  of  reducing 
gases.  Among  the  decomposition  products  is  observed 
more  or  less  hydrogen  sulfid  gas,  resulting  in  most 
cases  from  the  decomposition  of  organic  sulfur  com- 
pounds existing  in  the  sewage.  In  most  tanks  of  this 
character  the  amount  of  hydrogen  sulfid  thus  liberated 
is  not  sufficiently  large  to  cause  complaint  from  exces- 
sive odors  or  to  account  for  the  conditions  in  certain 
tanks  observed  by  the  writers. 

Attention  was  first  called  to  the  disintegration  of 
cement  mortar  in  concrete  resulting  from  sewer  gases, 
by  Olmstead.2  The  case  observed  by  him  occurred 
in  the  outfall  sewer  for  Los  Angeles,  built  in  1895. 
This  resulted  from  the  holding  back  of  the  sewage  in 
inverted  siphons  in  this  sewer,  forming,  in  principle, 
a  septic  tank.  Beyond  this  point  the  neat  cement 
mortar  was  badly  disintegrated  and  it  became  neces- 
sary to  reconstruct  the  walls  and  roof  of  this  portion 
of  the  sewer.  It  was  observed  that  the  disintegration 
resulted  from  the  formation  of  sulfuric  acid  upon  the 
walls  and  roof,  which  attacked  the  cement,  giving 
calcium  sulfate  as  the  final  product.  It  was  also 
observed  that  the  amount  of  sulfuric  acid  formed 
appeared  to  be  too  la-rge  to  have  been  produced  by 
the  organic  sulfur  compounds  in  the  sewage  proper. 
It  was  also  suggested  that  the  only  possible  sources 
of  this  excessive  amount  of  sulfur  were  the  oil  wells 
and  the  sulfur  which  is  always  present  in  small  quanti- 
ties in  the  normal  sewage.  The  report  does  not  indi- 
cate that  the  source  of  these  sulfur  compounds  was 
definitely  located. 

The  case  of  a  septic  tank  in  England  where  a  con- 
dition similar  to  the  one  cited  above  existed  has  been 
reported  by  Dunn,3  but  no  attempt  is  made  to  show 
any  relation  between  this  condition  and  the  character 
of  the  water  supply. 

As  early  as  November,  1908,  one  of  us  visited  the 
sewage  disposal  plant  of  the  Inebriate  Hospital  at 
Knoxville,  Iowa,  and  observed  the  following  condi- 
tions: The  concrete  composing  the  roof  and  walls 
above  the  high  water  line  in  the  dosing  chamber  was 
rapidly  disintegrating.      The  under  surface  of  the  roof 

1  From  a  Bulletin  of  the  Eng.  Expt.  Sta.,  Iowa  State  College. 

2  Eng.  News,  44,  317. 

3  Cement  Eng.  News,  22,  10. 


was  found  to  be  decomposed  to  a  depth  of  2  cm. 
titirs  of  free  sulfur  were  deposited  upon  the  walls,  and 
dcium  compounds  of  the  cement  wen-  found  to 

have    been    converted    mar    tin  into    crystals 

of  gypsum.  Large  quantities  of  hydrogen  sulfid  wen; 
given  off  when  the  dosing  chamber  discharged,  1 

COmplainl  Oi  foul  "dors  by  neighbors  and  r<  sidi  nt  s  a1 
the  hospital  At  a  later  date  a  similar  condition  was 
observed  in  the  septic  tank  receiving  the  sewage  of 
the  city  of  Grinnell,  Iowa. 

In  both  these  cases  various  measures  have  been 
tried  to  prevent  the  formation  of  excessive  odors  and 
decomposition  of  the  concrete.  A  water-softening 
plant  was  installed  at  the  Knoxville  institution,  think- 
ing this  might  improve  conditions,  but,  except  for. 
making  the  water  more  desirable  for  domestic  pur- 
poses, nothing  was  achieved.  Frequent  cleaning  of 
the  tank  and  disinfecting  at  the  time  of  cleaning  did 
not  materially  improve  conditions. 

During  the  progress  of  this  investigation  our  at- 
tention was  called  to  the  septic  tank  at  the  State 
Hospital  at  Alt.  Pleasant,  Iowa,  and  before  visiting 
the  place,  an  analysis  of  the  water  supply  caused  us 
to  predict  the  condition  existing  there.  A  visit 
showed  the  septic  tank  to  be  in  much  the  same  con- 
dition as  those  first  studied. 

The  object  of  this  investigation  was  to  determine 
the  cause  of  the  conditions  above  noted  and  to  deter- 
mine whether  bacteria  were  in  any  measure  responsible 
for  the  changes,  or  whether  they  were  purely  of  a 
chemical  nature.  The  various  observations  made  by 
us,  together  with  analyses  of  the  water  supplies  and 
the  sewage,  seemed  to  point  to  some  definite  relation- 
ship existing  between  the  compounds  of  sulfur  in  the 
water  supply  and  the  formation  of  excessive  hydrogen 
sulfid,  with  the  consequent  formation  of  sulfuric  acid 
on  the  walls  of  the  tank. 

This  was  used  for  a  working  hypothesis  for  the  fol- 
lowing reasons: 

First. — The  water  supplies  in  the  cases  observed 
were  found  to  have  an  unusually  high  content  of 
sulfates. 

Second. — The  odor  of  hydrogen  sulfid  was,  in  all 
cases,  very  pronounced  about  the  dosing  chamber. 

Third. — Free  sulfur  was  found  floating  on  the  sur- 
face of  sewage  which  had  been  standing  for  some  time, 
and  quantities  of  free  sulfur  were  deposited  on  the 
walls  in  various  parts  of  the  septic  tank. 

Fourth. — An  abundance  of  sulfur  bacteria  was 
evident  upon  microscopic  examination. 

Fifth. — The  disintegrating  'concrete  showed  much 
greater  amounts  of  sulfate  than  the  unaffected  con- 
crete, and  as  already  stated  showed  crystals  of  gypsum 
on  microscopic  examination. 

A  large  proportion  of  proteins  contain  a  considerable 
percentage  of  sulfur.  When  such  compounds  are 
decomposed  in  the  absence  of  oxygen,  the  sulfur 
makes  its  appearance  for  the  most  part  in  combina- 
tion with  hydrogen  as  hydrogen  sulfid.  Inasmuch 
as  proteins  and  the  products  of  hydrolytic  cleavage 
are  generally  to  be  found  in  sewage,  it  is  to  be  expected 
that  a  certain  amount  of  hydrogen  sulfid  will  be  de- 
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veloped  in  such  sewage  as  it  passes  through  an  anaero- 
bic septic  tank.  The  quantity  so  produced  is  not 
large  and  ordinarily  little  of  it  escapes  into  the  air. 
Even  in  open  septic  tanks  the  heavy  membrane  or 
scum  which  usually  forms  contains  many  oxidizing 
bacteria,  which  may  effectually  prevent  the  escape 
of-  hydrogen  sulfid.  In  the  instances  here  discussed 
the  amount  of  hydrogen  sulfid  evolved  cannot  be 
entirely  accounted  for  by  the  decomposition  of  such 
protein  substances,  for  the  analyses  of  the  raw  sewage 
show  it  to  be  no  higher  in  albuminoid  ammonia,  that 
is  to  say  proteins  and  their  decomposition  products, 
than  sewage  from  other  disposal  plants  in  which  there 
is  no  such  evolution  of  this  gas. 

Analyses  of  Raw  Sewage. 
Nitrogen    Nitrogen  as 
as  free 
Sample  from  ammonia 

Hospital  for  inebriates,  Knoxville,  Iowa 21 .00 

Hospital  for  inebriates,  Knoxville,  Iowa 32.60 

Grinnell,  la.,  city  plant 6.50 

Grinnell,  la.,  city  plant 11 .50 

Knoxville,  la.,  city  plant1 25  .00 

Ames,  la.,  city  plant1 18.20 

1  Excessive  hydrogen  sulfid  was  not  observed  at  these  plants. 

All  other  plants  examined,  where  the  water  supply 
had  a  smaller  sulfate  content  than  that  shown  for  the 
city  of  Knoxville  in  the  next  table,  gave  no  excessive 
odor  of  hydrogen  sulfid. 

Chemical  analyses  of  the  raw  sewage  and  effluents 
were  made  to  determine  the  amount  of  sulfates  in 
solution,  and  the  total  sulfates  in  the  raw  sewage. 
These  results  indicate,  first,  that  the  organic  matter 
in  normal  sewage  does  not  contain  enough  sulfur  to 
produce  the  quantities  of  hydrogen  sulfid  observed; 
second,  that  where  the  sulfates  in  the  original  water 
supply  are  high,  there  is  a  marked  reduction  in  'the 
amount  of  mineral  sulfates  found  in  the  effluent, 
showing  that  a  portion  of  these  mineral  sulfates  must 
have  been  reduced  and  removed  from  solution. 

In  three  cases  where  excessive  hydrogen  sulfid  was 
observed  these  relations  were  very  marked.  Several 
other  septic  tanks  were  observed  where  the  sulfates 
in  the  water  supply  ranged  from  16  to  143  parts  per 
million  as  at  the  Knoxville  city  plant,  and  in  all  such 


The  preceding  table  shows  the  amount  of  sulfur  in 
the  sewage  calculated  as  SO,  and  the  amount  in  the 
effluents,  showing  how  it  has  been  removed  by  reduc- 
tion to  hydrogen  sulfid. 

The  investigations  of  various  European  workers, 
particularly  Beyerinck1  and  van  Delden,"  have  demon- 
strated that  certain  anaerobic  bacteria  in  the  presence 
of  organic  matter  reduce  sulfates  to  sulfids.  Each  of 
these  investigators  isolated  specific  organisms,  which, 
when  inoculated  into  sterile  solutions  containing 
sulfates  and  a  little  organic  matter,  brought  about  a 
very  considerable  evolution  of  hydrogen  sulfid.  It 
was  therefore  thought  possible  that  the  large  amount 
of  this  gas  given  off  in  the  septic  tank  and  the  dosing 

(Figures  show  parts  per  million.) 


ilbuminoid 

Oxygen 

Solids  on 

Solids  on 

ammonia. 

Chlorides. 

Nitrites. 

Nitrates. 

consumed. 

evaporation. 

ignition. 

6.50 

35.0 

none 

none 

53  31 

3040 

2484 

4.60 

trace 

trace 

114.7 

3902 

2624 

6  00 

54.0 

high 

none 

17.18 

950 

776 

6.00 

122.0 

10.74 

1114 

894 

6.00 

33.0 

trace 

none 

63.60 

800 

538 

8.20 

552 

251 

Source  of  sample. 

Inebriate  Hospital,  Knoxville,  la 

Inebriate  Hospital,  Knoxville,  la 

Inebriate  Hospital,  Knoxville,  la 

Inebriate  Hospital.  Knoxville,  la 

Grinnell,  la ;    

Grinnell,   la 

Grinnell,  la 

State  Hospital,  Mt.  Pleasant,  la 

State  Hospital,  Mt.  Pleasant,  la 

State  Hospital,  Mt.  Pleasant,  la 

Knoxville,    la 

Knoxville,    la 

Knoxville,   la 


iw  Sewage. 

Total 

Soluble 

sulfur 

sulfur 

as  SO„. 

as  SO, . 

Water  supply 

1664 

1664 

Softened  water 

1566 

1566 

Raw  sewage 

1552 

1533 

Tank  effluent 

965 

Water  supply 

476 

476 

Raw  sewage 

452 

427 

Tank  effluent 

381 

352 

Water  supply 

900 

900 

Raw  Sewage 

871 

850 

Tank  effluent 

716 

690 

Water  supply 

143 

143 

Raw  sewage 

163 

147 

Tank  effluent 

145 

cases  very  little  hydrogen  sulfid  could  be  detected  at 
the  tank.  The  Knoxville  city  plant  shows  the  highest 
sulfates  in  the  raw  sewage  of  any  plant  observed  where 
excessive  hydrogen  sulfid  did  not  appear,  and  it  is 
doubtful  whether  this  amount  of  sulfates  might  not 
cause  trouble  in  some  cases. 


chamber  might  be  due  in  large  part  at  least  to  a  re- 
duction of  the  sulfates  of  the  water  supply.  The 
chemical  analyses  of  these  waters  show  them  to  be 
exceptionally  high  in  sulfates.  Tests  were  accordingly 
made  to  determine  whether  or  not  such  sulfates  under 
the  septic  conditions  of  this  plant  would  be  transformed 
into  sulfids. 

The  following  solutions  were  prepared  in  two  liter 
lots,  and  500  cc.  placed  in  each  of  tour  liter  flasks, 
the  solutions  in  each  case  being  covered  by  a  layer  of 
neutral  paraffine  oil.  This  furnished  anaerobic  con- 
ditions for  bacterial  growth,  inasmuch  as  paraffine 
oil  permits  little  or  no  oxygen  to  penetrate  it.  After 
sterilization  three  of  each  set  of  the  flasks  were  inocu- 
lated, one  being  retained  as  a  check.  The  material 
used  in  inoculation  wTas  secured  from  different  parts  of 
the  septic  tank  and  the  dosing  chamber  of  the  plant 
at  the  Inebriate  Hospital  at  Knoxville.  After  inocu- 
lation the  flasks  were  kept  in  the  laboratory  at  a  tem- 
perature of  about  i8°-C. 

Composition  of  Media  Used, 

Material.               Sol.  1.  Sol.  2.  Sol    3.  Sol.  4.  Sol.  5.  Sol.  6. 

Tap  water 1000  cc.  1000  cc.  1000  cc.  1000  cc.    1000  cc.  1000  cc. 

NaCl 30  g. 

K2HPOi 0.5  g.  0.5  g.  0.5g.  0  5g  0.5;,  0  5  g. 

Asparagin l.Og.  1    0  g.  1   0  g.  1  .0  g.  1   0  g.  1    0  g. 

MgSO, 8.0  g.  S.Og.            ...             ...             ...  2.0  g. 

Na2S04 ...  2  0  g.  4.0  g.     10.0  g. 

FeSO, 0.1  g.  0   1  g.  0.1  g.  0   1  g.  0   1  g.  0   1  g. 

The  iron,  in  each  of  the  above  solutions  was  added 
as  an  indicator.     The  formation  of  sulfid  was  shown  by 

the  deposition  of  black  iron  sulfid. 

Within  two  or  three  days  the  solutions  2,  3,  4.  5  and 
6,  almost  without  exception,  began  to  turn  gray  and 
within  two  weeks  an  abundant  precipitate  of  iron 
sulfid  was  visible  in  all.  It  is  evident,  then,  that 
bacteria  having  the  power  to  reduce  sulfates  to  sulfids 
were  present  in  numbers  in  the  sewage  in  question. 
The  quantity  of  sulfate  daily  entering  the  plant  justifies 

1  Cent,  liir  Bakt..  2nd  abt.,  1,  1,  49,  104  (1895) 

2  Ibid.,  11,  81,  113  (1903V 
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tin-  conclusion  thai   much  ol   the  hydrogen  sulfid  de- 
veloped in  tli*'  t.mk  is  formed  by  the  deoxidation  ol 

such  suit. lies. 

Stained  mounts  were  prepared  at  interval 
each  "t  the  ilasks  described  above.  At  first  no  bac- 
terial type  or  organism  appeared  to  predominate; 
large  and  small  bacilli,  cocci,  and  a  few  spirilla  were 
present  At  the  end  of  the  two  weeks  most  of  the 
ilasks  showed  a  decided  predominance  of  spirilla. 
'Those  containing  the  highesl  percentage  oi  hydrogen 
sulfid  were  practically  pure  cultures  of  this  organism. 

A  medium  of  the  same  composition  as  solution  5 
described  above,  with  the  addition  of  1.5  per  cent,  agar 
agar,  was  used  for  the  purpose  of  isolation.  Different 
dilutions  were  plated  and  the  medium  covered  with 
paraffine  to  exclude  oxygen.  In  three  or  four  days 
black  specks  appeared  in  the  plates,  the  areas  of 
discoloration  often  reaching  10  mm.  by  the  end  of  the 
week.  Near  the  center  of  such  areas  could  be  observed 
small  opaque  colonies,  generally  considerably  less 
than  1  mm.  in  diameter.  These  colonies  were  found 
to  consist  of  the  characteristic  spirillum  noted  above. 
When  grown  in  test  tubes  containing  solution  5  under 
anaerobic  conditions,  pure  cultures  were  found  to 
produce  a  rapid  reduction  of  sulfates  to  sulfids. 

It  may  be  concluded  that  in  the  particular  sewage  of 
the  Knoxville  Hospital,  this  spirillum  alone  is  capable 
of  producing  hydrogen  sulfid  in  quantities  sufficient 
to  account  for  the  amount  present  in  the  dosing 
chamber  and  septic  tank. 

Zelinsky,1  in  1893,  described  a  motile  elongated 
bacillus  (Bacillus  Hydrosulfuroum  ponticum)  obtained 
at  considerable  depth  from  the  ooze  of  the  Black  Sea. 
This  organism  under  anaerobic  conditions  was  found 
to  reduce  sulfates  and  sulfites  to  sulfids. 

Beyerinck2  isolated  a  specific  organism  (Spirillum 
desulfuricans)  from  canal  water.  Inoculation  of  this 
organism  into  media  containing  sulfates  resulted  in 
the  rapid  development  of  sulfids.  Morphologically 
the  organism  was  from  one-half  to  a  full  spiral,  rather 
rarely  the  latter.  In  the  absence  of  oxygen  it  is  ac- 
tively motile.  It  is  probable  that  the  organism  iso- 
lated from  the  sewage  disposal  plant  at  the  Knoxville. 
Hospital  is  the  same  as  the  one  described  by  Beyer- 
inck. 

Van  Delden-s  made  a  further  study  of  the  S.  desul- 
furicans of  Beyerinck  and  also  described  the  form 
Microspira  aestuarii  from  near  the  mouth  of  one  of 
the  Holland  rivers.  The  ooze  at  the  bottom  of  the 
sea  in  such  places  was  found  to  be  blackened  by  sulfids. 
He  made  an  extensive  study  of  the  reduction  of  sulfur 
compounds  by  these  organisms  in  both  pure  and  mixed 
cultures.  M.  aestuarii  he  found  to  be  the  more  effi- 
cient of  the  two  as  a  reducing  agent,  producing  in  the 
course  of  seven  weeks  as  much  as  a  gram  of  hydrogen 
sulfid  per  liter  of  water.  Morphologically  this  organism 
resembles  the  former  very  closely. 

Examination  of  the  dosing  chambers  of  the  tanks 
observed  showed  that  the  moisture  on  the  walls  was 
strongly  acid  with  sulfuric  acid.     A  considerable  por- 

1  Proc.  Rus.  Phys.  Chem.  Soc.  Fasc.  5. 

2  Loc.  cit.,  1895. 

3  Loc.  cit.,  1903. 


tion  oi    this  acid   was  doubtless  produced   by   atmoi 

pheric  oxidation  Oi    the  hydrogen  sulfid,   which  of  itself 

might  account   for  the  formation  of  the  sulfuric  acid 

and   tin-  Mill.ii.,  lound  in  the  concrete.       11m    I, a 
Study,    however,   shows  another  agent  which  aids  ma- 
terially in   the  oxidation  of  the  hydrogen  sulfid. 

ill'    work  ot  Winogradsky,  Engelman,  Miyoshi,  and 

others  has  shown  that  certain  groups  of  bacteria  under 
aerobic  conditions  may  utilize  hydrogen  sulfid  by 
direct  or  indirect  oxidation  as  a  source  of  energy. 
The  firsl  evidence  of  such  oxidation  is  frequently  the 
accumulation  within  the  bacterial  cell  of  granules  of 
free  sulfur.  These  may  be  recognized  microscopically 
by  their  relatively  high  refractive  index,  by  their 
solubility  in  carbon  disulfid  and  by  the  characteristic 
crystals  which  form  when  such  solutions  are  allowed 
to  dry  upon  a  glass  slide.  These  organisms  are  found 
later  to  further  oxidize  this  free  sulfur,  the  final  pro- 
duct being  sulfuric  acid.  The  organic  food  require- 
ments of  these  bacteria  seem  to  be  very  small;  indeed, 
many  apparently  utilize  the  carbon  dioxide  of  the 
atmosphere  and  very  simple  compounds  of  nitrogen. 
In  examination  of  the  septic  tanks  in  question  one 
of  these  oxidizing  sulfur  organisms  (Beggiatoa)  was 
found  growing  abundantly  in  some  places  on  the 
surface  of  the  scum.  Disintegrating  concrete,  more- 
over, was  covered  by  a  luxuriant  growth  of  moulds 
and  bacteria.  A  comparison  of  the  chemical  analysis 
of  sound  concrete,  and '  that  which  has  undergone 
partial  disintegrations,  hows  a  notable  increase  in  the 
amount  of  sulfate  present  in  the  latter.  It  should  be 
noted  further  that  the  concrete  below  the  water  line 
of  the  septic  tank  and  dosing  chamber  had  disinte- 
grated little  or  none  at  all.  It  seemed  evident,  there- 
fore, that  hydrogen  sulfid  alone  could  not  be  the  im- 
mediate cause  of  such  disintegration,  for  it  is  constantly 
present  in  the  sewage  in  contact  with  those  walls. 
Inasmuch  as  bacteria,  however,  seemed  to  thrive  in 
the  moisture  generally  present  on  the  under  side  of  the 
roof  and  on  the  walls,  it  seemed  probable  that  much 
of  the  hydrogen  sulfid  arising  from  the  sewage  is  ab- 
sorbed and  then  converted  into  sulfuric  acid  through 
the  agency  of  bacteria. 

Analysis  of  Disintegrated  Cement  Wall  in  Septic  Tank  at  Grinnell, 

Iowa,  Showing  Variation  in  Sulfur  Content  of  different 

Parts  of  Concrete. 

Free  Sulfates 

sulfur.  (SO,): 

First  or  outer1  layer.  V ,  inch  thick 19.7%  1.2% 

Second  layer,  immediately  beneath  first.  ...        7.2  21  .0 

Third  layer,  one  inch  below  surface 0.27  6 .  75 

One  hundred  cm.  flasks  containing  various  sulfids 
were  inoculated  with  material  from  the  disintegrated 
concrete  and  examined  from  time  to  time.  In  some 
of  these  flasks  Beggiatoa  filaments  developed,  showing 
their  characteristic  sulfur  granules  within  the  cells. 
However,  active  oxidation  of  the  sulfids  to  sulfates 
occurred  in  the  other  flasks  in  the  absence  of  Beggiatoa, 
apparently  through  the  agency  of  other  bacteria  which 
swarmed  in  such  cultures. 

The  following  solution  was  prepared  to  determine 
definitely  whether  or  not  such  bacteria  were  actually 

1  This  layer  consisted  chiefly  of  a  deposit  of  free  sulfur. 
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capable  of  oxidizing  sulfids  to  sulfates.  Freshly  pre- 
cipitated, chemically  pure  iron  sulfid  and  calcium  car- 
bonate were  added  in  equal  amounts  in  100  cc.  flasks. 
To  each  of  these  flasks  was  then  added  5  cc.  of  Knop's 
solution  and  after  sterilization  five  were  inoculated, 
the  remainder  being  retained  as  checks.  Within  a 
week  the  inoculated  solutions  became  cloudy,  the 
uninoculated  remaining  clear.  Stained  amounts 
showed  the  presence  of  a  capsulated  rod  showing  polar 
staining  in  all  inoculated  flasks.  This  organism  was 
present  in  all  these  flasks  in  practically  pure  cultures. 
Comparative  analyses  of  the  contents  of  the  check 
and  of  these  flasks  showed  that  in  those  in  which 
bacteria  had  been  developed,  between  two  and  three 
times  as  much  sulfate  was  present  as  in  the  check. 
The  presence  of  this  organism  in  the  solution  un- 
doubtedly was  the  cause  of  the  rapid  oxidation  of  the 
sulfids  which  took  place.  However,  the  organism  has 
not  as  yet  been  isolated  in  pure  cultures  and  quanti- 
tative studies  made  of  its  oxidizing  power. 

The  data  at  hand  are  sufficient  to  convince  us  that 
bacteria  mav  be  responsible,  in  part  at  least,  for  the 
oxidation  of  sulfids  to  sulfates  under  the  conditions 
as  they  exist  in  the  sewage  disposal  plants  here  dis- 
cussed. 

As  rapidly  as  sulfuric  acid  is  produced  by  bacteria 
working  in  and  on  the  concrete  or  by  atmospheric 
oxidation,  it  reacts  with  the  calcium  compounds  of 
the  cement,  forming  calcium  sulfate.  This  takes  up 
water  of  crystallization  and  swells  considerably,  the 
result  being  a  cracking  and  pulverizing  action  and  a 
consequent  disintegration. 

Careful  search  has  failed  to  reveal  any  account  of 
bacterial  disintegration  of  concrete  through  the  action 
of  sulfids  or  sulfates.  R.  Grieg  Smith1  investigated 
the  disintegration  of  concrete  in  the  open  canals  that 
convey  the  city  water  supply  of  Sidney,  New  South 
Wales.  He  was  led  to  study  the  action  of  nitrifying 
bacteria  on  concrete  through  the  work  of  Stutzer  and 
Hartleb,  who  suggest  that  such  forms  might  assist 
in  the  disintegration  of  the  cement  of  water  reservoirs. 
He  concludes,  however,  that  "there  is  considerable 
room  for  doubt  regarding  the  action  of  microorganisms 
on  cement.  There  is  more  reason  to  believe  that  the 
action  is  purely  chemical."  His  conclusions  would 
seem  to  agree  with  those  of  Tannatt  and  Burke,2  who 
found  disintegration  of  concrete  tile  to  take  place 
when  in  contact  with  soil,  rich  in  sulfates.  That  even 
in  alkali  regions  bacteria  may  have  something  to  do 
with  concrete  disintegration  is  evidenced  from  the 
work  here  recorded  and  the  statement  of  Schreiner, 
Oswald  and  Failyer*  to  the  effect  that  hydrogen  sulfid 
is  produced  in  the  drainage  waters  from  gypsum  alkali 
lands  and  from  iron  pyrites. 

SUMMARY. 

i.  In  three  of  the  sewage  disposal  plants  observed, 
viz:  Grinnell,  State  Inebriate  Hospital,  and  State  Hos- 
pital at  Mt.  Pleasant,  large  quantities  of  hydrogen 
sulfid   are   evolved.     This   sulfid    is   produced    in   two 

1  Cent.  f.  Bakt.,  2nd  Abl.,  8,  377  (1902). 

2  "The  Effect  of  Alkali  on  Portland  Cement."  Hull.  Mont.  Agr.  Exp. 
Sta.,  1908. 

3  Bull.  U.  S.  Dept.  Agr.,  Hur.  of  Soils,  1906. 


ways:  (a)  by  the  bacterial  decomposition  of  sulfur 
containing  proteins  and  related  compounds,  and  (6)  by 
the  reduction  of  sulfates  which  are  contained  in  un- 
usual amounts  in  the  water  supplies  used.  Of  the  two 
the  second  seems  to  be  the  more  important. 

2.  The  organism  chiefly  responsible  for  the  reduction 
of  sulfates  and  evolution  of  hydrogen  sulfid  is  a  spiral 
bacterium  closely  related  to,  if  not  identical  with, 
Spirillum  desulfuricans. 

3.  The  hydrogen  sulfid  which  escapes  as  gas  from 
the  sewage,  particularly  in  the  dosing  chamber,  is 
partially  dissolved  i'n  the  moisture  on  the  under  side 
of  the  roof  and  concrete  walls.  Here  it  is  oxidized 
to  sulfuric  acid  partly  by  atmospheric  oxidation  and 
partly  by  bacterial  action.  The  sulfuric  acid  acts 
upon  the  calcium  compounds  of  the  concrete  forming 
calcium  sulfate,  and  breaking  down  the  concrete.  There 
is  often  deposited  an  excess  of  free  sulfur  which  the  oxi- 
dizing agencies  have  not  converted  to  sulfate. 

4.  The  exact  species  of  the  organisms  responsible 
for  the  conversion  of  hydrogen  sulfid  into  sulfuric 
acid  have  not  been  determined.  That  bacteria,  how- 
ever, in  mixed  cultures  may  bring  about  this  change 
has  been  demonstrated.  Beggiatoa  and  a  bacillus 
have  been  isolated  and  are  probably  the  most  important 
organisms  in  bringing  about  this  change. 

Engineering  Experiment  Station, 
State  College,  Ames,  Iowa. 


MARKING  PORCELAIN  AND  SILICA  CRUCIBLES,  ETC.1 

By  P.  A.  Yoder. 

Received  April  4,    1912. 

INTRODUCTION. 

In  the  analytical  laboratory  there  often  is  occasion 
to  put  upon  crucibles,  etc.,  permanent  distinguish- 
ing marks  which  will  stand  ignition  and  mild  treat- 
ment with  acids  and  alkalis.  The  blue  pencil  or  the 
brush  and  china  paints  which  are  frequently  used 
for  this  purpose,  the  markings  being  burned  in,  often 
give  results  so  crude  as  to  be  quite  unsatisfactory, 
especially  for  articles  that  are  before  one's  eyes  daily 
for  years.  Moreover,  the  blue-pencil  marks  and  many 
china  colors  lack  permanence,  and  when  applied  to 
silica  wares  do  not  adhere  satisfactorily.  The  writer 
has  worked  out  two  methods,  one  for  marking  with 
platinum  and  the  other  for  the  application  of  china 
paints,  both  by  the  use  of  rubber  type. 

THE    PLATINUM    PROCESS. 

I  The  crucibles  are  cleaned  by  heating  for  half  an 
hour  with  nitric  acid,  one  part  concentrated  acid  to 
one  part  of  water.  A  sizing  is  prepared  consisting 
of  a  hot  5  per  cent,  solution  of  gelatin.  The  parts 
of  the  crucibles  to  be  marked  are  dipped  into  this 
sizing  and  set  aside  to  drain  and  dry.  When  the 
gelatin  is  dry,  the  desired  number  is  stamped  on  with 
a  solution  of  platinic  chlorid  containing  12  to  15 
per  cent,  of  platinum — i.  c,  about  32  to  40  per  cent, 
of  the  hydrated,  crystallized  chloroplatinic  acid. 
The  pad  holding  the  solution  may  be  made  of  six  or 
eight  folds  of  smooth  linen  or  muslin  and  need  not  be 
much  larger  than  the  type  used.      This  pad  is  nearly 

1  Circular  93,   Bureau    oi    Chemistry,    United    States    Department    of 
Agriculture. 
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saturated  with  a  few  drops  of  the  platinic  chloride 
solul  much  ft   the  solution  causes  blurring 

and  too  little  of  it  or  too  dilute  a  solution  results  in 
dim  numbers  Alter  the  numbers  are  <lrv  the  cruci- 
bles are  gentlj  heated  until  the  platinum  is  reduced 
and  the  gelatin  burned  off.  This  is  most  conveniently 
accomplished  in  a  muffle.  Finally,  the  numbers  are 
heated  for  one-half  minute  in  the  flame  of  the  blasl 
lamp  i.  e„  for  one-half  minute  from  the  time  it 
attains  the  temperature  of  the  flame. 

If  the  wares  are  cleaned  and  fired  as  directed,  the 
markings  adhere  well.  The  figures  become  more 
prominent  if  burnished  by  use  of  a  china  painter's 
burnishing  stone,  if  available,  or  of  seashore  sand, 
or  less  advantageously  of  a  silica  soap.  The  deposit 
is  resistant  to  single  acids,  but  not  to  alkalis.  In 
some  experiments  library  paste  was  substituted  with 
good  results  for  the  gelatin  sizing.  Gold  and  mix- 
tures of  gold  and  platinum  solutions  may  be  applied 
similarly,  but  there  is  more  danger  of  volatilizing 
the  gold  chloride  before  reduction  takes  place,  and 
thereby  causing  a  spreading  of  the  deposit.  The 
resulting  figures  also  are  less  conspicuous  than  when 
platinum  is  used.  This  method  of  getting  the  deposit 
of  platinum  or  gold  may  possibly  find  use  also  in  deco- 
rating chinaware.  If  the  solution  is  applied  with  a 
brush,  a  quill,  or  a  glass  stylus,  it  may  be  more  dilute. 
The  same  method  applied  to  silica  wares  also  gives 
very  satisfactory  results. 

APPLICATION     OF     CHIXA     COLORS     BY     USE     OF     RUBBER 
STAMPS. 

Paints  mixed  in  oil  are  not  satisfactory  for  use  with 
rubber  stamps  because  the  type  leaves  on  the  porce- 
lain a  rim  of  thickened  paint  while  the  main  surface 
of  contact  is  relatively  bare.  The  method  finally 
adopted  is  to  stamp  the  wares  to  be  marked  with  a 
sizing  or  varnish  similar  to  that  which  painters  use 
for  applying  gold  leaf.  "Fat  oil" — i.  e.,  partly  oxi- 
dized linseed  oil,  supplied  by  paint  dealers — proved 
very  satisfactory  for  this  purpose.  While  this  sizing 
is  still  sticky,  the  dry  pigment  is  dusted  on  with  a 
camel's-hair  brush.  After  the  varnish  has  set,  the 
excess  of  pigment  is  wiped  off  and  the  crucible  is 
fired  at  a  strong  red  heat,  preferably  in  a  muffle. 
The  "fat  oil"  dries  slowly.  This  is  an  advantage 
because  then  some  time  may  be  allowed  between  its 
application  and  the  dusting  on  of  the  pigment,  for 
the  irregular  layer  on  the  porcelain  to  draw  out  by 
surface  tension  into  a  smoother  one.  Standing 
over  night  at  room  temperature,  or  for  one  hour  in 
a  drying  oven  at  ioo°  C,  suffices  for  the  varnish  to 
set.  The  pad  used  for  "inking"  the  type  may  con- 
sist of  several  thicknesses  of  linen  cloth  and  is  nearly 
saturated  with  this  varnish.  Too  much  varnish  on 
the  pad  must  be  avoided,  as  it  results  in  figures  with 
ragged  outlines.  This  varnish  may  readily  be  cleaned 
from  the  rubber  type,  before  it  has  set,  by  use  of  a  10 
per  cent,  alcoholic  solution  of  caustic  potash  applied 
with  a  small  bristle  brush. 

COLOR    TESTS. 

Seeking  a  prominent  color  and  one  resistant  to  both 


acids  and  alkalis,  a  series  ot  tests  was  made  with  samples 

oi    overglaze   blues,    blacks,   and    reds   supplied  by  a 
dealer  and  one  blue  prepared  by  the  writer. 

into  porcelain  crucibles  as  above 
described.  The  heat  used  in  firing  was  a  red  heat 
slightly  lower  than  that  at  which  the  colored  figures 
on  the  white  background  disappeared  (the  radiation 
plus  reflection  from  a  colored  surface  equaling  that 
from  a  white  surface).  In  one  test  they  were  brought 
from  a  dull  red  to  the  above  temperature  during  the 
course  of  one  hour  and  then  cooled.  This  sufficed 
to  make  the  blacks  and  the  reds  resistant  to  nitric 
ac-id  (35  per  cent.)  and  to  sodium  hydroxide  solution 
(10  per  cent.),  but  the  blues  were  appreciably  soluble 
in  the  acid.  To  make  the  blues  resistant,  they  had 
to  be  fired  to  a  higher  temperature  or  held  at  the  above 
maximum  temperature  for  about  an  hour.  To  test 
the  permanence  of  the  markings,  the  acid  and  the 
alkali  were  each  applied  five  minutes  cold,  followed 
by  five  minutes  at  a  boiling  temperature.  Of  the 
seven  blacks  tried,  two — viz.,  a  lettering  black  and  a 
blue  black — gave  especially  good  effects  in  that  they 
yielded  a  very  strong  black.  Of  the  same  samples 
when  applied  to  silica  dishes  and  fired  as  indicated, 
both  the  blacks  and  the  reds  were  again  resistant  to 
both  nitric  acid  and  alkali,  but  the  blues,  even  when 
fired  more  strongly,  came  off  very  readily  in  nitric 
acid. 

In  these  tests  an  electric  muffle  was  used.  In  heating 
porcelain  crucibles  to  a  high  temperature  in  gas  muffles 
in  which  the  muffle  chambers  were  not  thoroughly 
sealed  off  from  the  gas  chambers,  and  occasionally 
also  in  the  electric  muffle,  a  brown  stain  developed 
on  the  porcelain.  This  could  readily  be  removed 
by  heating  the  crucible  half  a  minute  in  the  blast 
flame,  most  conveniently  in  a  suitable  chimney. 

In  applying  the  rubber  stamp  to  the  crucibles  it 
is  difficult  to  avoid  a  sliding  motion  that  blurs  the 
imprint.  This  may  be  prevented  by  using  a  suit- 
able guide  or  a  steadying  support.  The  writer  found 
it  convenient  to  rest  both  the  inverted  crucible  and 
the  type  holder  on  a  smooth  surface  while  making 
the  impression.  In  numbering  crucibles,  etc.,  it  is 
often  advantageous  to  have  the  number  on  three 
sides  so  as  to  make  it  visible,  no  matter  which  way 
the  crucible  is  turned. 

Laboratory  U.  S.  Department  of  Agriculture, 
Washington. 


ON     THE     QUANTITATIVE      ESTIMATION       OF      SODIUM 
HYDROXIDE  IN  "BLACK  LIQUOR." 

By  Edwin  Sctermeister  and  Harold  R.  Rafsky. 
Received  January   16,   1912. 

In  the  manufacture  of  cellulose  by  the  soda  process 
wood  is  digested  under  pressure  with  a  solution  of 
sodium  hydroxide.  The  liquid  separated  from  the 
resulting  pulp  is  called  "black  liquor,"  and  contains  the 
sodium  hydroxide  unconsumed  in  the  reaction,  to- 
gether with  the  sodium  salts  of  acids  formed  by  the 
decomposition  of  the  wood.  A  precise  evaluation  of 
this  residual  sodium  hydroxide  would  give  valuable 
information  on  the  exact  consumption  of  caustic  soda 
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by  wood,  and  perhaps  help  to  explain  the  chemistry 
of  the  digestion  process. 

PRESENT    METHOD. 

The  method  now  employed  is  simply  one  of  titration 
with  acid,  using  a  solution  of  phenolphthalein  as  an 
outside  indicator.1  In  detail:  25  cc.  of  black  liquor 
are  diluted  with  300  cc.  of.  water;  10  cc.  of  a  concen- 
trated BaCl^solution  (400  grams  to  liter)  are  added  to 
precipitate  carbonates  and  the  organic  acid  radicles 
which  yield  insoluble  barium  salts,  and  the  solution  is 
titrated  with  N  acid  (HC1,  HNOs  or  H2SO«).  The  end 
point  is  determined  by  removing  drops  of  the  solution 
at  intervals  during  the  titration  and  allowing  them 
to  fall  gently  from  a  stirring  rod  into  a  'solution  of 
phenolphthalein  in  water  just  covering  the  bottom 
of  a  beaker.  When  a  drop  fails  to  develop  a  red  color 
in  the  indicator  solution  immediately  surrounding  it, 
the  end  point  is  considered  to  be  reached.  This 
method  is  approximate  only,  but  checks  within  5  per 
cent,  can  generally  be  obtained;  e.  g.,  three  successive 
titrations  required  respectively  5.00,  4.90,  5.1 1  cc. 
N  acid. 

The  difficulties  in  arriving  at  the  end  point  are: 
first,  the  distinguishing  of  the  red  color  of  the  indicator 
from  the  brown  of  the  drop;  and,  second,  the  slow 
development  of  the  red  color  around  the  drop.  The 
real  trouble,  however — dependent,  perhaps,  on  the  two 
just  mentioned — is  that  the  end  point  recorded  varies 
with  the  working  conditions.  Thus  if  the  titration 
is  carried  out  at  dilutions  other  than  the  one  given 
above,  widely  differing  values  are  obtained,  as  is 
shown  in  the  following  table  which  gives  the  results 
of  titrating  25  cc.  of  black  liquor  at  different  dilutions: 


Total  vol. 

IndK 

idual 

of  diluted 

titrations. 

black  liquor. 

N  acid. 

Average 

39  cc. 

3.50 
3.42 

cc 

\ 

1 

3  46  cc 

88  cc. 

3.67 
3.60 

cc 
cc 

I 

1    • 

3  63  cc 

185  cc. 

3.56 

cc 

) 

3.70 

cc 

3.62  cc 

3.60 

cc 

i 

435  cc. 

4.13 

cc 

1 

4  62 
4.30 

cc 
cc 

J 

4  .  45  cc 

4.74 

cc 

835  cc. 

5  00 

cc 

) 

4.90 

cc 

5.00  cc 

5    11 

cc 

i 

1635  cc. 

4.92 
5.15 

cc 
cc 

1 

i 

5  03  cc 

Again,  if  there  is  added  to  a  black  liquor  (which  has 
been  analyzed  by  the  present  method)  a  known  amount 
of  NaOH  and  this  "fortified"  black  liquor  is  then 
titrated,  the  increase  of  acid  used  in  titration  is  smaller 
than  the  amount  equivalent  to  the  NaOH  added.  For 
instance:  to  a  black  liquor  titrating  6.39  cc.  acid, 
NaOH  was  added  equivalent  to  8.28  cc.  acid,  and 
duplicate  titrations  of  this  "fortified"  black  liquor 
showed  readings  of  13.54  and  13.64  cc.  an  average  of 
13.59  cc-.  while  the  calculated  result  is  14.67  cc. 

One  possible  explanation  of  these  inconsistencies  is 
that  the  OH  ions  are  adsorbed  by  the  colloids  present. 

1  For  the  basic  idea  involved  in  this  method  we  are  indebted  to  Mr. 
Chas.  N.  Waite,  of  Wilmington,  Del. 


Another  theory  supposes  the  presence  of  an  organic 
complex  which  combines  with  OH  ions,  the  resulting 
molecule  having  but  a  small  dissociation  constant. 
On  increasing  the  concentration  of  OH  ions  (as  in  a 
"fortified"  black  liquor)  the  dissociation  is  checked, 
whereas  a  decrease  in  the  concentration  of  OH  ions 
(as  in  dilution)  increases  the  dissociation  and  hence 
the  total  amount  of  OH  ions  present. 

ATTEMPTS    TO    IMPROVE    PRESENT    METHOD. 

The  following  is  a  description  of  numerous  attempts 
to  improve  our  original  method,  and  is  published  in  the 
hope  of  bringing  forth  some  more  successful  method, 
or  of  starting  a  discussion  and  stimulating  further 
work  along  this  line. 

Preliminary  Experiments. — Small  test  tubes,  partly 
filled  with  a  solution  of  phenolphthalein  in  water, 
were  tried  for  the  examination  of  the  individual  test 
drops,  but  no  satisfactory  end  point  was  obtainable. 
The  idea  of  using  phenolphthalein  directly  in  the  solu- 
tion to  be  titrated,  after  the  addition  of  a  white  sub- 
stance such  as  BaSO,  or  China  clay  to  lighten  the 
color,  proved  a  failure  as  the  color  change  was  gradual 
and  indefinite. 

Elimination  of  Precipitate. — We  next  sought  to 
eliminate  the  voluminous  precipitate  produced  on 
addition  of  Bad,,  in  order  to  obtain  a  clear  liquid  for 
titration.  Ordinary  settling,  nitration,  and  centrif- 
ugal filtration  proved  unsatisfactory,  but  in  a  Bab- 
cock  centrifuge  a  clear  orange  colored  solution  was 
secured  by  adding  clay  to  the  regular  titration  mixture 
and  centrifuging  for  7  or  8  minutes.  This  clear  liquid 
when  poured  off  and  titrated  with  phenolphthalein 
directly  did  not  give  very  close  duplicates,  e.g.,  13.76 
and  14.64  cc.  N/10  HC1. 

Indicators  Tried. — As  we  were  unable  to  decolorize 
the  clear  centrifuged  solution  with  charcoal,  we  di- 
rected our  attention  to  procuring  a  better  indicator. 
Litmus,  Congo  red,  and  lacmoid,  with  blue-red  or 
red-blue  color  change  were  unavailable  as  the  orange 
color  of  the  solution  interfered  with  the  end  point. 
A  mixture  of  dyes,  the  color  of  which  was  practically 
complementary  to  the  orange  shade,  was  added  in  an 
attempt  to  produce  a  gray — so  that  an  indicator 
could  be  used  to  better  advantage — but  the  dyes 
changed  color,  owing  to  the  action  of  the  alkaline 
solution,  and  satisfactory  results  were  not  obtained. 
A  mixture  of  phenolphthalein  and  malachite  green 
showed  some  promise  but  was  finally  discarded  as  the 
malachite  green  when  used  in  sufficient  amount  to 
cover  the  orange  color  tended  both  to  precipitate  in 
neutral  solution  and  to  mask  the  last  traces  of.  the  red 
of  the  phenolphthalein.  We  found,  however,  that 
by  using  an  excess  of  phenolphthalein  alone  we  arrived 
at  a  satisfactory  and  definite  end  point.  Our  method 
was  to  add  a  few  drops  of  indicator,  titrate  to  disap- 
pearance of  red,  add  a  large  excess  of  indicator,  and 
again  titrate  to  the  disappearance  of  red,  repeating 
this  operation  till  no  red  color  developed  on  addition 
of  more  indicator. 

Determination  of  Ratio. — Up  to  this  point  we  were 
titrating  a  portion  of  the  clear  liquid  obtained  by 
precipitating  the  black  liquor  with   BaCl,  and  centri- 
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fuging      It    now    became  necessary   to  determine   the  "2 

ratio  "i  the  NaOH  in  the  portion  used  to  thai  in  the  -2  fe 

'C    3 

entire  volume  oi  clear  liquor  and  precipitate  o  j? 

The  inst   method  attempted  was  to  find  the  total  £  U 

afnounl  of  N.i(>H  present  in  the  entire  mixture  (ao  cc.  o3 

BaCl,,  50  cc.  black  liquor,  20  grams  clay,  and  175  cc.        •  g  J 

of  water)  by  titrating  the  entire  quantity  of  centrifuged 
liquor  in  the  usual  way  and  then  repeatedly  extracting  h  " 

the  sludge  with  water,  and  centrifuging  till  the  final  ,  8  8? 

extraction  gave  no  test  with  phenolphthalcin.     As  the  *''79 

total   volume  of  the  solution  was  too  large  to  work  2 8.67 

with    conveniently,    one-fifth    was    taken.     This    idea  3  isas 

15  45 

worked    well    until    the    third    extraction    with    water  22  55 

when  the  clay  did  not  drag  down  the  sludge,  but  left        2254 

it    in    suspension    making    titration    impossible.     Ad- 
dition of  more  clay  was  of  no  avail,  and  consequently 

as  the  sludge  still  reacted  stronglv  alkaline,  the  method  tlter  of  the  same  volume  of  black  liquor.     Until  we 

was  abandoned  can  exP^a'n  wny  tnis  discrepancy  occurs,   we  cannot 

The  problem' was  next  attacked  on  the  theory  that  Pr°ceed  further  with  this  method. 
if  a  known  amount  of  NaOH  were  added  to  a  black  In  the  above  series  of  determinations  we  centrifuged 

liquor  and  the  mixture  centrifuged  as  usual  the  same  the  mixtures   12   minutes,  poured  off  equal  quantities 

percentage  of  the  added  NaOH  as  of  that  originally  of  clear  liquor,  and  centrifuged  again  for  3  minutes, 

present  would  be  found  in  the  clear  liquor.      Having  which  left  a  perfectly  clear  liquid  for  titration. 
determined  what  percentage  of  the  added  NaOH  was  Electrometric    Method. — A  problem   very   similar  to 

present  in  the  centrifuged  liquor  titrated  we  could  then  the  one  at  hand,  i.  <?.,  the  determination  of  the  acidity 

calculate  the  total  amount  of  NaOH  present  in  the  of  tan  liquors,  has  reached  a  successful  solution  by  the 

original  sample  of  black  liquor.  employment  of  the  electrometric  method  of  titration, 

With  this  basic  idea,  we  made  up  the  following  two  as  reported  by  Sand  and  Law1  and  by  Sand,  Law  and 

mixtures:  25  cc.  of  black  liquor,  10  grams  of  clay,  and  Wood.2     They  measure  the  voltage  of  a  cell,  one  arm 

50  cc.  of  BaCl,;  and  25  cc.  of  black  liquor,  10  grams  of  of  which  is  a  normal  calomel  electrode,  and  the  other  a 

clay,  45  cc.  of  BaCl2  and  5  cc.  NaOH  (=  48.80  cc.  X /$  hydrogen  electrode  dipping  into  the  tan  liquor  to  be 

HC1).      These   were   centrifuged   under   the   same   con-  titrated.     Acid  is  added  to  the  tan  liquor  until  a  po- 

ditions  and   10  cc.   of  each  of  the  centrifuged  liquors  tential    of    0.69    volt    is    registered,    which    indicates 

titrated.     The  first  titration  (2.12  cc.  X ,  5  HC1)  repre-  neutrality. 

sented  the  amount  of  NaOH  present  from  the  black  Through    the    kindness   of    Dr.    Geo.    S.    Forbes,   of 

liquor;  the  second  (8.80  cc.  N/5  HC1)  the  amount  of  Harvard  University,  one  of  the  writers  was  permitted 

NaOH  present  trom  the  black  liquor  plus  added  NaOH.  to  use  apparatus  and  space  in  his  laboratory  to  test 

Thus  the  added  NaOH  present  in  the  10  cc.  of  centn-  out  this  method      We  are  also  indebted  to  Dr.  Forbes 

fuged  liquor  =  8.80—2.12   =  6.68  cc.  N/5  HC1.     The  for  much  valuable  advice  and  assistance.     The  work 

percentage  of  the  total  added  NaOH  present  in  the  reported    below    was    carried    out    very    roughly,    the 

10  cc.  of  centrifuged  liquor     =     668   =   13.7  per  cent.  object   being   merely   to   test   the   applicability   of   the 

48-80  method   for  our  use.     Our  apparatus  consisted  of  a 

According  to  the  above  theory  only  13.7  per  cent.  cell  siixailar  to  that  employed  in  the  tan   liquor  de- 

of  the  NaOH  present  in  the  original  black  liquor  is  termination,  the  potential  of  which  was  measured  by 

to  be  found  in  10  cc.  of  the  clear  centrifuged  liquor  and  tne  compensation  method  using  a  potentiometer  box. 

as  this   13.7  per  cent,  is  represented  by  2.12  cc.  A",  5  We  employed  a  D'Arsonval  galvanometer  and  although 

acid   the   total   amount   of   NaOH   present   would   be  this   tended   to   polarize   the   hydrogen   electrode,    for 

equivalent  to   15.48  cc.  N/5   or  3.09  cc.   N  acid.     A  approximate  work  it  proved  more  convenient  than  an 

series  of  similar  tests  were  made  of  which  the  following  electrometer. 

is    a    summary:    two    determinations    of    pure    black  A  *  j.1.  -4... a * ,.,.: 

.   J  v  As  we  were  uncertain  as  to  the  magnitude  or  a  possi- 

liquor,  carried  out  in  the  manner  outlined  above,  gave  ,  1  •,  .  •  .-  1  ,     ,    v  .•,  „  r,  tj„„„„ 

M    .         .  '  °  ble  reducing  action  ot  black  liquor  on  the  hydrogen 

as  titrations  for  10  cc.  of  the  centrifuged  liquor  2.14,        ,     .      A  ,  ,         .  .,     .     ., 4.„„+;„i 

6  *■  electrode,    we    could    not    assume    that    the    potential 

2.10,  and  2.19,   2.14,   2.12  cc.  A     <  acid;  average,   2.14  j-         A  •  .     4.  _    „r         _.«__ 

v         ^  '■>  &■■+  corresponding    to    a    given    concentration    or    a    pure 

cc.    A     5    HC1.     The   table   below   gives   the   results   of  ^r   nn       ,    ..  ,,  ••,      .    -,-     ,      .-,  „     „„„ 

' J  .  s  NaOH   solution   would  necessarily  indicate  the  same 

four    tests    on    "fortified"    black    liquors,    1.    e.,    black  ...  c  vr   r~>Tj         a     1.1     1    <■  1  .*;„„ 

,.  ,  „  concentration  of  NaOH  in  the  black  liquor  solution. 

liquors  to  which  A'aOH  has  been  added.      All  figures  ^     .      .  ,.«_■         •    .  .•       .    ■,       ,1     1    r  a: 

?  &  To  test  this  point  we  titrated  a  black  liquor  according 

given,  except  the  last  column,  indicate  A     ;  acid  used.  .  •    •      1         a    j   ^  4.   *.*  •„„<.„ „ 

to         '  r  '  •>  to  our  original  method  to  get  the  approximate  con- 

The  average  of  the  four  values  found  below  is  3.14  .     j.-  c  »T   nn    *.u  a  Tvr„r>xr 

..  TI._,  r        ,  J  centration  of  rsaOH;  then  we  made  up  a  pure  NaOH 

cc.  A   HC1  for  the  titer  ot  25  ec    of  black  liquor.     The  solutkm  of  similar  concentration  (o.026  N)>  and  read 

peculiar  part,    however,   lor  which   we   can   assign   no  off  the  potentials  of  the  tw0  soiutions  in  the  cell, 
reason  is:  that  by  titrating  according  to  our  original 

,        ,  ,  r.  ,.         .,         *     ,  '  J.  Soc.  Client,  hid.,  30,  1,  3. 

method  we  get  a  value  of  from  6-7  cc.  A   acid  for  the  2  Ibid^  30,  i4,  872. 
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Calculated  potent 
Black  liquor 
Alkali 


ial    (  1 

: 


00  volt 
97-0.98  volt 
99  volt 


The  above  potential  in  the  alkali,  and  especially 
in  the  case  of  the  black  liquor,  was  not  reached  for 
several  minutes. 

Another  determination  of  a  solution  one-tenth  as 
strong,  0.0026  Ar,  gave  a  voltage  of  0.91  in  the  black 
liquor.      The  calculated  voltage  is  0.94. 

Both  the  above  determinations  indicated  that  the 
reducing  action  of  the  black  liquor  did  not  greatly 
affect  the  hydrogen  electrode  in  alkaline  solution  so 
we  next  tried  the  direct  titration  of  the  black  liquor. 

For  this  purpose  we  took  25  cc.  black  liquor,  10  cc. 
BaCl,  (400  grams  to  liter),  and  200  cc.  water.  A 
similar  mixture  by  our  old  method  titrated  13. 1  cc. 
N/2  acid.  The  first  titration  registered  no  sudden 
fall  of  potential  but  rather  a  steady  diminution  of 
voltage  up  to  28.6  cc.  acid  (as  much  as  was  added)  and 
a  second  trial  resulted  similarly.  When,  however, 
about  10  cc.  concentrated  HC1  was  added,  the  colloids 
coagulated  and  the  voltage  dropped  to  0.33. 

To  make  certain  that  the  H  electrode  had  not  been 
affected  by  its  immersion  in  the  black  liquor,  im- 
mediately after  the  above  titration  it  was  placed  in  a 
neutral  KC1  solution  and  the  voltage  found  to  be  above 
0.6  volt.  In  contrast  with  the  black  liquor  titration 
above,  at  the  neutral  point  in  the  titration  of  an  NaOH 
solution,  as  indicated  by  phenolphthalein,  the  addition 
of  an  extra  quarter  cc.  of  AT/2  acid  causes  a  very  sharp 
diminution  of  the  potential  of  the  cell.  From  the 
determinations  given  above  we  concluded  that  the  elec- 
trometric  method  was,  asapplied,  inapplicable  inourcase. 

SUMMARY. 

The  present  method  for  the  determination  of  NaOH 
content  of  black  liquors  is  one  of  titration  with  acid, 
using  phenolphthalein  as  an  outside  indicator. 

In  the  attempt  to  improve  this  method,  the  more 
important  ideas  worked  upon  were: 

1.  The  elimination  by  centrifugal  action  of  the  pre- 
cipitate formed  by  BaCl2  and  the  subsequent  titration 
of  the  clear  liquor. 

2.  The  use  of  various  indicators,  and  the  successful 
method  of  employing  phenolphthalein. 

3.  The  determination  of  a  ratio  between  the  centri- 
fuged  liquor  and  the  sample  of  black  liquor  taken. 

4.  Electrometric  method. 

None  of  the  methods  or  modifications  thus  far 
tested  has  proved  entirely  satisfactory,  and  the  original 
method,  although  it  gives  only  approximate  results, 
is'  the  best  one  at  present  available. 

Chemical  Laboratories. 

S.  D.  Warren  &  Co., 

Cumberland  Mills,  Maine. 
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(Concluded  from  July  No.) 
VIII.     The  Examination  of  Anaesthetic  Chloroform. 

10.    THE    DETERMINATION    OF    THE    ACIDITY    OF    CHLORO- 
FORM. 

Chloroform  of  all  grades  should  always  be  examined 


for  the  presence  of  acids.1  In  this  way  it  may  be 
ascertained  whether  the  chloroform  under  examina- 
tion has  been  purified  by  a  method  serving  to  eliminate 
any  acids  resulting  during  manufacture  or  used  during 
purification;  if  in  a  tin  container,  whether  the  proper 
care  has  been  exercised  in  capping;  and,  since  the 
water  extract  is  usually  tested,  the  extent  of  any 
oxidation,  either  of  alcohol  or  chloroform,  may  be 
determined. 

The  Codex  Mcdicamentarius  Hamburgensis  of  1847 
required  that  anaesthetic  chloroform  (density  1.48) 
should  not  afford  a  water  extract  possessing  an  acid 
reaction  towards  litmus.  This  test  has  met  with 
general  favor,  and  is  essentially  the  one  usually  recom- 
mended.2 

It  has  been  proposed,  however,  that  the  chloro- 
form be  allowed  to  evaporate  spontaneously  after 
the  addition  of  a  drop  of  neutral  litmus  solution  j-5 
and  that  pieces  of  pith  steeped  in  Congo  red  solution 
be  used  for  the  detection  of  acids  in  chloroform.4 

Vulpiuss  found  that  several  chloroform  samples 
which  satisfied  the  conditions  of  the  silver  nitrate6 
and  litmus  paper  tests  showed  an  acid  reaction  when 
treated  as  follows:  To  1  cc.  of  water,  1  drop  of  phenol- 
phthalein solution  and  1  drop  of  centinormal  potassium 

1  The  possible  contaminants  of  this  class  are:  hydrochloric,  hypo- 
chlorous,  sulphuric,  acetic  and  formic  acids;  of  these,  however,  only  hydro- 
chloric and  acetic  acids  are  probable  now.  There  are  cases  on  record  which 
indicate  that  samples  of  chloroform  may  sometimes  contain  free  hydro- 
chloric acid;  in  all  such  instances,  all  of  which  are  extreme  in  the  case  of 
anaesthetic  chloroform,  either  the  chloroform  originally  contained  no 
preservative  or  had  been  very  carelessly  stored  for  protracted  periods  of 
time. 

2  Acids,  free  chlorine  and  chlorides  are  all  extracted  from  chloroform 
by  water,  so  that  when  the  sample  is  shaken  with,  say,  twice  its  volume 
of  water  for  about  5  minutes,  free  acids  may  be  detected,  when  present 
in  appreciable  amounts,  by  blue  litmus  paper.  The  detection  of  the  prod- 
ucts of  the  oxidation  of  pure  chloroform  will  be  referred  to  specifically 
in  the  next  section. 

Brown  (Pharm.  J..  [3]  25,  865)  stated  that  a  water  extract  of  the 
chloroform  under  examination  should  be  neutral  to  litmus;  Gay  {Loc.  cil.) 
recommended  that  when  6  cc  are  shaken  with  3  cc.  of  water,  the  water 
extract  should  not  redden  litmus  paper;  Regnault  (A/on.  Sci.,  [3]  5,  417) 
also  recommended  that  chloroform  should  be  neutral  ro  litmus ;  White 
(Pharm.  J.,  [4]  25,  540)  directed  that  5  mils  be  agitated  with  10  mils  of 
water,  and  that  the  water  layer  stand  the  test  with  litmus;  and  Krauch 
(Testing  of  Chemical  Reagents,  1902,  77)  gives  a  test  wherein  2  parts  of 
chloroform  are  shaken  with  3  parts  of  water,  the  latter  being  then  tested 
with  blue  litmus  paper.     See  also  Linke.  Apoth.-Zig.,  25,  285. 

The  pharmacopoeias  of  Spain  and  France  require  that  chloroform  shall 
be  completely  neutral  to  litmus  solution;  the  pharmacopoeias  of  Switzer- 
land and  Austria  direct  that  the  chloroform  be  agitated  with  an  equal 
volume  of  water,  and  that  the  latter  should  then  not  redden  litmus  or  be 
rendered  turbid  by  silver  nitrate  solution,  while  the  Danish  pharmacopoeia 
directs  that  the  test  be  made  on  the  aqueous  extract  obtained  by  agitating 
1Q  cc.  of  chloroform  with  5  cc.  of  water.  Practically  the  same  test  rec- 
ommended in  the  Codex  Mcdicamentarius  Hamburgensis  of  1847  is  in  the 
Deutsche*  Arzncilmch  of  1910.  The  Pharmacopoeia  of  Japan  of  1907  re- 
quires that  the  sample  be  shaken  with  one  half  its  volume  of  water,  and 
that  the  aqueous  extract  should  not  redden  blue  litmus  paper.  It  was 
specified  in  the  sixth  revision  of  the  Pharmacopoeia  of  the  United  States 
(1882)  that  if  5  cc.  of  purified  chloroform  be  thoroughly  agitated  with 
10  cc.  of  distilled  water,  the  latter,  when  separated,  should  not  affect  litmus 
paper  (blue). 

3  It  was  required  in  the  fifth  revision  of  the  Pharmacopoeia  of  the 
United  States  (1873,  p.  78)  that  when  1  fluidrachm  of  chloroform  was 
evaporated  spontaneously  with  1  drop  of  a  neutral  water  solution  of  litmus, 
Iln  color  of  the  indicator  must  not  be  reddened  it  was  stated  that  the 
result  of  the  test  is  the  same  if  the  chloroform,  contained  in  a  white  glass 
bottle,  had  been  previously  exposed  to  direct  sunlight  for  10  hours.  A 
similar  test  is  given  in  the  National  Dispensatory  of  1887  (p.  439  i  for  in 
tip  lent  decomposition. 

I  A  change  to  "blue"  results  in  the  presence  of  acids.  Concerning  this 
test,  see  Lam,/.  1907.  I.  1033. 

s  Arch.  Pharm.,  |3]25,  998. 

II  This  test  will  be  discussed  ill  the  next  section. 
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hydroxide  solution  wen-  added,  and  the  whole  was 
shaken  with  >  cc  "i  the  chloroform:  in  four  rases  the 
solution  was  decolorized  in  two  minutes.  On  the 
addition  ol  a  see. .ml  drop  ol  the  potassium  hydroxide 
solution,  decolorization  again  occurred,  and  with  one 

pie    this    was    the    ease    alter    the    addition    of    two 

more  drops  oi  the  alkali.1  Accordingly,  Vulpius  sug- 
gested  as  a    further  eheek   on   the   purity  ol    chloroform 

that  10  ee.  repeatedly  shaken  in  a  stoppered  bottle 
it  nearly  lills  with  a  ee.  of  water  colored  with  2  drops 
of  phenolphthalein  solution,  and  1  drop  ol  decinormal 

potassium  hydroxide  solution  should  not  decolorize 
the  latter  in  24  hours.2 

We  have  found  that  when  20  cc.  of  pure  anaesthetic 
chloroform  are  thoroughly  agitated  with  10  cc.  of 
water  and  2  drops  of  phenolphthalein  solution,  and 
then  titrated  with  Nj  100  potassium  hydroxide  solu- 
tion, added  drop  by  drop,  0.10  cc.  of  the  standard 
alkali  produces  a  temporary  alkaline  reaction;  but 
the  dissociation  of  the  phenolphthalein  alkali  is  re- 
tarded, and  the  red  color  disappears  on  agitation, 
0.2  cc.  of  N/100  potassium  hydroxide  being  required 
to  produce  a  faint,  yet  decided,  alkaline  reaction 
permanent  for  15  minutes,  when  the  mixture  is  shaken 
30  seconds  after  the  addition  of  each  drop  of  alkali. 

The  following  results  were  obtained  with  various 
samples  of  chloroform: 

Cc.  AT/100    Gms.  acid, 

KOH  calculated 

required       as  acetic. 

U.  S.  P.  test       as  by       per  100  cc. 

Description.  for  acidity,  above  test,  of  sample. 

A.  Salieylid-chloroform;  0.25  per  cent. 

alcohol Negative        0.2    cc.     None 

B.  "Chloroform  purified;"    0.5  cc.   ab- 

solute alcohol  in  100  cc Xegative        0.3    cc.     0.0003  g. 

C.  "Chloroform  medicinale  Pictet". ..  .      Xegative        0.2    cc.     None 

D.  "Purified  chloroform;"  of  full  U.  S. 

P.  quality Xegative        0.25  cc.     0.00015  g. 

E.  "Chloroform  e  chloral."  "absolutely 

pure;"  0.3  cc.  absolute  alcohol  in 

100  cc Xegative        0.25  cc.     0.00015  g. 

F.  "Chloroform    pure;"    0.56    cc.    ab- 

solute alcohol  in  100  cc Xegative        0  .20  cc.      Xone 

G.  "Chloroform,  U.  S.  P.;"  0.7  cc.  ab- 

solute alcohol  in  100  cc Xegative        0.20  cc.     Xone 

H.  A  5  lb.  unopened  tin  of  chloroform, 

supposed  to  be  of  U.  S.  P.  quality, 

but  17  mo.  old Xegative        0.35  cc.     0.00045  g. 

I.     A    125    cc.    tin   of   "chloroform   for 

anaesthesia,"  sixyearsold Xegative        0.50  cc.     0.0009  g. 

J.    A     tin     containing     6     ounces     of 

"chloroformum     purificatum," 

made  in  1863  or  shortly  before.  .         Xegative       0.35  cc.     0.00045  g. 
K.  A  sample  of  anaesthetic  chloroform 

prepared  by  the  manufacturers  of 

I;    conforming    with    all    the   re- 
quirements of  the  U.  S.  P.  but  the 

sulphuric  acid  test Xegative        0.25  cc.     0.00015  g. 

L.    "Purified     chloroform,"      prepared 

from   carbon   tetrachloride;  0.74 

cc.  absolute  alcohol  in  100 cc.  .. .         Xegative        0.20  cc.      Xone 
H.  "Purified    chloroform,   U.    S.    P. ;" 

0.8  cc.  absolute  alcohol  in  100  cc.      Xegative        0.30  cc.     0.0003  g. 
X.   "Commercial    chloroform,"    the 

source  of  M Xegative        0 .  25  cc.     0 .  00015  g. 

We  have  been  led  to  conclude  that — 

(a)  Whereas  litmus  is  sufficiently  sensitive  for  use 

1  From  these  results.  Vulpius  concluded  that  the  substance  giving  the 
acid  reaction  was  more  soluble  in  chloroform  than  in  water,  whence  the 
aqueous  extract  remained  neutral  to  litmus  paper.  Vulpius  did  not  con- 
sider the  influence  of  alcohol,  which  was  undoubtedly  present  in  the  samples 
examined  by  him,  on  the  dissociation  of  phenolphthalein  alkali. 

2  On  the  test  of  Vulpius,  see  Werner.  Arch.  Pharm.,  [3]  25,  1 1 13. 


in  the  detection  ol  hydrochloric  acid  in  chloroform,1 
phenolphthalein'  should  always  be  employed  as  the 
indicator  in  testing  anaesthetic  chloroforms,  since 
in   this  case   acetic   acid   is   the   usual   contaminating 

(b)  The  amount  of  A'  too  potassium  hydroxide 
solution  required  for  neutralization  should  always 
t"  determined.  Using  20  cc.  of  the  sample  under 
examination,  10  cc.  of  water,  and  2  drops  of  phenol- 
phthalein, and  titrating  as  directed  above,  no  more 
than  0.20  cc.  of  N  'too  alkali  should  be  required. 

II.  Till-:  DECOMPOSITION  PRODUCTS  OF  PURE  CHLORO- 
FORM. 

(a)  The  Detection  of  Carbonyl  Chloride. 
Chloroform  containing  carbonyl  chloride  gives  rise 
to  toxic  effects  upon  administration;1  and  although 
it  is  now  improbable  that  accidents  can  occur  from 
the  presence  of  the  oxidation  products  of  pure  chloro- 
form, since  the  necessary  precautions  are  generally 
exercised  in  practice  to  guard  against  their  presence, 
yet  cases  have  been  recorded3  which  show  that  an- 
aesthetic chloroform  which  has  been  carelessly  stored 
for  long  periods  should  always  be  examined  for  car- 
bonyl chloride  as  well  as  the  other  products  of  oxida- 
tion. When,  for  any  reason,  pure  chloroform  is  re- 
quired for  an  investigation,  it  should  always  be  tested 
for  the  presence  of  carbonyl  chloride  immediately 
before  use.6 

1  This,  of  course,  applies  generally  to  the  examination  of  pure  chloro- 
form. 

2  Congo  red  is  also  very  sensitive  for  this  purpose,  and  may  be  used 
when  chloroform  is  being  tested  qualitatively. 

3  The  results  obtained  on  Nos.  H,  I  and  J  lend  strong  support  to  the 
view  of  the  authors  as  to  the  oxidation  of  anaesthetic  chloroform  and 
particularly  as  to  the  role  of  alcohol  in  preservation.  Xone  of  these  samples 
contained  hydrochloric  acid  or  carbonyl  chloride. 

4  Carbonyl  chloride  has  an  irritating  action  upon  mucous  membranes, 
besides  possessing  the  poisonous  properties  of  carbon  monoxide  (Dragen- 
dorff,  Ermitteluna  von  Giften,  1895,  p.  62;  Kobert-Friedburg.  Practical 
Toxicology,  1897,  p.  127).  For  a  full  discussion  of  the  toxicological  action 
of  carbonyl  chloride,  see  Miiller,  Z.  angew.  Chem..  23,  14S9. 

5  For  example,  Ramsay  (Brit.  Assii.  Kept.,  1892;  J.  Soc.  Chem.  Ind., 
11,  772  *  found  that  the  only  impurity  in  a  number  of  samples  of  chloroform 
received  from  hospitals  where  death  had  occurred  was  carbonyl  chloride. 
It  was  found  to  be  impossible  to  look  for  an  unknown  impurity  in  a  number 
of  small  samples  of  chloroform;  therefore,  he  exposed  a  large  quantity  of 
"perfectly  pure"  chloroform  to  daylight  in  the  presence  of  air.  After 
"some"  months,  a  considerable  quantity  of  carbonyl  chloride  was  formed, 
no  other  product,  excepting  a  trace  of  hydrochloric  acid,  having  been 
detected.  It  was  found  to  be  possible  to  test  for  carbonyl  chloride  by 
pouring  a  barium  hydroxide  solution  on  the  surface  of  a  suspected  sample, 
when  a  white  film  would  appear  at  the  line  of  division  between  the  chloro- 
form and  the  water  solution.  Most  of  the  samples  received  by  Ramsay 
gave  this  test,  and  it  was  significant  that  most  of  the  samples  were  the 
products  of  large  consignments  to  hospitals.  Ramsay  was  inclined  to 
believe  that  the  cause  of  death  was  the  spasmodic  contraction  of  the  glottis 
produced  by  the  carbonyl  chloride  after  the  lungs  had  been  thoroughly 
charged  with  chloroform.  Dott  (Pharm.  J.,  [3]  22,  1080),  however,  thought 
that  it  is  in  the  highest  degree  improbable  that  accidents  have  occurred 
in  the  administration  of  chloroform  from  the  presence  of  carbonyl  chloride. 
In  his  opinion,  if  the  amount  were  considerable,  the  surgeon  would  observe 
the  contamination,  while  if  only  traces  were  present,  evidence  is  lacking 
to  show  that  these  would  be  dangerous.  The  authors  found  that  samples 
of  anaesthetic  chloroform  of  U.  S.  P.  grade  in  no  case  gave  a  reaction  in- 
dicative of  carbonyl  chloride,  and  even  after  storage  under  good  con- 
ditions for  almost  two  years,  such  chloroform  contained  no  carbonyl  chloride. 

6  For  a  case  in  point,  see  the  experiences  of  Lowry  and  Magson  (Trans. 
Chem.  Soc.  93,  121).  who,  in  their  studies  on  dynamic  isomerism,  found 
that  the  presence  and  production  of  carbonyl  chloride  in  chloroform  solu- 
tions by  the  action  of  air  and  light  would  afford  a  sufficient  explanation 
of  all  the  anomalous  results  which  have  been  obtained  on  the  arrest  of 
isomeric  change  in  acid  chloroform  solutions.  They  found  that  the 
active  agent  in  arresting  the  isomeric  change  of  nitrocamphor  dissolved 
in  chloroform  is  carbonyl  chloride. 
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Carbonyl  chloride  may  often  be  recognized  in  samples 
of  decomposed  pure  chloroform  by  its  peculiar  nauseous 
smell,  which  is  quite  different  from  that  of  chlorine 
or  hydrochloric  acid.1  If  necessary,  carbonyl  chloride 
may  be  detected  in  the  presence  of  chlorine  by  agita- 
ting the  sample  of  decomposed  chloroform  with  mercury, 
which  combines  with  the  free  chlorine,  but  does  not 
act  upon  carbonyl  chloride,  and  thus  the  peculiar 
odor  of  this  compound  becomes  more  easily  recogniz- 
able.2 After  the  removal  of  free  chlorine  by  agitation 
with  mercury,  moist  blue  litmus  paper  is  no  longer 
bleached.  Prior  to  the  elimination  of  free  chlorine, 
the  reddening  of  moistened  litmus  paper  may  be 
masked  by  the  action  of  free  chlorine. 3 

Ramsay4  proposed  a  test  for  the  direct  detection 
of  carbonyl  chloride  in  chloroform  wrhich  we  have 
found  to  be  satisfactory,  providing  the  proper  pre- 
cautions are  observed.  This  consists  in  adding  clear 
barium  hydroxide  solution  to  the  chloroform  and 
allowing  the  mixture  to  stand  several  hours  in  a 
stoppered  vessel;  if  carbonyl  chloride  is  present, 
a  white  film  of  barium  carbonate  forms  at  the  junction 
of  the  two  liquids.3  In  testing  for  the  presence  of 
carbonyl  chloride,  whenever  a  direct  test  is  deemed 
necessary,  the  authors  operate  as  follows:  To  15  cc. 
of  the  sample,  contained  in  a  dry  glass-stoppered  tube 
of  25  cc.  capacity,  sufficient  of  a  perfectly  clear  1:19 
barium  hydroxide  solution  is  added  to  fill  the  tube ; 
after  allowing  the  mixture  to  stand  3  hours  in  a  dark 
place,  without  agitation,  the  observation  as  to  the 
formation  of  a  film  of  barium  carbonate  is  made. 

Other  direct  tests  which  have  been  proposed  for 
the  detection  of  carbonyl  chloride  are  the  amido- 
phenetol  test  of  Scholvien6  and  the  bilirubin  test 
of  Pouchet."  The  barium  hydroxide  test  is,  however, 
entirely  satisfactory  whenever  it  is  considered  necessary 
to  definitely  establish  the  presence  of  carbonyl  chloride  ; 
but  in  general  it  is  sufficient  to  test  the  aqueous  ex- 
tract  of   the    chloroform   under   examination   for  hy- 

1  The  authors  exhibited  samples  of  chloroform  which  contained  car- 
bonyl chlotide;  these  samples  fumed  in  the  air  and  possessed  the  char- 
acteristic odor  of  carbonyl  chloride. 

2  Carbonyl  chloride  is  unaffected  by  shaking  with  mercury,  but  mercury 
combines  with  free  chlorine  (see  Martindale's  Extra  Pharmacopoeia,  9th 
ed.,  126). 

3  On  these  points,  see  Schacht  and  Biltz,  Pharm.  J.,  1893,  1005. 

<  Loc.  cit.  Ramsay  also  stated  that  carbonyl  chloride  may  be  removed 
by  agitation  with  slaked  lime,  but  this  has  been  denied  [Brit.  Med.  J., 
March  16,  1900). 

5  This  test  is  given  in  the  Nuera  Farmacopea  Alexicana.  1904,  477. 
In  the  seventh  revision  of  the  Pharmacopoeia  of  the  United  States  (1893, 
88\  the  following  test  was  specified:  If  to  about  5  cc.  of  chloroform  con- 
tained in  a  dry  test  tube  of  about  10  cc.  capacity,  about  4  cc.  of  perfectly 
clear  barium  hydrate  T.  S.  be  added  without  agitation,  and  the  test  tube 
be  then  corked  and  set  aside  in  a  dark  place  for  six  hours,  no  film  should 
be  visible  at  the  line  of  contact  of  the  two  liquids. 

6  Ber.  Pharm.  Ges.,  3,  213.  A  drop  of  amidophenetol  is  dissolved 
in  benzene  (anhydrous  and  free  from  carbon  disulphide)  and  the  suspected 
chloroform  is  added  to  this  solution;  if  carbonyl  chloride  is  present,  there 
is  said  to  be  produced  an  immediate  turbidity  and  later  a  separation  of 
crystals  of  diparaphenetol  carbamide,  insoluble  in  chloroform.  Instead 
of  amidophenetol,  Scholvien  found  that  aniline  may  be  used,  in  which  case 
diphenylcarbamide  is  formed.  In  this  connection,  it  may  be  indicated 
that  Schmidt  (J.  prakt.  Chem.,  [2]  5,  35)  found  that  carbonyl  chloride 
reacted  with  benzamide,  giving,  among  other  products,  benzonitrile. 

7  Nouveaux  Remedes,  1904,  No.  13,  289.  Pouchet  found  that  il  a 
little  of  the  chloroform  under  examination  is  mixed  with  bilirubin,  this 
dissolves  with  a  green  color  in  the  presence  of  carbonyl  chloride  and  with  a 
brown  color  in  its  absence.  Merck  {Annual  Report,  18,  45),  however,  re- 
garded zinc  chloride  and  starch  solution  as  a  more  sensitive  reagent. 


drochloric    acid    and    then    make    a    quantitative    de- 
termination.1 

(6)   The  Detection  of  Hydrochloric  Acid. 

Hydrochloric  acid  and  chlorides  are  not  likely 
contaminants  of  anaesthetic  chloroform  at  the  present 
time,  but  pure  chloroform  should  always  be  examined 
for  their  presence.  Carbonyl  chloride,  free  chlorine 
and  hydrochloric  acid  may  be  recognized  in  one 
operation  by  shaking  the  sample  with  silver  nitrate 
solution,  which,  in  the  presence  of  any  of  these  im- 
purities, will  produce  a  white  precipitate,  whereas 
pure  chloroform  gives  no  reaction  with  silver  nitrate, 
either  in  aqueous  or  alcoholic  solution.  This  is  es- 
sentially the  test  generally  recommended.2 

Samples  of  pure,  anaesthetic  or  commercial  chloro- 
form which  possess  no  acid  reaction,  as  determined 
by  titration  with  A"/ioo  potassium  hydroxide  solu- 
tion, are  assuredly  free  from  carbonyl  chloride,  chlorine 
and  hydrochloric  acid,  but  pure  and  anaesthetic 
chloroforms  should  also  comply  with  the  following 
test:  When  10  cc.  of  the  sample  are  agitated  with 
5  cc.  of  water  for  5  minutes,  the  water  extract  should 
not  become  turbid  or  give  any  precipitate  upon  the 
addition  of  silver  nitrate  solution  (absence  of  hy- 
drochloric acid,  chlorides,  etc.)  and  no  reduction  should 
occur  on  warming  (absence  of  acetaldehyde,  formic 
acid  and  formates,  etc.). 

(c)    The  Detection  of  Chlorine. 

It  is  generally  considered  that  chlorine  is  a  contami- 
nant of  anaesthetic  chloroform,  and  accordingly  tests 
are  usually  specified  for  its  detection.  For  example, 
free  chlorine  and  hypochlorous  acid  are  distinguished 
from  hydrochloric  acid  by  their  power  of  bleaching 
instead  of  merely  reddening  litmus,  and  by  liberating 

1  Cf.  Z.  anal.  Chem.,  33,  488.     See  Acidity. 

2  Regnault  (A/on.  Sci.,  [3]  12,  262;  /.  pharm.  chim.,  [4]  29,  402)  stated 
that  no  precipitate  should  result  with  silver  nitrate;  Brown  (Pharm.  J.. 
[3]  25,  865)  recommended  shaking  the  sample  with  an  equal  volume  of 
silver  nitrate  solution,  when  no  turbidity  should  be  produced;  Behal  and 
Francois  (J.  pharm.  chim.,  [6]  5,  417)  advised  that  chloroform  should 
neither  precipitate  nor  reduce  silver  nitrate;  White  (Pharm.  J.,  [4]  25, 
540)  agitates  5  mils  of  chloroform  with  10  mils  of  water,  then  tests  the 
water  extract;  and  Krauch  (Testing  of  Chemical  Reagents,  1902,  p.  77) 
shakes  2  parts  of  chloroform  with  3  parts  of  water,  and  requires  that  the 
water  extract  shall  not  produce  a  turbidity  on  being  carefully  poured  over 
a  solution  of  silver  nitrate  in  an  equal  volume  of  water. 

The  silver  nitrate  test  has  had  pharmacopoeial  recognition  since 
1847,  when  it  was  required  by  the  Codex  Medicamentaritis  Hamburgensis 
that  the  water  extract  should  give  no  precipitate  with  silver  nitrate.  The 
British  Pharmacopoeia  (1908,  75)  gives  the  following  test  for  the  presence 
of  chlorides:  The  addition  of  4  drops  of  silver  nitrate  solution  should  not 
produce  more  than  a  very  slight  opalescence  in  the  aqueous  portion  ob-  ' 
tained  by  shaking  chloroform  with  twice  its  volume  of  water  for  5  minutes. 
The  Deutsches  Arzneibuch  (1910,  118)  requires  that  the  water  extract  of 
chloroform  should  not  yield  any  turbidity  with  test  solution  of  silver  nitrate. 
The  silver  nitrate  test  is  also  given  in  the  pharmacopoeias  of  Switzerland, 
Austria,  France,  Spain,  Sweden,  Italy,  Chili,  and  Japan.  The  pharma- 
copoeias of  Switzerland  and  Austria  direct  that  the  chloroform  be  agitated 
with  an  equal  volume  of  water,  and  that  the  latter  should  not  then  be 
rendered  turbid  by  silver  nitrate  solution;  the  Danish  pharmacopoeia 
requires  that  the  test  be  made  on  the  aqueous  extract  obtained  by  agitating 
10  cc.  of  chloroform  with  5  cc.  of  water;  the  French  Codex  (1908,  148) 
gives  the  silver  nitrate  test  for  the  presence  of  hydrochloric  acid,  also 
statins;  that  no  reduction  should  occur  on  warming  (formates  or  aldehyde 
derivatives);  the  Pharmacopoea  Svecica  (1908,  76)  specifies  that  the  test 
be  conducted  on  the  water  extract,  as  does  the  Farmacopoea  Oficial  Espanola 
(1905,  198);  and  the  Farmacopea  Chilena  (1886,  147)  requires  that  no 
precipitation  or  reduction  should  occur  when  the  test  is  applied.  The 
Pharmacopoeia  of  Japan  (1907,  84)  directs  that  the  chloroform  be  shaken 
with  one-half  its  volume  of  water,  and  that  water  be  carefully  poured  into 
a  solution  of  silver  nitrate  diluted  with  equal  parts  of  water,  when  no 
turbidity  should  be  produced. 


574 


THE    J0\  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Aug.,  1912 


iodine  from  a  solution  ol  potassium  iodide,1  zinc 
iodide*  01  cadmium  iodide1  when  the  sample  or  its 
water  extracl  is  shaken  with  the  reagent. 

Shut  free  chlorine  ran  only  resull  either  through 
careless  purification  oi  chloroform  or  from  the  photo- 
chemical decomposition  oi  carbonyl  chloride,  we 
can  now  only  suspecl  its  presence  in  pure  chloroform 
which  has  undergone  oxidation.  Moreover,  it  is 
highly  probable  that  reactions  due  to  hydrogen  dioxide 
have  been  attributed  to  free  chlorine;  and  that, 
especially  where  potassium  iodide  was  the  reagent 
used,  hydrochloric  acid  and  carbonyl  chloride  were 
sometimes  the  cause  of  the  reactions  observed.  While 
both  pure  and  anaesthetic  chloroform  should,  of 
course,  give  no  reaction  with  potassium  or  zinc  iodide. 
these  reagents  lack  the  reliability  required  for  specific 
tests,  and  a  10  per  cent,  solution  of  cadmium  potassium 
iodide  is  considerably  more  efficient.  When  this 
reagent  is  used,  a  response  is  indicative  or  either  the 
presence  of  chlorine  or  hydrogen  dioxide,  and  pure 
and  anaesthetic  chloroform  should  give  a  negative 
result  in  all  cases. 

12.  THE  DETECTION  OF  CHLORINE  SUBSTITUTION  PRODUCTS. 

(a)    "Chlorinated     Decomposition     Products." 

The  British  Pliarmacopoeia  and  the  Pharmacopoeia 

of   the    United    States   give    tests   for   the    detection    of 

"odorous   decomposition   products"    and    "chlorinated 

decomposition  products"    in   anaesthetic   chloroform.4 

1  Potassium  iodide  is  the  specified  reagent  in  the  pharmacopoeias  of 
Austria.  Chili,  Denmark.  Sweden,  Switzerland,  and  the  United  States. 
The  Austrian  pharmacopoeia  requires  that  no  violet  color  result;  the  Chili 
pharmacopoeia  that  no  color  result;  and  the  Danish  pharmacopoeia  that 
no  color  be  produced  on  mixing  5  cc.  of  chloroform  with  20  cc.  of  water  and 
a  crystal  of  potassium  iodide.  The  potassium  iodide  test  is  also  given  in  the 
Pharmacopoea  Croalico-Slaionica  (1888,  1631,  where  it  is  stated  that  no 
rose  color  should  result;  and  in  the  Finland  Pharmacopoeia,  where  it  is 
required  that  no  violet  color  result.  The  Pharmacopoeia  of  the  United 
States  (190S,  99)  specifies  that  the  sample  be  well  shaken  with  twice  its 
volume  of  water,  and  that  the  water  extract  be  then  tested  with  litmus 
paper,  silver  nitrate  solution  and  potassium  iodide  solution. 

2  The  zinc  iodide-starch  test  was  recommended  by  Schwarz  and  Will 
(Pharm.  Ztg.,  1888,  551);  Brown  {Pharm.  J.,  [3]  23,  229)  proposed  that 
zinc  iodide  and  starch  be  used  to  detect  the  first  signs  of  decomposition; 
later  Brown  (Ibid.,  [3]  25,  865)  recommended  that  on  shaking  with  an 
equal  volume  of  zinc  iodide  and  starch  solution,  no  color  should  be  im- 
parted to  the  chloroform — a  test  which  he  found  to  be  more  delicate  than 
that  with  sirup  of  iodide  of  iron  and  starch ;  and  Krauch  (Testing  of  Chemical 
Reagents,  1902,  78)  states  that  on  shaking  with  zinc  iodide  and  starch 
solution,  no  blue  coloration  must  occur.  It  has  been  also  considered  that 
the  presence  of  free  chlorine  is  sufficiently  indicated  by  the  coloration  of 
moistened  test  paper  charged  with  zinc  iodide  and  starch  when  it  is  im- 
mersed in  the  atmosphere  of  the  container. 

The  Deutsches  Arzneibuch  (1910,  1181  states  that  when  the  water 
extract  of  chloroform  is  shaken  with  zinc  iodide  and  starch  solution,  the 
latter  should  not  become  blue  or  colored.  The  Pharmacopoeia  of  Japan 
(1907,  84)  requires  that  chloroform  acquire  no  coloration  on  shaking  with 
a  solution  of  zinc  iodide  and  starch,  and  that  the  latter  acquire  no  blue 
coloration. 

3  The  British  Pharmacopoeia  (1908,  75)  directs  that  the  aqueous 
portion  obtained  by  shaking  chloroform  with  twice  its  volume  of  water 
for  5  minutes  should  not  afford  any  color  with  1  cc.  of  cadmium  iodide 
T.  S.  and  2  drops  of  mucilage  of  starch.  The  same  reagents  are  required 
in  Belgium. 

4  The  British  Pharmacopoeia  requires  that  2  cc.  of  the  sulphuric  acid 
liquid,  obtained  on  shaking  chloroform  with  1/10  its  volume  of  sulphuric 
acid  for  20  minutes,  and  then  set  aside  for  15  minutes,  when  diluted  with 
2l/j  times  its  volume  of  water,  should  remain  clear,  almost  colorless,  and 
should  possess  a  pleasant  odor;  that  the  liquid  should  still  retain  its  trans- 
parency and  freedom  from  color,  even  when  further  diluted  with  10  cc.  of 
water  and  stirred  with  a  glass  rod.  and  the  transparency  should  not  be 
more  than  slightly  diminished  on  the  addition  of  4  drops  of  silver  nitrate 
solution;  and  that  the  addition  of  silver  nitrate  solution  should  not  more 
than  slightly  diminish  the  transparency  of  the  aqueous  portion  obtained 
by  shaking  the  sulphuric  acid — treated  chloroform  with  twice  its  volume  of 


Anaesthetic  chloroform  which  has  been  properly 
purified  and  stored  should  comply  with  them  require- 
ments,' although  there  arc  on  record  instances2  which 
show  that  officinal  chloroform  of  the  present  phar- 
macopoeia! grade  occasionally  contains  "chlorinated 
decomposition  products,"  probably  resulting  from 
the  careless  storage,  especially  lor  protracted  periods 
of  time,  of  insufficiently  pure  products. 

'flic  phrase  "chlorinated  decomposition  products" 
is  indefinite  and  rather  vague,  but  it  includes  a  class 
of  compounds,  resulting  either  from  manufacture 
("chlorinated  oils,"  previously  referred  to;  chlorine 
substitution  products  decomposable  by  sulphuric 
acid;  etc.),  in  which  case  such  contamination  is  only 
likely  when  the  chloroform  has  not  been  purified  by 
a  process  serving  for  their  elimination;  or  from  the 
oxidation  of  anaesthetic  chloroform  (chlorinated  de- 
rivatives of  the  oxidation  products  of  alcohol,  chloro- 
carbonic  ether,  etc.).  In  the  latter  case,  the  formation 
of  such  compounds  can  only  result  after  the  oxidation 
of  the  alcohol  has  reached  a  maximum,  and  conse- 
quently their  occurrence  is  only  likely  in  samples  which 
have  been  stored  for  long  periods  of  time  under  con- 
ditions conducive  to  oxidation. 

(b)  The  Occurrence  of  Ethyl  Chloride  in  Chloroform. 
Until  1904,  it  was  generally  assumed  that  commercial 
chloroform  prepared  from  acetone  was  identical  with 
that  made  from  alcohol,  although  the  clinical  ex- 
periences of  some  English  anaesthetists  indicated 
that  the  anaesthetic  chloroform  prepared  therefrom 
is  distinctly  inferior  to  the  product  from  alcohol. 
For  example,  it  was  observed  that  the  patient  often 
had  an  undue  tendency  to  cough  and  hold  the  breath, 
and  the  prolongation  of  the  time  of  induction  thus 
effected  increased  the  danger  of  an  overdose.  In 
1904,  Wade  and  Finnemore3  published  the  results 
of  their  investigation  as  to  the  existence  of  a  volatile 
impurity  in  chloroform  prepared  from  alcohol.  They 
found  that  the  presence  of  a  minute  quantity  of  ethyl 
chloride  in  chloroform  made  from  alcohol,  probably 
about  0.05  per  cent,  (about  2  cc.  per  Winchester 
quart),  would  account  for  its  physical  behavior; 
and  they  stated  that  they  had  substantiated  by  clinical 
experience  the  conclusion  that  the  volatile  substance 
which  "improves"  the  anaesthetic  properties  of  chloro- 
form made  from  alcohol,  but  is  absent  from  chloro- 
form made  from  acetone,  is  ethyl  chloride.  According 
to  Wade  and  Finnemore,  "acetone  chloroform"  to 
which  a  small  quantity  of  ethyl  chloride  had  been 
added  was  therapeutically  identical  with  chloroform 
made  from  alcohol.4 

water.     The  Pharmacopoeia  of  the  United  States  gives  a  similar  test.     See 
Section  3(a). — The  Test  uith  Sulphuric  Acid. 

1  The  authors  have  experimentally  demonstrated  that  this  is  the  case. 

2  For  example,  Ohliger  (Proc.  Mich.  Pharm.  Assn.,  1906,  47)  reported 
chloroform  with  "chlorinated  compounds"  and  "carbonizable  impurities" 
present;  and  Caspari  (Proc.  Mo.  Pharm.  Assn..  1906,  100)  examined  seven 
samples  of  chloroform,  out  of  which  two  contained  "chlorinated  decom- 
position products." 

3  /.  Chem.  Soc,  85,  938. 

*  It  has  therefore  been  proposed  to  add  a  minute  of  ethyl  chloride 
to  chloroform  made  from  acetone  (Schweiz.  Wochschr.,  47,  302).  It  has 
been  stated  that  the  addition  of  0.25  per  cent,  of  ethyl  chloride  to  chloro- 
form prepared  from  acetone  renders  it  physiologically  identical  with  the 
product  from  alcohol  (Trans.  Soc.  Anaesth.,  7,  89).     In  fact,  there  has  been 
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Dott1  confirmed  the  observation  that  a  small  pro- 
portion of  ethyl  chloride  is  formed  in  preparing  chloro- 
form from  ethyl  alcohol.  He  found  that,  unlike 
most  impurities,  it  is  not  removed  by  washing  with 
water,2  treatment  with  sulphuric  acid,  or  with  soda 
solution. 

While  ethyl  chloride,  when  present  in  small  pro- 
portions in  anaesthetic  chloroform,  is  not,  strictly 
speaking,  an  objectionable  impurity,  and  although 
it  may,  according  to  some,  prevent  a  prolongation  of 
the  period  of  induction,  yet  anaesthetic  chloroform 
manufactured  from  acetone  in  this  country  has  been 
found  by  American  anaesthetists  to  be  fully  as  satis- 
factory as  that  from  other  sources,  and  this  may  be 
said  to  be  general  when  the  chloroform  is  properly 
made  from  purified  acetone  and  the  product  is  carefully 
purified.  When  chloroform  is  prepared  from  alcohol, 
ethyl  chloride  may  be  easily  formed  in  the  course  of 
chlorination,  while  it  is  difficult  to  conceive  how  it 
could  be  formed  from  acetone  under  these  conditions ; 
but  ethyl  chloride  comes  over  with  the  first  distillate 
on  rectifying.  The  anaesthetist  should  know  the 
preparation  he  is  using,  and  if  he  desires  chloroform 
containing  ethyl  chloride  he  should  specify  "chlor- 
aethoform"  or  a  similar  preparation.  Anaesthetic 
chloroform  should,  without  exception,  be  free  from 
contamination  with  ethyl  chloride,  for  each  compound 
exerts  its  specific  physiological  action. 

Since  the  boiling  point  of  anaesthetic  chloroform 
may  be  lowered  2°  C.  by  the  presence  of  0.1  per  cent. 
of  ethyl  chloride,  this  impurity  may  be  detected  by 
fractionation. 

(c)    The    Occurrence    of    Ethylene    Chloride    in    Chloro- 
form. 

Ethylene  chloride  has,  in  the  past,  been  regarded 
as  a  contaminant  of  chloroform,  and  several  tests 
have  been  proposed  for  its  detection' ;  but  its  presence 
in  anaesthetic  chloroform  is  not  to  be  expected  now.4 
The  isomer,  ethylidene  chloride,  is,  however,  a  probable 
contaminant  of  chloroform  prepared  from  alcohol.3 
since  it  is  more  difficult  to  eliminate  by  rectification; 

placed  on  the  market  a  preparation  of  chloroform  containing  0  25  per  cent, 
of  ethyl  chloride,  called  "chloraethoform"  (Chem.  and  Drug..  1904,   1289  i. 

1  /.  Soc.  Chem.  Ind..  27,  272. 

2  In  1875.  Normandy- N'oad  (Commercial  Chemical  Analysis,  p.  122) 
stated  that  "hydrochloric  ether"  may  be  recognized  in  chloroform  by- 
shaking  the  latter  with  water,  then  decanting  the  aqueous  extract  and 
distilling  it  from  a  water-bath.  They  mention  that  the  odor  of  the  ether 
is  yery  evident  in  the  portions  which  first  come  over. 

Others  state  that  the  presence  of  ethyl  chloride  may  be  recognized  by 
distilling  the  chloroform  with  water  on  a  water  bath,  when  the  first  portions 
of  the  distillate  will  possess  a  distinct  odor  of  the  foreign  body. 

3  Hager  {Kommeniar,  1866,  443)  stated  that  the  test  with  sodium 
serves  for  the  detection  of  alcohol  and  ethylene  chloride;  he  also  reported 
that  ethylene  chloride  may  be  detected  by  means  of  potassium  hydroxide. 
ethylene  being  evolved.  It  has  been  proposed  that  ethylene  chloride  be 
detected  in  chloroform  by  drying  the  sample  by  agitation  with  dry  potas- 
sium carbonate,  and  then  adding  potassium,  which  produces  chlor-ethylene, 
a  gas  possessing  an  alliaceous  odor,  in  the  presence  of  the  impurity. 

On  the  boiling  points  of  mixtures  of  ethylene  chloride  and  chloroform, 
see  Wulf,  Inaugural  Dissert.,  Berlin.  June  26.  1885. 

Keppeler  (Anaesthetica ,  hoc.  at.),  in  one  of  the  101  fatal  cases  of  chloro 
form  administration  collected  by  him.  states  that  allyl  chloride  was  found 
in  the  chloroform,  although  the  same  chloroform  had  been  used  without 
bad  effects  in  other  cases. 

*  Any  ethylene  chloride  present  in  the  crude  product  is  removed  by 
means  of  the  rectification  processes  now  in  use. 

5  See  Kramer.  Ber  .  3,  257;  and  Regnault.   Ann.  chim.  phys.,   [2]  71, 


and  even  though  it  is  said  to  possess  anaesthetic  prop- 
erties similar  to  those  of  chloroform,  its  presence 
should  be  known  for  the  reasons  indicated  in  the  case 
of  ethyl  chloride.1 

(d)   The  Detection  of  Carbon  Tetrachloride. 

Chloroform  is  now  being  manufactured  from  carbon 
tetrachloride;  therefore  the  detection  of  this  likely 
contaminant  should  be  considered,  although  we  have 
so  far  been  unable  to  find  a  chemical  method  which 
is  suitable  for  the  recognition  of  probable  amounts 
in  anaesthetic  chloroform.*  The  method  given  in 
the  French  Codex3  is  unsatisfactory,  and  the  manu- 
facturers of  chloroform  from  carbon  tetrachloride 
state  that  they  are  aware  of  no  method  of  determining 
the  presence  of  carbon  tetrachloride  in  chloroform 
except  by  the  specific  gravity — that  is,  by  taking 
some  chloroform  which  is  known  to  be  pure  and 
diluting  it  with  various  percentages  of  pure  carbon 
tetrachloride,  they  have  found  that  a  scale  may  be 
made  which  is  of  sufficient  accuracy  for  the  purpose. 
It  it  true  that  mixtures  of  pure  chloroform  and  pure 
carbon  tetrachloride  may  be  determined  in  this  way, 
and  the  method  is  undoubtedly  suitable  for  factory 
control,  yet  it  is  highly  desirable  that  a  method  be 
found  which  is  applicable  in  the  presence  of  the  vari- 
ables of  anaesthetic  chloroform  and  is  of  sufficient 
delicacy  for  the  detection  of  small  amounts.  Since 
it  has  been  stated  that  all  chloroform  contains  traces 
of  dichlormethane,4  the  detection  of  this  compound 
is   likewise  of  importance. s 

Since  the  variables  of  anaesthetic  chloroform  of 
the  present  pharmacopoeial  grade  also  render  the 
determination  of  small  amounts  of  carbon  tetrachloride 
by  meansof  the  boiling  point6  and  conductivity  methods, 
and  by  an  estimation  of  total  chlorine,  inapplicable, 
an  investigation  was  made  to  ascertain  whether  carbon 

'Allen  (Commercial  Organic  Analysis.  1,  235 1  considered  it  very- 
doubtful  whether  the  substance  in  chloroform  of  the  formula  C2H4CI2  is 
always  ethylene  chloride,  but  that  it  is  probably  more  frequently  the 
isomer  CH3.CHC12. 

Ethylidene  chloride  possesses  an  odor  and  taste  similar  to  those  of 
chloroform,  a  boiling  point  of  58-60°,  and  is  difficult  to  detect  when  present 
in  chloroform  in  small  amounts.  On  its  conduct  with  sodium,  potassium, 
and  potassium  hydroxide,  see  Tollens,  Ann.,  137,  311. 

2  The  investigation  is  being  continued  in  this  laboratory. 

3  1908,  148.  The  method  given  is  as  follows:  Agitate  1  part  of 
chloroform  with  100  parts  of  water  previously  saturated  with  carbon 
tetrachloride,  and  finally  with  20  parts  of  this  same  water;  the  carbon 
tetrachloride,  if  it  is  present  in  sensible  proportions,  will  remain  undissolved. 
while  the  chloroform  dissolves  completely. 

This  test  is  evidently  based  upon  the  one  proposed  by  Robineau  and 
Rollin  (Mon.  Set'.,  [4]  1,  341).  who  found  that  when  400  cc.  of  water,  pre 
viously  saturated  with  carbon  tetrachloride,  are  shaken  with  1  cc.  of  the 
chtoroform  in  question,  the  liquid  will  become  turbid  even  in  the  presence 
of  0.1  per  cent,  of  carbon  tetrachloride.  The  same  authors  mention  another 
test  which  is  of  no  value.  1  cc.  of  the  chloroform  to  be  tested  is  put  in  a 
sealed  tube  with  10  cc.  of  sodium  carbonate  (36°  Be.l  and  10  cc.  of  water, 
and  the  mixture  is  heated  for  7-8  hours  at  100°  C.  Sodium  carbonate 
does  not  attack  carbon  tetrachloride,  consequently  the  appearance  of  oily 
drops  shows  the  presence  of  this  compound. 

The  test  mentioned  by  Margosches  ("Der  Tetrachlorkohlenstoff."  p. 
78)  for  distinguishing  chloroform  from  carbon  tetrachloride — that  based 
on  the  fact  that  chloroform  is  immediately  intensely  colored  by  the  addi- 
tion of  wood  tar  pitch,  whereas  no  coloration  results  in  the  case  of  carbon 
tetrachloride — is  not  suitable  for  proving  the  presence  of  carbon  tetra- 
chloride in  chloroform. 

4  See  Section  VI,  6. 

5  The  physiological  action  of  dichlormethane  requires  investigation. 

'  In  this  connection  it  should  be  mentioned  that  Haywood  (J.  Phys. 
Chem..  3,  3181  found  that  chloroform,  otherwise  pure,  containing  7.8  per 
cent,  of  carbon  tetrachloride,  boils  at  62°  at  758  1  mm. 
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1.  Specific  Gravity. 


Odor. 


The  specific  gravity  should  be  determined  by 
means  of  a  pycnometer  at  15°  C.  (see  dis- 
cussion   under  Specific   Gravity   and   Alcohol). 


In  the  case  of  anaesthetic  chloroform,  100  cc. 
of  the  sample  are  slowly  evaporated  over  a 
water-bath  until  about  10  cc.  remain  in  the 
flask.  This  residuum  should  be  colorless  and 
should    possess    no    foreign    odor;    and    when    it 

1  These  reagents  convert  chloroform  into  dichlormethane  iGeuther, 
Ann..  107,  212:  Richardson,  Chem.  News,  18,  60). 

2  Owing  to  the  presence  of  water  and  alcohol  in  anaesthetic  chloro- 
form (Gladstone  and  Tribe,  J.  Chem.  Soc,  28,  508\ 

3  Smith,  U.  S.  Patent  753.325,  March  1.  1904 

4  Chem.  Zta.,  21,  487,  510.  When  this  test  is  applied  to  chloroform, 
it  is  necessary  to  run  a  blank  test  on  pure  anaesthetic  chloroform,  for  metallic 
silver  is  precipitated  in  all  cases  by  reduction,  and  consequently  this  pre- 
cipitate must  be  distinguished  from  silver  sulphide.  Generally,  if  the 
precipitate  possesses  no  black  color,  it  may  be  assumed  that  no  carbon 
disulphide  is  present.      This  method  is  the  best  available  for  the  purpose 

Inghilleri  {Gazz.  chim.  iial.,  39,  I,  634")  found  that  carbon  disulphide 
and  ammonium  carbonate  form  ammonium  thiocyanate  quantitatively 
when  heated  for  four  hours  in  alcohol  at  ordinary  pressure.  We  found, 
however,  that  this  method  does  not  serve  for  the  detection  of  such  traces 
of  carbon  disulphide  as  are  likely  to  occur  in  commercial  chloroform  pre- 
pared from  carbon  tetrachloride.  When  carbon  disulphide  is  added  to 
anaesthetic  chloroform,  and  the  method  of  Inghilleri  is  applied,  the  former 
does  not  undergo  quantitative  conversion  into  ammonium  thiocyanate. 
and.  in  addition  to  the  latter,  we  have  found  that  ammonium  thiocarbamate 
is  formed,  especially  when  a  considerable  amount  of  alcohol  is  present 


?    A',  ridu* 


j.  Oroanit  Impurities. 


hloride  mighl  be  determined  in  anaesthetic 
chloroform  by  reduction,  or  rather  by  .1  method 
upon  the  probably  different  degrees  oi  reduc- 
carbon  tetrachloride  and  chloroform  and 
then  determining  the  hydrochloric  acid  formed 
For  this  purpose,  zinc  and  sulphuric  acid1  and  copper- 
einc  couple'  are  unsuitable;  accordingly  finely-divided 
iron  was  tirst  tried  as  the  reducing  agent,  since  it  has 
been  slated  that  the  reduction  of  carbon  tetrachloride 
by  means  of  this  agent  may  be  readily  controlled, 
so  that  little  or  no  reduction  to  dichlormethane  occurs. ■> 

In  the  experiments  with  reduced  iron,  varying 
amounts  (0.5-10  g.)  of  the  latter  were  added  to  mix- 
tures of  water  (10—50  cc.)  and  anaesthetic  chloro- 
form (20-150  cc.)  containing  known  amounts  of 
carbon  tetrachloride,  both  with  and  without  the 
addition  of  small  amounts  of  sulphuric  acid,  and 
the  reaction  was  studied  at  various  temperatures 
during  different  periods  of  time.  In  every  experi- 
ment a  blank  anaesthetic  chloroform  free  from  carbon 
tetrachloride  was  run  under  the  same  conditions. 
In  these  experiments  it  was  invariably  found  that 
chloroform  also  underwent  reduction,  as  shown  by 
the  formation  of  hydrochloric  acid,  and  it  is  concluded 
that  the  presence  of  likely  amounts  of  carbon  tetra- 
chloride in  anaesthetic  chloroform  cannot  be  recognized 
with  accuracy  by  such  a  method.  Palladium  hydride 
gave  similar  results. 

It  should  be  mentioned  here  that  carbon  disul- 
phide— a  possible  contaminant  of  commercial  chloro- 
form prepared  from  commercial  carbon  tetrachloride — 
may  be  recognized  in  chloroform  by  means  of  the 
method  of  Schmitz-Dumont-*  for  the  detection  of  this 
compound   in   carbon   tetrachloride. 

13.    SCHEME     FOR     THE     EXAMINATION     OF     CHLOROFORM 

FOR  ANAESTHETIC  AND  ANALYTICAL  PURPOSES, 

WITH      PARTICULAR      REFERENCE      TO 

THE     DETECTION     OF     AVOID-  6.  Alcohol. 

ABLE      IMPURITIES. 


j.   Water, 


if  allow. <l   to  evaporate  OB  filter  paper,   .it   r....in 

temperature,  there  ahould  result  no  odor  oi 
in. i  oil,  empyreumatk  matter,  ox  <>tii«-r  sub 
itancea  than  chloroform  and  ethyl  alcohol,  as 
the  List  portion!  disappear.  If  a  decided  odor 
li  imparted  t.>  the  filter  paper  after  the  evapoi  i 
t urn  of  the  residue,  or  if  any  foreign  odor  is 
observed  during  the  course  oi  evaporation, 
tin  chloroform  should  be  rejected;  bul  for 
Further    information,    may    be   tested    for    men 

impurities    as    fusel    oil,    chlorinated    den 

of    alcohol,    acetone,    or    the    higher    alcohols, 
extractive  matter,  etc. 

I'urc  chloroform  should  also  comply  with  this 
requirement,  except  that  as  the  last  portions 
..I  tin-  residuum  evaporate  on  filter  paper,  no 
odor  of  other  substances  than  chloroform  should 
be  apparent. 

When  100  cc  of  either  pure  or  anaesthetic 
chloroform  are  allowed  to  evaporate  in  a  platinum 
dish  at  100°  C,  there  should  be  left  no  weighable 
residue.  In  every  case  this  should  be  determined 
gravimetrically  and  not  by  vision. 

When  20  cc.  of  anaesthetic  chloroform  are 
mixed  with  15  cc.  of  concentrated  sulphuric 
acid  in  a  glass-stoppered  tube  of  50  cc.  capacity 
which  has  been  previously  rinsed  with  con- 
centrated sulphuric  acid,  no  visible  coloration 
should  be  imparted  to  the  mixture  after  the 
addition  of  0.4  cc.  of  pure  40  per  cent,  formal- 
dehyde solution,  and  then  shaking  throughout 
a  period  of  five  minutes. 

Pure  chloroform  should,  of  course,  also  comply 
with  this  test;  in  fact,  in  this  case,  no  coloration 
should  result  even  after  one  hour,  providing 
the  mixture  is  allowed  to  stand  in  the  dark. 

Pure  chloroform  and  anhydrous  anaesthetic 
chloroform  should  comply  with  the  following 
test:  When  20  cc.  of  the  sample  are  boiled 
over  one  gram  of  clean  crystals  of  calcium 
carbide,  and  the  vapors  evolved  are  passed  into 
ammoniacal  silver  nitrate  solution,  no  acetylene 
reaction  should  result. 

Anaesthetic  chloroform  should  readily  conform 
to  this  test:  When  10  cc.  of  the  sample  are 
agitated  with  an  equal  volume  of  paraffin  oil 
(sp.  gr.  0.880),  the  oil  should  dissolve  to  a 
clear  solution  without  any  evidence  of  a  turbidity 

Pure  chloroform  should  possess  a  correct 
specific  gravity  and  should  comply  with  the 
following:  10  cc.  are  shaken  in  a  separatory 
funnel  with  4  cc.  of  concentrated  sulphuric 
acid :  the  extraction  is  again  repeated  with  4 
cc.  of  sulphuric  acid,  and  finally  with  2  cc. 
The  sulphuric  acid  solution  is  now  mixed  with 
40  cc.  of  water,  and  the  diluted  solution  is  gently 
distilled  until  the  distillate  amounts  to  about 
20  cc.  To  10  cc.  of  the  distillate.  6  drops  of  a 
10  per  cent,  solution  of  potassium  hydroxide 
are  added  and  the  liquid  is  warmed  to  about 
50°  C.  A  solution  of  potassium  iodide  fully 
saturated  with  free  iodine  is  next  added,  drop 
by  drop,  with  agitation,  until  the  liquid  becomes 
permanently  yellowish  brown  in  color,  when 
it  is  carefully  decolorized  with  potassium  hy- 
droxide solution.  No  iodoform  should  be 
deposited  at  the  bottom  of  the  tube.  This 
test  is  not  peculiar  to  alcohol,  being  produced 
also  by  acetaldehyde.  propyl  alcohol,  acetone, 
etc.;  but  pure  chloroform  should  give  an  ab- 
solute non-response.  As  confirmatory  tests, 
apply    tests    1(a).    K*1    and    3(6)    of  Section  5. 

In  the  case  of  anaesthetic  chloroform  and 
commercial  chloroform,  an  indication  as  to  the 
amount  of  alcohol  present  may  be  had  from  the 
density  of  the  sample  as  determined  in  1  ;  but 
no  definite  conclusions  should  be  arrived  at 
until  a  quantitative  estimation  of  the  alcohol 
has  been  made  by  the  method  of  Nicloux  as 
elaborated  by  the  authors  [see  1(«),  Section  5] 
or  as  modified  by  Behal  and  Francois, 
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7.  Aceton 


8.  Aceialdehyde. 


p.  Acidity. 


0.  The     Decomposition 
Products  of  Pure 
Chlorojorm. 


Pine  chloroform  complying  with  the  iodoform 

test  (6,  supra)  is  assuredly  free  from  acetone. 

Anaesthetic  chloroform  should  give  a  negative 
reaction  in  all  cases  when  the  following  ex 
elusion  test  is  applied:  10  cc.  of  the  sample 
are  agitated  with  5  drops  of  a  0.5  per  cent, 
sodium  nitroprusside  solution  and  2  cc.  of  am- 
monium hydroxide  (sp.  gr.  0.925),  and  the  mix 
ture  is  then  allowed  to  stand  for  several  minutes. 
Chloroform  containing  up  to  1  per  cent,  of 
alcohol  may  impart  a  yellowish  brown  color 
to  the  supernatant  liquid  on  agitation,  but 
when  acetone  is  present  an  amethystine  color 
results.  This  test  must  be  conducted  in  the 
cold.  After  application  to  the  suspected  chloro 
form  direct,  the  iirst  10  per  cent,  distillate  and 
the  10  per  cent,  residuum,  obtained  by  allowing 
100  cc.  of  the  sample  to  slowly  distil,  should 
he  tested.  When  the  proportion  of  acetone 
to  chloroform  is  1  :  500,  the  amethyst  color 
is  marked,  but  in  the  presence  of  1  part  in  1000, 
the  coloration  is  not  distinct  until  the  mixture 
of  chloroform  with  ammonium  hydroxide  and 
sodium  nitroprusside  has  been  saturated  with 
ammonium  sulphate,  shaken  and  then  allowed 
to  rest  for  five  minutes.  It  is  advisable,  in  all 
cases,  to  run  a  blank  test  on  pure  anaesthetic 
chloroform  for  comparison.  Since  acetalde 
hyde  is  generally  present  in  fresh  and  properly 
stored  samples  of  anaesthetic  chloroform  in 
proportions  greater  than  1  :  3300,  usually 
the  reaction  is  not  interfered  with  by  this  sub- 
stance,  but  in  every  case  the  sample  should 
he  examined  for  the  presence  of  acetaldehyde. 
and  if  it  complies  with  test  8(a),  a  positive- 
reaction  upon  applying  the  acetone  test  may  be 
said  to  be  solely  indicative  of  the  presence  of 
acetone. 

(a)  Chloroform  of  all  grades  should  pass  this 
exclusion  test:  5  cc.  of  the  sample  are  agitated 
with  5  cc.  of  the  reagent  of  Francois  (see  Section 
9A)  in  a  glass-stoppered  tube;  no  coloration 
should  result  even  after  15  minutes.  The  pres- 
ence of  3  parts  of  acetaldehyde  by  volume  in 
10,000  of  chloroform  may  thus  be  made  evident 
and  smaller  amounts  may,  of  course,  be  de- 
tected by  resorting  to  fractionation. 

(6)  Pure  chloroform  giving  a  negative  reaction 
on  the  application  of  test  6  may  be  regarded 
as  free  from  acetaldehyde ;  but  it  should,  in 
addition,  give  no  response  when  5  cc.  are  agitated 
with  5  cc.  of  Nessler's  reagent.  L".  S.  P..  and  the 
mixture  is  allowed  to  stand  5  minutes. 

When  10  cc.  of  anaesthetic  chloroform  are 
agitaied  with  10  cc.  of  water  and  5  drops  of 
Nessler's  reagent.  U.  S.  P.,  and  the  mixture 
is  then  allowed  to  stand  for  5  minutes,  there 
should  result  no  precipitate,  and  the  reagent 
should  assume  no  coloration,  although  it  may 
become  opalescent  or  slightly  turbid. 

When  20  cc.  of  either  pure  or  anaesthetic 
chloroform,  are  thoroughly  agitated  with  10  cc. 
of  water  and  2  drops  of  phenolphthalein  solution 
and  then  titrated  with  N/ 1 00  potassium  hydrox  - 
ide  solution,  added  drop  by  drop,  not  more  than 
0.2  cc.  of  standard  alkali  solution-  should  be 
required  to  produce  a  faint  but  decided  alkaline 
reaction  permanent  for  15  minutes,  when  the 
mixture  is  shaken  30  seconds  after  the  ad- 
dition of  each  drop  of  alkali.  If  the  presence 
of  free  acid  is  indicated,  the  sample  should  be 
rejected,  but  for  further  information  may  be 
examined  for  the  oxidation  products  of  pure 
chloroform  and  alcohol. 

(a)  Carbonyl  chloride.  To  15  cc.  of  the 
sample,  contained  in  a  dry  glass-stoppered  tube 
of  25  cc.  capacity,  sufficient  of  a  perfectly  clear 
1  :  19  barium  hydroxide  solution  is  added  to 
lill  the  tube;  alter  allowing  the  mixture  to  stand 
three  hours  in  a  dark  place  without  agitation, 
the  observation  as  to  the  formation  of  a  film 
of  barium  carbonate  is  made. 


J.  The  Decomposition 
Products  of  A  naeslhetic 
Chloroform. 


(6)  Hydrochloric  acid  and  Chlorides.  Samples 
of  chloroform  complying  with  9  are  assuredly 
free  from  carbonyl  chloride,  hydrochloric  acid 
and  chlorine;  but  pure  and  anaesthetic  chloro- 
forms should  also  conform  to  the  following 
test:  When  10  cc.  of  the  sample  art-  agitated 
with  5  cc.  of  water  for  5  minutes,  the  water 
extract  should  not  become  turbid  or  give  any 
precipitate  upon  the  addition  of  silver  nitrate 
solution  (absence  of  hydrochloric  acid,  chlorides, 
etc.),  and  no  reduction  should  occur  on  warming 
(absence  of  acetaldehyde.  formic  acid  and 
formates,  etc.). 

(c)  Chlorine  (and  Hydrogen  dioxide).  When 
10  cc.  of  the  sample  arc  agitaied  during  15 
minutes  with  10  cc.  of  a  10  per  cent,  cadmium 
potassium  iodide  solution,  there  should  result 
no  liberation  of  iodine  as  determined  by  the 
addition  of  starch  solution.  Chloroform  of  all 
grades  should  give  a  negative  reaction  with  tins 
test. 

(a)  The  detection  of  acetaldehyde  has  already 
been  referred  to  (8). 

(6)  Anaesthetic  chloroform  failing  to  comply 
with  test  9,  and  which  contains  none  of  the 
substances  referred  to  in  10  (this  will  generally 
be  found  to  be  the  case),  should  be  rejected, 
since  then  the  indication  is  that  acetic  acid 
is  present. 

(c)  When  20  cc.  of  anaesthetic  chlorojorm 
are  shaken  during  20  minutes  with  15  cc.  of 
concentrated  sulphuric  acid  in  a  glass-stoppered 
tube  of  50  cc.  capacity  previously  rinsed  with 
sulphuric  acid,  and  2  cc.  are  diluted  with  5 
cc.  of  water,  the  liquid  should  remain  colorless 
and  clear,  and  should  possess  no  odor  foreign 
to  anaesthetic  chloroform  (chloroform  and 
alcohol);  and  the  liquid  should  retain  its  trans- 
parency and  colorless  state  when  further  diluted 
with  10  cc.  of  water,  and  the  transparency 
should  not  be  diminished  on  the  addition  of 
5  drops  of  silver  nitrate  solution.  A  positive 
result  is  indicative  of  the  presence  of  chlorinated 
derivatives  of  the  oxidation  products  of  alcohol, 
etc.   [see  Section  12(a)]. 

14.    THE     DEGREES     OF     PURITY     OF     AMERICAN     CHLORO- 
FORMS. 

The  main  impurities  contained  in  American  an- 
aesthetic chloroforms  are,  besides  water,  impurities 
decomposable  by  sulphuric  acid  and  traces  of  the 
oxidation  products  of  ethyl  alcohol.  As  previously 
mentioned,  the  presence  of  small  amounts  of  ethyl 
alcohol  is  necessary;  but  anaesthetic  chloroform 
should  contain  but  mere  traces  of  water,  and  it  is 
desirable  that  it  be  absolutely  water-free.  The  neces- 
sary precautions  should  be  taken  by  manufacturers 
to  guard  against  the  presence  of  organic  impurities 
as  well  as  of  extractive  matter — a  common  contaminant 
of  anaesthetic  chloroform  contained  in  unprotected 
cork  stoppered  bottles. 

The  following  table  will  serve  to  show  the  com- 
parative purity  of  various  samples  of  chloroform. 
Nos.  1-9  were  samples  of  anaesthetic  chloroform, 
supposed  to  be  of  the  present  U.  S.  P.  grade  and  such 
as  are  now  being  supplied  to  the  trade;1  No.  10  was 
a  sample,  stated  to  be  of  U.  S.  P.  quality,  contained 
in  a  tin  and  17  months  old;  No.  n  was  a  sample  of 
"Chloroform  for  Anaesthesia,"  contained  in  a  sealed 
tin,  and  6  years  old;2  and  No.  12  was  an  unopened  tin 

1  All  of  these  samples,  with  the  exception  of  No.  6,  were  manufactured 
in  the  United  States.  These  samples  were  obtained  through  the  courtesy 
of  the  various  manufacturers,  to  whom  the  authors  desire  to  acknowledge 
their  indebtedness. 

2  This  sample  was  kindly  supplied  by  Surgeon-General  Torney.  1"  S  A 
Tt  was  dated  November  1.  1905. 
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COMPARATIVI     PURJTY  Ol    Viki.ua  SvvirilM 

Ml    samples   gave   test*   foi    \\.iicr  present    In 
,    icldity  tests,  U.  S   P. ;  negative  tests  far  chli 
ol  pure  chloroform 

D.HMly 

\,  Sovra  Gradt  at 

1    Acetoni  Anaesthetic      1 

■    Acetone  Anaesthetic      1    1730 

i  Anaesthetic      1  477J 

1    \, ,  ton<  Anaesthetic       1  .4806 

n    Acetone  Anaesthetic      1.4770 

..  Chloral  Anaesthetic      1 .4839 

Acetone  Anaesthetic      1.4756 

B    Acetone  Anaesthetle      1.4750 

'•  Carbon  tetrachloride        Anaesthetic       1  4773 

in  Anaesthetic      1.4751 

11  Acetone  Anaesthetic       1  4722 

12  Alcohol.  Anaesthetic       1.4747 

13  Acetone  Analytical  1.4752 
1  1   Acetone                            Commercial      1.4846 


ORM 

permissible   amounts; 
rules  .mil  foi  oxidation 


Sulphuric 

No.   Extractive  matter.  acidtest. 

1   Present  from  cork. .  Paint 

_'   Absent Negative 

3  Absent      Negative 

4  Absent Negative 

5  Absent Negative 

6  Present  from  luting  Marked 

7  Present  from  cork.  .  Decided 
S   Indefinite Faint 

9  Trace Very  faint 

1 1)  Trace Faint 

1 1  Absent Marked 

1 2  Present ....    Pronounced 

13  Present  from  cork . .  Faint 

14  Present Marked 


Acetic 

Acetal-  acid  in  g. 

A           Acetone.         dehyde.  per  100  cc. 

1  Absent 0 .  0003 

2  Absent Trace  0  0001 

3  ....  Trace 

4  Not  detected.  .    Trace  Absent 

5  Not  detected Absent 

6  ....               Trace  0  00015 

7  Xot  detected.  .    Trace  0  00015 

8  Not  detected.  .    Traee_  0  00030 

9  ....               Absent  Absent 

10  ....               Present  0.00045 

11  Not  detected.      About  1  :  3300  0.0009 

12  ....                 1  :  2000  0  00045 

13  Xot  detected.  .    Trace 

14  Not  detected.  .    Trace 


Formalin 
sulphuri.       m 
acid  test 

Paint  lirown 
Faint  yellow 
Marked  brown 
Negative 

Brown  color 


Very  faint 

yellow 
Paint  yellow 


Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Slightly 

pungent 

Normal 

Fruity 

Normal 

Normal 

bsoUttt 

ethyl 
alcohol 
,  ,,     pa 

100  cc. 

0  50 

0  97 

0.77 

0  56 

0.70 

0.30 

0.80 

0.84 

0.74 


■esidue  w 
/•.■>  Mtit 

None 
None 
None 


0.0165 
0  0705 


0.60 
0.69 


Higher 
alcohols. 
Not  detected 
Xot  detected 
Xot  detected 
Xot  detected 
Xot  detected 
Xot  detected 
Xot  detected 
Xot  detected 

Xot  detected 
Xot  detected 
Present 
Propyl 

Xot  detected 
Xot  detected 


"Odorous 

decompo- 
sition 

products." 
Absent 
Absent 
Absent 
Absent 
Absent 
Faint 

reaction 
Absent 

Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 


'Chlorinated 
decompo- 
sition 
products." 

Absent 

Absent 

Absent 

Absent 

Absent 

Trace 

Very  faint  re- 
action 
Present 
Absent 
Present 
Present 
Absent 

Faint  reaction 
Faint  reaction 


of  "Chloroformum  Purificatum,"  manufactured  in 
1863  or  shortly  before.1  The  last  two  samples  are 
of  particular  interest,  since,  so  far  as  the  authors  are 
aware,  they  were  the  oldest  samples  of  chloroform 
ever  examined. 

College  of  the  City  op  X'ew  York. 

1  This  sample  was  also  furnished  by  Surgeon  General  Tomey,  I".  S.  A  . 
who  stated  that  the  chloroform  was  taken  out  of  a  pannier  of  the  variety 
issued  during  the  Civil  War,  along  with  records,  etc..  which  bore  the  date  of 
1863.  To  quote  from  his  letter  of  transmittal:  "I  presume  that  the  chloro 
form  was  made  at  that  period,  or  before,  and  I  may  say  that  it  is  the  last 
survivor,  so  far  as  I  know,  of  the  chloroform  supplied  at  that  period."  It 
is  important  to  note  that  this  tin  of  chloroform  possessed  a  smaller  air 
space  than  Xo.  11.  the  container  being  almost  full;  this,  no  doubt,  accounts 
for  the  difference  in  oxidation  of  the  alcohol  in  the  two  samples. 


ON  THE  STARCH  OF  GLUTINOUS  RICE  AND  ITS  HYDROLY- 
SIS BY  DIASTASE. 

Ity  Yosiiio  Tamaka. 
Received  February  12,  1912. 

While  i1  is  well  known  that  starch  granule! 
nr  their  solutions  arc  colored  intensely  blue  by  a  dilute 
solution  "l  iodine,  there  is  another  variety  of  starch 
which  gives  a  pure  red  coloration  with  the  same  re- 
agent. Kreusler'  discovered  the  presence  of  such 
starch  in  glutinous  rice.  This  variety  of  starch 
seems  to  be  quite  widely  distributed  in  plants.  The 
writer  has  found  that  the  starches  of  "mochi-awa" 
(glutinous  millet),  "mochi-kibi"  (glutinous  variety 
of  Panicum  miliaceum  L.),  "morokoshi"  (Andropogon 
Sorghum  Brot.  var.  vulgaris  Hack.)  and  "nien  kaoling" 
(glutinous  variety  of  "kaoliang")  are  also  colored 
red  by  iodine  solution. 

The  peculiar  nature  of  the  starch  of  glutinous 
rice  has  been  investigated  by  several  authors. 
Kreusler  thought  that  the  red  coloration  of  the  starch 
in  glutinous  rice,  produced  by  iodine,  might  be  due 
either  to  some  substance  which  hindered  the  ordinary 
blue  coloration  of  starch,  or  to  some  special  modi- 
fication of  starch.  F.  W.  Dafert2  considered  that  the 
starch  of  glutinous  rice  contains  erythroglanulose — 
the  main  part  of  which  consisted  of  erythrodextrin. 
R.  W.  Atkinson^  held  that  the  red  coloration  was  more 
probably  due  to  special  albuminoids  than  to  dextrin. 
I .  Shimoyama4  attributed  this  reaction  to  the  presence 
of  a  large  quantity  of  Nageli's  amylodextrin. 

Notwithstanding  all  these  investigations  the  nature 
of  the  starch  of  glutinous  rice  is  not  yet  clearly  ex- 
plained and,  therefore,  research  to  ascertain  the  con- 
stituents of  the  starch  is  not  only  interesting  but 
necessary  from  both  scientific  and  practical  points 
of    view. 

Glutinous  rice  (Japanese  mochi-gome) — Oryza 
glutinosa — has  long  been  widely  used  in  Japan 
such  as  in  preparing  "Mochi"  (a  kind  of  cake  prepared 
by  kneading  steamed  glutinous  rice),  "Ame"  (a  sweet 
prepared  by  saccharification  of  cooked  glutinous 
rice  by  means  of  malt),  "Mirin"  (a  liquor  which  is 
prepared  from  steamed  glutinous  rice,  koji  and  spirit), 
etc. 

Since  the  glutinous  rice  obtained  in  the  market 
generally  contains  common  rice,  the  latter  must  be 
removed  when  the  glutinous  rice  starch  is  to  be  used 
for  investigation.  The  author  prepared  the  starch 
according  to  the  ordinary  process,  from  glutinous 
rice,  from  which  common  rice  had  been  carefully 
removed.  The  separation  of  common  rice  from  gluti- 
nous rice  can  easily  be  effected  as  the  former  is  translu- 
cent while  the  latter  is  opaque. 

The  glutinous  rice  starch  forms  a  white,  tasteless 
and  odorless  powder;  examined  under  the  microscope 
the  granules  are  almost  identical  in  shape  and  size 
with  those  of  the  starch  obtained  from  common  rice. 

BEHAVIOR     OF     GLUTINOUS-RICE-STARCH      WITH     IODINE. 

A  fine  red  coloration  of  glutinous-rice-starch  with 

1  U.  Kreusler,  Jahres-Berichl  chem.-lech.,  1885,  657. 

2  F.  W.  Dafert,  Ibid..  1886,  610. 

3  R.  W.  Atkinson.  Chem.  Sake  Brew.,  1882,  2. 

4  J.  Shimoyama,  /.  Shimoyama' s  Pharm.  Chem. 
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iodine  is  observable  only  after  the  structure  of  the 
starch  cell  has  been  destroyed,  either  by  heat  or  me- 
chanical means.  The  color  produced  by  iodine 
with  intact  grains  is  a  dirty  reddish  brown.  It  is. 
therefore,  true  that  the  inner  contents  of  the  starch 
cell  alone  are  colored  pure  red  by  iodine,  just  as  the 
granulose  of  common  starch  is  colored  blue  by  iodine. 
The. author  made  comparative  tests  on  ungelatinizcd 
starches  obtained  from  different  sources  as  to  their 
color  reactions  toward  iodine  in  presence  of  water. 
Three  grams  of  each  starch  were  shaken  up  with 
ioo  cc.  of  iV/20000  and  TV/iooo  iodine  solutions  re- 
spectively. After  ten  minutes  the  color  reactions 
were  observed  as  follows: 

Ungelatinizcd  Reaction    with  Reaction    with 

starch  from:  N/20000  iodine  solution.  N/1000  iodine  solution. 
Glutinous  rice                Light  red  Reddish  brown 

Common  rice  Light  red  Purplish  blue 

Potato  Light  purplish  red  Blue 

Sweet  potato  Light  purplish  red  Blue 

The  author  then  tried  to  ascertain  whether  or  not 
glutinous  rice  starch  contains  common  starch. 

It  is  known  that  common  starch  possesses  greater 
affinity  for  iodine  than  erythrodextrins,  therefore, 
a  minute  quantity  of  the  former  can  be  detected  to 
a  certain  extent  even  in  the  presence  of  a  larger  amount 
of  the  latter  if  a  weak  iodine  solution  is  carefully 
added,  drop  by  drop.  Again,  common  starch  possesses 
also  greater  affinity  for  iodine  than  glutinous  rice 
starch,  and  therefore,  the  above  method  may  also  be 
applied  in  order  to  detect  the  presence  of  a  small 
quantity  of  common  starch  in  glutinous  rice  starch. 
Experiments  based  on  the  above  method  led  the  author 
to  think  that  glutinous  rice  starch  does  not  contain 
common  starch,  since  no  blue  coloration  could  be  ob- 
served with  the  gelatinized   solution  of  the  starch. 

The  author  observed  very  interesting  facts  about 
the  coloration  of  both  common  starch  and  the  starch 
of  glutinous  rice.  When  glutinous  rice  starch  is 
suspended  in  N /ioo  iodine  solution  without  gelatiniza- 
tion  and  then  sodium  sulphate  is  added  to  saturation, 
the  red  coloration  which  first  appeared  discolored 
to  a  dark  tint  with  a  bluish  shade.  When  the  blue 
starch-iodide  obtained  with  potato  starch  is  treated 
with  carbon  bisulphide,  chloroform  or  a  careful  pro- 
portion of  sodium  thiosulphate,  the  blue  coloration 
turned  into  a  violet  or  reddish  tint.  These  facts  suggest 
the  probability  that  what  is  generally  known  as  starch- 
iodide  is  not  at  all  a  definite  chemical  compound  but 
a  solid  solution  of  iodine  in  starch.  The  intensity 
and  shade  of  color  relates  to  the  degree  of  quantity 
of  iodine  therein  .dissolved,  the  larger  the  quantity 
dissolved  the  more  bluish  it  appears,  while  in  the  least 
quantity  it  will  appear  red.  The  solubilities  of  iodine 
in  various  starches  may  be  dependent  upon  the  nature 
of  the  starch.  This  view,  I  believe,  can  be  confirmed 
by  the  fact  that  the  blue  colored  starch  iodide  is  changed 
into  a  red  compound  when  it  is  washed  with  a  potassium 
iodide  solution  or  with  alcohol. 

ABSENCE     OF     ERYTHRODEXTRIN      AND     ACHROOUEXTRIN 
IN    THE    STARCH. 

It  is  well  known  that  the  consistency  of  common 


rice  starch  paste,  gelatinized  by  means  of  heat  or 
caustic  alkalis,  is  slightly  thinner  than  that  of  potato 
starch.  Arthur  Meyer  explained  this  peculiarity 
by  an  assumption  that  common  rice  starch  contains 
more  or  less  soluble  starch,  but  such  is  somewhat 
doubtful.  The  fact  that  the  consistency  of  glutinous 
rice  starch  paste  is  equal  to  that  of  common  rice 
starch,  leads  to  the  assumption  that  the  essential 
constituents  of  glutinous  rice  starch  are  not  dextrins; 
because  if,  other  things  remaining  the  same,  glutinous 
rice  starch  contains  a  large  amount  of  dextrins  the 
consistency  of  its  gelatinous  paste  ought  to  be  thinner 
than  that  of  the  common  rice  starch  paste.  It  can, 
therefore,  be  deduced  that,  even  if  dextrins  are  con- 
tained in  glutinous  rice  starch,  the  quantity  is  not 
considerable.  The  author  intended  to  show  the 
absence  of  erythrodextrin  and  achroodextrin  in  the 
starch,  taking  advantage  of  the  behavior  of  glutinous 
rice  starch  toward  baryta  water. 

Btilow  discovered  that  the  so-called  Lintner  and 
Dull's  amylodextrin  and  erythrodextrin  are  both 
precipitated  by  baryta  water,  while  achroodextrin 
is  precipitated  only  in  an  alcoholic  medium.  The 
limits  of  precipitation  of  several  dextrins  by  baryta 
water  were  investigated  by  D.  Moreau. 

In  accordance  with  Moreau's1  method  the  author 
also  determined  the  minimum  quantities  of  baryta 
water  with  which  all  kinds  of  dextrins  as  well  as  starch 
paste  are  precipitated.  For  such  testing  2  cc.  each 
of  a  1  per  cent,  solution  of  the  samples  were  taken 
in  test  tubes  with  cork  stoppers  into  which  a  measured 
amount  of  water  and  saturated  baryta  water  (sp. 
gr.  1.027)  was  added  and  shaken,  the  volume  of  the  mix- 
ture in  each  test  tube  being  made  10  cc.  After  stand- 
ing for  24  hours  the  clear  supernatant  solution  was 
filtered  and  the  filtrate  examined  by  an  iodine  solu- 
tion after  acidifying  with  acetic  acid.  The  results 
obtained  were  as  in  the  following  table: 

Iodine  reaction  of  acidified  filtrates 


■aS 


■s  s 

I-   "3 

u 

a 

n 
1 

0 

O 

(X. 

0 

3 

11 

0 

to 

3  ■- 
"3  *" 

03 

>■ 
W 

2 

7.6 

0.4 

2 

7.4 

0  6 

blue 

blue 

red 

2 

7.2 

0  8 

light 
blue 

blue 

red 

blue 

2 

7.0 

1    0 

none 

slightly 
blue 

red 

blue 

red 

2 

6.8 

1    2 

none 

none 

pink 

blue 

red 

2 

6.6 

1    4 

none 

none 

none 

reddish 
blue 

red 

red 

2 

6  4 

1    6 

none 

none 

none 

reddish 
blue 

red 

red 

2 

6.2 

1  .8 

none 

none 

none 

light  bluish 
violet 

red 

red 

2 

6  0 

2  0 

none 

none 

none 

light  violet 

pink 

red 

2 

5.8 

2.2 

none 

none 

none 

light  violet 

pink 

red 

2 

5.6 

2  4 

none 

none 

none 

faint  pink 

pink 

red 

2 

5.4 

2.6 

none 

none 

none 

faint  pink 

light 
pink 

red 

2 

5  0 

3.0 

none 

none 

none 

none 

none 

red 

2 

4.0 

4   0 

none 

none 

none 

none 

none 

pink 

2 

3.0 

5.0 

none 

none 

none 

none 

none 

pink 

2 

2  0 

6  0 

none 

none 

none 

none 

none 

pink 

'  I).  Moreau 

,  Wochensi  hrift  jiir 

Brauerei.  1906,  Mo,  . 

544. 

fOl  RAMI  Of   INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Aug.,  [91 


nlis    the  minimum  quantity  oi   the 
olution,  which  precipitates  dextrins  or  Btarches 
1  in. nrs.  is  calculated  as  follows: 

Stan  h  ■•■  dextrin  Baryta  s,.Uiti<>n 

Potato  ,i.\i.  ii  1  11 , . 

Common  rue  itarch  1  2  re. 

I  .Intimitis  rice  sl.ircli  II,, 

Soluble  potato  itarcfa  1 1  Intner'a 

Soluble  glutinous  rice  starch  ii  miners 3  ".. 

Brytbrodextrin  above6.0cc. 

Thus  it  will  be  seen  that  the  glutinous  rice  starch 
closely     resembles    common     starch     as     regards     its 

behavior  toward  baryta  water,  while  the  soluble- 
glutinous-rice-starch,  which  was  prepared  by  Lintncr's 
method  and  which  is  colored  red  by  iodine,  resembles 
the  soluble  potato  starch  rather  than  the  erythro- 
dextrin. 

In  studying  the  effect  of  soluble  starch  or  erythro- 
dextrin  upon  the  quantity  of  baryta  water  when  one 
of  lit  her  is  added  in  small  quantity  respective 
samples  of  starches  in  question,  it  was  expected  that 
the  minimum  quantity  of  baryta  water  to  be  used 
would  be  greater  than  that  starch  sample  alone 
would  require.  The  accuracy  of  this  expectation 
is  to  be  found  in  the  results  obtained  and  tabularly 
arranged  as  follows: 

Minimum 

quantity 

of  baryta 

Solu-      water  to 

tion     precipitate 

taken     the  carbo- 

Carbohydrate  solution.  cc.        hydrate,  cc. 

1  per  cent,  potato  starch  solution,  100  cc 2.0 

1  per  cent,  soluble  starch  solution,    1.0  cc 

1  per  cent,  glutinous  rice  starch  solution,  100  cc.  .  .  .      2.0 

1  per  cent,  erythrodextrin  solution,  1.0  cc 

1  per  cent,  glutinous  rice  starch  solution,  100  cc.  .  .  .      2  0 

1  per  cent,  erythrodextrin  solution,  2.0  cc 

1  per  cent,  glutinous  rice  starch  solution,  100  cc.  .  .  .      2.0 
1  per  cent,  erythrodextrin  solution,  5.0  cc 

From  the  above  results  it  can  safely  be  concluded 
that,  if  glutinous  rice  starch  contains  a  large  quantity 
of  erythrodextrin,  the  amount  of  baryta  water  to  be 
used  for  a  thorough  precipitation  of  carbohydrates 
must  be  much  greater  than  in  case  of  potato  or  common 
rice  starch.  It  will,  however,  be  seen  above  that  its 
value  is  quite  close  to  that  obtained  in  case  of  common 
rice  starch.  These  results,  as  well  as  the  consideration 
relative  to  the  consistency  of  the  paste,  point  to  the 
probability  that  erythrodextrin  does  not  exist  in  the 
glutinous  rice  starch. 

As  the  author  has  stated  elsewhere,  achroodextrin 
is  not  precipitated  by  baryta  water,  while  other  dextrins 
and  starches  are  precipitated  by  this  reagent.  This 
affords  a  convenient  means  of  separation  of  achro- 
odextrin from  other  carbohydrates.  The  author 
determined  the  minimum  quantity  of  achroodextrin 
which  can  be  detected  in  potato  starch  in  the  way 
already  mentioned.  The  result  was  so  very  satis- 
factory that  even  less  than  0.5  gram  of  achroodextrin 
in  100  grams  of  sample  could  be  readily  detected. 

An  attempt  was  next  made  to  ascertain  whether 
achroodextrin  exists  in  glutinous  rice  starch  in  the 
following  way:  About  10  grams  of  glutinous  rice 
starch  were  boiled  with  100  cc.  of  water;  after  cooling, 


400  cc.  of  saturated  baryta  water  wen-  added.  After 
48   hours  the   mixture  deposited  a  white  precipitate, 

leaving  a  clear  supernatant  solution  When  the 
necessary  quantity  of  96  per  cent,  alcohol  was  added 
t"  the  solution  lor  precipitation  of  achroodextrin 
not  even  turbidity  was  noticed.  This  result  shows 
thai   the  glutinous  rice  starch  does  not  contain  achro- 

I  nn. 
ISOLATION  OF  Till-:  HVDROLYZED  PRODUCTS  OF  GLUTINOUS 
RICE    STARCH. 

It  was  found  necessary  to  examine  the  products 
formed  by  the  action  of  malt-diastase  on  glutinous 
rice  starch.  The  saccharification  was  carried  on  at 
55°  C.  with  the  diastase  prepared  from  barley  malt 
until  the  iodine  reaction  could  no  longer  be  observed. 
Dextrin  was  separated  from  this  conversion  product 
and  purified  by  repeated  precipitation  with  alcohol. 
The  dextrin  thus  prepared  was  a  white,  gummy 
substance,  soluble  in  water  and  not  precipitated  by 
baryta  water.  It  gave  no  color  with  iodine  and  had 
very  little  action  upon  Fehling's  solution.  Its  specific 
rotatory  power  [a]D  3.95  was  found  to  be  201.2.  These 
facts  show  that  the  substance  is  achroodextrin. 

From  the  conversion  products,  the  author  also 
obtained  a  sugar  having  an  opticity  of  [i]n  3-9S- 
137.2  and  a  reducing  power  of  K  - — 64.3.  When  the 
sugar  solution  was  treated  with  phenylhydr-azine 
acetate,  an  osazone  was  formed  which  separated  from 
the  cold  solution  in  the  crystalline  form,  appearing 
as  beautiful,  long,  flat  plates  under  the  microscope. 
After  inversion,  the  sugar  solution  produced  the  char- 
acteristic glucosazone  with  phenylhydrazine  acetate. 
It  is  therefore  evident  that  the  sugar  is  maltose. 
Thus,  the  conversion  products  by  the  action  of  malt 
diastase  on  glutinous  rice  starch  are  identical  with 
those  of  common  starch. 

It  is  also  worth  mentioning  that  as  the  hydrolyzing 
action  of  the  diastase  on  the  glutinous  rice  starch 
paste  proceeds,  the  red  coloration  by  iodine  becomes 
lighter  and  lighter  and  at  the  same  time  the  reducing 
property  of  the  product  on  copper  oxide  increases 
rapidly,  and  finally  iodine  ceases  to  give  any  more 
red  color.  Atkinson's  statement  that  the  presence 
of  some  peculiar  albuminoid  is  responsible  for  the  red 
coloration  by  iodine  appears  then  to  be  incorrect. 
His  view  may  also  be  refuted  by  the  fact  that  the 
glutinous  rice  starch  gives  a  bright  red  coloration 
with  iodine  solution  even  after  it  has  been  purified 
by  treating  with  acid  and  alkali,  in  fact  a  still  brighter 
red  color  than  when  albuminoid  impurities  were  present. 
The  author  also  examined  the  conversion  products 
of  glutinous-rice-starch  using  the  koji-diastase  and 
found  that  they  consisted  of  glucose,  maltose  and 
dextrin.  Glutinous-rice-starch  was  also  hydrolyzed 
by  a  mineral  acid  to  glucose. 

RATIO      OF      DEXTRIN      TO      SUGAR      IN     THE     CONVERSION 
PRODUCTS. 

Several  experiments  have  been  carried  out  for  the 
purpose  of  comparing  the  amounts  of  maltose  and 
dextrin  produced  by  the  action  of  diastase  on  different 
kinds  of  starch. 
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Five  grams,  calculated  as  dried  substance  of  each 
sample  of  starches  obtained  from  different  sources. 
were  mixed  with  20  cc.  of  water  and  then  60  cc.  of 
boiling  water  added.  The  starch  solution  was 
heated  upon  the  water  bath  to  insure  a  thorough 
gelatinization  of  the  starch,  and  after  cooling  was 
digested  with  20  cc.  of  the  malt  extract  (20  grams 
of  malt  in  100  cc.  of  water)  at  55 °  C.  Control  ex- 
periments were  made  in  each  case  with  malt  extract 
alone,  and  the  corrected  values  for  the  starch  con- 
versions were  obtained  by  subtracting  from  the  total 
value  the  values  found  in  the  check  solutions: 

One  Hour's  Saccharification. 

Composition  of 
"2   2   u  "5  &   2      conversion  pro- 

-3   3  ja   -*   p    3     ducts.     Grams 

g         8  5  1  S  S  0  ' " • 

:  1  1  s  -s  1 s  %  s    -    #  I     *■ « 

S  SO     iH|^^         g        A-g         _S-5 

w  wow  SQL  2.  « 

Glutinous  rice  starch  5.45  5  00  4.98  3   70  1.38  155  0°  155  37° 

Potato  starch 5.59  5.00  5.01  4  55  0  44  142.5  143  35 

Soluble  starch 5.86  5.00  5  00  4.58  0  43  144  3  143.49 

Common  rice  starch .  5.80  5   00  4.87  3.99  0  92  149  9  149  80 

Thirty  Minctes'  Saccharification. 

Glutinous  rice  starch .      5.45     5.0       4.92     3.28      1.82  162.0  161.23 

Potato  starch 5  59     50       5  05     4.00      1.08  150.9  151.60 

Soluble  starch 5  86     5  0       5  02     4  21      0.86  149.2  148.86 

In  these  experiments,  the  coloration  of  glutinous 
rice  starch  by  iodine  disappeared  most  rapidly. 

These  figures  distinctly  show  that  the  proportionality 
of  the  conversion  products  of  glutinous  rice  starch 
differs  entirely  from  those  obtained  from  the  other 
starches,  the  former  containing  the  greatest  amount 
of  dextrin  and  the  least  of  maltose. 

This  result  also  shows  that  Shimoyama's  statement 
that  glutinous  rice  starch  contains  a  great  amount 
of  Nageli's  amylodextrin  is  erroneous,  because  the 
amylodextrin  ought  to  be,  according  to  Brown  and 
Morris,2  hydrolyzed  by  malt-diastase  completely  to 
maltose. 

The  author  obtained  an  impure  amylodextrin  by 
the  continued  action  of  10  per  cent,  hydrochloric  acid 
on  ungelatinized  potato  starch  for  about  eleven 
months,  and  examined  the  behavior  of  this  substance 
with  baryta  wafer.  The  result  was  that  Nageli's 
amylodextrin  precipitated  difficultly  with  baryta 
water.  This  fact  shows  also  the  non-existence  of 
amylodextrin  in  glutinous  rice  starch  which  latter  is 
readily  precipitated  by  baryta  water. 

The  author  has  also  made  a  comparative  study  on 
the  action  of  koji-diastase  upon  different  kinds  of 
starch;  the  results  were  that  the  iodine  coloration 
of  glutinous  rice  starch  vanished  most  rapidly,  while 
the  amount  of  dextrin  contained  in  the  conversion 
products  of  glutinous  rice  starch  was  greater  than  that 
of  the  similar  products  of  the  other  starches. 

This  peculiarity  is  to  be  attributed  to  the  character- 
istic nature  of  glutinous-rice-starch,  and  it  seems 
probable  that  the  glutinous-rice-starch  contains  a 
greater  amount  of  amylopectin  or  some  analogous 
constituent,  from  which  is  produced  a  dextrin,  more 

1  Factors  employed  were:  [a]p  138°  for  maltose.  [cr]i>  202°  for  dextrose. 

2  Brown  and  Morris.  /.  Soc.  Cliem.,  1889,  449. 


slowly     hydrolyzed     by     diastase     than     the    common 
starch. 

CONCLUSION. 

The  starch  of  glutinous  rice  is  characterized  by 
a  red  coloration  with  iodine.  The  microscopic  char- 
acteristics of  the  starch  granules  and  the  hydrolyzed 
products  do  not  appear  to  differ  in  any  way  from 
those  of  common  rice  starch.  The  starch  of  glutinous 
rice  does  not  contain  amylodextrin  (Nageli's),  erythro- 
dextrin,  and  special  albuminoids  which  were  by  some 
investigators  considered  as  the  cause  of  the  red 
coloration  by  iodine. 

The  author  proposes  the  suggestion  that  the  red  color- 
ation of  that  peculiar  starch  by  iodine  is  probably 
to  be  attributed  to  the  characteristic  nature  of  the 
starch  itself,  which  is  capable  of  dissolving  only  a 
very  minute  amount  of  iodine,  but  not  to  the  presence 
of  other  dextrins  or  albuminoids  as  propounded  by 
other  investigators.  Moreover,  the  glutinous-rice- 
starch  contains  none  of  the  common  starch  which  is 
colored  blue  by  iodine. 

Another  remarkable  fact  is  that  the  glutinous- 
rice-starch  is  rapidly  hydrolyzed  by  diastase  to  dextrin 
with  the  production  of  a  less  amount  of  maltose  than 
in  the  case  of  potato  or  common  rice  starch.  The 
author  considers  that  the  glutinous-rice-starch  con- 
tains a  greater  amount  of  amylopectin  or  some  an- 
alogous constituent,  which  produces  a  dextrin  hydro- 
lyzed more  slowly  by  diastase  than  the  ordinary  starch. 

It  is  very  probable  that  there  are  many  other  cereals 
in  nature,  containing  a  similar  variety  of  starch. 
The  author  found  that  glutinous  millet  starch  behaves 
like  glutinous-rice-starch.  A  similar  starch  has  also 
been  observed  in  "mochi-kibi,"  "morokoshi"  and  a 
variety  of  "kaoliang." 

Applied  Chemistry  Department, 

Engineering  College, 

Imperial  University,  Tokyo,  Japan. 


THE  EFFECT  OF  SULFUR0US   ACID    ON    FERMENTATION 

ORGANISMS.1 

By  W.  V.  Cruess. 

Received  April   18,   1912. 

The  effect  of  sulfurous  acid  on  fermentation  and  on 
the  quality  and  composition  of  wine  depends  to  a  very 
great  extent  upon  its  action  on  the  organisms  naturally 
occurring  on  the  grapes.  The  natural  fermentation 
of  grape  must  is  a  mixed  one  brought  about  by  wild 
yeasts,  wine  yeasts,  and  to  a  smaller  degree  by  molds 
and  bacteria.  Several  enologists2  have  claimed  that 
the  proper  addition  of  S02  to  must  results  in  a  selection 
of  the  ellipsoideus,  or  true  wine  yeast,  and  an  elimina- 
tion of  other  organisms  so  far  as  their  activity  during 
fermentation  is  concerned.  This  gives  a  cleaner 
fermentation  and  a  sounder  wine  than  would  result 
from  the  same  must  untreated  with  S02.  During  the 
vintage  of  191 1,  laboratory  and  winery  tests  were 
made  to  observe  the  effect  of  sulfurous  acid  on  the 
microorganisms  occurring  on  California  grapes. 

1  This  work  was  undertaken  at  the  suggestion  and  under  the  general 
direction  of  Prof.  F.  T.  Bioletti.  Univ.  Calif.,  College  of  Agriculture. 

2  F.  T.  Bioletti.  Bulletin  213,  Univ.  Calif.  Expt.  Sta. .  A.  Bouffard. 
Progres  Agricole  el  Viticole.  34,  221-6.  394-8;  31,  18-21;  J.  Ventre,  Ibid.. 
42,  262-71  .  Chancrin,  Le  Vin,  pp   33-4. 
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The  following  table  is  given  to  indicate  the  relative 
susceptibilitj  to  SO,  of  pure  cultures  of  various  or- 
ganisms  under  the  conditions  oi   experiments  carried 

Out  ill  the  laboratory.  The  active  cells  in  several 
flasks,  each  containing  500  cc.  of  must  inoculated  with 
some  I'tic  of  the  organisms  listed  in  the  table,  were 
counted  by  dilution  in  must  agar  agar.  The  must 
was  then  divided  into  100  cc.  portions  in  small  bottles 
To  these  50,  100,  200  and  400  mg.  per  liter  of  S02 
respectively  in  the  form  oi  K.S.u,  were  added.  The 
cultures  were  then  allowed  to  stand  at  room  tempera- 
ture (200  C),  for  thirty-six  hours  when  counts  of  the 
active  cells  were  again  made  by  dilution  on  must  agar. 
In  taking  the  samples  it  was  necessary  to  shake  the 
flasks  in  order  to  avoid  any  loss  of  cells  due  to  settling 
out.  A  comparison  of  the  active  cells  before  and  after 
exposure  to  S02  should  give  an  idea  of  the  relative 
susceptibility  of  the  various  organsims  tested  to  S02. 

Table  1       Relative  Resistance  of  Various  Pure  Cultures  to  Si  >_• 
S(  >a 


in 

( triginal 

Cells  per 

nig. 

No. 

cc.  after 

per 

of  cells 

36  hours  ex- 

Organism. 

liter 

per  cc. 

posure  to  S<  >. 

Burgundy  wine  yeast 

50 

20 , 000 

640,000 

100 

20,000 

2,000,000 

200 

20,000 

310,000 

400 

20,000 

36 ,  000 

Apicnlatus      yeast      from 

California 

grapes 

50 

150,000 

200 , 000 

100 

150,000 

75 ,  000 

200 

150,000 

56,000 

400 

150,000 

0 

Penicillium  from  California  grapes. .    . 

50 

120,000 

40 , 000 

100 

120,000 

0 

200 

1 20 , 000 

0 

400 

120,000 

0 

Aspergillus     Niger      from 

California 

50 

450,000 

120,000 

100 

450,000 

20 , 000 

200 

450,000 

30,000 

400 

450,000 

0 

Wild    yeast    (pastorianus 

typel   from 

50 

620,000 

580,000 

100 

620,000 

6,000 

200 

620,000 

190 

400 

620,000 

0 

Vinegar      bacteria      from 

California 

50 

310,000 

14,000 

100 

310,000 

300 

200 

310,000 

2 

400 

310,000 

0 

An  examination  of  the  above  table  shows  that  the 
ellipsoideus  yeast,  represented  by  the  Burgundy  wine 
yeast,  is  far  more  resistant  to  the  inhibiting  effect  of 
sulfurous  acid  than  the  other  microorganisms  tested. 
Its  numbers  were  not  diminished  by  any  of  the  amounts 
of  S02  used  and  only  with  the  very  large  dose  of  400 
mg.  per  liter  was  its  increase  prevented. 

The  apiculatus  was  able  to  increase  slightly  in  the 
presence  of  50  mg.  of  total  S02  per  liter,  but  100  mg. 
per  liter  greatly  reduced  its  numbers,  and  after  ex- 
posure to  400  mg.  per  liter  none  of  the  cells  of  this 
yeast  were  able  to  develop  on  nutrient  agar. 

The  ordinary  green  mold,  Penicillium  is  seen 
to  be  very  susceptible  to  sulfurous  acid,  50  mg. 
per  liter  of  SO,  diminishing  the  number  of  active  cells 
from  120,000  per  cc.  to  40,000  per  cc.  and  100  mg.  or 
over  per  litre  completely  inhibiting  its  growth  under 
the  conditions  of  the  experiment. 


The  Aspergillus  was  considerably  more  resistant  than 
the  Penicillium  since  it  took  400  mg.  per  liter  of 
sulfurous  acid  to  render  all  the  cells  incapable  of 
developing.  It  is  to  be  noted,  however,  that  it  did 
not  increase  in  numbers  during  the  exposure  t..  an. 
Oi  ill'  amounts  used,  indicating  a  decided  inhibiting 
effect,  even  with  such  a  small  dose  as  50  mg.  S< ).,  per 
liter. 

The  wild  yeast  oi  the  pastorianus  type  was  even 
more  sensitive  than  the  apiculatus  yeast  and  was 
prevented  from  increasing  by  a  dose  of  50  mg.  per  liter 
of  S< ),,  100  and  200  mg.  of  S02  per  liter  reduced  the 
number  of  active  cells  and  400  mg.  per  liter  rendered 
all  of  the  cells  incapable  of  growth  when  transferred 
to  agar  plates.  Thus  this  type  of  wild  yeast  (very 
common  on  California  grapes)  is  seen  to  be  very  sus- 
ceptible to  the  inhibiting  effect  of  S02. 

The  resistance  of  the  vinegar  bacteria  culture  used 
was  very  low,  as  50  mg.  of  S02  per  liter  reduced  the 
number  of  active  cells  95.5  per  cent.,  100  mg.  9y.9  per 
cent,  and  200  mg.  per  liter  rendered  the  must  practically 
free-  from  vinegar  bacteria,  capable  of  growth.  None 
of  the  bacteria  could  develop  after  exposure  to  400 
mg.  per  liter  of  sulfurous  acid. 

The  practical  value  of  these  differences  in  suscepti- 
bility to  S02  is  in  cases  where  it  is  desired  to  ferment  a 
must  with  the  addition  of  pure  yeast,  or  where. a  fer- 
mentation as  free  as  possible  from  the  active  molds, 
apiculatus,  and  various  wild  yeasts  is  wanted.  Miiller- 
Thurgau1  has  shown  that  the  apiculatus  yeast  is  particu- 
larly harmful  to  the  fermentation  of  ellipsoideus  yeast. 
This  is  because  it  develops  very  rapidly,  exhausts  the 
nutriment  that  should  go  to  the  ellipsoideus  yeast, 
and  at  the  same  time  gives  products  that  are  injurious 
to  the  growth  of  the  wine  yeast.  The  apiculatus  can 
be  eliminated  by  doses  of  S02  that  do  not  impair  the 
vitality  of  the  wine  yeast.  The  green  mold  probably 
does  very  little  harm  during  fermentation  but  it  is 
especially  troublesome  when  grapes  are  shipped  a  long 
distance  to  the  winery,  due  to  the  fact  that.it  attacks 
broken  berries,  giving  a  moldy  taste  and  odor  to  the 
grapes.  This  difficulty  can  be  obviated  by  crushing 
the  grapes  and  hauling  in  tank  cars  in  which  the  crushed 
grapes  have  been  sulfited  to  prevent  the  development 
of  the  Penicillium.  The  aspergillus  mold  and  the 
vinegar  bacteria  do  little  harm  during  fermentation 
and  amounts  of  SO,  that  will  remove  the  apiculatus 
and  wild  yeast  will  prevent  the  growth  of  the  asper- 
gillus and  vinegar  bacteria. 

Tests  made  on  fresh  must 'and  crushed  grapes  indi- 
cate that  the  ellipsoideus  yeast  occurring  naturally 
on  the  grapes  is  more  resistant  to  sulfurous  acid  than 
the  other  organisms  associated  with  it.  The  following 
experiment  was  made  on  must  from  Palomino  grapes 
that  were  especially  moldy  and  broken,  so  that  the 
results  represent  extreme  conditions.  The  organisms 
in  the  fresh  must  were  counted  by  dilution  on  nutrient 
agar.  The  must  was  then  divided  in  500  cc.  portions 
among  a  series  of  quart  jars  and  sulfited  by  the  ad- 
dition of  K2S205  to  give  the  amounts  of  total  S02 
indicated.      After    three    hours    exposure    to    the    sul- 

1  Lajar  Technical  Mycology,  [2]  2,  436-42. 
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furous  acid,  counts  were  again  made  on  the  active  cells. 

Table  II. — Effect  of  SOj  on  Organisms  in  White  Must  (Laboratory 
Test.) 

Mg.  SO2  Apiculatus     Ellipsoideus 

per  liter  Mold  cells  cells                  cells 

No.  of  flask.                added.        per  cc.  per  cc.              per  cc. 

Original  must  no  SO2 00         97,625  7,341,400            58,575 

1 32          13,310  189,030  182,995 

2 79          19,360  21,380            33,880 

3 127          14,651  14,651            43,953 

4 190            7,600  00                     58,400 

5 253            4 ,  800  00                     73 ,  600 

The  results  demonstrate  that  very  small  amounts  of 
sulfurous  acid  inhibit  the  increase  of  molds  and  apic- 
ulatus occurring  naturally  on  the  Palomino  grapes  in 
question.  A  moderate  dose  of  190  mg.  per  liter  ren- 
dered all  of  the  apiculatus  cells  exposed  to  it  incapable 
of  development  when  transferred  to  nutrient  agar  agar. 
The  mold  spores  were  more  resistant,  but  were  reduced 
in  numbers  in  all  cases.  This  indicates  that  they 
could  do  but  little  harm,  since  the  ellipsoideus  yeast 
would  soon  outgrow  them  and  make  the  growth  of  the 
mold  impossible  by  the  exhaustion  of  the  oxygen  and 
the  formation  of  alcohol.  This  conclusion  is  justified 
by  the  fact  that  the  ellipsoideus  yeast  was  not  reduced 
in  numbers  by  the  amounts  of  S02  used  above. 

A  test  on  a  large  vat  of  crushed  grapes  of  the  Zin- 
fandel  variety  gave  results  similar  to  those  on  the 
Palomino  must.  The  counts  were  made  on  average 
samples  of  the  crushed  grapes  taken  from  the  vat. 

Table   III. — Effect  of  S02  on   Organisms  in   Must   from   Red  Wine 
Grapes. 

Wild  Ellip 

yeast  soideus 

Mold         Apiculatus       not  yeast 

cells                cells       apiculatus  cells 

Sample.                           per  cc.            per  cc.          per  cc.  per  cc. 

Before  sulfiting 1,600,000     2,830,000     30,000  120,000 

One  hour  after  sulfiting. . .           None                None           None  560,000 
■  After      adding      pure      wine 

yeast None  None  None       2,500,000 

The  molds  and  wild  yeasts  are  seen  to  have  been 
rendered  incapable  of  developing  after  one  hour's 
exposure  to  120  mg.  of  S02  per  liter.  On  the  other 
hand  the  ellipsoideus  yeast  was  apparently  unaffected 
by  the  treatment,  for  it  actually  increased  in  numbers 
during  this  period.  The  addition  of  the  pure  Bur- 
gundy wine  yeast  greatly  increased  the  number  of 
wine  yeast  cells  in  the  liquid.  On  sound  grapes  the 
numbers  of  ellipsoideus  cells  naturally  present  would 
be  far  less  than  indicated  above,  as  these  Zinfandel 
grapes  had  become  moldy  and  broken  during  shipment 
to  the  winery.  Thus  in  a  normal  must,  that  had  been 
properly  sulfited,  the  addition  of  the  above  amount  of 
yeast  (representing  1  percent,  of  vigorously  fermenting 
must)  would  insure  a  fermentation  due  almost  entirely 
to  the  added  yeast-. 

Sulfurous  acid,  usually  in  the  form  of  potassium 
metabisulfite,  is  often  employed  for  the  defecation  of 
white  must  to  remove  suspended  solids.  The  effect 
of  this  practice  on  the  organisms  in  the  must  is  shown 
by  the  following  tests: 

Table  IV. — Effect  of  Defecation  with  SO?  on  Organisms  in  Must 
Thompson  seedless  grapes ;  laboratory  test. 

Per  cent.       Per  cent. 
Mold  cells     Yeast  cells  elimination  elimination 
Sample.  per  cc.  per  cc.       of  molds,     of  yeast. 

Original  must 6,800  6,300 

After  48  hrs.  exposure  to  S02     None  11  100  99.84 


Table  V. — Effect  of  Defecation  on  Organisms  in  Green  Hungarian 
Must.     Cellar  Test. 

s     -o  ■=     k  a 
4  f         I?      I!    |'|  g'i-s  ill 

x  3  IS  w  ft        ft  ft 

Original  must 29,262     8,603,000     29,262  

After  32  hrs.  defeca-  ) 

tion  with  250  mg.  I      256  none  493        99.12        100     98.32 

per  liter  SOj ) 

Table  VI. — Palomino  Must.     Cellar  Test. 

£  H  at   V  a  "O     •=  .9         —        V 

«  I  I  a       I  -     s  I  i  s  i  !  1 1 

1  -S  «j  3S3  II        «  I     3  2  3    S  3  J 

w  s  <  3         ft      ft         ft 

Original  must ..  .      112,658      1,565,500     529,133        

After  3  hrs.  def- 
ecation         35,937  226,270     585,640     68.1        85.6 

After  8  hrs.  def- 
ecation   44  660        13,800     99  96      99  6      97.91 

After  20  hrs.  def- 
ecation   10  None        16,280     99.99    100         96  92 

The  results  demonstrate  that  defecation  by  the  use 
of  sulfurous  acid  is  very  effective  in  delaying  fermenta- 
tion by  removing  or  inhibiting  the  growth  of  fermen- 
tation organisms.  This  permits  of  removal  of  sus- 
pended matter  by  sedimentation.  Here,  as  in  Table 
I,  the  molds  are  found  to  be  more  susceptible  to 
S02  than  the  ellipsoideus  yeast.  The  apiculatus  is 
seen  to  be  even  less  resistant  than  the  mold.  After 
defecation  the  clear  must  should  be  drawn  off  and 
fermented  by  the  addition  of  a  pure  culture  of  selected 
wine  yeast.  This  will  give  a  fermentation  practically 
free  from  injurious  wild  yeasts  and  molds. 

The  following  experiment  illustrates  the  effect  of 
defecation  by  the  use  of  S02  as  applied  to  apple  must 
on  a  laboratory  scale.  A  count  was  made  on  the  fresh 
juice  by  dilution  on  nutrient  agar.  The  must  was 
then  divided  among  several  flasks  in  150  cc.  portions. 
The  quantities  of  S03  indicated  were  added  and  after 
72  hours,  counts  were  again  made  on  the  active  cells. 

Table  VII. — Effect  of  Defecation  by  Use  of  S02  on  AprLE  Must  of 
Newtown  Pippin  Apples  Grown  in  California. 


l           £  °  s  £  « 

0  hrs.  00  100,000  Large  number1  Very  few1 

72  00  50,000  5,000,000  5,000,000 

72  100  00  00  2,700 

72  200  00  00  300 

72  300  00  00  00 

72  400  00  00  00 

Table  VIII. — Counts  of  Cells  in  Sediment  of  Table  VII. 


in 


3...  72  hrs.    100     09     00     150,000 

6 72  hrs.    400     00      00       1 ,  200 

The  counts  in   Table  VII  were  made  from  the  super 
natant  liquid  and  in  Table  VIII  from  the  sediment.    The 

1  The  large  number  of  mold  cells  present  in  must  prevented  a  count  of 
yeast  colonies. 
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-  l1  di  fecation  by  the  vise  oi  Bulfuroua 
ai'nl  would  be  beneficial  in  the  treatment  oi  apple 
must,  since  it  would  result  in  the  elimination  oi  molds 
and  wild  yeasts  and  permit  of  fermenting  the  cider 
l>v  the  addition  of  pun-  selected  cider  yeast,  after 
drawing  off  the  defecated  liquid.  By  comparing  the  re- 
sults oi  Tables  \'l  1  and  VIII  it  is  seen  that  the  elimination 
oi  the  eUipsoideus  cells  is  largely  due  to  settling  out, 
whereas  the  effect  on  the  molds  and  wild  yeasts  is 
due  to  the  direct  action  of  the  sulfurous  acid,  since 
the  number  of  eUipsoideus  cells  is  greater  in  the  sedi- 
ment than  in  the  supernatant  liquid  and  the  numbers 
of  molds  and  wild  yeasts  are  00  in  both  cases. 

Some  investigators  have  thought  that  the  yeast 
that  survives  a  given  dose  of  sulfurous  acid  becomes 
more  resistant  to  its  effect.  Taking  this  view,  the 
eUipsoideus  yeast  that  developed  after  sulfiting  in  the 
above  tests  would  be  a  yeast  accustomed  to  SO,. 
To  observe  whether  such  an  effect  is  produced  a  number 
-ts  were  made. 

Burgundy  wine  yeast  was  grown  in  the  presence  of 
100  mg.  of  sulfurous  acid  per  liter.  When  in  active 
fermentation  1  cc.  of  this  culture  was  transferred  to 
150  cc.  of  must  containing  100  mg.  per  liter  of  S02. 
A  similar  amount  of  must  containing  100  mg.  per  liter 
of  S02  was  inoculated  with  1  cc.  of  a  vigorous  culture 
of  Burgundy  wine  yeast,  grown  in  must  to  which  no 
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sulfurous  acid  had  been  added.  The  flasks  were 
incubated  at  32 °  C.  and  the  rates  of  fermentation,  as 
indicated  by  loss  in  weight,  observed.  The  yeast, 
supposedly  accustomed  to  SO,,  was  then  transferred 
to  must  containing  200  mg.  per  liter  of  sulfurous  acid. 
When  in  vigorous  fermentation  1  cc.  of  this  culture 
was  transferred  to  150  cc.  of  must  containing  200  mg. 
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process  was  repeated  in  every  respect  with  300  mg. 
per  lit'  The  result-,  oi   the  tests  are  given  in 

the  accompanying  curves. 

At  100  mg.  per  liter  the  "yeast  accustomed  to  SO," 
and  the  normal  yeast  gave  practically  the  same  kind 
ol  a  fermentation.  At  200  mg.  per  liter  the  yeast 
"accustomed  to  sulfurous  acid"  started  more  slowly 
than  the  other  but  finished  in  the  same  time.  This 
indicates     an      increased      susceptibility     to    SQ2,    but 
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per  liter  of  S02.  A  check  flask  containing  200  mg.  per 
liter  of  S02  was  inoculated  with  1  cc.  of  a  culture  of 
Burgundy  yeast  unaccustomed  to  SO,.  The  rates  of 
fermentation  were  observed  in  each  case.     The  above 


not  any  decrease  in  fermentative  activity.  At 
300  mg.  the  yeast  "trained"  to  S02  showed  a  slower 
start  of  fermentation  and  a  slower  fermentation 
throughout.  It  is  to  be  noted  that  the  curve  for  the 
"accustomed"  yeast  in  Fig.  Ill  does  not  cut  the  curve 
of  the  normal  yeast  during  the  fermentation  period  of 
the  latter,  although  if  the  test  had  been  carried  far 
enough  it  would  probably  have  done  so.  The  curves, 
as  they  stand,  show  that  the  yeast  unaccustomed  to 
sulfurous  acid  had  finished  fermenting,  whereas  the 
other  had  not,  at  the  end  of  the  test.  This  indicates 
an  increased  susceptibility  to  S02  as  well  as  a  decrease 
in  vitality,  due  no  doubt  to  the  long  exposure  to  sul- 
furous acid.  A  number  of  similar  laboratory  tests  of 
a  qualitative  nature  bring  out  the  same  general  fea- 
tures as  indicated  in  the  above  tests,  namely,  that  wine 
yeast  (as  typified  by  the  Burgundy  yeast)  does  not 
become  accustomed  to  the  action  of  sulfurous  acid 
upon  prolonged  exposure  to  S02  in  must,  but  tends  to 
become  more  susceptible  to  it. 

A  test  was  made  on  the  change  of  susceptibility  to 
sulfurous  acid  of  Burgundy  wine  yeast  used  at  a  winery 
during  a  vintage  of  six  weeks.  This  yeast  had  been 
grown  in  must  sulfited  to  remove  the  injurious  organ- 
isms and  theoretically  should  have  become  thoroughly 
accustomed  to  the  effect  of  S02.  The  must  in  which 
it  grew  usually  contained  about  200  mg.  per  liter  of 
sulfurous  acid  added  in  the  form  of  K2S205.  This 
must  was  renewed  at  least  once  in  every  24-72  hours 
so  that  the  yreast  was  kept  in  a  vigorous  condition. 

A  series  of  flasks  each  containing  300  cc.  of  sterile 
must  was  inoculated  with  1  per  cent,  of  vigorously 
fermenting  liquid  from  the  yeast  apparatus.  The 
amounts  of  SO,  indicated  in  the  table  were  added  in 
the  form  of  K2S205.  A  similar  series  wTith  correspond- 
ing amounts  of  sulfurous  acid  was  inoculated  with 
the  same  variety  of  yeast,  but  yeast  which  had  not 
been  grown  in  the  presence  of  SO,.  The  rates  of 
fermentation  were  observed  in  each  flask. 
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Table  IX. — Series  I,  Yeast  not  Accustomed  to  SO2.1 

Jsi  |fj  |ii 

\%l  |§S  |il 

jjj                    §         f  ■<  w  =««  f  "  w 

Q                     si'  3  a 

10/19/1 1  3  P.M 00              25'/,  25'A  251/, 

10/20/11  8  A.M 17              25l/«  2S'/4  25'/, 

10/21/11  8  A.M 41               25'A  25'/,  25'/. 

10/22/11  8  A.M 6S              25'/4  2SV4  25'/« 

10/23/11  8  A.M 89              2.SV4  25V4  25'/« 

10/23/1 1  6  P.M 99              25'/,  25'/<  25V4 

10/24/11  8  a.m 113              24.9  25'/4  25'/, 

10/25/11   10  a.m 139              24  2SV4  25V4 

10/26/11  10  a.m 163               18  25  25 

10/27/11  10  A.M 187               13  5  20  21 

10/28/11  2  p.M 215                6  10.5  14 

10/29/11  9  a.m 234                3.5  7  8.5 

10/30/11  9  a.m 258                0.5  4  5 

10/31/11  10  A.M 283                0  0.75  1 

11/1/11  10  A.M 307                0  0  0 

1  Slow  start  of  fermentation  was  due  to  fact  that   no  incubator  was 

available  at  winery  so  that  the  temperature  was  too  low  for  rapid  start  of 

fermentation. 

Table  X. — Series.  II  Yeast  "Accustomed"  to  SOj. 

J:  2  ~  _3  E  «  «  E  -S 


rt  0 

0  X 

10/19/11  3  P.M 0 

10/20/11  8  a.m 17 

10/21/11  8  a.m 41 

10/22/11  8  A.M 65 

10/23/11  8  A.M 89 

10/24/11  8  A.M 113 

10/25/11  10  A.M 139 

10/26/11  10  a.m 163 

10/27/11  10  A.M 187 

10/28/11  2  p.M 215 

10/29/11  9  A.M 234 

10/30/11  9  A.M 258 


The  results  are  decidedly  in  favor  of  the  yeast  unac- 
customed to  sulfurous  acid.  Flasks  B2  and  C2  of  the 
series  with  the  "accustomed"  yeast  did  not  ferment, 
whereas  the  corresponding  flasks  A,  and  B,  in  the  other 
series  fermented  out  dry.  A2,  however,  fermented 
just  as  rapidly  as  A,.  This  indicates  that  the  yeast 
grown  in  the  presence  of  SO,  in  the  pure  yeast  appa- 
ratus had  become  more  susceptible  to  the  inhibiting 
action  of  S02,  but  where  fermentation  took  place  its 
rate  of  fermentation  had  not  become  reduced. 

SUMMARY. 

From  the  observations  given  it  is  seen  that  sulfurous 
acid  may  be  used  to  advantage  in  inhibiting  the  growth 
of  wild  yeast  molds,  and  vinegar  bacteria,  such  as 
occur  on  California  grapes  and  at  the  same  time  per- 
mit the  vigorous  development  of  the  true  wine  yeast 
Saccharomyces  ellipsoideus,  naturally  on  the  grapes, 
or  added  as  starter. 

Wine  yeast  can  not  be  trained  to  become  more 
resistant  to  S02  in  appreciable  quantities.  Therefore, 
the  present  idea  of  going  through  a  troublesome 
process  of  "accustoming"  wine  yeast  to  S02  does  not 
seem  to  be  based  on  the  proper  principles.  A  better 
way,  no  doubt,  would  be  to  sulfite  the  must  to  be 
fermented  in  order  to  eliminate  molds,  wild  yeasts, 
etc.,  and  then  ferment  it  with  a  starter  of  pure  wine 


yeast  (or  if  it  is  apple  juice,   with  pure  cider    yeast) 
that  has  been  grown  in  musts  free  from  sulfurous  acid. 
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CONCERNING  THE  SUGAR    CONTENT    OF    WATERMELONS. 

By  Carl  P.   Suerwin  and  Clarence  E.   May. 

Received  January  24.    1912. 

The  literature  on  the  sugar  content  of  watermelons 
is  comparatively  meagre.  Wiley'  has  examined  the 
sugar  content  of  melons,  and  for  the  average  reducing 
sugar  content  of  watermelons  has  reported  it  as 
4.33  per  cent,  of  the  meat-juice  and  2.47  per  cent, 
of  the  rind-juice.  He  reported  the  sucrose  content 
as  1.92  per  cent,  of  the  meat-juice  and  0.34  per  cent, 
of  the  rind-juice.  The  ash  value  was  given  as  0.31 
per  cent,  of  the  juice  from  the  meat  and  o .  38  per  cent, 
of  the  juice  from  the  rind.  Kremla,2  by  six  different 
determinations,  found  the  reducing  sugar  content  to 
be  4.19  grams  sugar  per  100  cc.  of  the  juice.  Nar- 
dini-i  reported  the  following  results  from  the  Italian 
Experiment  Station:  Invert  sugar,  4.94  per  cent.; 
sucrose,  0.765  per  cent.;  ash,  0.168  per  cent.  Jaffa,4 
from  the  California  Experiment  Station,  reported 
the  ash  content  of  the  total  melon  as  1.41  per  cent. 

At  the  time  our  investigation  was  started  we  had 
access  to  melons  that  seemed  sweeter  than  the  usual 
melons  found  on  the  market.  Since  other  chemists 
had  made  no  statements  showing  that  the  melons 
they  had  examined  were  other  than  the  average 
market  melons,  it  seemed  desirable  to  investigate 
these  apparently  sweeter  melons  and  determine  their 
sugar  content.  The  melons  were  the  usual  melons 
grown  in  the  vicinity  of  Bloomington,  Indiana;  they 
had  very  thin  rinds  and  were  less  desirable  melons, 
owing  to  the  ease  with  which  they  were  broken  dur- 
ing shipment  to  market. 

In  the  course  of  the  investigation  we  studied  the 
ratio  of  juice  to  pulp  and  rind;  some  work  was  done 
on  the  ash  content  of  the  juice,  but  the  main  work 
had  to  do  with  the  sugars  present  in  the  strained 
juice.  We  were  interested  in  the  alcohol  and  acetic 
acid,  respectively,  that  could  be  produced  by  the  fer- 
mentation of  the  juice,  and  some  results  of  that  phase 
of  the  investigation  are  given.  In  order  to  carry  on 
the  work,  about  a  dozen  medium-sized  melons  were 
procured  near  the  end  of  the  season  and  were  pre- 
served by  cutting  the  melon  with  a  silver  knife  and 
scraping  the  juice  and  pulp  by  means  of  a  watch 
glass — as  long  as  any  red  meat  remained  attached  to 
the  rind.  The  juicy  pulp  was  filtered  in  some  cases 
through  paper,  but  this  became  a  very  tedious  process, 
owing  to  the  tenacious  silt,  so  the  major  part  of  the 
juice  was  simply  strained  through  a  well-washed  cheese- 
cloth and  collected  in  quart  bottles  and  liter  flasks. 
These  were  plugged  with  cotton  and  immediately 
sterilized  in  a  bacteriological  autoclave  at  a  pressure 
of  16  to  18  pounds  for  30  minutes. 

1  Wiley,  U.  S.  Dept.  of  Agriculture.  Report.  1886,  345. 

2  Kremla,  Chemie  der  mrnschlichen  NahrunQS-  und  GenUssmiUel,  edit.  4, 
1904.  1,  1496;  2,  921. 

:1  Nardini,  Ibid  ,  1,  1496 
I  Jaffa.  Ibid. 
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The     various     vessels     were     then      remove. 1,     capped 

with  sealing-wax  and  allowed  to  Btand  in  a  'lark 
cupboard.  With  scarcely  any  exceptions  the  juice  re 
mained  perfectly  sterile  until  needed.  In  the  bottom 
of  eaeh  bottle  was  a  small  precipitate  (white  in  the 
filtered  sample,  reddish  brown  in  the  strained  sample) 
o!  coagulated  material.  This  was  wry  likely  of  a 
protein   nature  but   it    was  not    investigated.     A   Eew 

samples  of  the  juice  that  had  been  neutralized  before 
heating  were  slightly  brown  in  color  alter  the  steril- 
ization. 

Eleven  different  juices,  not  counting  several  modi- 
fications  of  a  single  juice  in  a  tew  instances,  were  car- 
ried through  the  various  analytical  processes  em- 
ployed. 

No.  i  was  the  natural  juice,  acid  in  reaction,  strairled 
and  filtered. 

No  jA  was  the  strained  juice  of  a  melon  that  had 
been  cracked,  apparently  very  shortly  before  arrival 
at  the  laboratory. 

No.  2B  and  2C  were  from  the  same  melon,  which 
was  quite  ripe  and  in  good  condition.  The  juice  2B 
was  strained  and  neutralized  with  sodium  hydroxide 
solution.  After  heating,  this  juice  was  dark  in  color. 
The  juice  2C,  already  acid  in  reaction,  was  strained 
and  filtered  through  paper.  This  juice  yielded  no 
residue  after  sterilization. 

Xo.  3  was  the  natural  juice  taken  from  an  average 
melon. 

Xo.  4 A  was  also  the  juice  from  a  melon  quite  the 
average  of  the  lot. 

No.  4  and  4N  were  taken  from  the  same  melon. 
The  former  was  allowed  to  remain  naturally  acid, 
while  the  latter  was  neutralized  before  sterilization. 
The   melon  was  ripe. 

Xo.  5  was  the  juice  from  an  average  melon  strained 
and  left  acid  in  reaction. 

Xo.  6  was  the  juice  from  a  melon  which  was  slightly 
green.      This  juice  yielded  no  residue  on  heating. 

X*o.  7  and  No.  8  were  the  juices  from  the  two  poor- 
est melons — strained  only. 

Xo.  9A  and  No.  9B  were  duplicated  from  the  same 
melon  wdiich  was  perhaps  the  best  in  the  lot.  The 
9A  juice  was  left  acid.  Juice  9B  was  filtered  and  the 
filtrate,  also  left  acid  in  reaction,  was  clearer  than 
No.  9 A. 

Xo.  10  and  Xo.  10A  were  juices  from  two  different 
average  melons.  In  each  case  the  acid  juice  was 
strained. 

Xo.  11  and  No.  11A  were  from  the  same  melon. 
Both  samples  were  strained:  the  former  was  allowed 
to  remain  acid  in  reaction  while  the  latter  juice  was 
made  neutral. 

In  the  respective  juices,  the  solids  were  determined 
by  means  of  the  Brix  hydrometer  (column  II)  with 
the  filtered  juice  at  the  ordinary  temperature.  The 
results  include  the  temperature  correction.  The  solids 
in  terms  of  cane  sugar  were  sought  in  a  portion  of  the 
juice  by  means  of  the  immersion  refractometer.  The 
values  depending  on  the  refraction  of  the  mixture 
(column  III)  were  obtained  by  use  of  freshly-opened 
filtered   juice.     Temperature  corrections    are  included 


in    the    results.       Portions   ot    the   juices   examined    with 

the    hydrometer    and    refractometer    were    defecated 
and  again  examined  with  the  refractometer.     In  the 

deli-eat  1011.  100  re.  ol  the  juice  were  p laced  m  a  200 
CC  graduated  llask.  Several  drops  oi  basic  lead  ace- 
tate solution  were  added,  the  llask  being  carefully 
shaken  alter  the  addition  of  each  drop  of  the  reagent. 
When  a  yellowish  white  precipitate  Settled  out,  leav- 
ing a  water-clear  solution,  three  to  live  drops  of  glacial 
acid  were  added.  A  good  excess  of  lead  ace- 
tate gave  harmful  results,  so  it  was  avoided.  The 
defecated  juice  was  diluted  to  the  mark  and  filtered 
By  this  method  the  filtrates  were  always  well  clarified. 
The  total  solids  in  terms  of  cane  sugar,  obtained  by 
the  use  of  the  Zeiss  immersion  refractometer  on  the 
defecated  juice,   are  shown  in  column  IV. 

Total  Solids  in  Terms  of  Per  Cent  Cane  Sugar. 


II. 


I\ 


Sample-   1 9.02  9  05  9.62 

2C 9.64  9.51  8.10 

2B 9.57  9  58  10.16 

2A 9.62  9.90  10.10 

3 9  23  9.75  11.76 

4A 10.26  10.49  10.96 

4 9.42  10  25  10.68 

5 8  42  6.72  7.76 

6 9.52  9.50  8  42 

4N 9.82  10.28  10.76 

9A 8  63  8.74  9.48 

9B 9.07  9.02  9.56 

The  results  in  columns  III  and  IV  are  based  on 
Wagner's  "  Tabellen  fur  Zeiss  Eintauschen  Refractom- 
eter" and  include  corrections  for  the  instrument 
and  the  temperature  employed. 

SUCROSE. 

The  determination  of  the  sucrose  was  brought 
about  by  means  of  the  polariscope  both  before  and 
after  inversion  of  the  defecated  juice.  The  per  cent, 
sucrose  (column  II)  was  calculated  from  the  Clerget 
formula : 

Per  cent,  sucrose  =    100  (Direct  -  Invert  reading). 

f 

142.66  — — 

In  column  III  is  given  the  per  cent,  sucrose  found 
bv  the  Fehling  titration  method  (sucrose  equiva- 
lent to  the  reducing  sugars  resulting  from  inversion, 
minus  the  reducing  sugars  found  present  prior  to 
inversion).  Column  IV  shows  the  same  data  ex- 
pressed in  terms  of  grams  sucrose  per  100  cc.  of  juice. 
The  method  employed  in  the  inversion  of  the  su- 
crose was  as  follows:  50  cc.  of  the  defecated  juice 
which  had  been  freed  from  lead  salts  were  placed  in  a 
100  cc.  graduated  flask;  25  cc.  of  water  were  added 
and  then,  while  constantly  rotating  the  flask,  5  cc. 
38 . 8  per  cent.  HC1  were  slowly  added.  The  flask  was 
placed  in  a  water  bath  already  heated  to  70 °  C.  and 
the  juice  heated  to  68-70 °  C.  in  approximately 
three  minutes.  The  heating  at  this  temperature  was 
continued  for  about  seven  minutes.  The  flask  was 
then  removed  from  the  bath  and  cooled  to  20°-2i° 
C.  and  diluted  to  100  cc.  Readings  were  taken  with 
a  decimeter  tube  and  the  readings  were  multiplied 
by  2  and  calculated  by  the  general  formula  given 
earlier    in    this  paper. 
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1.                                  II.  III.  IV. 

Sample     1 0.9972  0.820  0.892 

2C 0.732  0.840  0.916 

2B 0.973  1  .141  1.468 

2A 0.729  0  811  0.898 

3 too  dark  0.993  1.084 

4A 0.920  1  .149  1  .230 

4 1.119  1.102  1.204 

5 1.599  1.550  1.789 

6 1   416  1.404  1.533 

4N too  dark  0.847  0.928 

9A 1  .639  1   617  2.011 

9B 1.543  1.613  1.873 

10A 0.757  .  .  .  0.905 

10 1.101  1.434 

11A 1.592  ...  1  H46 

11 0 .  7669  ...  0 .  988 

8 0.733  ...  1  066 

7 0.720  .  .  .  0.990 

REDUCING   SUGARS. 

The  defecated  juices  obtained  in  the  previous  de- 
terminations were  allowed  to  act  on  Fehling's  solu- 
tion in  the  usual  way.  Five  cc.  each  of  the  alkali  and 
copper  solution  were  measured  by  a  pipette  to  an 
Erlenmeyer  flask,  diluted  with  40  cc.  water  brought 
to  boiling  and  then  allowed  to  react  with  the  defe- 
cated juice.  No  indicator  was  used.  The  various 
sugar  solutions  gave  the  following  results  expressed 
in  grams  reducing  sugar  per  100  cc.  of  juice: 

Sample  1 5.678 

2C   5.510 

2B 5.514 

2A 5  969 

3 4  343 

4  A 4.313 

4 5.037 

5 5.163 

6 5.485 

4N 4.580 

7 5.687 

8 4.504 

9A 4  .  846 

9B 4.692 

ACETIC   ACID  AND   ALCOHOL. 

After  obtaining  the  foregoing  sugar  data  it  seemed 
desirable  to  ascertain  the  amount  of  alcohol  and  acetic 
acid,  respectively,  that  could  be  obtained  by  the 
fermentation  of  the  respective  sugar  solutions.  These 
fermentations  were  carried  out  at  34°-35°  C.,  and 
after  distillation  the  alcohol  and  acetic  acid  recovered 
from  each  fermentation  mixture  were  estimated  by 
means  of  the  Zeiss  immersion  refractometer.  All 
results  include  corrections  for  the  temperature  and  the 
instrument  and  are  based  on  Wagner's  "Tabellen." 
Owing  to  the  rush  of  other  work  at  the  time  this  work 
was  in  progress  we  could  not  check  the  alcohol  deter- 
minations by  the  specific  gravity  method  norlthe  acetic 
acid  by  the  titration  method.  The  refractometer 
results  are  given  for  what  they  are  worth.  Column 
II  shows  the  per  cent,  alcohol  by  weight  in  a  given 
volume  of  liquid  that  was  recoverable  from  the  same 
volume  of  the  corresponding  juice.  Column  III 
shows  the  per  cent,  acetic  acid  by  weight  of  a  solution 
resulting  from  the  fermentation  of  a  similar  quantity 
of  the  corresponding  melon  juice.  In  the  alcohol 
distillations  the  usual  precautions  regarding  the 
constant  volume  of  the  distilling  mixture  and  the 
presence  of  calcium  carbonate  were  observed.  In 
the    acetic    acid    distillations    the    same    precautions 


regarding  constant  volume  and  the  presence  of  phos- 
phoric acid  were  used: 

i.  ii.  in. 

Sample     1 2.45  1  .86 

2C   2.95  1.98 

211 1.87  2.18 

2A 2.36  1  .69 

3 2.70  1  .27 

4 1.03  1  .91 

4A 2.70  1.69 

4N 2.06  1.69 

5 1 .  84  1  .  74 

6 2.12  1.87 

9A 3.06  lost 

9B 2.85  lost 

10A 2.73  lost 

11 2.29  1.69 

11A 2.39  1   54 

In  working  up  the  melons  our  main  efforts  were 
directed  in  preserving  the  juice  and  incidentally  we  be- 
came interested  in  finding  the  ratio  of  pulp  and  rind 
to  juice.  The  pulp  and  rind  were  weighed  just  after 
pressing,  and  the  following  results  were  obtained  on  a 
few  of  the  average  melons: 

Juice,  Rind.  Pulp.  Total  melon 

Sample.                               Percent.  Percent.  Percent,  weight  (grams  I. 

3 41    2  49   7  9.1  6250 

4 42.9  45.1  12.0  7250 

5 42.5  47.1  10.5  7590 

7 42.9  50  9  7.2  6000 

8 51  .5  41  .4  7.1  4820 

Although  the  above  figures  are  only  approximate 
it  seems  that  a  melon  reasonably  ripe  and  having  a 
comparatively  thin  rind  is  about  40  per  cent,  juice. 
(Number  8  was  an  exceptional  melon  ) 

PENTOSES. 

With  regard  to  the  pentose  content  of  the  juice 
the  investigations  indicated  that  only  a  small  amount 
of  pentoses  were  present.  Of  Sample  2C,  50  cc.  were 
boiled  with  HC1  in  the  usual  way,  distilled  and  the  dis- 
tillate converted  into  the  phloroglucid  which  was 
weighed.  The  latter  corresponded  to  only  0.00236 
gram  pentose  in  the  sample  taken.  No  further  work 
was  done  with  the  small  amount  of  pentoses  present. 

ASH   CONTENT. 

The  ash  of  three  samples  of  the  juice  was  investi- 
gated. The  residue,  on  evaporation  of  the  juice,  was 
sulphated  by  the  addition  of  10  cc.  cone.  HjS04  to 
the  residue  from  100  cc.  of  the  juice.  This  sulphated 
juice  was  taken  up  in  water,  the  insoluble  portion 
again  sulphated,  extracted  with  water  and  the  insolu- 
ble part  weighed  after  ignition.  The  united  extracts 
were  evaporated  and  weighed: 

Per  cent.  Per  cent. 

Sample  of  juice.  soluble  ash.  insoluble  ash. 

1 0.2328  0.038 

2C 0.2019  0.02  4- 

3 0.2103  0.030 

CONCLUSIONS. 

i.  The  melons  examined  were  about  43  per  cent, 
juice,  47  per  cent,  rind  and  10  per  cent.  pulp. 

2.  The  ash  content  was  near  0.25  per  cent,  of  the 
juice;  of  the  ash,  about  one-eighth  was  insoluble. 

3.  On  fermentation,  the  sugar  present  yielded  an 
alcoholic  solution  containing  about  2.5  per  cent, 
alcohol  by  weight. 
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i.  There  could  be  obtained  from  the  fermented 
nine  .in  acetic  acid  solution  thai  was  about 
i    j  j  per  cenl    pure  acid. 

5.  The  reducing  sugars,  by  the  Fehling  titration 
method,  wen-  found  to  run  near  5.5  pei  cenl  ol  the 
juice.  My  the  polariscope  they  were  found  in  a  smaller 
quantity  visually.  We  arc  unable  to  explain  the  fact 
that  the  two  nut  hods  do  not  run  closer  together. 
It  would  seem  that  the  lead  acetate  defecation  did  not 
take  out  all  the  substances  in  the  juice  that  might 
reduce  Fehling's  solution. 

6  Usually  more  than  1.00  per  cent,  of  the  juice 
was  sucrose 

Dl  1  ik  1  mi  \r  of  Chemistry,  Indiana  I'mvi  ksitv, 
Ploomington. 


THE    DETERMINATION    OF    BENZALDEHYDE     IN    MARA- 
SCHINO CHERRIES  AND  MARASCHINO  LIQUEUR. 
By  A.  G.   Woodman-  and  Lewis  Davis. 
Received  April  9.   1912. 

Comparatively  recent  investigations  by  food  authori- 
ties into  the  composition  of  Maraschino  cherries,  and 
the  possibility  of  distinguishing  the  genuine  product 
from  artificial  imitations,  have  made  desirable  a  method 
for  the  determination  of  small  amounts  of  benzalde- 
hyde,  a  common  ingredient  of  food  products  of  this 
nature. 

For  this  purpose  the  method  of  determining  benz- 
aldehyde  as  the  phenydhydrazone,  originally  proposed 
by  Fischer1  and  adapted  to  the  examination  of  almond 
extracts  by  Denis  and  Dunbar,2  suggested  itself. 
It  was  evident  almost  from  the  beginning,  however, 
that  this  method,  although  satisfactory  for  the  com- 
paratively large  amounts  (o.i  gram)  of  benzaldehyde 
present  in  almond  extracts,  is  not  suitable  for  quanti- 
ties as  small  as  five  milligrams,  as  found  in  Maraschino 
cherries.  This  is  clearly  shown  in  Table  I,  which 
gives  the  results  obtained  by  the  Denis  and  Dunbar 
method  on  known  amounts  of  redistilled  benzalde- 
hyde dissolved  in  95  per  cent,  alcohol.  Blank  de- 
terminations to  correct  for  the  effect  of  the  reagent 
were  made  at  the  same  time.  The  precipitate  ob- 
tained in  each  case  in  the  blank  determination  was 
of  a  gummy,  resinous  character,  as  was  true  also  of 
the  determinations  involving  the  smaller  amounts 
of  benzaldehyde. 


Table  I. — Results 

Obtained 

by  the  Denis  abd  Dunbar  Methc 

tie. 

Equivalent 

benzal- 

Mg. 

mg. 

dehyde 

PPt. 

benzal- 

Per cent,  of 

Mg.  ppt. 

taken.             t 

)btained. 

dehyde 

theory. 

in  blanks. 

29  3 

53.7 

27  4 

93  61 

3    1 

4  965 

9.7 

5   248 

105.7 

3.0 

4  965 

8.8 

4  761 

95  9 

3.0 

4.740 

9.1 

4.922 

104.0 

3.9 

9.480 

16.3 

8.818 

93   09 

3.9 

As  showm  in  the  table,  the  lowest  value  for  the  blanks 
was  three  milligrams,  or  almost  30  per  cent,  of  the 
total  weight  of  precipitate  when  five  milligrams  of 
benzaldehyde  were  present.  The  results  differ  quite 
widely,  some  being  above  and  some  below  the  theoret- 
ical value. 

1  Z.  anal.  Chem.,  25,  230  (1885). 
-  This  Journal,  1909,  256. 


Further  study  of  the  method  as  applied  I"  .mall 
.mi. .nuts  oi  benzaldehyde  showed  that,  the  precipita- 
tion was  markedly  affected  by  several  distinct  factors. 
A  high  percentage  of  alcohol  retarded  or  even  pre- 
vented tin:  precipitation,  while  too  Little  alcohol 
tended  to  make  the  precipitates  gummy  instead  ol 
crystalline.  The  best  results  were  obtained  when 
the  alcohol  amounted  to  about  ten  per  cent,  by  volume. 
It  was  found  also  that  the  weight  obtained  in  the  blank 
determinations  was  proportional  to  the  length  of  time 
that  the  solutions  stood  after  adding  the  reagent 
and  before  filtering,  being  reduced  from  3.0  milligrams 
to  0.3  milligram  for  half  an  hour's  standing.  The 
character  of  the  precipitate  varied  also  with  the  length 
of  time  that  the  solution  stood,  being  much  lighter 
in  color  for  the  shorter  time.  The  results  obtained 
with  known  amounts  of  benzaldehyde  by  precipitating 
and  allowing  the  solution  to  stand  for  half  an  hour 
were,  however,  too  low,  showing  incomplete  precipi- 
tation. It  was  found  possible,  however,  to  secure 
complete  precipitation  in  ten  minutes  by  shaking  the 
solution  in  a  stoppered  flask  after  the  addition  of  the 
reagent.  About  95  to  97  per  cent,  of  the  theoretical 
values  were  obtained  with  five  milligrams  of  benz- 
aldehyde, while  the  weight  of  the  blank  did  not  ex- 
ceed 0.5  milligram  for  10  cc.  of  reagent.  Some  of 
the  results  obtained  under  these  varying  conditions 
are  shown  in  Table  II. 

Table  II. — Effect  of  Varying  Conditions  on  the  Precipitation  of 
Benzaldehyde. 


g  ~      S  a  -        b.  u 

7.097  12.10  6.546  92  26  20  per  cent,  alcohol. 
7.097  12.00  6  492  91  49  20  per  cent,  alcohol. 
7.097  12.00  6  492  9149  30  per  cent,  alcohol. 
7.097  11.70  6  330  89  21  30  per  cent,  alcohol. 
5.359      11.70     6  330      118.1  1  per  cent,  alcohol 

5.359      11.40     6    167      1 15    1  1  per  cent,  alcohol. 

6.780      11.80     6  384       94    17      10  per  cent,  alcohol  and  30  mg.  acetal- 

dehyde. 
6.780      11   60     6.276       92.43      10  per  cent,  alcohol  and  30  mg.  acetal- 

dehyde. 
5.707        9   70     5.248       91.96      10  per  cent,   alcohol  shaken  5  minutes 

with  reagent. 
5.707        9.20     4.977        87   22      10   per  cent,    alcohol   stood   over   night 
6.690      10  60     5.735        85.72         before  adding  reagent. 
6.690      10.80     5.842       87.34      10     per     cent,     alcohol,    total     volume 
6.700      10.80     5.842        87.20  200  cc. 

6.700      10.80     5   842        87    20 

To  summarize  these  results  briefly:  The  amount 
of  alcohol  present  during  the  precipitation  should 
be  between  8  and  12  per  cent,  by  volume.  With 
20  per  cent,  or  more,  the  precipitation  is  incomplete, 
as  might  be  predicted  from  considerations  of  solu- 
bility, no  precipitation  taking  place  at  all  with  50 
per  cent,  of  alcohol  present.  Too  small  an  amount 
of  alcohol  tends  to  cause  decomposition  of  the  reagent, 
with  consequent  too  high  values  for  both  the  blanks 
and  the  benzaldehyde  determinations.  The  presence 
of  acetaldehyde  has  practically  no  effect  on  the  pre- 
cipitation, which  is  borne  out  by  the  fact  that  when 
acetaldehyde  was  present  the  blank  determinations 
gave  an  increase  of  only  0.1  milligram  over  the  0.5 
milligram    usually    obtained.     Since    the    other    aide- 
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hydes  of  this  series  are  closely  related  to  acetaldehydc 
in  their  chemical  properties,  it  may  fairly  be  assumed 
that  the  presence  of  aliphatic  aldehydes*  which  are 
the  ones  most  likely  to  be  present  in  liqueurs  like 
Maraschino,  exercises  no  deleterious  effect.  On  ac- 
count of  the  relative  solubility  of  benzaldehyde- 
phenylhydrazone,  the  volume  of  solution  for  pre- 
cipitation should  not  exceed  no  cc. 

From  the  above  considerations  and  based  on  the 
experience  gained  in  more  than  one  hundred  deter- 
minations on  known  amounts  of  benzaldehyde,  the  fol- 
lowing procedure  is  recommended  for  its  determina- 
tion in  Maraschino  cherries  and  Maraschino  liqueur. 

Dilute  100  cc.  of  the  liquor  from  Maraschino  cherries, 
or  50  cc.  of  Maraschino  liqueur  to  140  cc.  in  a  500  cc. 
flask  and  distil  110  cc.  Determine  approximately 
the  alcohol  in  the  distillate,  filtered  if  necessary, 
by  the  pycnometer  or  immersion  refractometer. 
Transfer  100  cc.  of  the  distillate  to  a  300  cc.  Erlen- 
meyer  flask  and  add  alcohol  or  water,  as  may  be 
necessary,  so  that  the  solution  shall  contain  approxi- 
mately ten  per  cent,  of  alcohol  by  volume.  Add 
100  cc.  of  the  reagent  prepared  as  directed  below, 
stopper  tightly  with  a  rubber  stopper,  and  shake 
vigorously  for  ten  minutes.  Remove  any  precipitate 
adhering  to  the  stopper,  and  filter  on  a  tared  Gooch 
crucible,  washing  with  cold  water,  and  finally  with 
about  ten  cc.  of  ten  per  cent,  alcohol.  Dry  in  a  vacuum 
desiccator  for  20-24  hours  at  about  20  cm.  pressure, 
or,  if  preferred,  in  a  vacuum  oven  at  7o°-8o°  C.  for 
three  hours.  The  precipitate  should  be  kept  from 
strong  light  as  far  as  possible.  A  blank  determina- 
tion must  be  run  at  the  same  time,  deducting  the  weight 
obtained  from  that  of  the  precipitate.  With  our 
reagent  this  blank  has  been  usually  0.0005  gram. 
The  corrected  weight  of  the  precipitate,  multiplied 
by  0.5411,  gives  the  weight  of  benzaldehyde. 

Reagent. — Mix  3  cc.  of  glacial  acetic  acid  with 
40  cc.  of  water,  add  2  cc.  of  phenylhydrazine,  shake 
thoroughly,  and  filter  the  emulsion  through  several 
thicknesses  of  filter  paper.  The  clear  filtrate  should 
be  used  immediately,  as  standing  over  five  minutes 
gives  a  turbid  reagent. 

The  phenylhydrazine  should  be  chemically  pure, 
free  as  far  as  possible  from  dark  color  and  turbidity. 
Frequent  agitation  of  the  precipitate  during  filtra- 
tion through  a   rotary   motion  of  the  flask  prevents 

Table  III. — Benzaldehyde  in   10  Per  Cent.  Alcohol. 


Mg. 

Mg.  ppt. 

benzaldehyde 

obtained 

Equivalent 

Per  cent. 

taken. 

(corrected). 

benzaldehyde. 

of  theory 

5  359 

9  5 

5.140 

95.90 

6.363 

11.5 

6.212 

97.77 

6.595 

11.7 

6.330 

95.98 

48.30 

86.8 

46.96 

97.23 

81.80 

146.7 

79.38 

97.03 

5.408 

9.5 

5.140 

94.99 

8.230 

14.6 

7.900 

95.98 

9.930 

17  6 

9.521 

95.90 

81.12 

144.8 

78.34 

96.58 

81.12 

145.0 

78.45 

96.72 

The  method  can  be  applied  to  the  determination 
of  benzaldehyde  in  almond  extracts,  using  io  cc. 
of  the  extract  diluted  to  ioo  cc.  with  water,  and  15 
cc.  of  the  reagent. 

Typical  results  on  known  amounts  of  benzaldehyde 
by  this  method  are  shown  in  Table  III. 

The  first  six  of  the  results,  in  the  table  were  ob- 
tained by  direct  determination  on  solutions  of  pure 
benzaldehyde.  The  remaining  ones  were  distilled 
as  directed  in  the  procedure.  Experimental  evidence 
has  shown  that  these  dilute  solutions  of  benzaldehyde 
can  be  distilled  without  material  oxidation.  Dis- 
tilling in  a  current  of  carbon  dioxide  was  tried  but 
found  to  offer  no  advantage.  The  presence  of  con- 
siderable amounts  of  reducing  sugars  and  sulphurous 
acid  did  not  appreciably  affect  the  distillation  or 
determination. 

The  benzaldehyde  content  of  some  of  the  "Mara- 
schino Cherries"  and  "Maraschino"  liqueur  on  the 
market  is  shown  in  the  following  table: 


Table  IV.—  Benzaldehyi 


Brand. 

"Rosebuds" 

"Touraine" 

"Magnolia" 

Dandicolle  &  Gaudin . 

"Regina" 

"Dupont".  . 

"Bigarreaux" 

Dalidet  &  Co 

Ginter  Co 

"Percer" 

Middleby  Co 


Content  of 
Cherries. 

Alcohol  by 

volume. 

0.0 

0.0 

0.0 


Commercial  Samples  of 


Corrected     Benzaldehyde. 


wt.  of 

precipitate. 

8.701 

53. 001 

128.601 

38.30 

31.70 

53.90 

20.40 

14.30 

16.00 

60.60 

6.900 


Maraschino. 


Mg. 
in  100  cc. 

5.177 
31.54 
76.54 
22.79 
18.87 
32.07 
14  29 

8.509 
10.58 
36.07 

4.106 


3.57 


it  from  sticking  to  the  sides.  The  determination  of 
the  benzaldehyde  in  the  distillate  should  be  carried 
out  without  delay  to  prevent  loss  by  oxidation. 


G.  Luxardo 32 .60 

Richelieux 25  .94  ...  17 .02 

Marie  Brizard  &  Roger 28.97  ...  0.0 

Cusenier  (cherry  liqueur) ....  32.63  .  .  .  12.01 

Cusenier  (Maraschino) 19.00  ...  00 

Nuyens  et  Cie 24  .  78  ...  1  .  78 

H.  Shufeldt  &  Co..  Peoria,  111.  30.60  ...  41.3 

1  In  the  case  of  some  samples  which  contained  extract  of  syringa.  the 
precipitate  was  colored  orange-red,  but  was  calculated  as  benzaldehyde. 

Genuine  Maraschino,  apparently,  has  a  very  low 
content  of  benzaldehyde.  Consequently,  Maraschino 
cherries,  which  show  a  relatively  large  amount  of  benz- 
aldehyde, are  in  all  probability  artificially  flavored. 
Determinations  of  benzaldehyde  on  unflavored  cherries 
have  shown  that  more  benzaldehyde  would  come  from 
the  cherries,  themselves,  than  from  genuine  Maras- 
chino added  as  a  flavoring  agent.  However,  the  for- 
mer does  not  exceed  3-4  milligrams  per  100  grams 
of  cherries.  In  general,  then,  it  might  be  said  that 
in  a  sample  of  cherries  flavored  with  genuine  Maras- 
chino liqueur,  the  benzaldehyde,  expressed  in  milli- 
grams per  100  cc.  of  the  liqueur,  should  not  be  more 
than  two  or  three  times  the  alcohol  content,  expressed 
in  per  cent,  of  volume.  Samples  containing  practi- 
cally no  alcohol  and  above  20  mg.  of  benzaldehyde 
are  evidently  entirely  artificial. 

Massachusetts  Institute  of  Technology, 
Boston. 
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COMMERCIAL   CINNAMON    AND   CASSIA. 

ll\    1 1  UiKV  B    SllfSALl 

Reo  Ived  Maj   I  i.  191  I 

Thr  varieties  Ol  Cinnamon  and  cassia  mi  the  market 
are    rather   numerous,    and    differ   Irom    each    Other  COH 

•  \\  111  flavor,  strength,  ash,  volatile  "il,  alcohol 
extract,  etc.  Considering  these  differences  it  seems 
,.i  interest  to  tabulate  the  composition  oi  some  df  the 

more  important  varieties  as  shown  by  average  samples 
of  large  lots  ground  in  the  commercial  way.  Among 
the  commonest  used  are  broken  China,  Ceylon  chips, 
broken  Hatavia.  Saigon  and  Seychellc  cassia  In 
addition,  some  data  arc  given  on  some  cinnamons  and 
eassias  not  so  well  known  Broken  China  is  Cassia 
cinnamon.1  sometimes  known  as  China  cassia  or  Canton 
cassia,  and  is  cultivated  in  the  southeastern  provinces 
of  the  Chinese  Empire  and  exported  by  the  way  of 
Calcutta.  It  occurs  in  quills  usually  shorter  than  those 
of  Saigon.  The  bark  is  aromatic,  and  somewhat 
astringent.  It  is  imported  in  large  rattan  bales,  and 
used  extensively  in  commerce.  Ceylon  cinnamon  is 
collected  from  Cinnamomum  zeylaniuum,1  indigenous 
to  and  cultivated  in  the  island  of  Ceylon.  It  comes 
in  closely  rolled  double  quills,  composed  of  numerous 
thin  layers  of  the  inner  bark  of  the  shoots.  The  odor 
is  delicately  aromatic,  and  very  distinct  from  either 
Cassia  or  Saigon  bark.  Ceylon  chips  consist  of  the 
small  refuse  of  the  whole  bark,  and  apparently  the 
great  amount  of  dirt  present  is  due  to  the  fact  that 
these  pieces  are  collected  off  the  ground  for  shipment. 
Ceylon  chips  are  imported  in  large  and  heavy  bales 
packed  by  a  press.  Its  use  in  commerce  is  very  limited 
on  account  of  its  dirty  condition.  Ceylon  cinnamon 
contains  from  0.5  to  1  per  cent,  volatile  oil.  Batavia 
cassia  is  the  bark  of  Cinnamomum  Burmanni.1  It 
occurs  in  double  quills,  the  larger  sometimes  enclosing 
the  smaller  quills,  5-8  cm.  long,  'outer  surface  light  or 
reddish  brown,  nearly  smooth,  inner  surface  dark 
brown  with  occasional  depressed  areas,  odor  and  taste 
aromatic  and  distinctly  mucilaginous.  Broken  Bata- 
via consists  of  quills  broken  in  small  pieces,  and  is 
imported  very  clean  in  ordinary  bagging  and  used 
extensively  in  commerce.  Saigon  cassia  is  obtained 
from  Cinnamomum  Loureirii,1  and  is  cultivated  in 
Cochin  China,  and  parts  of  China,  and  exported  from 
Saigon  in  bundles  about  30-40  cm.  long,  20  cm.  wide, 
and  10  cm.  thick,  weighing  about  1.5—2  kg.,  and  con- 
sisting of  pieces  varying  in  size  and  color  from  small 
brownish  black  single  quills  to  large  thick  grayish- 
brown  transversely  curved  pieces.  The  odor  is  aro- 
matic, taste  mucilaginous,  aromatic  and  pungent.  It 
is  used  very  extensively  in  commerce,  is  imported  in 
wooden  boxes  covered  with  rattan,  and  is  usually 
clean.  Seychelle  cassia  comes  from  the  islands  of 
that  name  in  the  Indian  Ocean.  It  is  a  very  thick 
bark,  mild  in  flavor  and  odor,  and  exceedingly  clean. 
It  is  imported  in  ordinary  bagging. 

Table  I  gives  the  average,  maximum,  and  minimum 
of  total  ash  and  acid  insoluble  ash,  by  years,  of  samples 
from  large  lots.  The  A.  0.  A.  C.  methods  of  analysis 
were  used. 

1  Kraemer's  "Botany  and  Pharmacognosy,"  2nd  Ed.,  pp.  513-16. 


i  mii  i    1      Pbi 

Total  aab  \  h  Inaolubli  Is  HCI. 

)../>  iqoS.              Samplei  Max.  Min,  \v.  Max.  Min.  Av. 

Broken  China  (24}  7  47  3.12  4.79  4.17  0.69  2  02 

Ceylon  chipi  (4)  -   SO  7  38  7  47  3.80  3.02  3  59 

Broken    Batavia  I    5  5  00  l  31  4.68  171  113  l  ,40 

Saigon  I    9)  t   52  3  63  4.25  1.52  0  58  1.09 

Seychelle  (4)  5.91  3  63  4.70  1.70  0  05  0  90 

l  .  „,   i 

Broken  China  <is,  4  26  3.37  3.77  1.53  0.94  1.20 

Ceylon  chips  I  4)  13.41  7  83  10.49  8.16  3.25  5  57 

Broken    Batavia  (2)  3  96  3.63  3.79  0.19  0   16  0   18 

Saiu.'ii  (   2i  4.36  4.22  4   28  1.71  0  78  1    24 

Seychelle  (6)  4  90  3  42  4.40  o  27  0.03  0  n 

Yvu  iijin 

Broken  China  (2)  3  97  3.71  3  84  1.27  1   24  1.25 

Ceylon  chips.  '   4)  8  39  5.88  7.15  4.18  0.51  2.32     . 

Broken   Batavia  I  3.90  3.57  3.78  0.34  0.25  0.29 

Ytat  iijii. 

Broken  China  H  3  72  2.78  3  27  1   00  0  50  0  76 

Broken   Batavia  I    7)  5,04  3,57  4.32  0,86  o  21  0.48 

Saigon I    6)  4  80  3.71  4   21  0.79  0.43  0.66 

Seychelle  I   4)  4  80  3.57  4.10  0  61  0.28  0.38 

As  the  table  shows,  prior  to  1909,  the  quality  of 
broken  China  imported  made  it  a  difficult  problem 
for  the  spice  grinders  to  conform  with  the  maximum 
total  ash  and  acid  insoluble  ash  standards  of  six  and 
two  per  cent.,  respectively,  given  in  Circular  No.  19, 
Office  of  the  Secretary  of  Agriculture,  because  the 
bales  were  often  full  of  pebbles  and  dirt.  However, 
after  the  Food  Inspection  Officials  had  rejected  an 
importation,  broken  China  changed  for  the  better, 
and  unless  very  cheap  material  is  bought  the  spice 
grinder  has  very  little  trouble  with  this  variety  today. 

Table  II  shows  analyses  of  samples  of  other  varieties 
ground  in  small  lots  in  the  laboratory.  The  flavors 
of  these  samples  vary  from  the  mild  Seychelle  cassia 
to  the  strong  Saigon.  The  barks  with  the  exception 
of  the  Seychelles  and  Batavias  are  dark  in  color,  but 
vary  in  thickness  and  shape.  The  volatile  ether 
extract  on  which  the  strength  of  the  flavor  is  supposed 
to  depend  varies  remarkably  as  also  does  the  crude 
fiber. 

Table  II. — Percentages. 

Water  Vola-  Non- 

solu-  Ash  in-    tile  volatile  Al 

Total       ble    soluble  ether  ether  cohol  Crude 

Variety.  ash.        ash.  in  HCI.  ext.  ext.  ext.  fiber 

Seychelle  bark  (o) 4.08     2.54     0.29     0.66  1.87  9.16  49.49 

Seychelle  bark  I  ft 5.49     2.73     0  07     0  70  1.99  9.72  44.66 

Ordinary  broken   China       3  96     0  91      1.24     0  90  2.91  3.76  24.84 

No.  1  broken  Saigon...  .      3   77      1.25     0.05     3  39  4.13  7.80  25.29 

Extra  No.  1    Batavia...      2.92     0  71      0  09     2  45  2.95  9.07  13   33 

Pakhoi  rolls 2.62     0  82     0.33      1.16  2.58  8.86  21.07 

Coarse  Corintjie 3.14      1   09     0  48     2  23  3.52  5.24  28.16 

Regular  No.  1  Corintjie.      5.97      2.08     0.13      1.33  4.45  6.78  19.04 

China  rolls 2.85     0.64     0.15      1.64  3.32  7.14  24.73 

Good  short  stock  Batavia    4    10      1.67     0.19     2  49  4   10  9.38  14.08 

Kwangsi  rolls  3rd 3.39      1   45     0  21      2.71  4  45  6  78  18  61 

Table  III  gives  analyses  of  twelve  samples  of  ground 
cinnamon  purchased  in  retail  packages  and  representing 
the  general  character  of  the  cinnamon  offered  to  the 
consumer  in  the  eastern  market. 

These  samples  are  blends  of  the  different  varieties, 
and  with  a  few  exceptions  comply  with  the  standards 
of  Circular  No.  19.  It  would  appear  that  by  using 
ordinary  caution  in  buying  and  blending,  no  difficulty 
shi  mid  be  experienced  in  complying  with  the  standards 
of  Circular  No.  19  in  regard  to  total  and  acid  insoluble 
ash.     It   must  be   understood  that  the  spice  grinder 
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Table  III. — Percentages. 

Non- 
Water       Ash  in        Vola-       volatile  Alco- 
Total           sol.            sol.        tile  ether       ether  hoi  Crude 
Samples.          ash.           ash.        in  HC1.         ext.           ext.  ext.  fiber. 

1 6.90  1.34  2  64  1   44  2.85  10  68  36.88 

2 3.37  0  92  0.90  1    83  3.89  6.28  28  88 

3 6.88  0.78  2.80  1   68  3.80  6  28  31.14 

4 9.35  0.86  6.11  1.81  3.40  6  80  29.10 

5 3.44  1.28  0.43  0  67  1.88  7.76  23.40 

6 3.50         0.85  1.03  1    58  3.80  8  08  25.06 

7 3.53  1.19  0  49  0  93  2  01  7.66  24.30 

8 3.88  1   32  0  31  1.03  2  88  6.74  26.96 

9 4.75  1.07  1.54  1.40  3  01  7.76  23.34 

10 2.52  0.09  0.15  0   79  1.92  846  27.16 

11 3  50  1    08  0.45  0.72  1.42  6.04  23.74 

12 4   15  1.34  0  64  0.63  1.91  788  26.49 

does  not  practice  blending  to  work  in  dirty  material, 

but  because  blending  is  necessary  to  obtain  the  desired 
flavor  that  is  demanded  by  the  trade. 

Laboratory  Weikel  &   Smith   Spice   Co.. 
Philadelphia.  Pa. 
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THE  RIPENING  OF  HOPS. 
H.   Bradley  and  H.  V.   Tartar. 
Received  April  22.    1912. 

The  changes  which  take  place  in  the  chemical  com- 
position of  the  hop  cone  during  the  ripening  period 
are  of  interest  both  from  the  scientific  and  from  the 
technical  standpoint.  Although  the  composition  of 
the  bitter  principles  of  the  hop  has  been  known  for 
a  long  time,  their  chemical  constitution  is  a  perplexing 
subject  which  has  in  recent  times  engaged  the  attention 
of  a  number  of  investigators.  From  their  studies, 
it  appears  that  some  of  the  constituents  of  the  hop  cone 
are  closely  related  in  chemical  composition,  and  it  is 
quite  possible  that  changes  take  place  during  the  ripen- 
ing period  in  which  one  constituent  passes  over  into 
the  form  of  another.  If  this  does  occur,  a  study  of 
the  composition  of  the  hop  cone  at  different  stages 
of  ripeness  might  be  valuable  in  throwing  light  on  the 
chemical  constitution  of  the  different  bitter  principles. 

From  the  technical  standpoint,  it  is  important  that 
hops  should  be  picked  at  the  degree  of  ripeness  when 


the  cones  fully  ripened.  As  a  result,  the  hop  growers 
who  desire  to  produce  a  product  of  high  quality  are 
at  a  loss  to  know  just  when  to  gather  their  crops. 

Because  of  the  nature  of  the  literature  on  the  chemi- 
cal composition  of  the  hop,  it  may  he  well  to  state, 
by  way  of  explanation,  that  investigators  are  agreed 
that  the  principal  constituents  of  the  hop  cone  arc:  a 
volatile  oil,  a  hard  resin  commonly  designated  as  the 
"gamma"  resin,  two  soft  bitter  resins  designated  as 
the  "alpha"  and  "beta"  resins,  a  wax,  and  a  tannin. 
The  constituents  designated  as  resins  are  not  true 
resins,  but  owing  to  the  common  use  of  the  term  in 
this  connection,  the  authors  have  continued  its  use. 
The  recent  work  of  Siller1  indicates  that  the  gamma 
resin  may  be  composed  of  two  different  substances, 
but  the  work  is  hardly  conclusive  and  we  believe  needs 
further  study. 

EXPERIMENTAL    PART. 

In  August,  1 9 10,  a  study  was  begun  at  this  labora- 
tory of  the  composition  of  the  hop  cone  at  different 
stages  of  the  ripening  period.  The  samples  were 
gathered  approximately  five  days  apart,  the  first 
being  picked  August  i  ith,  the  last  September  26th,  and 
all  taken  from  the  yard  of  the  Seavy  Hop  Company, 
near  Corvallis,  Oregon.  In  collecting,  representative 
cones  of  various  sizes  were  taken  from  the  upper  and 
outer  portion  of  the  vines,  which  was  well  exposed 
to  the  sun.  On  August  nth.  two  samples  were  secured, 
one  being  of  the  smaller  and  the  other  of  the  larger  and 
more  fully  developed  cones. 

Very  soon  after  the  samples  were  gathered  they 
were  spread  out  and  allowed  to  dry  in  the  shade  at 
room  temperature.  When  the  drying  operation  was 
complete,  the  hops  were  bagged,  great  care  being 
taken  not  to  crush  the  cones  and  to  avoid  loss  of  the 
lupulin  through  sifting. 

In  the  analytical  work,  the  method  of  the  authors2 
for  the  determination  of  the  hard,  total,  and  soft 
(^bitter)  resins  was  employed.  The  separation  of  the 
alpha  and  beta  bitter  resins  was  carried  out  according 
to     the     method     outlined     by     Siller.3     Chapman's4 


they   possess   the    maximum   brewing    value.     Recent 

Composition  of  Hop  Cones  at  Different  Stages  of  the  Ripening  Period. 

Composition  of  Dry  Matter  (Percentages) 


Sample  Moisture  Dry  matter 

No.  Date  of  picking.  percentages.  Wax. 

1  Aug.  11  (cones  smaller  size V  8.07  91.93  0.52 

2  Aug.  11  (cones  larger  size).  .  7.32  92.68  0.57 

3  Aug  16 7.71  92.29  0.37 

4  Aug.  21 10.67  89.33  0.55 

5  Aug.  26 10.12  89.88  0.34 

.      6  Aug.  31.. 9.31  90.69  0  46 

7  Sept.     5.'. 8.60  91.40  0.35 

8  Sept.  11 9.42  90.58  0.32 

9  Sept.,19 8.87  91.13  0.38 

10  Sept.  26 7.30  92.70  0.33 

investigations  show  that  the  major  part  of  the  actual 
brewing  value  of  hops  lies  in  the  content  of  soft  bitter 
resins,  and  hence  the  amount  of  these  constituents 
in  the  hop  cone  at  different  stages  of  ripeness  is  of 
prime  importance.  At  present,  many  brewers,  re- 
gardless of  intrinsic  value,  insist  that  hops  should  be 
picked   somewhat  green   while   others  prefer   to   have 


Total 

resins. 

10.39 

12.20 

14.07 

15.00 

16.24 

16.48 

18.39 

20.48 

20.57 

20.67 


Total  soft 
bitter 
resins. 
8.44 
10.76" 
12.56 
13.76 
14.51 
15.17 
16.79 
18.24 
18.41 
19.41 


Alpha 

resin. 


1.95 
1  .44 


8.47 
8.40 


9.03 
9.92 
10.59 
10.35 
10.52 
11.17 
9.94 
11.01 


Tannin 
3.48 
2.92 
2.98 
2.59 


method  was  used  for  the  determination  of  tannin. 
Moisture  was  estimated  by  drying  in  vacuo  over  sul- 
furic acid  at  room  temperature.  The  determination 
of  the  wax  was  made  incident  to  securing  the  solutions 

1  Zltj.  Untersuch.  NahrungGenuss.,  18,  241. 

2  This  Journal,  4,  209  (1912). 

3  ZlQ.  Untersuch.  Nahrung-Genuss.t  18,  241. 

1  J    Inst.  Brew.,  13,  646  (1907);  15,  360  (1909). 
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determination  oi  the  total  resins. 
The  extracl  obtained  from  extracting  the  hops  with 
ether  was  taken  up  with  alcohol,  and  the  wax,  insoluble 
in  this  solvent,  was  collected  on  a  tared  alter,  washed 

with  alcohol,  dried  at   room  temperature  and  weighed. 

Owing   to  the  exceedingly   small   amount   oi    volatile 

oil  present  and  the  consequent  difficulty  of  making  a 
quantitative  estimation,  the  determination  of  this 
const  ituent  was  omitted. 

The  results  of  the  analyses  are  given  in  the  preceding 
table.  In  order  to  afford  an  accurate  comparison, 
the  amounts  of  wax,  tannin,  and  the  different  resins 
have  l>ccn  calculated  to  dry  matter. 

The  results  show  that  there  is  a  continuous  increase 
in  the  amount  of  soft  hitter  resins  throughout  the 
ripening  period.  The  riper  the  hop,  the  richer  it  is  in 
these  substances  and  if  high  soft  bitter  resin  content 
is  a  criterion  of  brewing  value,  the  fully  ripened  hop 
is  much  to  be  preferred.  The  ratio  of  the  amount  of 
alpha  bitter  resin  to  the  amount  of  beta  bitter  resin  is 
of  interest.  On  August  nth,  the  ratio  was  i  :  3.48, 
while  on  September  26th,  it  was  1  :  1.30.  Between 
the  first  picking  and  the  last,  the  amount  of  alpha 
bitter  resin  increased  450.5'  per  cent.,  while  the  beta 
bitter  resin  increased  but  167.8  per  cent.  There 
seems  to  be  no  marked  change  during  the  ripening 
period  in  the  amount  of  gamma  resin,  wax  and  tannin. 
From  the  analytical  data,  there  is  also  no  evidence 
that  one  constituent  changes  to  the  form  of  another 
during  the  process  of  ripening. 

Agricultural  Experiment  Station, 
Corvallis,  Oregon. 

ANALYSES  OF  SOME  FATS  OF  THE    AMERICAN    BUFFALO 

(BISON). 

Hy  Albert  H.  Schmidt. 

Received  March   1,   1912. 

During  the  month  of  December,  1905,  there  was  sold 
in  the  Union  Stock  Yards  a  mixed  car  lot  of  stock, 
consisting  of  some  cattle,  a  few  so-called  Cattaloes — 
a  cross  between  cattle  and  buffalo — and  one  pure  bred 
specimen  of  the  buffalo,  or  American  bison.  I  ob- 
tained five  different  kinds  of  the  fats  of  this  par- 
ticular animal  and  analyzed  them. 

Having  gone  over  all  the  available  literature  on 
fats  and  oils  and  found  no  reference  to  previous  anal- 
yses of  buffalo  fats,  I  believe  it  may  be  of  interest  to 
place  on  record  the  analyses  of  various  fats  of  an 
animal  that  is  now  almost  extinct  on  our  continent. 

For  comparison,  1  also  obtained  samples  of  the  corre- 
sponding fats  from  a  lot  of  native  steers  ranging  in 
age  from  two  to  four  years.  These  fats  as  well  as 
the  buffalo  fats  were  rendered  in  the  laboratory. 

The  one  striking  point  is  the  difference  in  the  kidney 
fats  of  the  cattle  as  compared  with  the  buffalo.  This 
is  no  doubt  due  to  the  difference  in  size  of  the  kidneys 
of  the  buffalo,  as  compared  with  cattle.  The  buffalo 
kidney  is  about  one-half  the  size  of  the  cattle  kidney 
and  is  surrounded  by  a  compact  and  comparatively 
small  amount  of  fatty  tissue,  whereas  the  cattle  kid- 
ney is  large,  and  in  native  cattle  is  surrounded  by  a 
large  mass  of  fatty  tissue  which  is  much  softer  and  less 


Anaiv  1  ii  01    Buffalo  Fats. 

Saponi 

Sp.  ur            in  k  [odinc  ficatlon 

Vim,   ..I  I. it.            at  15°.      fatty  acid*.          Titer.  No.1  V. 

C1v1ll.it                        0.9263          0  90%          50.1°C.  33.23  200  6 

Kidney  fat                0.9346         I   '.v  ;          S2.2°C.  29.45  199.3 

Ruffle  fat                     o  9364          1907-           510°C.  32.50  199.4 

Paunch  fat                  o  9244          1.50%          47.4°C.  34.92  204.2 

Chip  fat                        0  9344          1    25%          49.6°  C.  35.16  199  5 

Analyses  op  Fats  op  Native  Steers.  Two  to  Four  Years  Old. 

Saponi- 
Sp.  ur.  Free  iodine       fication 

Name  of  fat.  at  15°.      fatty  acids.         Titer.  No.1  No. 

Caul  fat 0.937  0.30%  48.8°  C.         36   10  203.0 

Kidney  fat 0.933  0.60%  42.85°C.       48.86  196.0 

Ruffle  fat.  0.932  0.25%  48.6°  C.         36.13  199.0 

Paunch  fat 0  934  0   20%  43.8°  C.         46  04  201.3 

Chip  fat.  0.937  0.25%  43.4°  C.         47.20  196  8 

firm  than  the  fatty  tissue  of  this  particular  buffalo. 

This  anatomical  difference  in  size  of  the  buffalo 
kidney  as  compared  with  its  close  relative,  the  cattle, 
is  not  readily  explained.  In  its  wild  state  the  buffalo 
was  often  without  water  for  three  or  four  days  when 
roaming  over  our  semi-arid  plains.  What  bearing 
this  may  have  on  the  size  of  the  kidneys  of  animals 
living  under  such  conditions  is  open  to  question. 

The  hindquarters  of  the  buffalo  are  far  lighter  than 
those  of  cattle  and,  therefore,  it  is  logical  to  assume 
that  the  organs  in  the  posterior  part  of  the  buffalo 
would  be  smaller  than  the  corresponding  organs 
of  cattle. 

I  am  not  able  to  account  for  the  high  percentage 
of  free  fatty  acid  in  the  buffalo  fats,  as  they  were  ren- 
dered when  comparatively  fresh  and  in  the  same  man- 
ner as  the  cattle  fats.  I  had  no  record  of  the  age 
of  this  buffalo  bull  at  the  time  of  slaughter,  but  was 
told  that  it  was  about  seven  or  eight  years  old. 

Laboratory  of  Sulzberger  &  Sons  Company, 
Chicago. 


THE   DETERMINATION   OF  EUCALYPTOL  (CINE0L)   IN 
ESSENTIAL  0ILS.- 
By  Francis  D.  Dodge. 
Received  May  15,  1912. 

The  methods  so  far  suggested  for  the  determination 
of  eucalyptol  in  essential  oils  have  proved  rather 
unsatisfactory,  for,  although  eucalyptol  possesses  to 
an  unusual  degree  the  capacity  of  forming  molecular 
compounds  with  a  variety  of  other  substances,  these 
compounds  are  not,  in  general,  easily  purified,  nor 
stable  enough  to  be  utilized  for  analytical  purposes. 

The  hydrochloride,  hydrobromide,  phosphate,  arsen- 
ate, oxalate  and  ferrocyanide  have  been  described, 
as  well  as  the  compounds  with  iodol  beta-naphthol, 
and  resorcinol,  but  the  attempts  to  make  any  of  these 
the  basis  of  an  assay  method  have  not  been  very 
successful.  After  much  fruitless  experiment  along 
this  line,  I  was  compelled  to  abandon  the  compounds 
of  eucalyptol,  and  endeavored  to  utilize  another  prop- 
erty, namely,  its  stability  to  cold  permanganate 
solution. 

Eucalyptol,  being  a  saturated  cyclic  compound,  of 
considerable   stability   to   alkaline   reagents,    is  practi- 

1  Iodine  numbers  determined  by  Wijs'    method. 

-  Read  before  N.  Y.  Sec.  Am.  Chem.  Soc,  April  8,  1910. 


Aug.,   IQI. 


Till:    JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


593 


cally  unaffected  by  cold  permanganate,  whereas  all 
terpenes  and  unsaturated  compounds  are  oxidized, 
more  or  less  readily,  to  soluble  products. 

The  unattacked  eucalyptol  can  be  measured,  and 
its  purity  confirmed  by  physical  tests. 

The  assay  may  be  conducted  as  follows:  10  cc.  of 
the  oil  (eucalyptus  or  cajeput)  are  run  into  a  500  cc. 
flask  having  a  narrow  neck,  and  5-6  per  cent.  KMn04 
solution  added  in  small  portions,  with  shaking,  keeping 
the  flask  in  ice  water,  until  the  reagent  is  no  longer 
reduced.  The  amount  required  will  vary  from  100 
cc.  for  rich  oils  to  400  cc.  for  inferior  ones.  When  an 
excess  of  permanganate  has  been  added,  the  flask  is 
kept  cold,  with  occasional  shaking,  for  12-18  hours. 
The  precipitated  manganic  oxide  is  then  dissolved  by 
sufficient  sulphurous  acid  (or  sodium  bisulphite  and 
hydrochloric  acid)  and  the  flask  filled  with  water, 
allowing  the  unoxidized  oil  to  collect  in  the  neck. 
After  settling,  the  oil  is  transferred  by  a  capillary 
pipette,  to  a  graduated  tube,  washed  with  a  little 
alkali  to  remove  traces  of  sulphurous  acid,  and  the 
volume  read  off. 

All  reagents  should  be  perfectly  clear,  or  filtered  if 
necessary. 

The  eucalyptol  thus  obtained  should  show: 

Sp.  gr.  at  150,  0.929-0.930. 

Opt.  rotation,  ±o°. 

Soluble  in  3V2  volumes  60  per  cent,  alcohol  at  250. 

This  method  has  been  used  for  several  years  with 
very  satisfactory  results.     Examples: 


essential  oils,  i.  c,  one  in  which  the  compound  to  be 
estimated  is  isolated  in  a  pure  and  determinable  shape. 


Laboratory  Dodge  &  Olcott  Co. 
Hayonne.   N.    I. 


r 

er  cent.  E. 

S.  G. 

S.  G. 

O.  R. 

by  vol. 

of  E. 

0.928   @ 

15° 

+  0.05° 

85 

0.929 

0.923   @ 

15° 

+  0.55° 

81 

0.929 

0.91S   @ 

15° 

—3.15° 

52 

0.929 

0.908   @ 

25° 

+  0.50° 

68 

0.929 

0.905   @ 

25° 

—6.0° 

66 

0  930 

0.098   @ 

25° 

— 4.16° 

74 

0.928 

0.913   @ 

25° 

—2.10° 

60 

0.929 

0.916  @ 

25° 

—  1  .45° 

61 

0.927 

0  914 

— 1  .96° 

56 

Check  assays  on  known  mixtures  of  eucalyptol, 
terpenes,  and  terpineol,  have  shown  the  reliability  of 
the  method  for  technical  work. 

The  isolation  of  the  eucalyptol  in  a  pure  state  is  a 
great  advantage,  as  any  stable  compounds  which 
might  be  present  are  immediately  manifested  by  their 
effect  on  the  physical  constants.     Thus: 

+  Camphor  (stable  to  KMnOJ  increases  S.  G.  and 
shows   +  O.  R. 

Inactive  camphor  (stable  to  KMn04)  increases  S.  G. 

Fenchone  (stable'  to  KMn04)  increases  S.  G.  and 
shows  4    O.  R. 

Paraffins  or  petroleum  products  increased,  diminish 
S.  G.  and  solubility. 

Borneol  (oxidized  to  camphor). 

Menthol  (oxidized  to  menthone). 

Menthone  (slowly  oxidized)  diminishes  S.  G.  and 
shows  O.  R. 

Bornyl  acetate  (stable)  increases  S.  G.  and  shows  O.  R. 

The  method  as  outlined  is,  I  believe,  the  only  direct 
method  among  those  applicable  to  constituents  of  the 


RECENT  ANALYSES  OF  THE  SARATOGA  MINERAL  WATERS. 
By   Leslie  Russell  Milford. 
Received  February  21,    1912. 

GENERAL. 

This  group  of  mineral  springs  is  recognized  as  one 
of  New  York  State's  unique  natural  resources,  and 
their  discovery  dates  back  to  1767  when,  according 
to  tradition,  the  Indians  brought  Sir  William  Johnson 
to  the  High  Rock  Spring  to  be  treated  for  gout. 

The  general  belief  is  that  the  wells  and  springs 
in  this  region  have  a  common  source  far  down  in  the 
earth  and  situated  along  a  geological  fault,  the  strata 
at  the  west  being  man}'  feet  above  those  correspond- 
ing in  the  east. 

The  minerals  are  held  in  solution  by  the  great  amount 
of  carbon  dioxide  which  saturates  the  waters  along 
the  mineral  stratum.  This  stratum  is  supposed  to 
be  the  remains  of  an  extinct  volcano  or  the  remnant 
of  a  Silurian  Ocean.  It  was  through  this  geological 
fault  that  the  springs  found  their  way  to  the  surface 
flowing  by  their  own  gas  pressure. 

The  popularity  of  these  springs  soon  became  known, 
and  a  water  resort  of  great  therapeutic  value,  re- 
sembling, in  quality,  the  famous  French  Vichy,  was 
given  to  the  public. 

The  springs  and  wells  at  Saratoga  may  be  divided 
into  three  groups:  Geysers  Park,  Congress  Park,  and 
High  Rock  Park,  each  of  which  contains  its  supply  of 
mineral  waters. 

About  fifteen  years  ago  it  was  discovered  that  the 
carbon  dioxide  with  which  these  mineral  waters  were 
charged"could  be  profitably  separated  from  the  waters 
and  sold.  A  large  industry  soon  became  established 
in  Saratoga,  companies  being  formed,  generally 
called  "gas  companies,"  for  the  promotion  of  the 
industry.  At  first  these  gas  companies  extracted  the 
carbon  dioxide  from  what  were  called  "dry  wells" 
or  "pockets"  and  also  from  the  mineral  water  as  it 
naturally  issued  from  the  ground.  But  later  it  was 
discovered  that  by  pumping  with  more  powerful 
and  modern  machinery  a  far  larger  amount  of  mineral 
water  could  be  forced  from  the  ground  and  conse- 
quently more  gas  extracted. 

This  pumping  soon  began  to  have  a  marked  effect 
on  the  other  springs,  causing  a  diminution  in  flow  and 
alteration  of  the  minerals  in  solution.  A  great  amount 
of  litigation  was  soon  begun  between  the  spring 
owners  and  the  gas  companies,  the  spring  owners 
showing  that  pumping  affected  the  flow  of  their 
springs  and  the  "gas  companies"  asserting  a  property 
in  the  flow  of  the  mineral  waters  from  the  springs 
on  or  under  their  lands.  The -result  of  this  agitation 
over  the  effect  of  pumping  caused  an  "anti-pumping 
law"  to  be  passed  by  the  legislature  in  1908.  The 
passage  of  this  act  was  followed  by  more  lawsuits 
extending  over  a  period  of  many  months.  The  need 
of  unified    ownership  in  the  springs  became  apparent 
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and  the  legislature  in    n>og  passed  an  acl  appointing 

ionersol  the  State  Reservation  al  Saratoga 

i    who  al  once  began  their  duties  ol  preserving 

iln  springs  and  restoring  them  to  their  former  natural 

condition. 

I\>   aid    them   in    their   work   special    investigations 
were  undertaken  by  the   Division  oi    Laboratories  of 

the    State     1  >epart  tnent     l  >I     Health    at     the    request     .  >  J 

the  Saratoga  Reservation  Commission. 

The  analyses,  ami  their  explanations  which  follow, 

represent  the  work  which  has  been  recently  completed 


and   a    pari    "I    the   series  ol    the   analyses   which   are   to 

he  made 

The    writer    personally    collet  ted    ami    sealed    the 
samples   in    5-gallon   demijohns  so  that    the  an 
arc    known    t..    he    from    true    samples    ol    the    mineral 
water  as  n   came  from  the  source. 

An  important  feature  to  note  with  this  work  is 
that  the  State  Hygienic  Laboratory  is  only  forty 
miles  from  the  Reservation  at  Saratoga  so  that  a  great 
amount  of  held  work  was  easily  carried  on  in  connec- 
tion  with  the  laboratory  examinations.      Also  a  quick 
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SO, 
HCO 
SO 
NOs 

PO, 

\s04  

BO  

a  

Br 

1 

Fe  

Fe  and  Al 

AlsOa 

Mn 

Ca 

Mg 

Ba 

Sr  

K 

Xa 

1  1  

NK, 

Oxygen  to  form  Fe£)3 

F trace 

NH4CI a 

LiCI         *     150  28 

KC1 164.11 

XaCl 8720.45 

KBr        c    20.36 

KI <J       2  02 

\'a_.S(  >t e    trace 

NaNOs a 

NaNOj a 

N"aB02 trace 

N"aHC03 73  .32 

Ha   HCO3I2 29    70 

Sn.HC03  2 trace 

Mg(,HC03)2 3017.52 

Ca(HC03V> 2918  05 

Fe  HCO    .    19.29 

Mn  o, o 

AI2O3 1    24 

FezOa 

Si02 21.55 

Total  solids 15154.82 

Residue  on  evaporation 1 2663  .61 

Temperature a 

Organic  matter trace 

Density 1    0115 

NaBr 26 .23 

Xal 2.39 

XaF trace 

NasPOj 0.10 

K.SO, trace 

LiHCOs 194   74 

a.  Xot  given. 

*,  Equivalent  of  LiHCOj  reported. 

c.  Equivalent  of  XaBr  reported. 

J.  Equi\-alent  of  Xal  reported. 

i .    Equivalent  of  K^SO*  reported. 


CONSTITDBNTS  As    \i  1  r.u.I.Y    DETERMINED. 

Hathorn 

Hathorn 

Hathorn  Spring  No    l 

1  arlsbad    Spring 

Spring 

Spring 

No.  2. 

7. 

No.  3. 

8. 

1 

2. 

3. 

4. 

5. 

6. 

Results  in 

milligrams  per  liter 

21    5.X 

19  60 

13  85 

8.60 

13.50 

7.70 

8.15 

8.50 

trace 

5.60 

21    42 

,!    7  7 

2.80 

27.00 

1  2  60 

6.60 

4354    14 

3585  60 

221''    00 

4746  34 

4244   50 

3912.50 

S(,77    90 

5581 .60 

a 

none 

none 

a 

none 

none 

none 

trace- 

a 

none 

trace 

a 

none 

none 

none 

none 

0.05 

none 

none 

a 

none 

none 

none 

none 

a 

none 

none 

a 

none 

none 

none 

none 

trace 

small  amount 

trace 

trace 

small  amount 

trace 

trace 

trace 

5370.03 

3685  50 

2293.00 

5150.45 

4419.60 

4180.00 

7044   75 

5775.70 

20  31 

26.90 

2  05 

a 

40  30 

40.90 

29  84 

16.10 

2.82 

1   50 

0  60 

a 

1.60 

1    90 

3  81 

1.26 

5.95 

a 

18.70 

10.08 

a 

16    10 

4  50 

14.30 

7    14 

9  80 

19.40 

a 

13    10 

16.90 

16.30 

17.30 

2   24 

a 

1.40 

a 

a 

1    50 

8.50 

7.60 

a 

a 

none 

a 

a 

3  60 

trace 

none 

1008.71 

650  70 

499.80 

733.65 

628  60 

781    90 

974.85 

1037.80 

826 . 73 

228   80 

90  00 

332  90 

298  80 

288  40 

472   40 

412  30 

17    54 

5.50 

12.31 

15.93 

10.10 

4.70 

25.30 

13.70 

trace 

trace 

trace 

trace 

trace 

1    70 

6.10 

2.70 

85.90 

197    20 

471 .40 

304.53 

237.80 

242 . 20 

442  80 

365.50 

3455.29 

2430  70 

1280.10 

3525.55 

3014.50 

2556  90 

4369  00 

3621 .90 

20.16 

.     0.50 

3.70 

15    18 

5.30 

12.20 

11  .60 

12.80 

a 

10.70 

6.00 

a 

13.40 
5.70 

5   53 

18   10 

13  30 

Hypothetical  Form  of  Combination. 


31.80 

17.90 

a 

39  67 

16  46 

53.90 

39.60 

3.00 

22.40 

b       113.89 

31.80 

74  20 

70.50 

76.10 

350 . 70 

898.80 

574.05 

415   60 

422.10 

815.60 

676  40 

5762.40 

3253.80 

8324 . 1 1 

6873.50 

6444 . 70 

10825  90 

8957.30 

40  00 

3.00 

a 

60.00 

60.00 

43.75 

25.00 

1.90 

0.40 

a 

2.10 

2.50 

5  00 

1  .65 

8   20 

31.70 

e       5.47 

4.10 

39.90 

18.64 

9.80 

none 

none 

a 

none 

none 

none 

trace 

none 

trace 

a 

none 

none 

none 

trace 

trace 

trace 

trace 

trace 

trace 

trace 

trace 

586.40 

276.10 

898.61 

1126.70 

68.19 

362.10 

331.80 

10  40 

23.30 

30.10 

19.10 

8.90 

47.80 

25.90 

trace 

trace 

trace 

trace 

4.00 

14.60 

6.40 

1377   80 

556  40 

2020   7 1 

1798  90 

1750.70 

2867  40 

2502.60 

2635.30 

2024.20 

2971    30 

2545   80 

3166.70 

3948 . 10 

4281 .40 

31.10 

29.60 

32.15 

u 

25.50 

37   70 

22.50 

none 

none 

a 

a 

5.00 

trace 

none 

- 

1    40 

a 

'18.801 

1  .50 

8.50 

7.60 

19  60 

13.85 

8.60 

13  50 

7.70 

8.15 

8  50 

10858.60 

6152.85 

14978  99 

12949.70 

1 2098 . 05 

18764  59 

16640.75 

a 

6030.00 

a 

a 

10570  00 

16220.00 

13830.00 

10.5°C. 

a 

6.84 
147   40 

11°  C. 

10  5°  C. 

10.4°C. 

1,  C.  F.  Chandler   Tin-  American  Chemist.  2,  Xo.  6.  (1871). 

2  and  5.  ■Mineral  Waters  of  the  U.  S."  Dept.  of  Agriculture,  Bulletin  Xo.  91. 

3,  6.  7  and  8,  Files  of  New  York  State  Department  of  Health.  January.  1912. 

4.  Analysis  by  E    E.  Smith,  Ph.D..  M.D.,  August.  1901. 
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delivery  of  the  samples  for  mineral  analysis  is  to  be  had. 

The  methods  given  in  Bulletin  91,  Bureau  of 
Chemistry,1  except  for  the  determination  of  lithium, 
were  followed.  For  lithium  a  new  method  was  adopted 
which  is  described  by  the  author  in  another  paper. 

The  waters  of  the  Hathorn  Spring  No.  1  and  the 
Coesa  Spring  (formerly  known  as  the  Carlsbad) 
have  been  analyzed  by  other  chemists  and  the  results 
of  the  analyses  have  been  published  in  the  literature, 
but  for  the  sake  of  comparison  these  older  analyses 
have  been  inserted  beside  the  new  ones.  Whore  the 
results  have  been  combined  in  a  different  way  than 
was  adopted  by  the  Bureau  of  Chemistry  and  followed 
by  the  New  York  State  Department  of  Health,  the 
writer  has  computed  them  to  a  comparable  equivalent. 
The  hypothetical  forms  of  combination  have  been 
computed  as  milligrams  per  liter. 

From  the  data  we  can  see  that  great  changes  have 
taken  place  in  the  springs  from  time  to  time.  The 
water  of  the  Hathorn  Spring  No.  1  when  analyzed 
by  Prof.  Chandler  forty  years  ago  was  over  twice 
as  strongly  mineralized  as  it  is  now.  It  was  also  less 
mineralized  when  the  sample  was  taken  last  July 
than  it  was  when  analyzed  by  the  Bureau  of  Chemistry 
of  the  U.  S.  Department  of  Agriculture. 

The  water  of  the  Coesa  Spring  contained  less  minerals 
in  solution  when  the  sample  was  taken  in  November, 
1911,  than  it  did  when  analyzed  by  Dr.  Smith  or  the 
U.  S.  Department  of  Agriculture. 

The  amount  of  lithium  found  in  the  last  analyses 
is  higher  than  that  reported  in  the  results  published 
in  Bulletin  91,  because  of  a  new  method  employed 
which  now  gives  more  complete  results. 

The  Hathorn  Spring  No.  1  is  situated  in  the  village 
of  Saratoga,  while  the  Coesa  is  situated  at  the  Geysers. 

These  two  waters  have  an  abundant  supply  of  gas 
and  are  suitably  mineralized. 

The  Hathorn  Spring  No.  2  and  Hathorn  Spring 
No.  3  have  never  been  analyzed  by  other  analysts, 
so  that  no  data  for  comparison  are  available.  These 
two  springs  are  situated  in  the  Geysers  district  about 
300  feet  apart  and  were  found  in  the  early  part  of 
1 9 10  by  drilling.  Hathorn  No.  2  is  the  most  highly 
mineralized  spring  in  Saratoga  and  its  waters  are 
pronounced  by  eminent  physicians  to  be  of  great 
therapeutic  value.  Hathorn  No.  3  is  of  the  same 
general  nature  as  Hathorn  No.  2.  As  seen  from  the 
analyses  these  springs  contain  the  important  con- 
stituents— magnesium,  sodium,  lithium  and  carbon 
dioxide. 

ANALYSES    OF    THE    GAS. 

The  supply  of  ca'rbon  dioxide  being  great,  it  was 
thought  advisable  to  analyze  the  gas  from  some  of 
the  important  springs  where  the  sample  could  be 
easily  collected. 

SARATOGA    SPRING    WATERS. 

The  gas  was  collected  in  a  five  gallon  demijohn  by 

first  filling  it  with  the  charged  water,  issuing  from  the 

spring,    then   inverting   and   displacing   the   water  by 

the  gas  from  the  spring.      The  apparatus  of   Hempel 

1  "Mineral  Waters  of  the  United  states."  I'.  S.  Dept.  of  Agriculture, 
Bureau  of  Chemistry,  Bulletin  91,  1907. 


was  used  for  measuring  the  sample,  then  it  was  esti- 
mated by  the  ordinary  absorbents  in  the  absorption 
pipettes.1  Hydrogen  sulphide  was  determined  by 
passing  the  gas  through  a  measured  amount  of  standard 
arsenious  acid  solution  and  titrating  back  with  iodine, 
using  starch  as  an  indicator.2 

Gas  prom  Coesa   (Carlsbad)  Spring. 
Sample  of  gas  taken  July  14,  I'M  1 : 

Sample  for  analysis  corrected 100  cc. 

Carbon  dioxide 97  .5 

Oxygen 0  0 

Combustible  0.0 

Nitrogen  and  non  combustible.  .  2.5 

Hydrogen  sulphide 0  0      When   three    liters   of    the 

gas  were  tested. 
Gas   from    Hathorn   SPRING   No.  3. 
Sample  of  gas  taken  July  13,  1911: 

Sample  for  analysis  correeted 100  ec. 

Carbon  dioxide 98 . 1 

Oxygen 0.0 

Combustible 0.0 

Nitrogen  and  non  -combustible. ...  1 .90 

Hydrogen  sulphide 0.0     When  three  liters  of    the 

gas  were  tested. 
No  samples  of  gas  were  taken  from  Hathorn  Springs  Nos.  1  and  2. 

BACTERIOLOGICAL    EXAMINATIONS. 

The  waters  of  these  springs  have  been  examined 
bacteriologically  from  time  to  time,  and  the  results 
showed  at  the  time  these  samples  were  taken  that 
the  bacterial  count  was  very  low;  no  organism  of  the 
B.  coli  type  was  isolated.  This  proves  that  the  springs 
are  of  a  high  sanitary  purity. 

In  the  near  future  other  analyses  will  be  made,  and 
the  results  will  be  published  from  time  to  time. 

The  writer  wishes  to  express  his  gratitude  to  the 
State  Department  of  Health  and  the  Saratoga  Reserva- 
tion Commission  for  the  permission  to  use  their  data 
and  information. 

State  Hygienic  Laboratory, 

STATE  Department  op  Health. 

Albany,  N.  Y. 


DETERMINATION  OF  LITHIUM. 
By  Leslie  Russell  Milford. 
Received  February  21,    1912. 

In  the  work  with  the  first  samples  of  the  Saratoga 
mineral  waters,  which  the  writer  has  been  analyzing, 
the  determination  of  lithium  was  found  to  be  difficult 
and  the  results  obtained  were  not  satisfactory  because 
of  the  fact  that  parallel  determinations  would  not 
check  and  too  small  volumes  of  water  had  to  be  used. 

The  waters  of  these  springs  are  highly  mineralized, 
the  chlorides  ranging  from  ioo  to  11,000  parts  per 
million.  Therefore,  a  great  deal  of  trouble  was  ex- 
perienced in  volatilizing  the  ammonium  salts  when 
working  with  large  volumes  of  water.  Mechanical 
loss,  due  to  decrepitation  and  splitting  apart  of  the 
crystals,  was  a  constant  source  of  error.  On  the  other 
hand,  if  one  took  a  small  volume  of  water  the  chlorides 
could  be  dried  and  the  ammonium  salts  driven  off 
more  easily,  but  the  possibility  of  multiplying  errors 
would  be  great  because  of  the  relative  small  amounts 
of  lithium  present. 

The  need  of  an  improvement  or  change  of  the  method 

given    on    page    29,    Bulletin    91,    of    the    Bureau    of 

1  Hempel  Dennis,  "Methods  of  Gas  Analysis,"  1906. 

-'  Sutton,  "Volumetric  Analysis"  (Mohr's  method).  1901. 
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Chemh  ipparent.     By    consulting     the 

literature  and  various  solubility  tables'  and  studying 
the  methods  i  G  >och  '  Treadwell,4  Kennicut,8  Frenkel,8 
and  Rammelsberg,'  the  following  procedure  was 
i  wherebj  a  larger  volume  oi  water  could 
be  used  and  a  residue  obtained  which  would  give, 
when  treated,  a  lithium  salt  containing  only  a  spec- 
troscopic trace  oi  sodium  and  potassium. 

Method  Two  hundred  to  five  hundred  cc.  of  the 
water  are  evaporated  to  dryness  in  a  large  platinum 
dish  with  the  occasional  addition  of  small  amounts 
oi  concentrated  hydrochloric  acid.  Alter  all  "i  the 
water    has    been    evaporated    to    dryness    the    dish    and 

contents  are  heated  at  i.>o°  C.  for  about  30  minutes 
to  dehydrate  the  silica.  The  residue  is  then  treated 
with  a  little  dilute  hydrochloric  acid,  just  enough 
to  moisten  the  contents  of  the  dish.  Then  about 
25  cc.  of  95  per  cent,  alcohol  are  added  and  the  residue 
is  rubbed  up  with  a  small  pestle  until  all  lumps  and 
crystals  are  crushed.  The  alcoholic  extract  is  then 
poured  on  an  11  cm.  quantitative  filter  and  the  nitrate 
caught  in  another  platinum  dish.  The  residue  is 
washed  with  95  per  cent,  alcohol  until  it  shows  no 
lithium  line  when  examined  in  the  spectroscope. 
The  alcoholic  filtrate  and  washings  are  united  and 
evaporated  on  the  water  bath.  When  all  of  the  alcohol 
has  evaporated  some  dilute  hydrochloric  acid  is  added 
to  the  contents  of  the  dish,  and  the  whole  evaporated 
to  dryness  and  then  the  residue  rubbed  up  with  ab- 
solute instead  of  95  per  cent,  alcohol.  The  nitrate 
is  caught  as  before  in  a  platinum  dish  and  the  residue 
on  the  filtrate  washed  with  absolute  alcohol  until 
no  lithium  line  is  seen  when  tested  from  time  to  time 
with  the  spectroscope.  The  alcohol  is  evaporated 
and  the  dry  residue  taken  up  with  a  little  dilute  hy- 
drochloric acid.  Calcium  hydrate  is  added  until  the 
solution  is  alkaline.  The  magnesium  is  precipitated 
as  the  hydrate  and  the  solution  is  filtered.  To  the 
filtrate  add  ammonium  hydrate  and  ammonium  oxalate 
to  precipitate  the  calcium.  This  is  allowed  to  stand 
twelve  hours  or  over  night  when  it  is  filtered  off. 
The  calcium  oxalate  precipitate  must  be  thoroughly 
washed  (usually  about  100  cc.  of  water  is  sufficient) 
as  lithium  is  held  relatively  fast  by  the  precipitate 
and  does  not  wash  out  easily.  When  the  residue 
no  longer  shows  lithium,  as  verified  by  the  spectro- 
scope, the  solution  is  evaporated  to  dryness  and  the 
excess  of  ammonium  salts  driven  off  by  first  heating 
the  dish  on  a  radiator,  then  over  the  free  flame.  The 
residue  in  the  dish  is  taken  up  with  a  little  dilute 
hydrochloric  acid,  heated  and  ammonia  and  ammo- 
nium oxalate  are  again  added  to  precipitate  any  cal- 
cium which  might  be  present.  In  any  case  the  solu- 
tion is  filtered  from  any  calcium  or  magnesium  that 
precipitates  on  concentrating  the  solution.     The  filtrate 

1  and  3  "Mineral  Waters  of  the  United  States,"  U.  S.  Dept.  of  Agri- 
culture. Bureau  of  Chemistry,  Bulletin  91,  1906. 

-  Atherton  6eidell,  "Solubilities  of  Inorganic  and  Organic  Substances." 
1907. 

4  and  ~  Treadwell-Hall,  "Analytical  Chemistry. "  1911. 

5  Chamot-Redfield,  "Analysis  of  Water  for  Household  and  Municipal 
Purposes."    1911. 

0  M.  Frenkel,  D.Sc.  "Extract  from  the  Records  of  Medical  Hydrology 
and  Climatology,"  Paris,  Dec,  1903. 


is  evaporated  to  dryness  and  all  ammonium  salts 
are  driven  ..li  by  heating  in  platinum  to  a  little  below 

redness.  The  residue  is  again  taken  Up  with  water, 
filtered,  and  washed  (using  as  little  wash  water  as 
possible),  then  evaporated  to  dryness  and  heated  in 
platinum    to    a    little    below    redness    to    drive    oil    any 

ammonium  salts.  All  i >l  t he  calcium  and  practically 
all  the  magnesium  have  now  been  removed,  and  there  is 
1.  i  i  .i  residue  containing  lithium  chloride  with  traces  of 
sodium  and  potassium  chlorides.  If  we  have  iodides 
and  bromides  present,  this  residue  will  contain  small 
aim  Hints  of  these  substances  because  they  are  more  solu- 
ble than  the  chlorides.  In  order  to  insure  a  residue 
consisting  of  chlorides  only  we  treat  the  contents  of  the 
dish  with  a  little  dilute  hydrochloric  acid  and  chlorine 
water,  evaporate  to  dryness,  and  gently  ignite.  By 
this  we  have  replaced  the  iodine  and  bromine  with 
chlorine. 

The  residue  is  now  taken  up  with  a  little  water  and 
treated  with  a  few  drops  of  dilute  hydrochloric  acid 
and  transferred  to  a  large  platinum  dish. 

About  30  cc.  of  amyl  alcohol  are  added  and  the 
contents  of  the  dish  brought  to  boiling  with  constant 
rapid  stirring  when  heating  to  minimize  the  bumping 
caused  by  the  escape  of  the  water.  When  all  of  the 
water  has  evaporated,  the  dish  is  placed  on  the  steam 
bath  and  a  drop  of  dilute  hydrochloric  acid  added 
to  reconvert  small  amounts  of  lithium  hydrate  to  the 
chloride.  The  evaporation  is  continued  until  the 
volume  reaches  about  15  cc.  The  amyl  alcohol  is 
then  filtered  into  a  platinum  dish  and  evaporated  to 
dryness.  Water  and  a  few  drops  of  dilute  sulphuric 
acid  are  now  added  and  the  contents  of  the  dish 
again  evaporated  to  dryness.  The  excess  of  sul- 
furic acid  is  removed  \>y  heating  the  dish  over  a 
radiator  and  then  over  the  direct  flame  to  dull  red- 
ness. The  dish  is  cooled,  the  contents  dissolved  in 
water  and  a  few  drops  of  ammonium  hydrate  are  added 
to  precipitate  the  last  trace  of  magnesium  which  is  in- 
variably present  at  this  stage.  Filter,  wash  with  boil- 
ing water,  evaporate  to  dryness,  free  from  ammonium 
salts,  and  repeat  previous  process  till  no  more  magne- 
sium precipitates  on  addition  of  ammonium  hydrate. 
Finally  filter  into  a  weighed  platinum  dish,  evaporate 
to  dryness,  burn,  cool  in  a  desiccator,  and  weigh  as 
lithium  sulfate.  From  this  result  we  subtract 
0.0017  gram  to  correct  for  the  solubility  of  the  sodium 
and  potassium  chlorides  in  amyl  alcohol,  their  presence 
having  been  verified  by  the  spectroscope. 

The  contents  of  the  filters  containing  the  NaCl, 
KC1,  etc.,  which  were  taken  out  by  the  95  per  cent, 
alcohol  and  absolute  alcohol  together  with  the  contents 
of  the  platinum  dish  and  filter  from  which  the  amyl 
alcohol  has  been  driven  off,  are  all  dissolved  in  water, 
united,  freed  from  other  salts  and  made  up  to  a  definite 
volume.  By  using  aliquot  portions  we  can  determine 
sodium  and  potassium  by  Gooch's  method.  Or  the 
usual  procedure,  using  a  small  portion  of  the  silica 
filtrate,  can  be  followed. 

Advantages  Given  by  this  Modification:  (1)  Waters 
high  in  chlorides  can  be  handled  with  ease  with  no 
danger  of  loss  of  lithium  by  decrepitation. 
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(2)  Large  volumes  of  water  can  be  used,  thus  re- 
ducing the  error  when  computing  to  milligrams  per 
liter. 

(3)  The  results  can  be  found  to  check  and  can  be 
obtained  much  more  quickly  by  having  a  residue 
free  from  an  excess  of  sodium  and  potassium  chlorides. 

(4)  The  method  involves  the  use  of  calcium  hydrate 
instead  of  barium  hydrate  for  the  precipitation  of 
magnesium.  This  procedure  does  not  introduce 
another  substance  which  has  to  be  removed  by  am- 
monia and  ammonium  oxalate  because  we  have  our 
calcium  in  common  and  have  a  precipitate  of  calcium 
oxalate  which  is  less  soluble  and  more  easily  washed 
than  barium  oxalate. 

State  Hygienic  Laboratory, 
State  Department  of  Health, 
Albany,  N.  Y. 


A  NEW  VOLUMETRIC  METHOD  FOR  TIN. 
By  Willbur  W.   Patrick  and  G.  C.  Wilsnack. 

Numerous  methods  for  the  determination  of  tin  have 
been  tried  out  in  this  laboratory  with  various  degrees 
of  success.  Gravimetric  methods  giving  results  of 
the  required  accuracy  are  too  lengthy  and  tedious 
for  ordinary  use  in  laboratories  where  it  is  required  to 
complete  a  large  number  of  determinations  in  a  short 
time.  Shorter  schemes,  such  as  weighing  the  com- 
bined oxides  of  antimony  and  tin,  determining  anti- 
mony in  a  separate  sample,  and  calculating  tin  by 
difference,  cannot  be  used  for  alloys  containing  lead, 
copper,  or  numerous  other  metals  which  are  to  be 
found  in  some  commercial  alloys,  unless  the  amount 
of  these  impurities  contaminating  the  oxides  be  de- 
termined and  taken  into  consideration. 

The  volumetric  methods  proved  to  be  rather  un- 
satisfactory, especially  if  the  titrating  solution  was 
standardized  against  a  standard  reducing  solution 
in  preference  to  C.  P.  tin.  The  authors  found  that 
determinations  on  quantities  as  small  as  5%  were 
unreliable,  and  that  on  high  percentages  it  was  almost 
impossible  to  obtain  consistently  accurate  results 
even  if  the  oxidizing  solution  was  standardized  against 
an  equivalent  amount  of  metal  treated  in  an  exactly 
similar  manner. 

Endeavoring  to  overcome  these  difficulties,  the  fol- 
lowing method  was  finally  adopted.  The  results 
obtained  are  consistent  and  correct  to  within  o .  2 
per  cent,  on  amounts  of  50  per  cent,  or  over  and  con- 
siderably more  accurate  on  smaller  percentages.  As 
large  percentages  of  copper,  lead,  nickel,  and  perhaps 
other  metals  not  experimented  with,  interfere,  it  has 
been  found  expedient  to  modify  the  method  some- 
what in  the  presence  of  these  elements.  Both  deter- 
minations will  be  described. 

REGULAR  METHOD. 

The  following  scheme  of  analysis  is  available  where 
no  more  than  5  per  cent,  of  either  lead  or  copper  is 
present  in  the  alloy.  Where  the  percentages  of  these 
elements  exceed  this  limit  a  modification  of  the  method 
is  necessary. 

Place  an  amount  of  sample  corresponding  to  0.5 
gram  or  less  of  tin  in  a  500  cc.  Jena  Erlenmeyer  flask 


and  add  0.15  gram  C.  P.  metallic  antimony  if  as  much 
or  more  is  not  already  present  in  the  alloy.  If  the 
sample  contains  less  than  this  amount  it  is  necessary 
to  make  up  the  deficiency.  Add  10  cc.  of  concentrated 
sulphuric  acid  and  heat  to  effect  solution.  Remove 
from  the  hot  plate  and  cool.  Dilute  the  cold  sul- 
phuric acid  solution  with  10  cc.  of  water,  add  60  cc. 
of  concentrated  hydrochloric  acid,  and  then  40  cc. 
more  of  water.  Prepare  a  four-hole  rubber  stopper 
that  fits  the  neck  of  the  flask.  Through  one 
hole  pass  a  glass  tube  bent  at  right  angles  reaching 
to  the  bottom  of  the  flask  and  through  the  hole  diago- 
nally opposite  insert  another  tube  bent  in  a  similar 
manner  but  extending  only  a  short  distance  below 
the  bottom  of  the  stopper.  Through  the  third  hole 
pass  a  long  thin  glass  rod  fitted  with  a  2"  piece  of 
platinum  wire.  This  rod  should  fit  rather  snugly 
without,  however,  giving  any  difficulty  to  the  opera- 
tor in  raising  or  lowering  it  during  the  determination. 
The  platinum  wire  is  now  bent  into  the  shape  of  a 
hook  and  a  piece  of  very  nearly  C.  P.  iron  wire  at- 
tached.     Swedish  iron  in  plates  of   '/8"  thickness  cut 

Vo/umetr/c   7/n  /?/>fa rotes 
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into  strips  of  »/,*  in  width  and  four  inches  in  length, 
curled  up  in  the  form  of  a  spiral,  will  suit  the  purpose 
well.  Through  the  fourth  hole  pass  a  '/2"  tube  4"  long 
and  drawn  out  at  the  lower  end  to  an  opening  small 
enough  to  enable  the  operator  to  introduce  iodine 
solution  in  sufficiently  small  quantities  to  obtain  the 
starch  iodide  reaction  within  one  drop  of  titrating 
solution,     The  tapered  end  is  bent  slightly  in  the  di- 
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rcction  ol  the  submerged  wire  for  the  purpose 
ducting  .1  stream  oi  water  to  tree  the  iron  from  adher 
in;:  tin  solution  after  it  has  been  withdrawn  from  the 
liquid  Tins  delivery  tube  should  also  be  provided 
with  a  '  ,"  hole  aboul  (  ,"  above  the  lower  opening 
ird  a  me. ins  oi  escape  for  the  carbon  dioxide  gas 
which  is  being  rapidly  introduced  during  the  titra- 
tion A  carbon  dioxide  generator  is  connected  to 
the  long  tube  while  a  piece  <>t  rubber  tubing  connects 

the  short  tube  opposite  to  a  100  ce.  pipette  which 
lips  into  a  reservoir  of  water.  This  automatically 
prevents  any  air  from  entering  the  system  when  a 
partial  vacuum  is  formed  in  the  tlask  during  the  de- 
termination, which  cannot  bo  taken  care  of  by  the  en- 
tering carbon  dioxide  gas.  Having  attached  the  iron 
to  the  platinum  wire,  the  rubber  stopper  is  firmly 
placed  in  position  in  the  neck  of  the  flask  and  the  rod 
lowered  so  that  the  spiral  of  wire  rests  on  the  bottom 
of  the  tlask.  The  generator  and  water  seal  are  at- 
tached as  previously  described,  a  cap  is  placed  over 
the  opening  of  the  large  delivery  tube  and  a  rapid 
stream  of  carbon  dioxide  gas  passed  through  the  sys- 
tem. After  a  few  minutes  it  may  safely  be  assumed 
that  all  of  the  air  is  expelled  from  the  flask,  where- 
upon heat  is  applied  and  the  contents  permitted  to 
boil  for  25  minutes.  The  solution  when  first  placed 
in  the  flask  appears  a  deep  yellow  or  orange,  depend- 
ing, of  course,  upon  the  constituents  present,  but 
shortly  before  commencing  to  boil  it  becomes  color- 
less and  finally  black,  due  to  the  liberated  metallic 
antimony.  After  the  reduction  is  complete,  remove 
the  burner,  plunge  the  flask  into  a  large  container 
of  cold  water  and  allow  to  remain  until  thoroughly 
cold.  The  iron  wire  is  then  raised  to  a  position  di- 
rectly below  the  end  of  the  delivery  tube.  The  cap 
of  this  tube  is  then  removed  and  with  all  possible 
haste  a  stream  of  cold  freshly  boiled  water  permitted 
to  play  upon  the  spiral  to  free  it  from  any  adhering 
tin  solution,  after  which  the  wire  is  raised  so  that  the 
titrating  solution  will  not  come  in  contact  with  it. 
Freshhy  prepared  starch  is  added  and,  without  inter- 
rupting the  passage  of  gas,  standard  iodine  solution 
introduced  into  the  flask  as  fast  as  the  burette  will 
permit.  When  near  the  end  point,  which  is  indicated 
by  the  reluctant  disappearance  of  the  blue,  the  titration 
can  be  carried  on  very  slowly  until  completed.  The 
blue  of  the  starch  iodide  is  not  permanent,  disap- 
pearing after  a  minute  or  two,  which  fact  does  not, 
however,  detract  from  the  accuracy  of  the  determi- 
nation. 

It  is  not  to  be  understood  that  the  tin  is  completely- 
reduced  by  the  direct  action  of  the  iron  alone,  neither 
will  the  addition  of  pulverized  metallic  antimony 
bring  about  the  desired  result.  However,  this  metal 
as  deposited  is  in  a  state  where  its  chemical  activity 
is  at  a  maximum,  thus  enabling  it  to  fully  complete 
the  reduction. 

Standardize  the  sodium  thiosulphate,  which  serves 
to  determine  the  strength  of  the  iodine  solution, 
very  carefully  against  a  bichromate  or  permanganate 
solution  of  known  strength.  It  is  essential  that  the 
utmost  accuracy  be  employed  in  the  above  standard- 


ization,  since  0    1  e  or  less  of  a  N/10  oxidizing 

solution  makes  a  considerable  difference  in  the  ulti- 
mate tin  value  o!  the  iodine.  It  has  been  found  ad- 
visable in  finding  the  normality  of  a  freshly  pre- 
pared iodine  solution  to  check  the  theoretical  stand- 
,ii  dization  against  ('.   I',  tin. 

Moi.il  1  in    M  1.1  HOD. 
A  modified  method  is  used  when    ^  per  cent,  or  more 
i    copper   or    lead,    or   any    Other   interfering   element 
is  present  in  the  specimen  to  be  analyzed. 

Place  0.5  to  1  gram  of  sample  in  a  small  casserole 
and  add  it  necessary  0.15  gram  of  antimony  as  in  the 
regular  method,  ("over  the  sample  with  8-10  cc.  of 
concentrated  nitric  acid  and  evaporate  to  dryness. 
It  is  advisable  in  order  to  facilitate  the  subsequent 
filtration  to  bake  strongly  for  about  15  minutes.  Cool 
and  add  20  cc.  of  1-1  nitric  acid,  and,  after  breaking 
up  the  lumps  with  a  stirring  rod,  filter  and  wash 
several  times  with  hot  water.  If  the  baking  has  been 
conducted  properly  no  traces  of  oxides  will  be  dis- 
cernible in  the  filtrate.  The  precipitate  with  the  filter 
paper  is  then  placed  in  a  500  cc.  Jena  Erlenmeyer 
flask  and  treated  with  20  cc.  of  concentrated  sulphuric 
acid  and  2  grams  of  potassium  sulphate.  Place  the 
flask  on  a  piece  of  asbestos  over  a  medium  hot  burner 
and  heat  carefully  till  the  first  violent  reaction  is  over, 
after  which  the  heat  can  be  increased.  Towards. the 
end  of  the  oxidizing  operation,  while  the  liquid  is  still 
black  however  from  the  free  carbon  present,  the  flask 
and  contents  should  be  cooled  and  the  sides  of  the 
container  washed  down  with  a  stream  of  water.  The 
particles  adhering  so  firmly  to  the  wall  of  the  flask  that 
the  water  does  not  loosen  them  should  be  brought  back 
into  the  main  solution  with  the  aid  of  a  "policeman." 
The  removal  of  the  carbon  should  by  no  means  be 
hastened  by  the  addition  of  an  oxidizing  agent,  since 
this  will  cause  the  antimony  to  assume  the  pentavalent 
form,  which  must  be  avoided.  The  addition  of  the 
water  will  now  have  a  tendency  to  again  cause  frothing 
when  the  heat  is  applied,  making  it  necessary  to  con- 
duct this  operation  very  carefully.  From  2-2  '/2 
hours  are  usually  required,  depending  upon  the  inten- 
sity of  heat  employed,  to  rid  the  solution  completely 
of  the  carbon.  Cool,  introduce  the  required  amount 
of  water,  but  add  only  45  cc.  of  hydrochloric  acid  in- 
stead of  60  cc.  as  in  the  regular  method. 

If  very  large  percentages  of  antimony  are  present, 
enough  to  obscure  the  end  point  obtained  with  the 
starch  solution,  it  is  well  to  treat  in  the  usual  manner 
up  to  the  point  where  the  metallic  antimony  separates 
out.  The  solution  should  then  be  rapidly  cooled,  fil- 
tered with  suction  and  washed  with  hot  water.  About 
0.10  gram  of  metallic  antimony,  which  has  previously 
been  dissolved  in  a  few  cc.  of  sulphuric  acid,  is  then 
added,  the  solution  returned  to  the  original  container, 
arid  the  reduction  continued.  The  concentration  of 
the  solution  after  this  operation  should  not  be  changed 
to  any  great  extent,  the  additional  acid  introduced 
off-setting  in  a  large  measure  the  water  used  for  wash- 
ing. Antimony  present  up  to  25  per  cent,  will  not 
obscure  the  end  point,  provided  a  good  light  and  white 
background  are  available. 
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The  accompanying  table  gives  a  few  results  obtained 
on  mixtures  containing  various  amounts  of  copper, 
lead  and  nickel  as  noted.  These  figures  are  fairly 
representative  of  the  results  which  may  be  obtained 
by  the  methods  described  in  the  preceding  pages. 

Approximate  amount. 

, ■* .  Tin  Tin 

Copper.    Lead.      Nickel.  taken.  found.  Error. 

Method.         Gram.     Gram.     Gram.  Gram.  Gram.  Mtf 

Regular 0  4040  0.4038  0.2 

Regular ..  0  0568  0  0575  0.7 

Regular 0  03            ..  0  4470  0.4478  0.8 

Regular 0.05          0.05  0   1143  0.1153  1.0 

Modified 0  25          0.30  0  4060  0  4065  0.5 

Modified 0  03          0  66          0  03  0   1764  0.1763  0.1 

Modified 0  30          0.05  0  4272  0.4261  1.1 

Modified 0.15          0  80            ..  0.0216  0.0214  0.2 

Modified 0.08          0.80  0   1000  0.1000  0.0 

Modified 0.50  0.4530  0.4526  0.4 

Laboratory  McCormick  Works, 

International  Harvester  Co., 

Chicago. 

A   NEW    APPARATUS   FOR   THE   VOLUMETRIC  DETERMI- 
NATION OF  CARBON  DIOXIDE. 
By  Howard  W.   Brubaker. 
Received  April   13,   1912. 

In  This  Journal  for  March,  1912,  appeared  an  ac- 
count, by  L.  T.  Bowser,  of  a  volumetric  method  for 
the  determination  of  carbon  dioxide.  In  this 
method  the  carbon  dioxide  is  liberated  and  then  ab- 
sorbed in  a  solution  of  potassium  hydroxide.  This  solu- 
tion is  washed  into  a  100  cc.  graduated  flask, 
water  added  to  the  mark  and  an  aliquot  titrated, 
using  phenolphthalein  as  the  indicator  to  the  disap- 
pearance of  the  red  color,  then  methyl  orange,  the 
second  part  of  the  titration  indicating  the  amount 
of   carbon    dioxide   in   the   solution. 

The  writer  had  occasion  to  try  out  the  method  to  see 
whether  it' could  be  used  by  a  class  of  comparatively 
inexperienced  students  of  chemistry.  As  a  result 
of  a  little  experience  with  the  method  some  objection- 
able features  were  found  with  the  apparatus  used  by 
Mr.  Bowser  which  make  it  impracticable  for  use  by 
students.  Probably  the  most  objectionable  feature 
is  the  necessity  of  washing  out  the  potassium  hydroxide 
from  the  tall  absorbing  cylinder  into  a  measuring  flask. 
This  process  requires  skilled  manipulation,  especially 
since  it  is  necessary  to  wash  the  cylinder  thoroughly 
and  yet  keep  the  whole  volume  of  liquid  and  wash 
water  down  to  100  cc,  which  seems  advisable,  in 
order  that  a  sufficiently  large  fractional  portion  of 
the  solution  may  be  titrated  without  using  a  very 
large  volume. 

Another  objection  lies  in  the  fact  that  at  the  end 
of  the  decomposition  of  the  carbonate  when  an  attempt 
is  made  to  distil  over  some  of  the  liquid,  in  order  to 
drive  the  last  portion  of  carbon  dioxide  into  the  ab- 
sorbing cylinder,  there  is  a  tendency  for  the  potassium 
hydroxide  solution  to  suck  back  into  the  condensing 
apparatus.  In  order  to  overcome  these  objections 
and  to  make  the  method  applicable  for  the  use  of  in- 
experienced students  the  writer  devised  the  apparatus 
shown  in  the  accompanying  figure. 

B  is  a  standardized  Erlenmeyer  flask  holding 
100  cc.  when  filled  to  the  mark. 
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C  is  a  10  cc.  pipette  half  filled  with  glass  beads, 
having  a  coil  of  copper  wire  at  the  bottom  to  prevent 
any  of  the  beads  from  becoming  wedged  into  the 
tapering  part  of  the  tube. 

Eight  cc.  of  the  potassium  hydroxide  solution 
(50  grams  KOH  in  100  cc.  water)  are  placed  in  the 
flask  B  which  is  then  connected  with  the  condenser 
as  shown  in  the  figure. 

One  gram  of  the  material  to  be  analyzed  is  placed 
in  the  flask  A  with  about  50  cc.  of  water.  The  hy- 
drochloric acid  is  run  in  from  the  funnel,  drop  by  drop, 
until  sufficient  has  been  added  to  decompose  the  sample. 

The  carbon  dioxide  distils  into  the  flask  B,  forcing 
the  potassium  hydroxide  solution  up  into  the  pipette 
until  it  stands  near  the  top  of  the  broad  portion  where 
the  bubbles  break.  There  is  left  a  thin  layer  of  potas- 
sium hydroxide  covering  the  bottom  of  the  flask. 
The  carbon  dioxide  which  is  not  absorbed  by  this 
layer  of  potassium  hydroxide  passes  up  through  the 
liquid  in  the  pipette  and  is  completely  absorbed. 
After  adding  the  hydrochloric  acid  the  liquid  in  the 
distilling  flask  is  heated  and  finally  boiled  for  five 
minutes,  the  steam  condensing  and  falling  into  the 
flask  B.  As  can  be  seen  by  the  construction  of  the 
apparatus,  there  is  no  backing  up  of  the  potassium 
hydroxide  solution  into  the  condenser  even  when  the 
flame  is  entirely  removed.  This  boiling  drives  the 
residual  carbon  dioxide  into  the  absorbing  flask  where 
it    is    completely    absorbed.     If    there    is    any    doubt 
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as  to  the  last  porti®n  of  carbon  dioxide  in  the  flask 
B  having  been  absorbed,  the  flask  is  shaken  for  a 
minute  or  two  after  disconnecting  it  and  while  holding 
a  finger  over  the  opening  of  the  glass  tube. 

After  distilling  steam  over  for  five  minutes  the  writer 
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has  always  found   the  carbon  dioxide   to   have   been 
completely  absorbed. 

The  stopper  with  the  pipette  is  now  partly  with- 
drawn from  the  Mask  B,  the  pipette  rinsed  out  several 
times  into  the  flask  and  wain  added  to  the  ioo  cc. 
mark.  Alter  mixing,  a  25  cc.  portion  is  taken  for 
titration.  The  advantages  of  this  apparatus  are  as 
f(  Hows: 

1.  Base  of  construction. 

2.  Ease  of  manipulation. 

3.  It  permits  of  distilling  over  as  much  of  the  liquid 
as  desired,  to  drive  out  the  residue  of  carbon  dioxide, 
without  experiencing  any  annoyance  due  to  sucking 
back  of  the  potassium  hydroxide  solution  into  the 
condenser. 

4.  It  eliminates  the  necessity  of  transferring  the 
alkaline  solution  to  another  vessel  before  making 
it  up  to  a  definite  volume,  thus  also  keeping  it  away 
from   contact   with  the  carbon   dioxide  of  the  air. 

The  following  table  shows  some  results  obtained 
with   the   apparatus   here   described. 

Sample.  C02  found.  Per  cent. 

Na2C03  By  direct  titration 39.40 

NajCOs  By  distillation  and  titration: 

Na2C03                                         1st  run 39.40 

Na2C03                                        2nd  run 39 .45 

Baking  powder  No.  1  Available  C02.  1st  distillation 8.10 

Baking  powder  No.  1  Available  C02,  2nd  distillation 8  .02 

Baking  powder  No.  1  Available  C02.  3rd  distillation 8.10 

Baking  powder  No.  1  Total  C02.  1st  distillation 11 .01 

Baking  powder  No.  1  Total  C02.  2nd  distillation 10  91 

Baking  powder  No.  2  Available  C02,  1st  distillation 8  .  76 

Baking  powder  No.  2  Available  C02,  2nd  distillation 8.62 

Baking  powder  No.  3  Available  C02.  1st  distillation 10.74 

Baking  powder  No.  3  Available  C02.  2nd  distillation 10.91 

Limestone  Gravimetric  method 40.25 

Limestone  Volumetric,   1st  titration 40 .23 

Limestone  Volumetric,  2nd  titration 40.40 

When  the  method  is  used  for  the  determination 
of  the  available  carbon  dioxide  in  baking  powders, 
where  it  is  necessary  to  decompose  the  sample  with 
water,  frothing  occurs  during  the  heating  of  the  solu- 
tion. This  makes  it  difficult  to  distil  over  enough 
water  to  drive  out  the  last  of  the  carbon  dioxide. 
In  •  order  to  overcome  this  difficulty,  when  the  dis- 
tillation was  carried  as  far  as  was  practicable,  the 
distilling  flask  was  filled  with  water  through  the  dropping 
funnel,  thus  forcing  any  carbon  dioxide  into  the  ab- 
sorbing flask. 

By  using  a  solution  of  25-30  per  cent,  alcohol  instead 
of  pure  water,  for  decomposing  the  baking  powder,  it 
was  found  possible  to  prevent  excessive  frothing.1  One 
could  then  clear  the  flask  of  the  last  portion  of  carbon 
dioxide  by  distilling  over  a  little  of  the  liquid  and  thus 
do  away  with  the  necessity  of  filling  the  flask  with 
water. 

It  is  necessary  to  determine  the  carbon  dioxide 
in  the  potassium  hydroxide  solution  used  as  the  ab- 
sorbing reagent  and  to  apply  the  correction  in  each 
titration. 

In  the  writer's  experience  with  the  volumetric 
method    for    carbon    dioxide    the    greatest    source    of 

1  For  this  improvement  of  the  method,  the  writer  is  indebted  to  Prof. 
G.  W.  Cavanaugh  of  Cornell  University. 
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error  is  in  the  Miration.  The  end  point  with  phenol- 
phthalein  must  be  approached  with  care  as  the  dis- 
app<  arance  oi  the  red  color  is  rather  slow. 

Ithaca,  New  VOBX. 

A     MODIFICATION     OF     THE     SWEENEY     METHOD     FOR 

CRUDE   FIBER. 

By  Cornelia  Kennedy. 

Received  May  6,  1912. 

The  method  for  the  determination  of  crude  fiber  as 
recently  modified  by  M.  O.  Sweeney1  does  not  prove 
entirely  satisfactory  for  all  kinds  of  feed  stuffs,  especially 
those  which  are  rich  in  protein.  In  his  method  an 
ether  extracted  sample  of  feed  is  first  boiled  for  30 
minutes  with  1.25  per  cent,  sulphuric  acid.  This  acid 
solution  is  neutralized  with  10  per  cent,  sodium  hy- 
droxide and  200  cc.  of  a  boiling  2.65  per  cent,  sodium 
hydroxide  solution  added  and  boiled  for  30  minutes. 
The  sample  is  then  filtered,  washed,  dried,  weighed, 
incinerated  and  reweighed. 

The  acid  dissolves  certain  nitrogenous  bodies, 
pentosans,  gums,  etc.,  and  when  the  alkali  solution  is 
added  a  heavy  precipitation  of  some  of  these  materials 
is  caused.  This  precipitate  is  weighed  with  the  crude 
fiber  and  consequently  materially  increases  the  per- 
centage amount  of  fiber. 

The  following  modification  of  the  Sweeney  m'ethod 
does  away  with  this  difficulty  and  gives  results  which 
check,  within  the  limits  of  error,  with  the  official  method. 

As  in  the  above  method  the  prepared  sample  is 
first  boiled  with  200  cc.  of  a  1.25  per  cent,  sulphuric 

Official  method.       Sweeney's  method.        Sweeney's  modified. 


<     £  o  e 


Bran 

12.04 

14.21 

11  .49 

11 

76 

14.06 

0.55 

0   15 

Sucreen 

14  33 

15  92 

food 

13.92 
0.41 

14 

12 

15  58 
0  34 

Sugar  and 

6  90 

7.44 

flax  feed. . 

6.89 

6 

90 

7.44 

12.47 

2.37 

12.20 
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14  55     0.43 


44     0.54        7.08        7.10     0.20 


11.37 
1111 


10.20 

10.08      10.14     2.27 


12.95 
12.94 


8.81 
8.80 


11.81 
11.69 


8.81      0.03 


0.26  0.01  0.12 

acid.  Neutralization  is  done  away  with,  by  making 
the  alkali  solution  of  such  strength  that  it  both  neutral- 
izes the  acid  and  leaves  the  400  cc.  of  1.25  per  cent, 
sodium  hydroxide;  200  cc.  of  a  boiling  3.52  per  cent, 
sodium  hydroxide  are  therefore  added,  and  the  whole 
boiled  30  minutes.  The  solution  and  fiber  are  then 
thrown  onto  a  linen  filter  (which  works  more  rapidly 
than  a  gooch  because  of  the  nature  of  the  solution) 
and  washed  free  of  alkali.      (Suction  may  be  used  to 

1  U.  S.  Dcpt.  Agr.,  Bur.  of  Chem.,  Bull.  137,  157. 
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cause  a  more  rapid  filtration.)  The  fiber  is  then  thor- 
oughly washed  with  boiling  1.25  per  cent,  sulphuric 
acid,  which  will  remove  the  material  precipitated  by 
the  addition  of  the  alkali,  washed  free  of  acid,  removed 
from  the  linen  filter  to  a  crucible,  dried,  weighed, 
incinerated  and  reweighed. 

The  Sweeney  method  has  a  great  advantage  over 
the  official  method  by  doing  away  with  a  filtration 
and  thus  saving  time.  This  advantage  is  preserved 
in  the  modification  of  the  Sweeney  method. 

The  preceding  table  shows  the  results  of  all  three 
methods  on  5  different  samples  of  feeds. 

Department  of  Agriculture. 

University  of  Minnesota, 

St.  Paul. 


STUDIES  ON  SOIL  HUMUS. 

By  Sherman  Leavitt. 

Received  January  30.    1912. 

Humus  is  recognized  as  one  of  the  most  valuable 
constituents  of  a  soil  and  yet  little  is  known  as  to  its 
composition.  Fifty  or  sixty  years  ago,  chemists 
thought  they  had  shown  humus  to  have  a  definite 
chemical  composition  with  percentages  of  carbon, 
hydrogen,  nitrogen  and  oxygen  constant.  Accord- 
ing to  their  theory,  humus  was  a  salt  of  humic  acid 
(also  considered  a  definite  chemical  compound) 
which,  upon  oxidation,  yielded  simpler  hypothetical 
organic  acids  called  crenic  and  apocrenic.  Although, 
as  far  as  the  writer  knows,  they  had  little  or  no  ex- 
perimental proof,  many  of  these  theories  have  been 
held  to  by  some  until  quite  recently. 

In  spite  of  all  the  work  which  has  been  done  during 
the  past  fifty  years,  but  little  is  known  about  humus. 
It  is  the  belief  of  the  writer  that  most  chemists  who 
have  worked  on  the  subject  within  the  last  fifteen  years 
will  agree  that  it  is  far  from  being  a  definite  com- 
pound, and,  in  fact,  that  it  is  as  variable  in  composi- 
tion, if  indeed  not  more  so,  as  the  different  soils  of 
which  it  is  a  component  part. 

Why  does  soil  A  accumulate  humus  matter  readily 
while  soil  B,  under  similar  conditions  of  treatment, 
etc.,  apparently  makes  no  appreciable  and  permanent 
improvement? 

We  are  working  at  this  problem  along  two  general 
lines:  First,  under  field  conditions;  second,  under 
laboratory  control. 

This  article  will  be  confined  mainly  to  the  second 
class,  as  definite  results  from  the  field  cannot  be  ob- 
tained under  many  years. 

In  the  laboratory",  large  samples  of  soils  that  are 
under  field  experimentation  are  being  used.  These 
were  procured  from  car-load  lots,  thoroughly  mixed, 
so  that  the  samples  are  quite  representative  of  the 
types  under  investigation.  These  samples  represent 
four  distinct  type  soils  in  different  sections  of  Ten- 
nessee and  were  chosen  for  the  reason  that  each  one 
was  the  poorest  soil  of  that  particular  type.  It  was 
thought  of  interest  to  include  a  Florida  Everglade 
soil,  rich  in  humus,  for  comparison  in  the  chemical 
work. 

As  most  of  the  humus  matter  in    Tennessee  soils  is 


present  in  the  first  six  inches  of  soil,  the  laboratory 
work  on  humus  has  been  confined  to  this  layer. 

At  the  beginning  of  this  work  it  was  deemed  ad- 
visable to  remove  completely,  under  the  same  condi- 
tions of  extraction,  the  humus  matter  from  a  large 
quantity  of  each  one  of  these  soils.  Under  similar 
conditions  of  preparation,  the  humus  matter  obtained 
from  each  one  of  these  soils  ought  to  be  at  least  ap- 
proximately comparable.  Any  appreciable  differ- 
ence in  the  approximate  composition  of  the  several 
samples  of  humus  might  have  great  significance  and 
might  point  to  some  quite  different  behavior  of  the 
humification  process  in  the  several  soils.  This  may  be 
taken  as  the  key-note  of  the  following  investigation: 

Anumber  of  quantitative  chemical  methods  for  the  de- 
termination of  percentage  of  humus  in  soils  were  sub- 
jected to  examination  for  their  respective  values.  The 
investigation  earlier  reported1  brought  out  some 
valuable  points,  notably  that  the  humus  matter  from 
different  soils  could  be  absolutely  different  both  in 
appearance  and  in  behavior  toward  reagents.  Several 
of  the  methods  in  use  for  the  determination  were  found 
unreliable  on  Tennessee  soils  for  the  reason  that  they 
failed  to  show  all  of  the  organic  matter  in  the  ammonia 
solutions. 

In  this  later  investigation,  dealing  mdre  specifically' 
with  the  properties  of  the  several  humus  samples, 
a  description  of  the  method  of  procedure  in  the  prepara- 
tion of  the  samples  of  humus  will  be  given.  During 
the  work,  it  was  deemed  advisable  to  modify  the 
method  of  removing  clay  from  the  samples,  the  rea- 
sons for  which  will  be  given. 

Method  A. — Five  hundred  grams  of  the  air-dried 
soil  were  extracted  with  i  per  cent,  hydrochloric  acid, 
according  to  the  Official  Method,  washed  free  from 
acid  and  then  extracted  three  days  with  4  per  cent, 
ammonia,  allowed  to  settle  and  the  supernatant  liquid 
drawn  off.  Fresh  4  per  cent,  ammonia  was  added 
and  the  process  repeated.  The  soil  was  extracted 
three  times  with  successive  portions  of  4  per  cent, 
ammonia,  about  two  liters  of  solution  being  used 
for  each  extraction.  The  last  extraction  contained 
very  little  coloring  matter.  The  extractions  were  all 
evaporated  to  dryness  in  a  large  porcelain  dish  on  the 
hot  water  bath,  baked  for  some  hours,  and  cooled. 
The  residue  was  then  extracted  with  about  two  liters 
of  4  per  cent,  ammonia,  washed  by  decantation  and 
filtered.  A  large  proportion  of  the  flocculated  clay 
was  retained  on  the  filter  paper,  which  was  thoroughly 
washed  with  4  per  cent,  ammonia.  The  process  of 
evaporation,  baking,  extraction,  washing  and  filter- 
ing, was  repeated  a  number  of  times  until  the  filtrate 
appeared  absolutely  clear.  This  was  then  evaporated 
to  dryness  in  a  large  beaker  to  drive  off  the  excess  of 
ammonia;  dissolved  in  hot,  distilled  water;  filtered  and 
washed  into  a  500  cc.  graduated  flask;  cooled  and 
1  cc.  of  strong  ammonia  added  to  prevent  fermenta- 
tion; then  made  up  to  the  mark.  The  solution  was 
thoroughly  mixed  and  allowed  to  stand  for  two  months 
to  give  finely  divided  clay,  still  in  suspension,  a  chance 

1  "Soil  Humus  as  Determined  by  Different  Methods."  This  Journal, 
2,  269. 
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out.     The  supernatant  solution  was  pipetted  described  in  the  above  paragraph.     When  the  filtrate 

1    analysis  and   bhe  amount    of  humus  and  ash  and    washings    were   concentrated   to  about   700   cc, 

ined   in   10  cc.  portions.  they  were  filtered  into  a  liter  graduated  flask  and  the 

All. 'i  the  preliminary  work  was  carried  en   with  the  paper    thoroughly    washed    with    warm    water.     The 

humus   prepared    .is  above   until   the   supply    was  ex-  whole  solution  was  now  cooled  and  made  up  to  the 

hausted.      Fearing   a   possible    hydrolysis   of    some   of  mark  and   1   cc.  of  chloroform    added    as  a   preserva- 

the    organic    compounds    might    have    taken     place  tive.     The   flask   was   placed   aside   to   stand    several 

during   the   mam'  evaporations  to  dryness  and  baking  months  before  use,  to  allow  additional  finely  divided 

el    the   humus   matter,   it  seemed  wise  in   making   up  clay  an   opportunity  to    deposit.     The    nitrations  at 

new  samples  of  humus  to  modify  the  method  of  re-  best    were    mostly    slow   and    troublesome,    especially 

moving  clay  so  as  to  reduce  the  chance  of  hydrolysis  the  earlier  ones.     In  order  to  obtain  humus  satisfac- 

to  as  low  a  figure  as  possible.                       ■  torily   by  this  method,   at  least  six   months  were   re- 

Since   this   change   was   decided   upon,    the    Illinois  quired  for  the  proper  preparation  of  samples. 

Experiment  Station  has  published  Stewart's   doctoral  An  investigation  of  this  kind  is,  for  many  reasons, 

thesis   as   Bulletin    145    of   that   Station.     Among   the  extremely    difficult.     As    we    have    already    seen,    the 

general   conclusions   reached,    the   author  says:    "The  preparation   of   samples   for  comparison   is   a   tedious 

evaporation   on    the    water   bath    of    the    ammoniacal  process,  requiring  abundant  time  and  patience.     The 

solution,    in  the  preparation   of   the   maticre   noire   in  resulting  samples  are  complex  in  structure  and  prac- 

quantity   for  analysis,   causes  a  hydrolysis  of   the  or-  tically  nothing  is  know.n  of  them. 

ganic  phosphorus  compounds."     This  would  seem  to  As   a    preliminary    investigation    of    the    subject,    a 

confirm  the  fear  of  possible  hydrolysis  of  some  of  the  study    was    made    of   the   effect    of    different    mineral 

organic    compounds    other    than    organic    phosphorus  elements,    such    as    calcium    and    iron,    on    humus    in 

compounds.                                                                          .  water  solution.     Some  of  the  richest  soils  in  Tennessee 

The  modified  method  of  removing  clay  decided  upon  are  0f  the  red  type,  high  in  iron  and  very  retentive 

depends  almost  entirely  on  long  settling  of  the  solu-  0f  humus  matter. 

tion  for  the  removal  of  most   of   the  clay,  instead  of  For  this  reason  it  seemed  advisable  to  study  the  ef- 

baking  on  the  steam  bath,  as  in  Method  A.     It  was  fect  of  iron  in  its  different  states  of  oxidation,  as  ic 

also  deemed  advisable  to  make  all  concentrations  and  an(j  ous  iron  on  the  removal  of  humus  matter  from 

evaporations  at  not  over  60  °  C,  final  concentrations  water    solution.     Humus    prepared    from    both    good 

to  be  made  in  a  partial  vacuum,  taking  care  never  to  and    poor   so[\s   was    used.     Some    interesting    results 

allow  the  solution  to  become  more  concentrated  than  were    obtained     which,    however,    will    need    further 

700  cc.     During  the  greater  part  of  the  evaporation,  confirmation.     As  a  matter  of  interest,   these  results 

the  volume  of  the  solution  was  kept  at  approximately  have  been  inserted  and  will  be  discussed  briefly.     The 

two  liters  and  was  not  brought  below  one  liter  until  writer,  however,  does  not  wish  to  lay  stress  on  the  re- 

the  final  concentration,  the  excess  of  ammonia  by  that  suits  or  the  conclusions  drawn  until  they  are  borne  out 

time  being  expelled.     Fortunately,  this  slow  evapora-  by  more  extensive  work, 

tion    with    constant    additions    of    cold    fresh    solution  Table  i. 

tO     the     evaporating     Solution     tends     tO     flocculate     the  Humus       Humus  by     Humus  by    Humus  by 

Clay   left   in   Suspension.  Character          Laboratory        in                 ferric                ferrous         calcium 

„  ,    ,,       ,        t,          rr.                                   ijj              j                  „i  of  soil.              number.        .soil.                 iron.                  iron.            chloride. 

Method     B.- — Twenty-two     hundred     and     seventy 

J  Per  cent.       Per  cent.        Per  cent.       Per  cent. 

grams    (approximately    5    pounds)    of    soil    were    ex-         Good 916  lM  6Q  39  65  Q6  41  10 

tracted    as    under   Method    A,    proportionately   larger         Good 819  1.29  66.67  64.34  45.74 

amounts  of  acid  and  4  per  cent,  ammonia  being  used.         Good 1206  511  61-65  7319 

-  -.^       „.  t,  .       r,  u     v  a     4-U  Good 1267  1.66  65.82  57.14  49.74 

Reverse   filtration   through   fine   mesh   linen   and   the  poor...              1266          0.39          69.63          83.22          53.57 

siphon  were  used  as  much  as  possible  to  avoid  hand-         Poor 844  0.52  48.07  39.65  42.31 

ling  the  great  bulk  of  clav.     This  solution  was  trans-         Poor 867  °-87  22-™  "•"  "■*? 

&  &  -  Poor 1096  0.93  46.61  85.92  64.22 

ferred  to  large,   deep,   tightly-stoppered  jars  and  al-         Poor 1101  0  90  28.i5  66. 8i  40.76 

lowed  to  stand  undisturbed  for  about  three  months, 

until  the  supernatant  liquid  was  quite  clear.  The  *n  connection  with  the  aboye  work,  it  is  interesting 
solution  was  then  siphoned  off  and  filtered,  first  through  to  note  that  the  analysis  of  the  humus  ash  of  a  Florida 
coarse  filter  paper  and  then  through  S  &  S  special  soil,  which  had  9.56%  of  humus,  showed  an  ash  con- 
hardened  and  toughened  filter  paper  No.  575,  suction  tent  of  21.4  per  cent,  ferric  oxide. 

being   used   toward   the   end   of   the   operation.     The  Ferrous  iron  precipitated  more  humus  matter  than 

paper,    with    removed    clay,    was    thoroughly    washed  ferric   iron   from   the   same   humus   samples,    in   two- 

with  4  per  cent,  ammonia  to  make  sure  that  all  or-  thirds  of  the  soils  experimented  with.     Out  of  nine 

ganic  matter  was  obtained.     The  residual  clay  gave  soils,    four   of   which   were   classified  as  good,   having 

no    indication   of    occluded    organic    matter   on   being  from  1.30  per  cent,  to  over  5.00  per  cent,  of  humus, 

baked  on  the  bath  and  extracted  with  ammonia  ac-  and  five  soils  ranked  as  poor,  having  less  than   1 .  00 

cording    to    Mooers    and    Hampton's    method.1      The  per  cent,  of  humus,  with  one  exception  ferric  iron  pre- 

evaporation    and    concentration    of    the    filtrate    and  cipitated   20  per  cent,   more  from  the  humus  of  the 

washings  were  carried  on  between  50 °  and  60 °  C,  as  good  soils  than  from  the  humus  of  the  poor  soils. 

1  j.  Am.  chem.  Soc.  30,  No.  5  (1908).  Calcium,  in  the  form  of  chloride,  was  found  to  pre- 
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cipitate  less  humus  matter  from  good  soils  than  either 
form  of  iron. 

In  all  of  the  above  cases,  organic  matter  was  left 
in  solution.  This  could  be  removed  as  a  copper  salt 
more  or  less  completely,  when  the  solution  was  slightly 
acid  and  after  the  removal  of  any  interfering  element, 
such  as  excess  of  iron.  This  result  is  quite  similar 
to  the  writer's  finding  in  the  first  paper  on  the  subject,1 
where  it  was  noted  that  a  precipitate  of  organic  mat- 
ter with  copper  was  always  obtained  after  a  precipi- 
tation of  humus  matter  with  hydrochloric  acid.  It 
would  seem  possible  that  hydrochloric  acid  and  fer- 
ric iron  precipitate  approximately  the  same  sub- 
stances. 


sans.  This  result  is  very  similar  to  the  one  obtained  in 
this  laboratory. 

Pentosans  were  obtained,  by  the  Official  Method, 
from  all  samples  of  humus  examined  in  this  laboratory. 
This  result  is  also  fully  in  accord  with  the  findings 
of  Schreiner  and  Shorey,1  who  obtained  pentosans 
in  all  ten  soils  examined  by  them.  Our  results  varied 
from  1 .  74  per  cent,  in  the  case  of  the  Florida  soil  (all 
percentages  on  the  basis  of  humus  and  not  on  original 
soil)  to  3.72  per  cent,  on  the  Gallatin  soil;  in  terms 
of  pentoses,  the  figures  would  be  1.99  per  cent,  to 
4.22  per  cent.,  respectively. 

In  the  preparation  of  the  samples  of  humus  under 
method  B,  the  1  per  cent,  hydrochloric  acid  extracts 


Table  II. 
Most  of  the  results  given  are  averages  of  from  three  to  five  determinations. 


Percentages  on  original  soil. 


Percentages  on  basis  of  humus. 


u    '-^- 


Furfural  determination 
calculated  to 


3  3-=  p  "9 

Cookeville.  Term 0.93  0.0730  0.0020 

Crossville.  Tenn 0.90  0.0737  0  0014 

—  «  ,-  „„,„       '  Nitrogen    present; 

Jackson.  Tenn 0.39         0.0560      j      pa^y  ^ 

Gallatin,  Tenn 1.66  0.1350  0.0042 

Florida  Everglades,  Fla .  .  .      9.56  1  .  750  0 .  0345 

In  -all  the  samples  examined,  strong  evidence  was 
found  of  a  carbohydrate  body  in  amounts  varying 
from  4.5  per  cent,  to  10.8  per  cent.,  calculated  as 
starch.  This  body  is  very  similar  to  starch,  although 
it  gives  no  reaction  with  iodine. 

Dilute,  boiling,  hydrochloric  acid,  according  to  the 
Sachsee  method,  hydrolyzed  it  to  reducing  sugars 
which  were  determined  by  Allihn's  method,  and  for 
convenience  calculated  to  starch.  On  treating  the 
humus  with  diastase,  with  subsequent  acid  hydroly- 
sis, we  obtained  practically  the  same  results  as  by  the 
direct  acid  hydrolysis.  The  original  solutions  of 
humus  gave  no  reactions  with  Allihn's  solution  either 
before  or  after  inversion  with  cold  hydrochloric  acid. 

From  the  acid  hydrolysis  solution  on  a  sample  of 
humus  obtained  from  a  Florida  Everglades  soil,  a 
cry  stalliz  able  sugar  was  obtained  which  reduced 
Allihn's  solution.  Some  of  the  mother  liquor  had  no 
optical  rotation  and  was  easily  fermentable.  The 
solution,  after  fermentation,  gave  reactions  for  ethyl 
alcohol  and  acetic  acid,  and  also  continued  to  reduce 
Allihn's  solution. 

This  crystallizable  sugar,  on  account  of  its  ease  of 
fermentation,  we  classify  as  a  hexose  sugar,  although 
it  has  not  as  yet  been  completely  identified.  Schreiner 
and  Shorey^  have  recently  obtained  a  pentose  sugar 
by  hydrolysis  of  a  gummy  mass  precipitated  by  alco- 
hol from  a  caustic  soda  extract  of  a  soil  high  in  pento- 

1  "Soil  Humus  as  Determined  by  Different  Methods."  This   Journal, 
2,  269. 

2  Had  enough  solution  for  only  a  qualitative  analysis. 

3  Experiment  Station  Record,  23,  No.  1.11. 
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of  the  original  soils  were  saved  as  completely  as  could 
conveniently  be  done.  These  were  evaporated  to 
dryness  and,  with  some  difficulty,  determinations  of 
nitrogen  were  made  upon  the  total  large  residues. 
The  determination  on  the  Jackson  soil  was  partly 
lost.  It  is  interesting  to  note  that  in  every  case  an 
appreciable  amount  of  nitrogen  was  obtained  in  the 
i  per  cent,  hydrochloric  acid  extract  of  the  original 
soil.  This,  the  writer  believes,  is  contrary  to  the 
generally  accepted  opinion  that  there  is  no  nitrogen  in 
the  i  percent,  acid  extract.  This  nitrogen  is  probably 
due  to  amino  acids,2  which  are  somewhat  soluble 
in  dilute  mineral  acids. 

We  must  keep  in  mind  the  fact  that  these  nitrogen 
determinations,  as  given  in  Table  II,  are  all  too  low 
as  a  result  of  the  inevitable  loss  in  handling  the  large 
bulks  of  soil  and  extract.  In  the  Tennessee  soils  un- 
der examination,  a  variation  of  from  i .  9  per  cent, 
to  3.1  per  cent,  of  the  total  nitrogen  in  the  soil  was 
found  to  be  soluble  in  r  per  cent,  hydrochloric  acid. 
This  quite  appreciable  portion  of  the  whole  nitrogen 
is  probably  present  as  amino  acids.  It  is  not  in- 
cluded as  humus  nitrogen. 

In  this  paper  the  writer  has  tried  to  emphasize 
the  following  facts: 

INVESTIGATION. 

a.  Two  methods  were  used  for  the  removal  of  clay 
in  the  preparation  of  large  amounts  of  humus: 

1  Experiment  Station  Record,  23,  No.  1,11. 

7  The  writer  is  indebted  to  Professor  W.  R.  Orndorff  for  this  sugges- 
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i     Mooers  and  Hampton's  method. 

Mechanical    separation,    without  evaporation    to 
dryness. 

b,  Preliminary    indications  were    obtained    oi    the 
relative  behavior  of  ferric  iron,  ferrous  iron  and  cal 
cium  in  the  retention  oi  humus  from  water  solution. 

Protein  or  like-proteins  were   presenl    in   humus 
examined. 

d.  A  starch-like  body  was  present  which  can  be 
hydrolyzod  by  acids  ami  also  acted  upon  by  diastase 
with  subsequent  acid  hydrolysis,  both  of  these  pro- 
cesses gave  reducing  sugars,  in  comparable  amounts, 
in  all  samples  of  humus  examined. 

e.  One  of  these  reducing  sugars  was  obtained  in  a 
crystalline  form  but  has  not,  as  yet.  been  fully  identi- 
fied. This  was  obtained  from  the  humus  of  a  Florida 
soil. 

/.  Pentosans  were  present  in  appreciable  amounts 
in  all  samples  of  humus  examined. 

i,\  Nitrogen,  probably  present  as  amino  acids,  was 
found  in  the  i  per  cent,  hydrochloric  acid  extract  in 
all  soils  examined  by  the  Official  Method  for  the  de- 
termination of  humus. 

The  work  was  done  at  the  Agricultural  Experiment 
Station  of  the  University  of  Tennessee,  Knoxville, 
during  the  years  1909  and  1910. 

Department  of  Chemistry,  Illinois  College. 
Jacksonville,  III. 


AN  EXAMINATION  OF  CITY  STREET  SWEEPINGS.1 

By  J.  J.  Skinner  and  J.  H.  Beattie. 

Received  April   19,    1912. 

The  value  of  street  sweepings  is  a  matter  that  is  of 
interest  to  officials  of  all  the  large  cities.  The  debris 
which  is  collected  from  the  streets  of  cities  is  commonly 
used  as  fertilizing  material,  being  sold  to  near-by 
gardeners,  truckers,  and  farmers,  its  rather  low  cost 
making  it  particularly  attractive.  The  main  object 
of  the  city  official  is  to  dispose  of  the  material;  in 
some  cases  it  is  burned  and  in  others  it  is  hauled  to  a 
dumping  ground  and  used  as  filling  material. 

There  is  some  variation  in  the  character  of  the  ma- 
terial collected  from  the  streets  of  different  cities, 
depending  on  the  nature  of  the  industries,  the  kind 
of  paving  material  used,  and  the  character  of  traffic 
on  its  streets,  yet  on  the  whole  the  collections  from 
sweepings  are  very  similar  and  consist  chiefly  of  ma- 
nure from  animals,  leaves,  dirt,  and  trash,  such  as 
paper,  fruit  skins,  particles  of  coal,  etc.  It  is  possible 
that  the  sweepings  contain  finer  particles  of  the  pav- 
ing substance  and  some  oily  material  dropped  from 
vehicles.  This  is  especially  true  at  the  present  time, 
when  the  use  of  power  vehicles  for  pleasure  and  busi- 
ness is  so  extensive.  The  effect  of  the  sweepings  on 
crops,  especially  when  used  continually  year  after 
year  on  the  same  fields,  is  one  of  much  interest  and 
has  caused  considerable  speculation. 

This  article  deals  with  an  investigation  of  the 
street  sweepings  of  one  of  the  larger  cities.  The  ma- 
terial has  been  studied  from  the  point  of  view  of  its 
organic     and     inorganic     constituents     and     through 

1  From  the  Laboratory  of  Soil  Fertility  Investigations  by  permission 
of  the  Secretary  of  Agriculture. 


cultural  tests,  when-  its  effects  on  plant,  growth  was 
observed. 

i  HEMICAL   EXAMINATION    for   MINERAL  SALTS. 

Three   samples   of   the   sweepings   were   examined: 

sample  No.  i  consisted  of  the  debris  secured  by  hand 
sweeping  with  a  brush,  sample  No.  2  was  that  se- 
cured by  sweeping  with  a  machine,  and  sample  No.  3 
was  tlie  decomposed  debris  from  a  dump  pile  which 
had  been  accumulating  for  some  length  of  time. 
There  was  no  apparent  physical  difference  1. 
Samples  No.  1  and  No.  2,  both  being  composed  mostly 
i>\  the  raw  horse  manure.  Sample  No.  3  consisted 
principally  of  well-decomposed  horse  manure.  The 
chemical  analysis  of  the  three  samples  is  given  in 
Table  I,  the  results  being  stated  in  per  cents.  o(  dry 
material.  The  analyses  were  made  by  Mr.  |.  G. 
Smith,  of  the  Laboratory  of  Physical  and  Chemical 
Investigations: 

Table  I. — Analyses  of  Street  Sweepings. 

Nitrogen  Potash  Phosphate 

(N).  (K20).  (PjOj). 

Number  and  description.            Per  cent.  Per  cent.  Per  cent. 

1  Hand  sweepings 1.34  0.71  1.03 

2  Machine  sweepings 0.86  0.55  0.55 

3  Decomposed  sweepings 0.60  0.56  0.60 

This  table  shows  each  of  the  samples  to  contain 
appreciable  amounts  of  nitrogen,  potash,  and  phos- 
phate, sample  No.  i  being  somewhat  higher  in  each 
of  these  fertilizing  constituents.  Stable  manure  as 
determined  from  an  average  of  a  large  number  of 
samples1  contains  about  i .  6  per  cent,  of  nitrogen,  i .  5 
per  cent,  of  potash,  and  about  1 .  00  per  cent,  of  phos- 
phoric acid,  the  figures  being  based  on  dry  material. 
Comparing  these  amounts  with  that  contained  in 
ordinary  horse  manure  from  the  stable,  it  will  be  seen 
that  the  content  of  nitrogen,  potash  and  phosphate 
is  higher  in  the  latter.  The  lower  result  might  be 
expected,  as  the  sweepings  are  not  all  horse  manure, 
but  contain  considerable  foreign  material,  aside  from 
the  fact  that  they  are  frequently  subjected  to  leaching 
by  rain. 

EFFECT  ON   GROWTH. 

The  efficiency  of  street  sweepings  and  other  manures 
of  this  nature  as  fertilizing  material  should  not  be 
judged  merely  by  the  percentage  of  mineral  salts 
which  they  contain.  The  organic  material  itself  has 
an  important  bearing  on  the  question,  as  it  may  be 
of  such  a  nature  or  contain  constituents  which  cause 
it  to  have  either  a  beneficial  or  harmful  effect  on  soils. 

Experiments  were  undertaken  to  test  the  effect  of 
sweepings  on  crops,  by  growing  plants  in  soil  to  which 
they  had  been  added.  In  these  experiments  an  espe- 
cially constructed  paraffine  wire  pot,2  possessing  cer- 
tain advantages  over  the  ordinary  clay  pot,  was 
used. 

To  test  the  effect  of  sweepings  on  soil,  wheat  was 
grown  in  the  paraffine  wire  pots  for  one  month.  The 
soil  used  in  the  test  was  a  clay  loam.  The  soil  was 
divided  into  four  portions.  To  three  of  these  was 
added  a  sample  of  one  of  the  three  types  of  sweepings, 
while   to  the  fourth  good  stable  manure  was  added 

1  Storer,  F.  H.,  "Agriculture  in  Some  of  its  Relation  with  Chemistry." 

2  For  description  of  method,  see  Circular  18,  Bureau  of  Soils. 
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in  order  that  a  comparison  might  be  made.  These 
cultures  were  checked  against  the  growth  in  untreated 
soils.  The  sweepings  and  manures  were  used  at  the 
rate  of  5  tons  per  acre.  The  tests  were  conducted  in  a 
green-house,  where  the  conditions  of  temperature 
and  moisture  could  be  controlled.  When  the  plants 
had  grown  for  30  days,  they  were  cut  and  the  green 
weight  recorded.  Three  pots  were  used  for  each 
treatment,  six  plants  in  each  pot. 

Table  II. — Growth  of  Wheat  in  Soil  Treated  with  Street  Sweepings 
and  Stable  Manure. 

Green 

weight.  Increase. 

Treatment.  Grams.  Per  cent. 

Soil  untreated 1  .  708 

Soil  -I-  hand  sweepings  (Sample  Xo.  1  i 2   240  31 

Soil  +  machine  sweepings  (Sample  No.  2) 1  .880  10 

Soil  +  decomposed  sweepings  (Sample  Xo    3)  . . .      1  .800  5 

Soil  +  stable  manure 2  .500  46 

The  figures  in  this  table  show  the  sweepings  to  be 
beneficial,  especially  sample  Xo.  i .  but  not  as 
efficient  as  good  stable  manure. 

Another  test  was  made  in  which  corn  was  grown 
in  the  soil  treated  with  street  sweepings  and  stable 
manure,  the  manurial  treatments  and  general  meth- 
ods being  the  same  as  in  the  first  experiment.  Re- 
sults which  substantiate  those  obtained  in  the  latter 
were  secured.  The  green  weight  is  given  in  the  table 
below : 

Table  III. — Growth  of  Corn  in  Soil  Treated  with  Street  Sweepings 
and  Stable  Manure. 

Green 

weight.  Increase. 

Grams.  Per  cent. 

Soil  untreated 3  .  700 

Soil  +  hand  sweepings  (Sample  Xo.  1) 4.710  27 

Soil  +  machine  sweepings  (Sample  Xo.  2)  ..... .      4  .  160  12 

Soil  +  decomposed  sweepings  (Sample  Xo.  3).  .  .      3.440  — 8 

Soil  +  stable  manure 4 .950  34 

There  was  an  increased  growth  with  samples  Xo. 
i  and  No.  2,  but  a  decrease  where  sample  Xo.  3  was 
used.  Again  the  stable  manure  had  a  more  beneficial 
effect  than  the  best  of  the  sweepings.  The  growth 
is  shown  in  Fig.  1. 

Another  culture  test  was  made,   using  a  vegetable 


Fig.  1. — Effect  of  Street  Sweepings  and  Stable  Manure  on  Corn. 
(1)  Soil  untreated;  (21  soil  +  stable  manure;  (3)  soil  +  sweepings  Xo. 
1;  (4)  soil  +  sweepings  Xo.  3;  (5)  soil  4-  sweepings  No.  2 

(radish)  as  the  plant  on  which  to  test  the  effect  of 
the  street  debris.  The  growth  of  plants  in  this  ex- 
periment is  shown  in  Fig.  2.  Again  the  sweepings 
are     beneficial,    the     plants     in    Pots  Xos.   2.  3  and  4 


being  larger  than  in  the  untreated  Pot  Xo.  1. 
Pot  Xo.  4,  which  contains  the  soil  treated  with  de- 
composed sweepings,  has  smaller  plants  than  any  other 
except  the  check.  It  will  be  recalled  that  this  treat- 
ment showed  the  least  effect  also  in  the  case  of 
wheat    and   corn.      Pot    Xo.   5,    which    is  treated  with 


Fig.  2. — Effect  of  Street  Sweepings  and  Stable  Manure  on  Radishes. 
(1)  Soil  untreated;  (2)  soil   +   sweepings  Xo.   1;  (3)  soil   +   sweepings 
Xo.  2;  (4)  soil  +  sweepings  No.  3;  (5)  soil  +■  stable  manure. 

stable  manure,  has  produced  the  largest  growth,  which 
again  shows  that  the  sweepings  are  not  as  helpful  as 
good  stable  manure. 

EXAMINATION    FOR   MINERAL  OIL. 

As  was  pointed  out,  the  sweepings  are  apt  to  con- 
tain lubricating  oils  and  fine  particles  from  the  decay 
of  the  paving  materials,  which  may  be  a  factor  in  de- 
termining their  usefulness  as  a  fertilizer  material- 
In  order  to  study  this  point  the  three  samples  were  re- 
peatedly extracted  in  an  extraction  apparatus  with 
petroleum  ether  until  the  solvent  was  no  longer 
colored.  The  fatty  material  was  saponified  with  alco- 
holic potash  and  the  amount  of  mineral  oil  extracted 
by  petroleum  ether  determined.  Sample  Xo.  i  con- 
tained 1.7  per  cent.,  sample  Xo.  2  2  per  cent.,  and 
sample  Xo.  3  2  per  cent,  of  the  crude  mineral  oil. 
This  high  content  of  mineral  oil  suggests  the  possi- 
bility of  the  recovery  of  low-grade  lubricating  oil  from 
city  street  sweepings,  especially  in  those  cities  which 
have  considerable  automobile  traffic. 

EFFECT  OF  THE  OIL  OX   GROWTH. 

The  effect  of  the  oil  extracted  from  the  sweepings 
was  tested  with  wheat  plants.  Young  wheat 
seedlings  were  grown  in  distilled  water  and  nutrient 
solution  cultures.  Fifty  milligrams  of  oil  from  each 
sample  were  put  in  the  culture  bottle  containing'  250 
cc.  of  solution.  The  oils  from  all  of  the  samples  were 
harmful  to  growth,  the  roots  as  well  as  the  tops  being 
affected.  Oils  from  samples  Xo.  1  and  Xo.  2  reduced 
the  growth  of  wheat  10  per  cent,  in  the  case  of  the 
distilled  water  cultures,  and  the  oil  from  sample 
No.  3  reduced  the  growth  20  per  cent.  In  the  solu- 
tion containing  the  nutrient  salts,  the  oils  used  in  the 
same  amount,  from  sample  Xo.  1  reduced  growth 
6  per  cent.,  from  sample  Xo.  2  7  per  cent.,  and  from 
sample  Xo.  311  per  cent. 

TEST   OF   SWEEPIXGS   AFTER   OIL   WAS    EXTRACTED. 

The  sweepings  from  which  the  oils  had  been  ex- 
tracted were  next  tested  as  to  their  effect  on  growth. 
The  petroleum  ether  was  evaporated  completely  from 
the  manure  by  allowing  it  to  stand  in  the  open  for  a 
week  or  more.  The  same  kind  of  soil  was  used  as  in 
the  previous   experiments   and   the    extracted    sweep- 
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were  added  to  portions  oi  the  Boil  at  the  rat 
5    t  treatments   with   stable    manure, 

extracted  with  petroleum  ether  and  also  in  its  natural 
condition,  were  included   in   the  test   as  a   mean 

parison  with  the  samples  of  sweepings.  The 
plants  were  grown  in  the  paraffine  pots  for  30  days, 
then  the  green  weights  were  talon.  Three  pots  were 
used  for  each  treatment.  The  growth  is  given  in 
Table  IV.: 

Tabu   tV.     Bpfbct  of  Strbei  s«  11  tings,  after  being  Extracted  with 
Petroleum  Ktiikk. 

Green  weight  of 

Wheat  Radish. 

Treatment.  Grains.  Crams. 

Soil  untreated 1.910  3.700 

Soil     +     hand    sweepings,    extracted     (Sample 

No.  1) 2.270  5.400 

Soil    +    machine   sweepings,  extracted   (Sample 

No.  2) 2.270  5.700 

Soil      +      decomposed     sweepings,      extracted 

(Sample  No.  3) 2.190  5.200 

Soil  +  stable  manure,  extracted 2.260  5.800 

Soil  +  stable  manure,  natural. 2   270  5.700 

An  examination  of  the  figures  in  the  table  shows 
that  the  sweepings  and  stable  manure  had  about  the 
same  efficiency  in  causing  increased  growth;  this  is 
true  with  both  the  grain  and  the  vegetable  crop. 
The  oil  was  also  extracted  from  the  sweepings  by 
using  ether  as  the  solvent  and  the  sweepings  after- 
wards tested  in  soils.  This  test  also  showed  that  the 
sweepings  were  practically  as  good  as  the  stable  ma- 
nure. 

It  will  be  recalled  that  the  effect  of  the  unextracted 
sweepings  was  not  nearly  so  good  as  the  effect  pro- 
duced by  the  stable  manure.  In  other  words,  after 
the  oil  was  removed  from  the  street  debris  its  action 
was  practically  the  same  as  that  of  the  stable  manure. 
That  the  oil  is  the  deleterious  constituent  of  the  sweep- 
ings is  also  borne  out  by  the  fact  that  the  oil  itself, 
when  added  to  culture  solutions  in  which  plants  were 
growing,  markedly  reduced  their  growth. 

The  application  of  street  sweepings  to  soils  will 
undoubtedly  have  a  beneficial  effect  and  be  a  factor 
in  building  up  the  land ;  the  possible  danger  of  a  harm- 
ful effect  from  the  oily  substance  which  it  contains 
must,-  however,  be  considered.  If  the  oil  could  be 
economically  extracted  this  danger  would  be  averted. 
The  oil  in  the  debris  for  the  first  year  or  two  may 
not  have  any  effect,  but  a  continuous  application  to  a 
field  year  after  year  may  eventually  impair  its  pro- 
ductiveness, unless  through  drainage  or  other  natural 
agencies  the  oily  material  is  drained  off  or  changed. 
In  some  localities  this  is  probably  the  case,  as  the  use 
of  such  material  is  still  said  to  be  effective,  although  it 
has  been  applied  for  a  number  of  years.  No  very 
definite  field  information  on  this  point  is,  however, 
at  hand.  In  this  connection  attention  must  be  called 
to  the  fact  that  the  presence  of  an  unusual  amount  of 
oil  in  such  street  sweepings  has  been  the  result  of  auto- 
mobile traffic,  and  hence  appears  only  in  recent  years 
as  an  appreciable  factor  in  the  use  of  street  sweepings 
as  fertilizer,  and  it  is  not  improbable  that  the  amount 
of  oil  will  even  further  increase  in  the  next  few  years. 

Aside  from  the  physiological  action  of  the  oily  ma- 


terial here  mentioned,  there  are  probably  other  more 
Btrietly  physical  effects  due  to  the  coating  of  soil  par- 
ticles, thus  interfering  with  normal  moisture  move- 
and  solubility  of  the  mineral  soil  constitu 
Vegetable  or  animal  oils  undergo  changes  in  soils 
under  the  influence  of  soil  organisms,  but  so  little  is 
known  concerning  the  action  of  organisms  on  the  strictly 
hydrocarbon  oils  that  no  statement  concerning  the 
possible  disappearance  or  change  of  this  oil  in  street 
sweepings  can  be  made. 

Hi  u   \i    01    Son  s. 
Washington,  D.  C. 

INORGANIC  PHOSPHORUS  IN  PLANT  SUBSTANCES     A 

METHOD  OF  ESTIMATION. 

By  R.  C.  Collison. 

Received   May    15,    1912 

In  the  synthesis  of  organic  phosphorus  compounds 
by  the  plant  and  their  storage  in  seeds  as  reserve 
food,  the  inorganic  phosphates  play  an  important 
part.  The  phosphorus  used  in  this  synthetic  process 
is  taken  into  the  plant  in  inorganic  form  and  used  in 
the  building  up  of  complex  organic  phosphorus  com- 
pounds such  as  lecithins,  phospho-  and  nucleo-pro- 
teids  and  salts  of  phytic  acid. 

It  is  believed  by  some'  investigators  that  unmodi- 
fied plant  tissue  and  a  large  number  of  the  seeds  con- 
tain practically  no  phosphorus  in  inorganic  combina- 
tion. Since  inorganic  phosphate  is  the  starting  point 
in  the  synthesis  of  organic  phosphorus  compounds 
and  as  there  exist  in  the  plant  enzymes  which  have 
the  property  of  splitting  off  inorganic  phosphorus 
from  such  compounds,  it  would  seem  probable  that 
at  least  an  appreciable  quantity  of  phosphorus  in  in- 
organic form  might  be  found  in  such  plant  tissues 
and  seeds. 

It  is  doubtful  whether  the  failure  to  demonstrate 
the  presence  of  appreciable  quantities  of  inorganic 
phosphorus  in  seeds  has  been  due  to  its  absence  in 
the  plant  substance  under  examination  or  to  analyt- 
ical methods,  which  may  be  questioned  from  a  chem- 
ical and  practical  standpoint. 

Methods  of  estimating  inorganic  phosphorus  in 
plant  substances  usually  begin  with  some  means  of 
acid  extraction  of  the  material,  with  subsequent 
separation  of  the  phosphates  from  the  extract.  Some 
of  the  proposed  methods  may  be  questioned  on  the 
ground  of  mechanical  imperfection  and  also  because 
they  do  not  take  into  sufficient  consideration  the  in- 
fluence of  organic  matter  on  the  precipitation  of  phos- 
phates with  the  common  precipitating  agents.  This 
influence  on  precipitation  was  investigated,  to  some 
extent,  by  the  author  two  years  ago.1 

Dilute  acid  extracts  of  plant  substances  contain, 
besides  inorganic  salts,  also  proteids,  carbohydrates 
and,  in  the  case  of  cereals,  salts  of  phytic  acid.  The 
proteids  and  carbohydrates  both  inhibit  the  formation 
of  ammonium-phosphomolybdate,  and  the  salts  of 
phytic  acid  especially  have  the  property  of  suppress- 
ing the  formation  of  this  precipitate  in  a  marked  de- 
gree. The  influence  of  phytin,  especially,  was  inves- 
tigated by  the  author  two  years  ago.     That  it  is  no 

1  Bull.  215,  Ohio  Agr   Exp.  Sta..  April.  1910. 
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Small   factor  contributing   to   the   accuracy   of   the   final  Table    n.— Total  and  Inorganic   Phosphorus  in  a  Few  Plant  Sub- 

results  can   be   readilv   appreciated   when   the  results  stances.                 % 

J         '  '  Total                   Inorganic 

below,  which  were  secured  at  that  time,  are  examined.  phosphorus.        phosphorus. 

Commercial   phytin    was    dissolved     in    0.2    per   cent.  Substance.                                              Percent.                 Percent. 

.      .              .,             ,                            ,.                 1            1      ^                    -i  Oats.«rain 0.397                       0  060 

nitric    acid   and   pure    sodium    phosphate,    equivalent  wheat,  grain. .                                  0.394                0.036 

to   0.0420   gram     magnesium   pyrophosphate,    added.  com.  grain 0.266                0041 

Acid   molybdate   solution   in   excess   was   then   added  Soyabeans  0547  o.oS4 

,.",.,.  Cow  peas                                      0   445                           0.056 

and  the  solutions  digested  at  60  °  C.  for  one  hour.     The  Rice  polish 0.600                0.027 

volume  of  the  solutions  was  about  200  cc.  Alfalfa  hay 0.230  0.136 

Blue  grass 0.256  0.158 

Table  I.' — Influence  of  Phytin  on  the  Precipitation  of  Phosphorus. 

Grams  pyrophosphate  With  substances  giving  extracts  low  in  organic  ma- 
Grams  phytin.                                          recovered.  terial,  as  is  the  case  with  the  rough  feeds,  such  as  the 

10                                                    ooooo  hays,    and    also    with    many    other    substances,    the 

0.5                                                               0  0260  ,      ,        .                                     .                          ,            __.  , 

04                                                    o  0329  method    gives    very    consistent    results.     With    sub- 

0  3                                                       o  0371  stances  giving  extracts  high  in  organic  material,  this 

0  0420  method  may  cause  high  results  due  to  great  difficulty 

Phytin  is  only  one  of  the  substances  present  in  acid  in  filtering  the  extracts,  the  prolonged  standing  proba- 

extracts  of  seeds,  which  may  have  a  retarding  or  in-  bly    causing    decomposition    of    organic    phosphorus 

hibiting  influence  on  the  precipitation  of  phosphorus.  compounds,  and  in  other  cases  low  results  due  to  the 

Large  quantities  of  some  salts  of  organic  acids  seem  influence   of   organic   substances    on    precipitation  of 

to    have   this   tendency.     Alkaline    citrates,    solutions  rnagnesium-ammonium-phosphate. 

of   which    seem    to    have    the    property    of    dissolving  These  difficulties  are  met  with  especially  in  the  ex- 

phytin,  have  tendencies  in  this  direction.  tracts  of  leguminous  seeds,  cereal  grains  and  their  by- 

These  results,   it   is  believed,   indicate  very  clearly  products,  which  are  in  general  very  difficult  to  filter, 

that  failure  to  demonstrate  the  presence  of  inorganic  With   the   purpose   of   eliminating  these   sources  of 

phosphorus  in  some  of  the  seeds  may  easily  have  been  objection  a  new  method  is  proposed,  which,  although 

due  to  discrepancies  in  the  analytical  methods.  bearing  some  resemblance   to  the  old  method  in  its 

There  is  no  absolute  standard  with  which  we  can  minor  details,  is  quite  different  as  regards  extractive 

compare    results    by    different    methods.     The    only  medium  and  method  of  precipitation, 

standard  we  have  for  comparison  is  one  established  While    investigating   the     solubilities     of     inorganic 

by  the  addition  of  a  known  quantity  of  pure  phosphate  and    organic    phosphorus    compounds    in    connection 

to  a  plant  substance,  together  with  the  constancy  of  with   the   acid  w*ter  extraction    method,    the   author 

our    analytical     results.     Complete     recovery    of    the  found   that   cold   acid    alcohol    (94   per  cent,   alcohol 

phosphorus  added  and  a  constant  result  for  inorganic  containing    0.2    per    cent,    of    hydrochloric    or    nitric 

phosphorus    without    such    addition    constitutes    the  acid)    has    the    property    of    dissolving    the    common 

most  reliable  test  we  have  at  present  of  any  given  phosphates,  which  are  insoluble  in  neutral  or  slightly 

method  alkaline  alcohol.     Proteids  in  general,    nucleinic    acid 

The  difficulties   in  precipitation  above  noted  have  from  veast>   carbohydrates  and  salts  of    phytic   acid 

been,    to   some    extent,    overcome    by   some   previous  appear  for  the  most  part  to  be  insoluble.     Taking  these 

work    two    years    ago.1     A    brief    description    of    the  facts   in.to   consideration,    an   acid   alcohol   extraction 

method  published  at  that  time  is  here  given.  of    the    material    is    proposed.     Such    an    extraction 

„                      r  .,          ,    .                               .    ,      ...  would  insure  solution  of  inorganic  phosphates,  which 

Ten  grams  of  the  substance  are  extracted  with  ?oo  ...       _,         .    .            ,            ,.      ,      , 

,                         .    ,     ,       , ,     .          .,  ,      ..         .  could  be  filtered  from  the  undissolved  organic  phos- 

•cc.  of  0.2  per  cent,  hydrochloric  acid  for  three  hours:  ,                             .    .      ,                                        .         c 

/•  .1       cll       j                                     ■    .^   .    ■,       -,,  phorus  compounds  in  the  residue. 

250  cc.  of  the  filtered  extract   are   precipitated    with  r  _       ..      f                            ,     ,  .                    ,           ,     ,      , 

,           ,                  ,                           ,  ror  the   investigation  of  this  proposed   method  of 

magnesia    mixture    and    made    strongly    ammoniacal.  ,     °            .                         , 

Af.            .            ..             .   ..    .     .    _..        ,     a       ,         ,     ,  extraction    and    separation    three    plant    substances 

After  12  hours  the  precipitate  is  filtered  off  and  washed  c                               c 

with  ammonia   and   finally   with   alcohol.     The   dried  ,  .    _,           "                                   .    ,    .    ,  .  , 

.  ,    L.              .   ..    .     .     .,             ,,       ,    ,            ...  (1)   boya  beans,  on  account  of  their  high  percentage 

paper  with  the  precipitate  is  thoroughly  shaken  with  ,       .   .  /             .           ...                 .....         & 

,        ,             ,       .,     .     ,    ,     .,"         .    .          ,.,  of  soluble  protein  and  also  because  dilute  acid  water 

a  measured   volume   of  acid  alcohol,    the   mixture   fil-  _.    ,                   ,   ,                          ... 

,             ..              ,  .,      _,.                           .     ,         ,      ,  extracts  of  the  ground  beans,   as  well  as  the  precipi- 

tered,  an  aliquot  of  the  filtrate  evaporated  and  phos-  ,                                                     ,.„      ,           _,      c        * 

,            .  .         .      ,  1     . ,           .,  tated  extracts,  are  extremely  difficult  to  filter, 

phorus  determined  in  the  residue.  .  .    „.           ...                       J       .  .            ,        ,  .  , 

t,,  .           .,     ,          .,     .,                  ..         ,           .   ..    ..  (2)   Rice  polish,  on  account  of  its  rather  high  con- 

This  method  avoids  the  necessity  of  precipitating  .                                                                 & 

phosphorus  in   the  presence   of  proteids  and   salts  of  ,  .    _r    * 

.....       Ti  ,                  ,                         c  (3)   Lorn  germ  meal,  on  account  of  its  content  of 

phytic  acid.     It  has  now  been  in  use  for  two  years  ,  .       ,        , 

......                        ,    ,                                     ..  ,     .  nuclem  phosphorus. 

in    this   laboratory   and    has   given    more   satisfactory  ■  _,       r     ,     ,                    ,               ,     ,                       ... 

,.     .,                       lL    ,            .       .            ,  I  he  method  of  procedure  and  the  new  method  in 

results  than  any  method  previously  used.  ...                         ,    ■          ,  ,, 

¥«......                               .  c           .•  detail,  as  proposed,  is  as  follows: 

In  all  the  plant  substances  examined  from  time  to  r     * 

time,   appreciable  quantities  of  inorganic  phosphorus  NEW  method  of  acid  alcohol  extraction  in  detail. 

have  been  found  by  this  method.     A  few  results  are  A  ten-gram   sample   of   the   substance,    very   finely 

here  given  for  illustration:  ground,  is  placed   in  a  400  cc.  Florence  flask  and  cov- 

1  Bun.  215.  Ohio  Agr.  Exp.  sta.  ered  with  exactly  300  cc.  of  94  to  96  per  cent,  phos- 
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»hol,  which  contains  o.a  per  rent,  of  phate,  in  an  endea\                    er  the  latter  completely, 

hydi                            ilculated  From  the  per  cent.  IK'l  The  firsl   two  sets  ol  results  were  slightly  low,  due 

jn   th           centrated    acid).     The    flask    is   shaken    a1  to  insufficient    time  given  for  precipitation,  since  the 

inten                   minutes  for  three  hours.     The  extract  filtered  extracts  were  made  ammoniacal  and  filtered 

itained  is  then  filtered  through  dry  double  11  cm.  immediately.       Following    the    detailed     method    as 

.  into  dry  flasks      No  suction  is  necessary.     An  stated,    allowing    the   extracts    after    precipitation 

aliquot  ol    150  CC    ol   this  filtrate  is  placed  in  a  400  cc.  stand    the   specified    la    hours,    very   consistent   results 

beaker  and  made  just  alkaline  to  litmus  paper  with  were  obtained  as  shown  by  the  following  table: 

ammonia.      A  slight  excess  of  ammonia  does  no  harm.       Table   m      Recovery  ...     1 Phosphorus  tn    Acid-Alcohol  Bx- 

The    solutions    are    allowed    tO   stand    8    to    13    hours   or  traction  M,:n„.„ 

Overnight    and    then    filtered    through    double     n    cm.  pbrfe'oloOM  Theo-       Percent. 

filters,   care   being   taken   to   decant    the  clear  liquid   as  Substance                         Without    gram  phos      retical      inorganic 

long   as   possible        The   precipitate   is   then    transferred  phosphate,     pharos,        results,  phosphorus. 

to  the  filter  and  washed  with  94  to  96  per  cent,  alco-  g-^S                   IZl      0^8      IZl      oof, 

hoi,    which   has    been    made    very    slightly    ammoni-  corneerm    o.oois       0.0053       0  0054       0.028 

acal.  In  transferring  the  precipitate,  some  of  the  ma-  Thfi  ^  are  grams  of  phosphorus  (element) 
terial  may  stick  very  tenaciously  to  the  beaker.  In  ^  m  avefages  of  three  determinations, 
this  case,  alter  cleaning  the  beaker  fairly  well,  add  5  The  ^  column  q£  figureg  represents  the  quantity 
drops  of  hydrochloric  acid  to  the  beaker,  rub  out  the  of  inorganic  phosphorus  found  in  the  material  itself. 
latter  with  a  rubber  tipped  rod.  add  10  cc.  of  alcohol  Column  2  represents  the  amount  found  after  the  ad-  • 
and  then  make  just  alkaline  with  ammonia  and  trans-  dJtion  of  purc  phosphate  in  knmvn  quantity,  and  col- 
ter this  last  portion  to  the  filter.  In  this  way  the  last  umn  3  thp  results  whJch  shouM  hav£  been  obtained 
traces  of  the  precipitate  can  be  easily  removed.  Alter  aftef  adding  pure  phosphate,  assuming  that  the  fig- 
washing  several  times,  the  inner  filter  with  the  pre-  ures  jn  column  ,  are  the  correct  ones  for  morganic 
cipitate  is  spread  out  and  allowed  to  dry  completely.  phosphorus  For  example,  the  inorganic  phosphorus 
It  is  then  transferred  to  an  Erlenmeyer  flask  contain-  fa  6  2_  grams  of  SQya  beans  amounted  to  0  OOI5 
ing  exactly  100  cc.  of  0.5  per  cent,  nitric  acid  in  water  gram  phosphorus.  To  every  6  2-  grams  of  sampie 
(calculated  from  the  per  cent.  HNO,  in  the  concen-  were  added  pure  sodium  phosphate  equivalent  to  o.  0037 
tra ted  acid).  The  flask  is  stoppered  and  the  contents  gram  phosphorus  Thus  if  the  added  phosphorus 
thoroughly  shaken  until  the  paper  and  precipitate  were  completelv  recovered,  the  result  should  have 
are  broken  up.  It  is  best  to  let  stand  tor  some  hours.  been  0.00IS  +  0.0037  =  0.0052  gram  phosphorus 
The  material  in  the  flask  is  then  filtered  through  dry  £Qr  tbe  theoretical. 

double    11    cm.    filters   into   dry   beakers   and   exactly  These  results  check  with  the  theoretical  as  closely 

7S  cc.  of  the  filtrate  precipitated  with  50  cc.  of  official  as  could  be  desired    indicating  complete  recovery  of 

acid  molybdate  solution  in  the  usual  way.      Ten  grams  tbe  phosphate 

ammonium   nitrate   and   two   hours   digestion   at   60 °  In  Table  IV  are  given   similar  results  on  a  more  ex- 

C.  are  usually    sufficient.     The   final  result  represents  tended    scale      The    pyrophosphate    was    reprecipita- 

the  amount   of  inorganic  phosphorus   in   6.25   grams  ted    the  results  being  given  in  column  3. 

of  the  original  sample.  _        .,.     .               _                     „      ,, 

0                      r  Table  I\  . — Inorganic  Phosphorus  by  New  Method,  with  and  without 

It  is  advisable  to  reprecipitate  the  pyrophosphate,  pure  phosphate. 

if  the  final  solutions  are  highly  colored,  which  -is  some-  with      with  phos-                 Per  cent, 

times  the  case  with  some  of  the  rough  feeds,  as  the  phosphate    phate  re-                  inorganic 

.                                 .  Without  0.0037  gram     precipi-    Theoretical     phos- 

hays.     In  the  case  of  substances  which  are  relatively  substance,      phosphate,  phosphorus,     tated.       results,     phorus. 

high  in  inorganic  phosphorus,   a  smaller  sample  may         Cow  peas 0  0014       00053       0  0051       0  0051        0.023 

be  taken,    z  to  6  grams.     In  using  this  method  with         oil  meal 0.0017       0.0057       00053       0.0054       0.027 

,  ,  .    ,  ,  j       1   •    ,  Corn  meal 0.0016  0  0056  0  0051  0  0053  0.025 

substances  which  are  tenacious  and  gummy,  and  which  wheat,  grain. .. .    o.ooos       0.0046       o.oo44       0.0045       0.012 

do  not  break  up  readilv  in  acid  alcohol,  as  is  true  of         wheat  bran 0  0021       0  0063       0  0060       0.0058       0034 

dried  fruits  and  other  substances  containing  consider-         wheat  germ 0.0025       0.0068       o.oo64       0.0062       0.040 

.  f  Clover  hay 0  0043  0.0085  0  0082  0.0080         0.070 

able  sugar,  the  same  may  be  worked  up  with  sand  and  Timothy  hay  .   .    0.0030       0.0068       0.0067       0.0067       0.047 

a  definite  quantitv  of  water,    15  to  20  cc,  is  usually         oats,  grain 00026       0.006?       0.0064       0.0063       0.041 

£C     •                   t>,   •                    u       J              •                        .-                J   »u  Cottonseed  meal.      0.0014          0.0055          0.0053          0.0051           0.023 

sufficient.      This  mav  be  done  m  a  mortar  and  the  ma-  „.        ...              „  _„,,       „  „„.„       „  nnAa       „„M„       n  „,Q 

;  Rice  polish                   (i   11012          0  0050          0  0049          0.0049          0.019 

terial    washed    out    into    the    flask    with    acid    alcohol,  corn  germ              0  0018       0.0055       0.0055       0.0055       0.029 

care  being  taken  to  use  the  correct  volume,  namely.  Soya  beans 0.0015       0  0053       0.0052       0.0052       0.024 

300  cc.  minus  the  quantity  of  water  used.     This  method  The    figures    represent    grams    of    phosphorus    (ele- 

deflocculates    the    most    refractive    substances    in    this  ment). 

regard.     It   is  also   very   important  to  have  the  orig-  Here   again  the   results  agree   with   the   theoretical 

inal  material  ground    as   fine   as   possible   before   ex-  in  every  case. 

traction.  The    extracts    of    substances    wrhich    by    the     acid 

Three    sets    of    determinations    wefe    made    by    this  water  extraction  method    filter  with  great   difficulty, 

method  on  soya  beans,  rice  polish  and  corn  germ.      In  by    the    acid  alcohol  extraction    method    filter    with 

each  case  determinations  were   made  with   and  with-  great  ease,  as  well  as  the  solutions  after  precipitating 

out   the   addition   of   a   known  amount   of   pure   phos-  by  neutralization. 
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In  order  to  make  the  comparison  complete,  a  sim- 
ilar series  of  determinations  was  made  by  the  acid 
water  extraction  method  on  the  same  substances, 
with  and  without  phosphate  added. 

Table  V. — Comparison-  of  Acid  Water  and  Acid  Alcohol  Extraction 
Methods.      Results  by  Acid  Water  Mil  Hon 

IVr  cent. 
inorganic 
Per  cent.        phos- 
With  inorganic     phorus, 

phosphate.      Theo-     phosphate,      acid 
Without    0  0081  gram    retical     acid  water    alcohol 
Substance.  phosphate,    phosphorus,    results.         extn.      extraction. 

Cow  peas 0.0013  0.0068  0  0094  0  020  0.023 

Oil  meal I  nlilterable  0.027 

Corn  meal 0.0014  0  0092  0  0095  0.022  0.025 

Wheat,  grain 0.0006  0.0074  0  0087  0.009  0.012 

Wheatbran 0.0037  0.0098  00118  0.059  0.034 

Wheat  germ 0.0022         0  0090         0  0103         0  035         0.040 

Clover  hay 0  0037  0  0088  0.0118  0.059  0.070 

Timothy  hay 0.0026  0.0105  0.0107  0.042  0.047 

Oats,  grain 0  0034  00110  00115  0  055  0.041 

Cottonseed  meal.  .      0  0048  0  0124  0.0129  0.076  0.023 

Rice  polish 0.0016  0  0087  0  0097  0  025  0.025 

Corn  germ 0.0018  0.0097  0.0099  0.029  0  029 

Soyabeans 0.0010         0  0032  0.0047  0  015  0.024 

The  results  in  the  first  three  columns  are  expressed 
in  grams  of  phosphorus   (element). 

The  inorganic  phosphorus  was  recovered  in  five 
cases,  namely,  corn  meal,  timothy  hay,  oats,  cotton- 
seed meal  and  corn  germ.  It  is  interesting  in  this  con- 
nection that  all  five  are  substances  which  do  not  give 
a  large  quantity  of  organic  material  on  extraction. 
On  the  other  hand,  cow  peas,  wheat,  wheat  bran, 
wheat  germ,  clover  hay,  rice  polish  and  soya  beans 
are  all  plant  substances  which  yield  a  large  quantity 
of  soluble  organic  matter  on  extraction,  which  has 
evidently  had  its  effect  in  preventing  complete  pre- 
cipitation, since  the  phosphate  added  was  not  entirelv 
recovered  in  these  substances. 

Hydrolysis  has  possibly  been  a  factor  contributing 
to  the  variations  in  the  results  by  the  two  methods, 
especially  in  the  case  of  cottonseed  meal  and  wheat 
bran.  The  higher  results  in  these  two  substances  may 
indicate  the  splitting  off  of  inorganic  phosphorus  from 
organic  compounds.  This  factor  would  have  consid- 
erable bearing  on  results  by  the  old  method,  in  which 
extraction  and  precipitation  is  made  in  a  water  solu- 
tion. On  the  other  hand,  in  the  new  method  this 
factor  would  not  .have  special  significance,  since  ex- 
traction and  filtration  are  made  in  alcohol  and  the 
presence  of  strong  alcohol  practically  throughout  the 
process  tends  to  prevent  enzyme  action  and  bacterial 
decomposition. 

As  a  factor  in  causing  low  results  may  be  mentioned 


the  property  ol  some  organic  bodies  to  combine  with 
inorganic  salts  in  water  solution  and  also  the  property 
of  such  bodies  of  inhibiting  the  precipitation  of  phos- 
phorus, either  chemically  or  mechanically.  Phytin, 
proteids  and  carbohydrates  seem  to  have  these  prop- 
erties, some  in  a  marked  degree. 

The  chief  considerations  which  recommend  the  acid 
alcohol  extraction   method   may   be  stated  as  follows: 

(1)  Alcohol  extraction  tends  to  prevent  enzyme  and 
bacterial  decomposition  of  organic  phosphorus  com- 
pounds. 

(2)  Organic  phosphorus  compounds  in  general  seem 
to  be  practically  insoluble  in  the  solvent. 

(3)  Filtration  of  the  extracts  of  even  the  most 
difficultly  filterable  materials  is  very  rapid. 

(4)  Recovery  of  the  alcohol  used  is  possible. 

(5)  A  considerable  saving  of  time  over  the  old 
method  is  secured. 

(6)  Results  on  all  the  substances  examined  seem  to 
be  consistent  and  in  all  cases  added  inorganic  phos- 
phorus was  completely  recovered. 

The  author  does  not  claim  that  the  acid  alcohol 
extraction  method  gives  final  and  absolute  results 
for  inorganic  phosphorus  in  vegetable  substances, 
but  hopes  that  it  may  be  useful  in  more  nearly  ap- 
proximating the  truth. 

Lack  of  time  has  prevented  further  work  on  some 
of  the  details  of  the  method,  such  as  the  influence  of  a 
longer  time  of  extraction  or  a  slightly  stronger  acid, 
and  the  substitution  of  a  second  acid  alcohol  separa- 
tion to  take  the  place  of  the  dilute  nitric  acid  separa- 
tion in  the  Erlenmeyer  flask,  details  which  might  be 
of  considerable  interest. 

It  is  also  thought  that  this  method  might  be  adapted 
to  the  determination  of  inorganic  phosphorus  in  ani- 
mal tissues.  Tissues  dried  by  vacuum  could  be  ex- 
tracted by  acid  alcohol,  either  before  or  after  ether 
extraction  of  fat  and  lipoid  phosphorus,  thus  deter- 
mining inorganic  phosphorus  on  the  same  sample  and 
rendering  unnecessary  the  tedious  and,  in  the  case  of 
fresh  brain  and  blood,  the  somewhat  unsatisfactory 
and  difficult  method  of  hot  water  extraction. 

It  is  the  hope  of  the  author  that  some  of  these 
points  will  be  more  thoroughly  investigated. 

The  author  wishes  to  express  thanks  to  Dr.  E.  B. 
Forbes  for  his  courtesy  in  making  this  investigation 
possible. 

Nutrition  Laboratory, 

Ohio  Agricultural  Experiment  Station-, 
Wooster.  Ohio  * 


LABORATORY  AND  PLANT 


DESIGN  AND  EQUIPMENT  OF  THE  CHEMICAL  ENGINEER- 
ING LABORATORY  AT  THE  UNIVERSITY  OF 
WASHINGTON. 
By  H.  K.  Benson. 
Received  April  3.    1912. 

A  description  of  the  new  chemistry  building  of  the 
University  of  Washington  was  published  some  time 
ago  (J.  Am.  Client.  Soc,  32,  967).  Recently  the  space 
set  aside  for  chemical  engineering  practice  has  been 


utilized  in  the  design  and  equipment  of  a  chemical 
engineering  laboratory  of  which  a  brief  description 
may  be  of  interest. 

The  general  plan  is  shown  in  the  accompanying 
diagram  (Plate  I).  The  room  is  well  lighted  and  com- 
pletely fire-proof,  since  it  has  a  concrete  floor,  brick 
walls,  and  wire-lath-cement  ceiling.  It  is  supplied 
with  all  the  accessory  equipment  available  in  the 
building  such  as  steam,  gas,  compressed  air,  etc.,  and 
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with    the    installations   named   in   the   description   of  distillation  retort  (Pig.  4,  Plate  II)  and  with  a  steam 

Plate  I.  jacketed  copper  vacuum  still  (Fig.   1,  Plate  IV).     In 

The  function  of  the  laboratory  is  to  offer  facilities  the  latter  the  use  of  steam  from  a  superheater  enables 

for  the  acquirement  of  familiarity  with  fundamental  a  wide  range  of  use  in  connection  with  the  vacuum 


O-e-0 


1.  Continuous   extraction    appa- 

ratus. 

2.  Filter  press. 

3.  Hydraulic  press. 

4.  Wood  distillation  retort. 

5.  Drying  oven. 

6.  Flue. 

7.  Steam  superheater. 

8.  Steam  still. 

9.  Alcohol  still. 


10.  Work  table. 

12.  Vacuum  dryer. 

13.  Condenser. 

14.  Vacuum  still. 

15.  Sulphurous  acid  plant. 

16.  Tulp  digester. 

17.  Fan  motor.  ^ 

18.  Heating  furnace. 

19.  Seger  furnace. 

20.  Flue. 


processes  in  chemical  manufacture  such  as  distillation, 
extraction,  nitration,  desiccation,  grinding  and  pul- 
verization, mixing,  calcination,  fusion  and  steam  di- 
gestion. At  the  same  time  it  furnishes  a  workshop 
for  industrial  research  problems  which  arise  from  local 
conditions. 


22.  Rotary  cement  kiln. 

23.  Case  crusher. 

24.  Paste  mill. 

25.  Pony'mixer. 

26.  Braun  disc,  pulverizer. 

27.  Drug  mill. 

28.  Vacum  pump  and  equalizer. 

29.  Wood  grinder. 

30.  Shelves. 

31.  Desk. 


32.   Balance  table. 
34.  Testing  table. 

34.  Drying  closet. 

35.  Mixing  table. 

36.  14  H.  P.  motor. 

37.  Pebble  mill. 

38.  Moist  closet. 

39.  Storage  rack. 

40.  Lockers. 

41.  Shafting. 


pump  Fig.  6,  Plate  III).  The  extraction  of  oils  by 
solvents  is  carried  on  by  means  of  a  continuous  extrac- 
tion apparatus  (Fig  i,  Plate  II)  or  by  pressure  in  a 
Boomer  and  Boschert  type  of  hydraulic  press  (Fig.  3, 
Plate  II).  For  filtration  and  clarification,  the  Sperry 
filter  press  (Fig.  2,  Plate  II)  is  used. 


For  distillation  the  laboratory  is  equipped  with  a 
steam  still  modeled  after  those  used  in  the  turpentine 
industry:     with     an     electrically  '  heated     destructive 


Plate  III. 

The  effect  of  varying  pressure  on  desiccation  is 
illustrated  by  a  Stokes  vacuum  drier  (Fig.  2,  Plate  IV) 
which  may  be  subjected  to  a  twenty-four  inch  vacuum 
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or  a  forty-pound  air  pressure.  Grinding  machines 
of  various  types  have  been  selected.  For  rock  ma- 
terials, a  case  jaw  crusher  (Fig.  1,  Plate  III)  is  used 
and  a  number  of  ball  and  pebble  mills  in  other  labora- 
tories are  also  available.  For  pigments  the  Day  pony 
mixer  (Fig.  3,  Plate  III;  for  mixing  and  a  paste  mill 
(Fig.  2,  Plate  III)  for  grinding  with  oil  are  employed. 


steam  pressure  is  employed.  The  latter  apparatus  is 
also  available  for  experiments  in  wood  pulp  digestion 
in  connection  with  a  small  sulphurous  acid  plant. 

A  work  table  for  refining  operations  has  been  pro- 
vided with  outlets  for  steam,  compressed  air,  vacuum, 
gas,    water   and    superheated    steam. 


JLu2 


FIG  2  FIG  ! 

Plate  IV. 
For  the  reduction  of  wood,  roots,  bark,  etc.,  to  powder 
form,  a  Mitts  and  Merril  wood  grinder  and  a  Green- 
baugh  drug  mill   (Fig.   5,    Plate    III)    have   been    in- 
stalled. 


Plate  VI. 
From  this  brief  description  in  connection  with  dia- 
grams and  illustrations  it  will  be  seen  that  stress  in 
chemical  engineering  education  at  the   University  of 
Washington  is  laid  upon  certain  fundamental  opera- 


In  the  testing  of  ceramic  materials  use  is  made  of 
heating  furnaces  of  the  usual  type.  They  are  equipped 
with  Case  gas  burners,  a  forced  draft  being  supplied 
by  a  small  motor-driven  fan.  This  equipment  also 
includes  a  Seger  down  draft  furnace  which  utilizes 
preheated  air  in  combustion. 

The  silicate  industry  is  represented  in  the  installa- 
tion of  cement  testing  apparatus  consisting  of  moist 
closet,  storage  racks,  mixing  table,  tensile  strength 
machine,  and  in  the  design  of  a  small  rotary  kiln 
equipped  with  an  oil  burner  (Plate  V).  For  experi- 
mental work  with  lime-silica  combinations  a  small 
digester   (Plate   VI)    capable   of   yielding    100   pounds 


tions,  all  of  which  are  closely  related  to  the  industries 

now  established  in  the  Pacific  Northwest. 

University  of  Washington, 
Seattle. 

A  NEW  APPARATUS  FOR  THE  DETERMINATION  OF  CARBON 
DIOXIDE. 

By  E.  W.  Gaither. 
Received  April  1,  1912. 

The  apparatus  shown  in  Fig.  2  was  designed  pri- 
marily for  the  determination  of  C02  in  soils  by  the 
well  known  double  titration  method.  It  has  the  ad- 
vantage over  other  apparatus  used  for  this  determina- 
tion, in  that  it  does  not  have  to  be  taken  apart  for  any 
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1.  it  is  very  compact,  being  se1   up 
and  ■  ccupies  only  about   10" 
there  are  no  very  delicate  parts; 
the  major  operations  is  centered  in  a 
single  the  absorp- 

wide  variety  ol  work.      It  will  static!  a 
for  either  atmos- 
pheric pressure  <>r  vacuum  work. 

an  easily  operate  six  apparatus,  and 
by  using  this  number.  36  determinations  ean  be  made 
in  an  eight-hour  day; 

r  the  absorption  from  one  sample  is  complete 
ver  can  be  cut  out,  another  sample  started 
and  the  CO,  removed  from  the  apparatus  while  the 
sample  is  being  titrated.  When  desired,  one 
apparatus  can  be  at  atmospheric  pressure  and  another 
at  70  cm.  vacuum  at  the  same  time  and  with  th< 
pump. 


ft«  00  RuBBEK 


The  entire  apparatus  can  be  washed  out  without 
taking  apart  any  of  the  rubber  connections.  200  cc. 
of  distilled  water  will  wash  out  the  tower,  so  that 
one  drop  of  A"/io  HC1  will  more  than  neutralize  the 
remaining  XaOH,  if  the  washing  is  done  properly. 

By  using  50  cc.  of  4  per  cent.  XaOH,  the  C02  evolved 
from  1  gram  of  CaCO,  can  be  absorbed  in  20  minutes, 
with  bubbles  passing  into  absorber  at  the  rate  of  from 
10  to  15  per  second. 

For  ordinary  substances  that  do  not  foam  when 
boiled,  condenser  01  can  be  connected  direct  to  flask 
M  through  the  rubber  stopper,  thus  eliminating  the 
bulb. 

1  Inlet  and  oudet  tubes  for  cooling  this   and   the  corresponding   con- 
denser in  Fig.  2  are  not  shown  in  the  drawings. 


OPERATION. 

The   apparatus  1  ted    to   the   suction    pipe 

and  a  Stopcock  or  screw  pinchcock  is  placed  between 
the  suction  and  absorber  11,  G,  B  and  D  are  closed 
and  1.  opened.  A  ami  C  are  connected  by  turning 
k  K .  Flask  .1/,  containing  the  sample,  is 
connected,  the  pump  started,  and  the  flow 
through  /'  and  M  regulated  by  the  pinchcock  be- 
tween absorber  and  suction;  while  the  CO,  is  being 
driven  out  of  M,  introduce  the  absorbing  liquid  from 
a  pipette  through  £  and  follow  it  with  a  little  distilled 
water.  Close  A,  C  and  L,  pour  acid  into  A",  connect 
A'  to  ]'  and  open  L  until  equilibrium  is  reached;  con- 
nect .1.2?  and  D,C,  and  after  adjustments  are  made 
apply  heat  under  .1/  and  boil  for  20  or  30  minutes. 
Remove  heat,  close  B  and  D,  connecting  .4  and  C, 
cut  off  suction  by  means  of  pinchcock  and  prepare 
for  next  sample.  While  CO,  is  being  exhausted  from 
M.  containing  sec- 
ond sample,  open  E  IJ  /'ps-*"*" 
and  F,  "draw  out 
absorbed  CO, 
through  G,  connect 
a  funnel  to  E  and 
pour  in  water  until 
broken  rod  in  H  is 
covered,  draw  out 
through  G  and  re- 
peat the  operation; 
when  full,  the  sec- 
ond time,  turn  K 
to  connect  B  and 
D  and  allow  liquid 
to  rise  in  B' .  When 
200  to  250  cc.  of 
water  have  been 
passed  through  H 
connect  .4  and  C. 
Titrate  all  or  an  aliquot  of  the  solution  containing  the 
absorbed  gas. 

If  the  vacuum  method1  is  to  be  used,  L  is  closed 
and  the  pinchcock  between  absorber  and  suction  is 
opened  verv  slowly  until  the  full  vacuum  is  obtained, 
then  the  flow  of  air  is  regulated  by  L.  When  through 
digesting,  A,B  and  D.C  are  closed  and  suction  cut  off, 
L  is  opened  slowly  until  vacuum  in  M  is  relieved, 
then  A  ,B  and  D,C  are  connected  slowly  until  vacuum 
in  H  is  relieved,  other  operations  being  the  same  as 
when  working  at  atmospheric  pressure. 

PRECAUTIONS. 

Do  not  connect  A,B  and  D,C  when  there  is  a  par- 
tial vacuum  in  M,  or  liquid  will  be  drawm  from  H 
into  M.  Do  not  apply  heat  under  M  unless  suction 
is  previously  applied  and  there  is  enough  vacuum  to 
prevent  back  pressure,  or  XaOH  solution  will  be  forced 
out  of  P  through  air  inlet.  Always  open  F  when  wash- 
ing out  apparatus  or  introducing  an  absorbing  liquid. 
Do  not  connect  B  and  D  when  H  is  full  or  the  liquid 
will  rise  in  B'  and  have  to  be  washed  out. 

The  apparatus  can  be  flushed  out  by  removing  .1/ 

1  By  F.  S.  Marr.  J.  Agr.  Science,  3,  Pt.  2.  pp.  156-60. 
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and   N,    stoppering    /   and   connecting    A,R   and   Dj  , 
forcing  water  through   /. 

Fig.  1  shows  a  home-made  apparatus  that  gave 
very  satisfactory  service  until  stopcock  K  was  de- 
signed to  replace  pinchcocks  1 ,  2  and  3. 

Hydrogen  may  be  substituted  for  air  by  connecting 
air  inlet  tube  in  P  to  a  hydrogen  generator. 
Department  of  Chemistry, 
Ohio  Agricultural  Experiment  Station, 
Wooster. 


With  E-G  in  position  the  nodule  D  should  be  about 
3  cm.  below  the  tubing  C. 


AUTOMATIC  FILTER  FEED. 
By  Thos.  A.  Mitchell. 
Received  April   18,    1912. 

The  accompanying  diagram  shows  a  device  for 
automatically  supplying  solution  to  any  laboratory 
filtering  medium  where  a  quantity  of  liquor,  or  wash 
water,  is  required  to  be  filtered.  The  apparatus 
is  especially  serviceable  where  it  is  desired  to  filter 
over  night. 

The  main  body  consists  of  a  pear-shaped  funnel 
of  the  separatory  type,  minus  the  glass  stopcock. 
The  neck  X  is  of  such  size  as  will  take  a  No.  3  rubber 
stopper.  The  outlet  I  is  about  6  cm.  long  and  1  cm. 
inside  diameter,  being  slightly  enlarged  at  H  to  engage 
the  No.  00  rubber  stopper  G  which  is  attached, 
as  shown,  to  the  glass  rod  E  at  F.  This  glass  rod 
should  be  of  a  diameter  that  will  pass  freely  through 
the  glass  tube  B  5  mm.  in  diameter.  A  nodule  is 
formed  by  heating  as  indicated  at  D. 

The  upper  portion  con- 
sists of  a  No.  3  rubber  stop- 
per, A,  a  glass  tube,  B,  3  cm. 
long  and  5  mm.  inside  diam- 
eter, and  a  piece  of  V16" 
pure  rubber  tubing,  C,  15 
mm.  long. 

The  hole  J  should  be 
about  4  mm.  in  diameter 
and  determines  the  level  of 
the  liquor  in  the  filtering 
apparatus  below. 

In  use,  the  glass  rod  E, 
with  stopper  G  attached,  is 
passed  through  at  X  and 
the  stopper  G  inserted  at 
H .  The  liquor  to  be  filtered 
is  poured  in  through  X, 
using  the  protruding  glass 
rod  as  a  guide  •  for  the 
solution,  if  it  be  so  desired.  After  the  solution  has 
been  added,  the  parts  A-B-C,  assembled  as  a  unit, 
are  slipped  over  the  upper  end  of  the  glass  rod  and  the 
rubber  stopper  A  made  tight  at  X . 

By  quickly  lifting  the  glass  rod  the  nodule  1)  will 
enter  the  protruding  rubber  tube  C  resulting  in  an  air- 
tight joint  at  C  and  a  free  passage  at  H.  The  amount 
of  liquor  passing  through  H  is  regulated  by  the  volume 
of  air  which  enters  through  the  trap  J.  The  hole  J 
is  not  absolutely  essential,  but  we  find  it  does  away 
with  considerable  upward  suction  of  the  liquor  below, 
thus  assuring  a  better  washing  of  the  residues  in  cases 
where  that  is  the  desired  result. 


Chemical  Laboratory, 
Merrimac  Chemical  Company, 
North  Woburn,  Massachusetts. 


NOTE  ON  PROTECTORS  FOR  GLASS  STOPCOCKS.' 

By  Walter  O.  Snelling. 

Received  May  2,    1912. 

Probably  every  chemist  has  at  some  time  or  other 
suffered  the  inconvenience  of  having  a  glass  cock  drop 
out  and  break.  It  is  not  infrequent  for  such  an 
accident  to  result  in  the  loss  of  the  entire  apparatus, 
and  at  the  best  there  is  involved  the  loss  of  the  time 
and  expense  required  in  sending  the  parts  back  to- 
the  maker. 


r 


* 


Some  months  ago  Dr.  Charles  E.  Munroe  called  my 
attention  to  a  clip  or  holder  which  he  had  devised, 
and  which  was  being  used  by  him  as  an  attachment 
for  burets  and  similar  glass  apparatus  containing 
stopcocks.  The  device  is  simple,  easily  made,  and 
admirably  answers  its  purpose.  It  consists  of  a  piece 
of  sheet  hard-rubber,  so  shaped  as  to  encircle  some 
glass  part  of  the  apparatus,  while  a  small  2-tined  fork 
passes  around  the  thinnest  part  of  the  movable  por- 
tion of  the  cock,  holding  it  so  securely  as  to  prevent 
it  from  dropping  out,  no  matter  in  what  position  the 
apparatus  is  held,  while  at  the  same  time  allowing 
perfect  freedom  of  motion  of  the  stopcock,  and  also 
enabling  the  cock  to  be  removed  when  desired.  In 
Fig.  i  is  shown  the  blank,  as  cut  from  sheet  rubber, 
for  one  form  of  the  Munroe  holder,  and  Fig.  2  shows 
this  form  attached  to  a  buret.  Ordinary  hard  rubber 
sheets  of  about  3/64"  thickness  is  the  most  convenient 
material  from  which  to  make  the  blanks.  After  the 
blank  has  been  cut  it  is  placed  in  boiling  water  for  a 
few  minutes  to  soften,  when  it  may  be  bent  in  any 
desired  form,  and  upon  becoming  cold  will  retain  what- 
ever form  has  been  thus  given  it. 

Fig.  3  represents  another  form  of  the  Munroe 
clip,  and  one  which  has  also  been  found  to  give  very 
satisfactory  results.  This  form  is  placed  permanently 
upon   the   apparatus   by   the   blank   being    bent    into 

1  Published  by  permission  of  the  Director  of  the  U.  S.  Bureau  of  Mines. 
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shape  while  attached  to  the  buret,  both  being  placed 
in  hot  water.  The  Conn  shown  in  Pig.  -■  can  be  put 
on  or  be  taken  ofl  the  buret  .it  any  tunc,  by  simply 
the  sleeve  along  the  buret  until  the  tines  of 
the  fork  are  free  from  the  stopcock,  and  then  sliding 
it  down  along  the  tube  until  it  is  free. 

After  1  had  used  the  Munroe  clip  for  some  time, 
and  had  become  familiar  with  the  security  it  affords 
against  the  accidental  breakage  of  stopcocks,  it  oc- 
curred  to  me  that  for  new  apparatus,  a  glass  stopcock 
could  be  easilj  constructed  which  would  be  quite  free 
from  tin-  clanger  of  the  cock  slipping  ou1  tn  the 
preparation  of  glass  stopcocks  the  cock  is  always 
cut  off  from  a  longer  piece  of  glass,  and   it   should  be 

a  simple  and  easy 
matter  to  leave  the 
glass  a  little  longer 
than  is  now  usually 
done,  and  then  after 
grinding  the  cock 
a  small  groove 
could  be  cut  in  this 
extended  portion. 
By  wrapping  a 
rubber  band  around 
^'f 4  ■?  in    this   groove,   or 

attaching  a  small  rubber  ring,  complete  security 
would  be  afforded  against  the  accidental  loss  of 
the  cock.  T  had  some  stopcocks  prepared  as  shown  in 
Fig.  4,  fitted  with  a  small  rubber  ring  as  indicated 
(partly  in  section)  in  Fig.  5.  The.  device  affords  ab- 
solute security  against  accidental  loss  of  the  cock,  while 
at  the  same  time  it  is  nearly  invisible,  is  not  in  the  way 
of  the  operator,  and  can  be  instantly  removed  when 
required.  It  further  serves  to  keep  the  cock  in  place, 
preventing  the  loss  of  fluid  which  sometimes  results 
from  a  cock  becoming  slightly  displaced. 

The  form  of  holder  devised  by  Dr.  Munroe  can  be 
readily  applied  to  any  type  of  glass  apparatus  already 
constructed,  and  the  form  I  here  suggest  can  be 
provided  on  new  apparatus,  thus  offering  for  either 
new  or  old  apparatus  a  remedy  for  the  nuisance  of 
broken  stopcocks. 

Bureau  of  Mines, 
Washington. 
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ALUNDUM  CRUCIBLES  IN  GRAVIMETRIC  ANALYSIS. 

By    Gim.i  cud)    L.    SPl  MCB 

i  .I    Ipril  T),  1912. 

The    writer    tried    unsuccessfully    to    use    alundum 
crucibles  in  the  ordinary  Gooch  holders,  in  the  gravi- 
metric  determination  of  reducing  sugars.     The  difB 
culty   experienced    was   in   washing  the    walls    of   the 
crucible  free  oi  I  he  salts. 

1 1  later  occurred  tome  to  make 
the  joint  at  the  top  of  thei 
crucible  instead  of  near  the  bot- 
tom, as  in  the  Gooch  method. 
To  do  this  required  a  special 
funnel  and  a  rubber  ring,  which 
I  procured  through  Messrs.  Eimcr 
&  Amend.  The  arrangement  of 
the  apparatus  is  shown  in  Fig.  1. 
The      results     are     satisfactory. 

The  air  pressure  causes  the 
rubber  ring  to  bear  upon  the 
edges  of  the  crucible  and  against 
the  wall  of  the  funnel,  making 
tight  joints.  The  supporting 
points  in  the  funnel  leave  all 
parts  of  the  crucible  accessible 
for  washing. 

With  the  glass  funnel,  as  illus- 
trated, there  is  some  slight  diffi- 
culty in  centering  the  crucible. 
I  propose  to  overcome  this  in  the 
future  by  the  use  of  a  porcelain 
funnel  with  centering  points,  as 
shown  in  Fig.  2,  or  a  perforated 
diaphragm. 

I  believe  that  with  this  arrange- 
ment the  alundum  crucible  will 
be  very  useful  in  gravimetric 
work  in  agricultural  and  general 
laboratories.  I  expect  soon  to  use  it  in  P205  determi- 
nations. An  evident  advantage  of  this  type  of  crucible 
is  the  absence  of  asbestos. 

The  Cuban-American  Sugar  Company, 
New  York  and  Havana. 
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ADDRESSES 


NATURAL   GAS   INVESTIGATIONS    OF    THE     BUREAU    OF 

MINES.1 

By  George  A.  Burrell. 

Last  year  at  the  Pittsburgh  convention  of  the  Natural 
Gas  Association,  a  resolution  was  passed,  asking  that 
the  Bureau  of  Mines  assist  the  natural  gas  industry  in 
solving  problems  which  arise  in  the  utilization  and 
conservation  of  natural  gas.  Although  not  as  active 
in  its  investigations  as  it  hopes  to  be  in  the  future, 
some  progress  has  been  made  toward  a  study  of  this 
important  fuel. 

No  attempt  has  as  yet  been  inade  toward  a  complete 

1  Presented  at  the  7th  annual  convention  of  the  Natural  Gas  Associa- 
tion of  America,  Kansas  City,  Mo.,  May  21,  22,  23,  by  permission  from  the 
Director  of  the  Bureau  of  Mines. 


comparative  study  of  the  natural  gases  from  different 
fields  of  the  country.  Some  work  has  been  accom- 
plished in  that  the  characteristics  of  the  gas  from  a 
few  wells  in  some  of  the  more  important  fields  have 
been  determined,  but  the  Bureau  is  gathering  from 
many  wells  in  all  of  the  fields  a  large  number  of  sam- 
ples, and  is  submitting  them  to  examination.  A 
bulletin  covering  this  work  will  be  ready  for  distribu- 
tion the  latter  part  of  the  present  year.  Work  already 
accomplished  makes  it  appear  that  natural  gas  consists 
of  paraffin  hydrocarbons  with  nitrogen  and  carbon 
dioxide  as  impurities.  The  paraffin  hydrocarbons 
may  be  methane  only,  or  a  mixture  in  which  methane 
and    ethane    predominate     with    smaller    percentages 
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of  the  higher  paraffin  hydrocarbons,  or  in  the  case  of 
rich  casing  head  gases,  a  mixture  in  which  ethane  and 
propane  predominate.  The  carbon  dioxide  may  range 
from  a  trace,  as  in  the  case  of  the  gases  of  Western 
Pennsylvania,  to  as  much  as  30  per  cent.,  as  found 
in  a  sample  of  natural  gas  obtained  from  Kings  County 
in  Southern  California.  Nitrogen  may  occur  in  quan- 
tities ranging  from  a  few  tenths  of  1  per  cent,  to  as 
much  as  10  or  15  per  cent.  As  an  example  of  an  un- 
usual and  extreme  case,  the  Bureau  found  that  a  natural 
gas  occurring  in  the  State  of  Washington  contained 
98  per  cent,  of  nitrogen.  In  general  it  may  be  said 
that  those  gases  issuing  under  considerable  pressure 
in  the  great  fields  which  are  providing  heat  and  light 
for  many  towns  consist  of  paraffin  hydrocarbons  in 
which  methane  predominates  along  with  smaller 
quantities  of  ethane  and  traces  of  the  still  higher 
paraffins.  These  gases  range  in  heating  value  from 
900-1100  B.  t.  u.  per  cubic  foot  at  o°  C.  and  760  mm. 
pressure  with  the  average  more  nearly  approaching 
the  latter  figure.  In  these  days  when  the  heating 
value  is  the  important  factor  in  determining  the  use- 
fulness of  a  gas,  such  high  values  are  very  significant. 
Contrary  to  usual  text-book  information,  the  Bureau 
has  not  been  able  to  detect,  in  those  gases  examined, 
the  presence  of  define  hydrocarbons,  carbon  mon- 
oxide and  hydrogen,  although  exhaustive  tests  have 
been  made  for  these  constituents.  Natural  gases  do 
not  lend  themselves  well  to  the  ordinary  examination 
to  which  gases  are  usually  submitted.  These  points 
will  be  emphasized  in  the  forthcoming  report.  It  is 
believed  that  an  analysis  of  natural  gas  which  shows 
carbon  monoxide,  hydrogen  and  olefine  hydrocarbons 
should  be  carefully  looked  into  regarding  the  method 
employed  in  examination.  The  composition  of  the 
gas  has  an  important  bearing,  viewed  from  several 
standpoints. 

First  let  it  be  emphasized  that  we  have,  in  natural 
gas,  a  fuel  rich  in  heat  units,  non-poisonous,  diminish- 
ing in  quantity  and  which  can  be  replaced  only  as 
Nature  sees  fit,  selling  for  less  than  a  manufactured 
product  which  is  not  its  equal. 

From  the  composition  can  be  determined  the  rel- 
ative value  of  the  different  gases.  It  appears  that 
the  composition  of  the  gas  from  a  particular  well  does 
not  vary  materially  over  long  periods  of  time.  Sufficient 
data  is  not  at  hand  to  make  this  a  sweeping  statement 
covering  all  cases.  But  in  the  case  of  the  natural 
gas  supplied  to  Pittsburgh,  the  Bureau  finds  that  its 
composition  does  not  vary  appreciably  from  its  com- 
position as  determined  by  F.  C.  Phillips  about  18 
years  ago.  This  gas  comes  from  many  different  wells 
in  the  Appalachian  fields.  As  a  gas  well  diminishes  in 
pressure  however,  the  lighter  constituents  will  have 
been  removed  and  finally,  especially  where  the  well  is 
subjected  to  reduced  pressure  for  the  obtaining  of  gas- 
oline, the  heavier  paraffin  hydrocarbons  come  off  and 
these  when  subjected  to  pressure  and  low  temperature 
again  condense  and  gasoline  is  obtained. 

Not  infrequently,  a  warning  is  raised  against  the 
introduction  of  too  much  carbon  monoxide  into  illumi- 
nating gas.     Carbon  monoxide  gives  to  coal  and  water 


gas  their  powers  of  asphyxiation,  and  where 
the  content  is  high,  the  intrusion  of  the  gas  into  a 
room  from  a  defective  connection  may  result  fatally, 
when  we  consider  that  as  little  as  0.2  or  0.3  per  cent, 
of  CO  in  a  room,  after  a  sufficient  lapse  of  time,  will 
bring  about  unconsciousness  and  death.  Such  being 
the  case  we  are  fortunate  that  natural  gas  does  not 
contain  carbon  monoxide. 

No  one  doubts  the  great  importance  of  the  correct 
determination  of  the  genesis  of  natural  gas  and  petro- 
leum. Probably  the  prevailing  opinion  of  the  present 
day  has  it  that  natural  hydrocarbons  are  of  organic 
origin,  although  sufficient  proof  is  not  at  hand  to  say 
that  at  least  some  of  them  may  not  be  of  inorganic  origin. 
If  of  inorganic  origin,  say  by  the  action  of  superheated 
water  on  the  carbides  of  iron,  according  to  Mendel6eff  's 
hypothesis,  then  we  may  be  justified  in  believing  that 
natural  gases  should  contain  those  constituents  that 
are  produced  by  the  decomposition  of  carbides  when 
the  experiments  are  performed  in  the  laboratory.  We 
could  still  go  farther  and  believe  that  the  formation 
of  natural  gas  is  continuously  taking  place,  for  we  are 
not  justified  in  saying  that  the  carbides  have  long  since 
been  exhausted.  Mendeleeffs  theory,  however,  does 
not  stand  up  in  the  face  of  these  chemical  considera- 
tions. The  theory  that  natural  hydrocarbons  are 
produced  by  the  destructive  distillation  of  either 
animal  or  vegetable  matter  receives  the  most  support. 
If  such  is  the  case,  oil  and  gas  become  stored  products 
and  are  not  being  continuously  generated  at  the  pres- 
ent time.  It  will  be  seen  from  this  brief  summary 
that  an  accurate  knowledge  of  the  composition  of  the 
different  gases  becomes  essential  in  order  to  throw  all 
possible  light  on  the  elucidation  of  the  genesis  of 
natural  gas.  "Where  can  gas  be  found?"  is  the  insistent 
demand  of  those  who  already  feel  the  pinch  of  a  di- 
minishing supply.  Geologists  are  in  possession  of 
certain  facts  that  help  to  diminish  the  risk  in  drilling 
wells,  but  it  is  only  when  the  drill  has  made  the  boring 
that  doubt  becomes  removed. 

Little  need  be  said  here  about  the  production  of 
gasoline  from  natural  gas.  Suffice  to  say  that  by  this 
means  a  highly  useful  fuel  is  being  obtained  for  which 
there  is  an  ever-increasing  demand.  The  industry 
rapidly  developed  from  its  swaddling  clothes  so  that 
now  it  threatens  to  add  considerably  to  the  total 
quantity  of  gasoline  produced.  All  natural  gases, 
of  course,  are  not  adapted  to  the  manufacture  of 
gasoline.  A  few  wells  produce  methane  as  the  only 
hydrocarbon,  and  for  the  liquefaction  of  methane,  a 
pressure  of  50  atmospheres  at  ■ — 940  C.  is  required. 
Some  gases,  as  Pittsburgh  natural  gas,  some  of  the 
Oklahoma  gases,  and  many  others  contain  a  large 
proportion  of  methane,  a  smaller  proportion  of  ethane 
and  not  nearly  enough  of  the  higher  paraffin  hydro- 
carbons for  the  commercial  production  of  gasoline. 
Other  gases,  casing  head  gases,  and  those  drawn  from 
the  earth  under  reduced  pressure,  may  be  so  rich  in 
the  higher  paraffin  hydrocarbons — butane,  pentane, 
hexane,  etc. — that  five  or  more  gallons  of  gasoline  per 
1000  cubic  feet  of  gas  may  be  extracted.  A  chemical 
examination  will  show  what  may  be  expected  from  a 
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particular  K'ls  u1  ''u'  way  "'  m- l ^> >1  i n< ■  produi 

planl   equipment.     The    Bureau  is  making  a 

sui.lv  ol  these  methods  ol  examination,     Perhaps  the 

simplest  ol  the  tests  applied  a1  the  presenl  time  con- 

.  m  the  determination  ol  the  <icns.ii  %•  ol  the  gas  or 

in   shaking  the  gas  with   sunn-  solvenl   such  as  olive 

cotton  seed  oil,  clairolene  oil,  etc.,  in  which  the 

higher  paraffin   hydrocarbons  arc   mure  soluble   than 

the  lower.     It  was  found,  Eor  instance,  that  by  shaking 

ioo  iv    "!  a  gas  from  which  a  very  hi^h  yield  of  gasoline 

is  obtained  in  35  cc.  of  clairolene  oil  that  Xo  per  c<  q1 

the  gas  dissolved   in   the  oil.     Pittsburgh  natural 

gas  lost  only  15  per  cent,  of  its  volume  when  treated 
in  the  same  way.  The  latter  gas  cannot  he  used  for 
the  commercial  production  of  gasoline.  Pittsburgh 
natural  gas  has  a  density  of  0.64  compared  to  air  as  1 
at  o°  C  and  760  mm.  pressure  while  it  has  been  found 
that  natural  gases  having  a  density  of  0.86  do  produce 
gasoline.  The  author  has  found,  however,  that  other 
gases  having  the  same  density  and  absorption  number 
contain  different  proportions  of  the  paraffin  hydro- 
carbons so  that  it  cannot  be  stated  that  all  natural 
rases  having  a  density  of  0.86  will  produce  gasoline. 

The  Bureau  has  issued  one  publication  having  to  do 
with  the  properties  of  liquefied  natural  gas.  In  the 
production  of  gasoline  a  very  great  waste  has  occurred, 
because,  in  order  to  make  condensates  safe  for  ship- 
ment, the  lighter  products  have  been  allowed  to  evapo- 
rate. The  confinement  of  the  material  in  iron  cylinders 
for  use  as  a  bottled  gas  is  now  receiving  attention.  A 
gas  is  produced  which  has  a  heating  value  of  at  least 
2200  B.  t.  u.  per  cubic  foot,  and  a  candle  power  of 
about  45  when  burned  as  a  naked  flame  at  the  rate 
5  cubic  feet  per  hour.  The  use  of  a  mantle  will,  of 
course,  increase  this  lighting  effect  greatly.  In  order 
to  bring  this  means  of  utilizing  natural  gas  to  your 
attention,  Mr.  I.  C.  Allen  and  the  writer  simply  bottled 
in  strong  cylinders  the  condensate  obtained  by  apply- 
ing a  pressure  of  about  500  lbs.  to  the  square  inch  and 
a  temperature  of  o°  C.  to  crude  gas  obtained  from  wells 
at  Follansbee.  W.  Va.  There  are  some  here  who  could 
do  the  same  with  their  casing  head  gas  which  is  at 
present  going  to  waste.  Once  bottled  it  is  only 
necessary  to  slightly  crack  the  valve  to  obtain  a  supply 
of  true  gas. 

In  experiments  conducted  at  the  Bureau,  the  gas 
was  passed  through  a  small  meter,  and  then  burned 
in  a  Junker  calorimeter.  Samples  of  the  gas  were  also 
analyzed.  By  taking  the  gas  from  the  bottom  of  the 
tank  its  composition  remained  uniform  throughout 
the  test.  In  the  case  of  the  exceedingly  rich  gas 
obtained  at  Follansbee,  W.  Va.,  about  50  cubic  feet  of 
gas  per  gallon  of  liquid  were  realized.  For  the  better 
control  of  the  gas  as  it  issued  from  the  bottle,  a  re- 
ducing valve  was  attached. 

The  Bureau  has,  of  course,  viewed  this  manner  of 
utilizing  natural  gas  from  the  standpoint  of  a  purely 
technical  investigation,  with  no  axe  to  grind,  except 
a  step  in  the  conservation  of  natural  resources  and 
believes  that  some  of  the  gas  at  present  going  to  waste 
will  eventually  be  used  this  way.  Millions  of  people 
are  so  situated  that  gas  is  not  used  by  them,  but  if  a 


bottled  gas  sold  at  a  reasonabli  price  beco  table, 

tin   outlel  for  the  material  will  be  large.     The  Bureau 

has  recently  learned  thai   01 mpany  is  already  in 

the  field  foi    the  purpose  ol  exploiting  the  liquid  gas. 
They  have  named  thei]  product  "Gasol." 

Another   means  ol    utilizing   natural  gas   ha 
tried    in    that    attempts    have    been    made    1, 
substitution  products,  principally  chloroform,  by  the 
action  ol  chlorine  upon  methane.     Although  seemingly 
difficull  to  do  commercially,  one  cannot  say  that  such 
will    always   be   the   case.      Mention    is    mad. 
processes  simply  as  showing  that  the  entire  utilization 
of   natural   gas   may    not    always   be   along   the   line   of 
combustion  processes. 

Probably  in  but  few  instances  has  surface  combustion 
been  applied  in  this  country  as  yet  to  the  use  of  natural 
gas.  A  92  per  cent,  efficiency  in  the  case  of  gas-fired 
boilers  obtained  by  Prof.  Bone  is  a  noteworthy  advance 
and  opens  up  a  wide  field  for  the  saving  of  gas  in 
combustion  processes.  An  installation  is  not  compli- 
cated or  costly. 

In  the  every-day  use  of  natural  gas  for  domestic 
purposes,  saving  may  be  accomplished  if  appliances 
are  used  which  are  best  suited  to  the  economical  com- 
bustion of  natural  gas.  Natural  gas  burners  require 
more  air  than  coal  gas  burners,  and  if  the  same  burner 
regulation  is  used  for  natural  gas  that  works  well 
with  coal  gas,  the  former  is  not  being  completely 
burned.  Some  natural  gas  appliances  in  use  are 
notoriously  inefficient. "  Progressive  gas  men  should 
give  this  question  of  proper  appliances  serious  con- 
sideration. Natural  gas  is  cheap  and  the  tendency 
may  be  to  use  more  for  any  particular  purpose  than  is 
necessary.  A  campaign  along  this  line,  which  would 
result  in  a  smaller  consumption  of  gas  per  family, 
should  help  remove  some  of  the  objection  to  the  in- 
evitable rate  rise. 

In  conclusion,  it  can  be  stated  that  the  Bureau  of 
Mines  wants  to  do  all  it  can  to  conserve  the  natural 
gas  supplies.  Great  care  must  be  exercised  in  the  use 
of  deposits  which  are  only  bubbles  and  which  when 
punctured  become  exhausted.  Reckless  waste  of  the 
gas  in  the  field  should  be  prevented  by  legislation,  and 
every  effort  should  be  made  toward  the  education  of 
all  concerned  that  they  may  realize  the  necessity  of 
conserving  the  supply.  It  is  believed  that  the  Bureau 
of  Mines  can  do  some  efficient  work  along  the  latter 
line. 

Bureau  of  Mines, 

Washington. 


A  PLAN  FOR    THE    SUPPORT    OF    CHEMICAL    RESEARCH 

AND  FOR  THE  BETTER  TEACHING  OF  INDUSTRIAL 

CHEMISTRY. 

By  John  Stewart. 
Received  April   19.    1912. 

The  writer  has  read  with  some  interest  several  papers 
and  editorials  appearing  in  the  journals  of  the  American 
Chemical  Society  during  the  past  year  on  the  subject 
of  the  teaching  of  industrial  chemistry  and  the  con- 
servation of  chemical  research,  especially  that  kind 
of  chemical  research  which  has  to  do  with  the  applica- 
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tion  of  chemistry  to  the  industries.  These  articles 
are  some  of  the  effects  of  the  increasing  competition 
for  the  places  held  by  chemists,  and  the  unsatisfactory 
condition  of  the  industrial  chemist  in  relation  to  the 
business  of  which  he  is  a  part.  The  theme  of  these 
articles  has  been:  What  ought  we  to  do?  What  can 
we  do?  What  should  we  do  to  improve  the  condition 
of  the  industrial  chemist,  to  increase  his  power  for 
rendering  useful  and  efficient  service,  and  through  him 
to  benefit  the  business  with  which  he  is  connected? 

These  articles  have  all  had  one  important  point  in 
common,  but  there  the  uniformity  ends,  for  each  has 
proposed  a  different  method  of  solving  the  problem. 
Some  of  these  articles  have  been  written  by  teachers  of 
industrial  chemistry  who  have  not  had  actual,  practical 
experience  in  the  application  of  chemistry  to  the 
industries,  if  one  may  judge  correctly  from  the  general 
tone  of  certain  statements  made.  But  it  is  not  in- 
tended to  offer  any  criticism  of  articles  heretofore 
published  on  this  subject,  they  being  in  the  main 
thoughtful  and  ably  prepared  papers.  What  we  now 
need  is  a  uniform  plan  of  action.  We  have  a  certain 
unity  of  purpose.  If  we  can  connect  with  this  a  plan 
of  solving  the  problem,  which  meets  with  general 
approval  from  our  Society,  or  at  least  with  the  approval 
of  a  good  working  majority  of  the  Division  of  Industrial 
Chemists,  and  will  then  work  unitedly  in  accordance 
with  this  plan  we  should  be  able  to  accomplish  some 
desirable  results. 

It  is  the  desire  of  the  writer  Jo  aid,  if  possible,  in 
this  movement  toward  a  uniform  plan  of  action.  In 
order  to  get  unity  of  action  it  is  evident  that  we  must 
confine  ourselves  to  general  principles,  and  leave 
details  to  be  solved  in  accordance  with  the  views  of 
individuals  and  the  necessities  of  local  conditions. 

The  best  proposition  that  has  so  far  been  advanced 
looking  toward  the  amelioration  of  the  condition  of 
industrial  chemistry  appeared  in  the  November,  1911,, 
issue  of  This  Journal.  In  that  number  there  ap- 
peared a  very  able  editorial  entitled  "Facilities  for 
Industrial  Research."  The  author  of  that  editorial 
exhibits  thorough,  first-hand  knowledge  of  the 
conditions  with  which  he  deals.  He  advances 
as  a  fundamental  proposition  the  following  state 
ment:  "But  there  is  one  field  which  is  richer  in 
the  promise  of  results  than  all  others  combined;  a 
field  which  will  yield  a  more  immediate,  direct,  and 
tangible  return  to  our  own  industry,  our  own  pro- 
fession, and  to  our  own  members;  and  that  is  in  recog- 
nizing the  necessity  of  systematic  study  of  industrial 
problems  and  throning  the  undivided  influence  of  this 
Society  into  the  establishment  and  maintenance  of  labora- 
tories equipped  to  answer  the  eternal  questions  arising 
as  a  result  of  industrial  proqress." 

This  quotation  contains  at  least  three  general  prin- 
ciples: 1st,  industrial  chemical  problems  require  syste- 
matic study;  2nd,  there  should  be  properly  equipped 
laboratories  for  such  study;  3rd,  the  American  Chemi- 
cal Society  should  work  as  a  unit  toward  the  establish- 
ment of  such  laboratories.  It  is  not  difficult  to  con- 
ceive that  some  business  men  who  profit  by  the  appli- 
cation  of   chemistry   to   industry   would   object   stren- 


uously to  some  or  all  of  them.  But  it  is  difficult  to 
conceive  that  any  member  of  the  American  Chemical 
Society,  who  has  a  sound,  thorough  training  in  chem- 
istry, should  object  to  any  one  of  them. 

But  there  must  be  some  other  general  principles  to 
which  a  large  body  of  us  can  agree;  otherwise  there 
can  not  be  any  further  progress  toward  a  solution  of 
the  problem.  A  few  of  them  appear  to  be  of  such 
general  acceptability  that  they  will  command  the 
support  of  a  large  portion,  at  least,  of  the  American 
Chemical  Society. 

In  the  first  place,  the  establishment  of  chemical  lab- 
oratories is  generally  a  business  proposition  and  they 
are  and  must  be  directed  and  controlled  from  a  business 
point  of  view.  Of  course  there  is  a  large  portion  of 
the  membership  of  the  Society  who  dislike  the  term 
"business,"  and  who  prefer  to  consider  their  occupa- 
tion a  "profession"  rather  than  a  "business."  Yet,  if 
the  signs  of  the  times  are  read  aright  more  and  more 
"professional"  men  are  going  into  business,  and 
"business"  is  going  to  be  the  great  "profession"  of 
the  not  far  distant  future.  In  the  second  place,  a 
business  proposition  must  be  a  self-supporting  propo- 
sition, otherwise  it  sooner  or  later  passes  from  the 
sphere  of  human  action.  Hence,  a  chemical  research 
laboratory  must  be  a  self-supporting  institution. 

Some  business  men  who  are  reaping  profits  from 
chemical  industries  do  not  act  as  if  they  thought 
chemical  research  a  paying  business  proposition. 
They  appear  to  regard  the  research  chemist  in  much 
the  same  way  that  many  research  men  regard  the 
business  man.  Both  think  the  other  capable  of  being 
improved  upon  to  a  very  marked  degree.  Some 
business  men  of  this  type  even  expressly  forbid  the 
chemist  in  their  employ  to  do  any  experimenting  of 
any  kind,  and  their  laboratories  are  very  poorly  built, 
the  equipment  being  scant  and  the  cheapest  the  market 
affords,  and  chemical  literature  unknown,  the  labora- 
tories even  being  without  a  book  of  tables  for  calcula- 
tions. To  this  type  of  business  man,  chemistry  is  a  two 
times  two  are  four  proposition ;  every  professed  chemist 
is  expected  to  answer  off-hand  any  question  concerning 
the  chemistry  of  any  phenomena  which  may  occur. 
This  is  not  intended  as  a  libel  or  a  joke  on  the  business 
man  but  is  a  clear,  cold  statement  of  fact. 

Again,  some  business  men  recognize  that  chemical 
research,  if  properly  directed,  may  be  made  a  good 
paying  business  investment.  Some  of  this  type  have 
established  research  laboratories  in  connection  with 
their  business. 

A  review  of  the  history  of  the  business  man's  treat- 
ment of  the  chemist  is  not  flattering  to  the  chemist, 
but,  nevertheless,  the  business  man  is  slowly  but 
surely  being  forced  (by  competition)  to  change  his 
methods;  and  the  future  of  industrial  chemistry  really 
looks  very  much  brighter  than  the  past.  In  the 
judgment  of  the  writer,  the  business  men  who  manage 
chemical  industries  are  not  going  to  establish  research 
laboratories  in  connection  with  such  industries,  with 
any  great  degree  of  rapidity.  That  more  of  such 
laboratories  will  be  established  is  practically  certain, 
but  the  process  will  be  a  slow,  hard-fought  one. 
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on  the  other  hand,  how  do  we  chemists  regard 

Do   we   consider   it    a   paying    propi 

from  the  business  poinl  of  view?     Undoubtedly  most 

ol  us  do    bul  we  recognize  the  1  be,  in  many 

very  remote;  so  remote,  in  f;n-t .  thai  the  business 

kes  no  chances  on  them.     And  again,  we  could 

probably    all    designate    some   pieces    of    work,    done 

visually  by  "the  other  lellow"  as  "research  work," 
which  we  would  hesitate  to  dignify  by  that  term.  Then, 
too,  if  we  regard  research  as  a  business  proposition, 
there  is  no  doubt  that  it  should  be  directed  along  the 
hues  o!  the  most  immediate  and  the  greatest  need. 
Glancing  over  Chemical  Abstracts,  we  find  that  a 
large  portion  of  the  space  is  devoted  to  abstracts  of 
research  papers  relating  to  organic  chemistry:  out  of 
some  100,000  known  compounds,  about  75,000  of  them 
are  synthetic.  Vegetable  physiological  and  animal 
physiological  chemistry  are  comparatively  neglected, 
yet  these  are  the  fields  where  the  natural  organic 
compounds  occur.  The  reason  for  their  comparative 
neglect  is  apparently  the  greater  difficulty  of  research  in 
these  lines.  We  need  more  and  better  research  into  the 
fundamentals  of  chemistry,  but  we  also  need,  and  need 
more  immediately  and  to  a  greater  degree,  research 
into  the  problems  attending  the  applications  of  chem- 
istry to  industry. 

If  we  admit  that  the  establishment  of  research 
laboratories  is  a  business  proposition  and  that  the 
research  should  be  self-supporting,  then  how  is  the 
money  for  the  development  and  maintenance  of  the 
research  institution  going  to  be  directed  into  the 
research  treasury.  Information  of  a  certain  kind  is 
the  one  valuable  asset  of  a  research  institution;  but 
knowledge  has  a  peculiar  habit  of  leaking  out,  so  that 
its  benefits  get  more  or  less  generally  diffused  among 
the  public  without  any  direct  expense  to  the  public. 
Evidently  the  public  should  pay  for  the  development 
and  maintenance  of  useful  research;  that  is,  the  State 
Governments  and  the  General  Government  should 
establish  and  maintain  needed  research  laboratories, 
and  it  would  seem  that  the  American  Chemical  So- 
ciety must  necessarily  act  as  a  unit  toward  influencing 
the  public  to  perform  its  duty. 

But  part  of  the  public  will  object  to  this  kind  of 
procedure,  and  the  strength  of  this  objection  is  a  very 
serious  obstacle  in  the  path  of  those  who  favor  the  move. 
This  difficulty  could  be  partially  avoided  by  the  adop- 
tion of  a  plan  which  appears  to  the  writer  to  be  a  better 
one  than  that  of  securing  annual  or  biennial  appropri- 
ations from  Congress  or  from  State  legislatures. 

Let  this  society  exert  its  undivided  influence  to 
prevail  upon  Congress  and  State  legislatures  to  appro- 
priate a  sufficient  fund  for  the  establishment  of  re- 
search institutions  in  each  State,  these  research  insti- 
tutions to  be  established  in  connection  with  State 
universities  or  agricultural  and  mechanical  colleges, 
more  appropriately  with  the  latter  but  probably  with 
both.  Then  let  the  Government  or  State  aid  cease 
but  let  the  institution  remain  Government  or  State 
property,  concerning  the  administration  of  which  an 
annual  report  should  be  made  by  those  in  charge. 
Let  the  fund  provided  be  invested  in  a  full  fledged 


manufacturing  plant  of  a  kind  appropriate  to  local 

iditions  Le1  this  plant  be  managed  and  Open 
on  a  business  basis  just  as  if  it  were  the  property  oi  a 
private  corporation,  but  instead  of  paying  dividends 
on  the  original  investment  let  the  profits  be  used  to 
maintain  needed  chemical,  physical,  and  mechanical 
arch  laboratories  and  help  support  the  teaching 
part  of  the  institution  with  which  it  is  connected.  In 
this  way  the  taxation  of  the  people  for  the  suppoi 
education  would  be  diminished,  and  their  educational 
facilities  improved.  It  would  also  enable  the  people 
to  take  an  effective  part  in  the  prevention  of  extremely 
high  and  extortionate  prices  for  goods,  which  private 
corporations  are  sometimes  supposed  to  levy.  The 
plan  would  meet  with  opposition,  but  most  Govern- 
mental activities  which  threaten  to  reduce  profits,  for 
the  benefit  of  the  people,  are  antagonized  by  the  busi- 
ness men  affected.  In  this  way,  the  business  which 
benefits  by  scientific  research  would  pay  the  expenses 
of  scientific  research,  which  is  not  altogether  true  of 
present  conditions. 

To  illustrate  the  plan,  let  me  say  that  the  agricultural 
college  of  a  certain  state  is  located  in  a  rich  agricultural 
region  in  which  several  sugar  factories  are  flourishing. 
If  this  agricultural  college  were  provided  with  a  million 
dollar  fund,  it  could  purchase,  possibly,  a  sugar  factory 
already  in  successful  operation,  or  if  terms  of  sale  by 
the  owners  could  not  be  secured  on  a  satisfactory  basis, 
the  college  could  build  a  new  factory  (capable  of 
handling  600  tons  of  beets  per  day)  at  a  cost  of  approxi- 
mately $350,000.00  to  $400,000.00.  The  balance  of 
the  original  fund  would  be  required  as  a  working 
capital.  A  factory  of  this  capacity  would  yield  an 
annual  profit  of  about  $200,000.00,  which  could  be 
very  appropriately  used  to  pay  for  the  support  of 
education  and  research. 

On  this  plan,  the  educational  institutions  of  the 
Country  would  have  the  facilities  as  well  as  the  expert 
knowledge,  both  practical  and  theoretical,  to  teach 
successfully  industrial  chemistry,  mechanical  engi- 
neering and  business  administration,  without  "aping" 
industrial  activities  on  a  small  scale.  No  one  institu- 
tion could  teach  the  practice  of  the  whole  field  of 
industrial  chemistry,  but  all  could  teach  the  general 
theory  as  now  and  each  one  would  be  specially  pre- 
pared to  teach  one  phase  of  industrial  chemistry:  in 
general  it  is  in  only  one  phase  of  industrial  chemistry 
that  the  industrial  chemist  is  going  to  become  really 
expert.  Degrees  for  industrial  chemists  might  be  put 
on  the  same  basis  as  the  Ph.D.,  or  otherwise  as  the 
educational  institutions  should  see  fit. 

Some  business  men  would  oppose  this  plan.  But 
business  men  are  already  encroaching  upon  the  field 
of  higher  education  and  research.  They  are  teaching 
their  employees  the  theory  as  well  as  the  practice  of 
the  particular  business  in  which  they  are  engaged  and 
are  at  the  same  time  paying  the  employees  wages 
whereby  they  are  enabled  to  live  while  being  educated. 
They  are  also  establishing  research  laboratories  in 
connection  with  their  business  for  the  study  of  prob- 
lems which  have  to  be  met  and  solved.  But  they  are 
doing    this    not  for   the    purpose  of   benefitting  their 
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employees  or  the  general  public,  but  solely  for  the 
purpose  of  increasing  profits,  or  saving  themselves 
from  being  driven  out  of  business  by  their  competitors 
who  are  learning  cheaper  and  better  ways  of  doing 
things,  and  who  are  cutting  prices  as  a  consequence. 
It  would  seem,  therefore,  that  the  scientific  men  could 
very  advantageously  to  themselves  commence  to 
encroach  upon  the  particular  field  of  the  business  man. 
When  the  scientific  man  gets  in  control  of  business, 
the  scientist  will  fare  better  in  the  business  world ;  but 
only  in  so  far  as  the  scientist  gets  control,  can  he  hope 
for  much  consideration  from  the  business  man. 

It  would  seem  to  the  writer  also  that  the  American 
Chemical  Society  could,  very  advantageously  to  itself, 
endow  itself  with  a  fund  of  say  $1,000,000,  with  which 
it  could  go  into  business  for  itself.     A  fund  of  this 


size  would  require  about  a  S200  investment  from  each 
member.  By  proper  management  the  Society  could 
have  a  considerable  annual  income  to  devote  to  re- 
search, the  cheapening  of  publications  to  the  members, 
or  otherwise  as  desired.  There  is  plenty  of  business 
and  technical  ability  in  the  Society  to  engineer  such  a 
plan  to  success.  The  Division  of  Industrial  Chemists 
is  composed  of  men  who  are  specially  fitted  for  the 
carrying  out  of  a  plan  like  this  in  certain  fields  at  least. 
This  kind  of  a  proposition,  proposed  and  carried  out 
by  a  great  body  of  scientific  men,  would  probably 
be  free  from  the  suspicion  that  it  was  only  "a  stock 
jobbing  proposition."  The  plan,  once  in  successful 
operation  and  fairly  administered,  would  doubtless 
prove  very  beneficial  to  the  Society. 

Logan.  Utah. 


CURRENT  INDUSTRIAL  NEWS 


By  \V    A    Hamok 


THE  MANUFACTURE  OF  NITRATES  FROM  THE 
ATMOSPHERE. 
E.  K.  Scott  states  (Nature,  89,  463)  that  although  the  first 
experimental  plant  for  the  manufacture  of  calcium  nitrate  by 
the  direct  process  of  Birkeland  and  Eyde  was  started  only  nine 
years  ago,  already  the  Norwegian  Hydro-Electric  Nitrogen  Co., 
which  controls  the  Birkeland-Eyde  patents,  has  installations 
aggregating  200,000  horse-power  at  work  and  probably  by  19 16 
another  300,000  horse-power  will  be  at  work.  The  other  elec- 
trically produced  nitrogenous  manure,  calcium  cyanamide, 
is  manufactured  by  a  more  indirect  method  invented  by  Franck 
and  Caro,  and  its  manufacture  is  not  confined  to  Norway.  The 
following  table  gives  the  principal  installations,  and  it  may  be 
noted  that,  although  the  first  one  on  a  commercial  scale  was 
erected  at  Piano  d'Orto,  in  Italy,  only  eight  years  ago,  there 
are  works  in  operation,  and  being  built,  which  by  the  end  of 
next  year  will  be  making  calcium  cyanamide  at  the  rate  of 
more  than  a  quarter  of  a  million  tons  per  annum. 

Installations  for  Manufacture  of  Calcium  Cyanamide  by  the  Franck 
and  Caro  Process. 

Output  in 
Place  of  tons  per 

Name  of  Company.  installation.  year. 

Nitrogen    Fertilizers  Co.   (North- 
western Cyanamide  Co. )  Odda,  Norway  15,000 

Nitrogen  Fertilizers  Co.  (North- 
western Cyanamide  Co.)  Alby,  Sweden  15,000 

Societa  Italianadi  Prodotti  Azo- 

tate  Piano  d'Orto,  Italy  4,000 

Societa  Italiana  per  il  Carburo  di 

Calcio  Terni,  Italy  15,000 

Societa  Piemontese  per  il  Carburo 

di  Calcio  San  Marcel,  Italy  3,000 

Soctete   Francaise   pour  les    Pro-     ( Martigny,  Switzerland  7,500 

duits  Azotes  1  Notre  Dame  de  Briancon        7 ,  500 

BayerischeStickstoff  Werke  Trostberg.  Bavaria  15,000 

Ost  -  Deutscher      Stickstoff.       u. 

Chemische  Werke  Bromberg.  Prussia  2,500 

A.  G.  Stickstoffdunger  Knapsack.  Germany  18,000 

Societa    per  l'Utilizzazione    delle     f , 
Forze  Idrauliche  della   Dahna- 
zia 

Japanese  Nitrogen  Products  Co.        Kinzei,  near  Osaka  4,000 

American  Cyanide  Co.  i  NashvUle-  Tenn"  * .  000 

I  Niagara  Falls,  N.  Y.  12,000 

The  Nitrogen  Fertilizers  Co.,  which  owns  the  Odda  and 
Alby  Works,  works  under  license  from  the  Northwestern  Cyan- 
amide Co.,  which  company  controls  England,  Norway  and 
Sweden,    Belgium,   and   all   the   British   colonies,   protectorates 


Selenico.  Dalmatia 
Dugirat.  near  Almissa 


4,000 
80 , 000 


and  dependencies,  except  Egypt  and  Canada.  The  Odda 
plant  is  being  enlarged,  and  at  the  beginning  of  next  year  will 
be  producing  73,000  tons  per  annum.  In  the  United  States, 
the  American  Cyanamide  Co.  is  about  to  erect  a  works  in  Ala- 
bama to  manufacture  24,000  tons  per  year. 


A  PROCESS  FOR  THE  FIXATION  OF  ATMOSPHERIC 
NITROGEN. 

The  Chemical  Trade  Journal  (50,  622)  observes  that  many 
have  assumed  a  pessimistic  attitude  on  the  subject  of  the  fixa- 
tion of  atmospheric  nitrogen.  This  feeling  is  attributable,  in  the 
main,  to  the  fact  that  the  possibilities  of  the  various  processes 
so  far  devised  have  been  over-popularized,  and  there  can  be 
no  doubt  as  to  the  ultimate  importance  of  the  question.  The 
same  Journal  notes  that  the  price  movements  of  nitrate  of 
soda  show  evidence  rather  of  market  rigging  than  of  any  near 
approach  to  the  exhaustion  of  the  Chilean  deposits.  Neverthe- 
less, the  great  German  chemical  works  are  keenly  alive  to  the 
importance  of  the  problem  of  nitrogen  fixation  and  each  is  doing 
something  toward  its  solution;  for  example,  while  the  Badische 
Company  have  reduced  their  holding  in  the  Norwegian  pro- 
duction to  nominal  proportions,  the  German  patent  list  bears 
evidence  of  the  activity  of  this  concern  in  endeavoring  to  de- 
vise a  suitable  process. 

In  the  process  for  the  fixation  of  atmospheric  nitrogen  de- 
scribed in  the  Zentralblatt  fur  de  Kunstdungen-Industrie  (see 
Chem.  Trade  /.,  loc.  cit.),  use  is  made  of  the  fact  that  the  oxides 
of  nitrogen  result  when  mixtures  of  air  with  combustible  gas 
are  detonated.  While  this  has  been  known  for  a  long  time, 
the  conditions  necessary  to  secure  a  relatively  high  yield  of 
nitrous  gases  has  only  recently  been  determined  and  a  commer- 
cial plant  working  on  these  lines  has  yet  to  be  erected.  The 
favorable  conditions  seem  to  be  high  pressure,  high  tempera- 
ture, and  a  proportion  of  oxygen  greater  than  that  present 
in  air,  that  is,  an  addition  of  oxygen  to  the  gas  mixture  is  ad- 
vantageous. It  has  also  been  found  that  previous  compression 
of  the  gas  and  air,  preferably  separately,  to  5  atmospheres, 
notably  increases  the  yield  of  nitric  acid,  and  that  preheating 
the  air  and  adding  30  per  cent,  of  oxygen  have  a  similar  effect. 
It  is  said  that  if  these  conditions  are  realized,  as  much  as  12 
lbs.  of  nitric  acid  per  1,000  cu.  ft.  of  gas  may  be  obtained. 


THE  CORROSION  OF  IRON  AND  STEEL. 
The  Chemical  Engineer  (15,  246)  gives  the  following  summarv 
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ol  tin  r<  mlts  obtained  b)  Friend,  Bentley,  West  and  Chappell 
in  theii  investigations  on  corrosion  of  iron  and  steel,  recentl) 
presented  befon   tin    Iron  .mil  Steel  Institute  in  London: 

on  (  orrodibilit)       (a)   In  rolled,  noj mal 
and   annealed  steels  the  corrodibility  rises  with  carbon 
:  ut    to  .1   maximum   at   saturation  point    (o  89   pet    cenl 
11.!  Falls  with  further  increast   ol  carbon  beyond  tins 
point       b)   In  quenched  and  tempered  steels  a  continuous  use 
in  corrodibilitj  occurs,  with  increase  >>f  carbon  within  the 
investigated  (up  to  0  96  pei  cent,  carbon),  no  maximum  corrodi- 
bility at  saturation  point  being  found  in  these  steels 

Influena  oj  Treatment  on  Corrodibility.  Quenching  increases 
the  corrodibility  to  a  maximum ;  annealing  tends  to  reduce  it 
to  a  m'nimum;  and  normalizing  gives  intermediate  values. 
The  influence  of  tempering  varies  with  the  tempering  tempera- 
ture. 

Factori  Determining  Corrodibility. — The  electromotivi  forces 
between  the  pearlite  and  ferrite,  and  between  the  components 
of  the  pearlite  itself,  are  the  principal  factors  determining  the 
corrodibility  of  unsaturated  pearlitic  steels  above  04  per  cent, 
carbon.  In  mild  structural  steels,  the  galvanic  action,  due  to 
differences  of  potential  between  the  constituents,  is  accom- 
panied by  galvanic  action  betweeen  the  ferrite  crystals  them- 
selves. These  differences  of  electro-potential  between  the 
ferrite  crystals  are  the  result  of  differences  in  their  orientation. 
The  state  of  division  of  the  pearlite,  and  the  presence  of  internal 
stresses  in  the  steel,  may  also  exert  a  considerable  modifying 
influence  on  the  foregoing  factors.  Decarbonization  increases 
the  resistance  to  corrosion.  Three  per  cent,  of  tungsten  produ  :es 
practically  no  change  in  the  corrodibility  of  carbon  steels.  The 
influence  of  time  on  the  rate  of  corrosion  varies  with  different 
steels. 

USES  OF  ALUMINUM. 

The  article  by  Seligman  on  ''Modern  Uses  of  the  Metal  Alum- 
inum "  {Science  Progress)  calls  attention  to  the  applications 
of  the  metal  in  various  industries.  The  sudden  demand  for 
aluminum  in  1905  was  due  to  the  requirements  of  the  motor-car 
industry;  but  since  additional  supplies  were  not  forthcoming, 
the  automobile  industry  turned  to  the  use  of  thin  steel  sheets 
and  frames  of  special  steels,  which  were  often  found  to  be  actually 
lighter  than  aluminum  parts  of  equal  strength.  The  increased 
output  from  9,000  tons  in  1905  to  34,000  tons  in  1910  resulted 
in  a  fall  in  price  to  about  one-half,  and  a  certain  increase  in  the 
earlier  demand  for  aluminum  in  motor-car  work.  However, 
other  uses  were  required  to  consume  the  enlarged  supply,  and 
in  England  a  very  important  outlet  has  resulted  from  the  dis- 
covery of  methods  whereby,  with  the  aid  of  a  special  flux,  sheets 
of  aluminum  may  be  fused  together  without  the  use  of  any 
extraneous  solder.  Vessels  made  in  this  way  are  of  special 
value  for  chemical  industries,  and  most  of  all  in  those  involved 
in  the  manipulation  of  food  materials.  The  metal  resists  cor- 
rosion and  has  the  further  advantage  that  it  imparts  no  colora- 
tion to  the  materials  in  contact  with  it.  In  the  brewing  indus- 
try, fermenting  tanks  up  to  30,000  gallons  have  been  constructed, 
and  vessels  for  fermenting  under  a  pressure  of  45  lbs.  per  sq. 
in.  have  been  made  of  1800  gallons  capacity. 

In  this  connection  it  may  be  noted  that  the  aluminum  com- 
panies of  France  have  organized  the  Southern  Aluminum 
Company,  capitalized  at  S8, 000,000. 00,  and  a  plant  is  to  be 
erected  at  Whitney,  X.  C.,  under  the  direction  of  the  electro- 
metallurgist   Heroult. 

BRIQUETTING  METALLIC  WASTE. 

A  correspondent  of  the  Scientific  American  (106,  Xo.  21,  477) 

states  that  an  Austrian,  Arpad  Ronay,  has  recently  perfected 

and  patented  a  process  for  briquetting  metallic  wastes  without 

a  binder.     Ronay  applies  enormous  pressure  to  the  particles, 


but  the  application  is  slow,  so  that  the  individual  particles  may 

ti   and  come  togethei  to  permit  ol  tin-  exclusion  ol  ail 

and  water      No  binding  material  whatever  is  employed,  and  1  b< 

is  conducted  without  heat . 

Metallic  turnings,   chips,   filings,   etc  ,   are  delivered   into  a 

large  hopper,  gravitated  into  the  hydraulic  press,  and  the  mass 

•is  slow  1  ing  pressure.     The  briquette  is 

then  submitted  to  further  compression,  up  to  .'.one.  atmospheres 

It    is   said    that    briquettes   made   by    the    Ronay    process   from 

east  iron  borings,  with  a  low  percentage  of  phosphorus,  can  be 
advantageously  substituted  for  the  white  iron  as  used  in  tem- 
pering furnaces;  and  that  Bessemer  plants  and  steel  foundries, 
having  Siemens  Martin  furnaces  using  scrap  material,  find  bri- 
quettes made  from  steel  and  wrought  iron  turnings  a  cheaper 
and  more  efficient  fluxing  medium.  A  number  of  plants  have 
been  erected  in  Germany  for  briquetting  waste  materials  by 
this  pYocess,  the  largest  being  that  built  for  the  Tegel  Works  of 
Borsig,  which  has  a  capacity  of  six  tons  an  hour. 

THE  REVIVAL  OF  THE  KELP  INDUSTRY. 

Kelp,  the  ash  produced  by  the  incineration  of  various  kinds 
of  Algae  obtainable  in  large  quantities  on  the  west  coasts  of 
Ireland  and  Scotland,  and  the  coast  of  Brittany,  possesses  the 
following  composition:  potassium  sulphate,  10  to  12  per  cent.; 
potassium  chloride,  20  to  25  per  cent.;  sodium  carbonate,  5  per 
cent.;  other  sodium  and  magnesium  salts,  15  to  20  per  cent.; 
and  insoluble  residue,  40  to  50  per  cent.  One  ton  is  procurable 
from  20  to  22  tons  of  wet  sea-weed 

It  is  contended  with  much  show  of  reason  in  the  Times  Engi- 
neering Supplement  for  May,  29,  1912,  that  the  manufacture  of 
kelp  products  would  prove  to  be  commercially  successful  if 
carried  out  on  a  comparatively  large  scale,  with  modern  chem- 
ical engineering  methods.  The  sea-weed  should  be  heated  in  a 
retort,  as  proposed  by  Stanford,  and  ammonia  and  acetic  a:id 
recovered  from  the  distillate.  Stanford  obtained  50  to  80 
pounds  of  ammonium  sulphate  and  6  to  18  pounds  of  calcium 
acetate  per  ton  of  air-dried  sea-weed.  The  residual  charcoal 
gives  up  its  soluble  salts  to  hot  water  and  can  afterwards  be 
used  as  fuel.  The  iodides  become  con  entrated  in  the  mother 
liquors  and  may  be  recovered  to  the  extent  of  12  pounds  per 
ton  of  drv  sea-weed  in  the  form  of  free  iodine. 


LIGHTING  BY  NEON  TUBES. 
According  to  Engineering  (92,  807),  while  it  has  been  long 
known  that  a  vacuum  tube  charged  with  neon  gives  a  bril- 
liant light  with  but  little  absorption  of  electric  energy-,  yet  there 
is  a  progressive  absorption  of  the  gas  and  the  light  finally  ex- 
tinguished. Claude  has  described  a  number  of  experiments 
made  to  overcome  this.  He  found  that  when  the  tubes  had 
small  electrodes,  these  heated  rapidly  nearly  to  redness,  and  a 
metallic  deposit  formed  on  the  glass  in  their  vicinity.  After 
88  hours  this  deposit  amounted  to  1.6  g.  Upon  examination, 
neon  was  found  occluded  in  the  metal.  Consequently,  as  the 
disappearance  of  the  gas  was  due  to  the  vaporization  of  the 
metal,  Claude  reasoned  that  the  life  of  the  tube  would  be  length- 
ened by  using  larger  electrodes,  which  would  keep  cooler.  He 
constructed  a  neon  tube,  45  mm.  in  diameter,  with  copper  elec- 
trodes equivalent  to  a  surface  of  300  sq.  cm.  per  ampere  of 
current.  One  of  these  tubes  worked  satisfactorily  for  210 
hours  and  was  then  accidentally  broken.  Therefore,  with  a 
tube  6  m.  long,  with  electrodes  giving  a  surface  of  500  sq.  cm. 
per  ampere,  Claude  found  that  the  potential  difference  neces- 
sary to  maintain  the  current  only  changed  4.0  per  cent,  in  400 
hours.  The  efficiency  was  excellent,  being  only  0.8  watt  per 
candle.  It  is  of  interest  to  note  that  were  the  energy  wholly 
convertible  into  that  light  to  which  the  eye  is  most  sensitive, 
the  output  would  be  55  candles  per  watt,  according  to  recent 
measurements  by  Buisson  and  Fabry. 
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"GRANACIT." 
"Granacit"  is  described  by  H.  Fischer  in  Zeitschrifl  fur  ange- 
uandle  Chemie,  25,  No.  26,  1327.  It  is  a  grayish  blue,  finely 
grained,  very  hard  and  weather  durable  true  granite,  of  regular 
crystalline  structure.  It  has  a  strength  of  compression  of 
2,000  kg./sq.  cm.  and  a  density  of  2.7.  Only  traces  of  water  are 
present  and  the  content  of  pyrite  is  small ;  quartz,  feldspar 
and  museovite  are  the  main  components.  "Granacit"  is  acted 
upon  by  acids  only  in  a  dilute  and  cold  condition,  while  in  a  con- 
centrated state  and  hot  there  is  no  action,  and  it  is  not  affected 
by  prolonged  subjection  to  superheated  steam.  It  is  used  as  a 
special  acid-resisting  stone,  and  in  the  form  of  towers  and  col- 
umns for  distillation,  rectification,  condensation,  absorption, 
washing  and  reaction  purposes.  "Granacit"  pressure  and 
vacuum  vessels  are  also  on  the  market.  It  is  especially  appro- 
priate as  a  material  for  towers  for  sulphite  lye,  vessels  for  acetic 
acid  for  white  lead  factories,  phosphoric  acid  tubes,  and  in  the 
alkali  industry.  "Granacit"  differs  from  other  granites  in  that 
it  does  not  become  decomposed  when  treated  with  acids. 
"Granacit"  apparatus  is  being  manufactured  by  a  Dresden, 
Germany,  firm. 

THE  DESTRUCTIVE  ACTION  OF  ACIDS  ON  CONCRETE. 

Neumann  (Tonind.  Ztg.,  36,  601)  records  cases  in  which  con- 
crete drains  have  become  damaged,  sometimes  soon  after  con- 
struction. In  every  case  the  destructive  action  was  traced  to 
the  presence  of  acid  in  the  water  which  had  access  to  the  drains, 
either  internally  or  externally.  In  one  ease  the  swampy  soil 
surrounding  the  drain  contained  iron  pyrites,  and  the  water  be- 
came charged  with  sulphuric  acid ;  in  other  instances  the  atmos- 
phere inside  the  drains  became  laden  with  hydrogen  sulphide, 
which  underwent  slow  oxidation  to  sulphur  and  sulphuric  acid. 
Sulphuric  acid  was  the  most  frequent  and  most  powerful  de- 
stroyer of  underground  concrete,  but  such  acids  as  hydrochloric, 
oleic  and  acetic,  and  also  carbon  dioxide,  were  found  to  be  al- 
most as  harmful.  Neumann  attributes  the  destructive  action 
of  acids  to:  (1)  The  formation  of  certain  calcium  and  alu- 
minum compounds,  accompanied  by  a  large  increase  in  volume; 
and  (2)  the  formation  of  soluble  compounds  (particularly  cal- 
cium bicarbonate)  which  go  into  solution  and  cause  collapse. 
He  gives  as  remedies:  adequate  ventilation  inside  the  drains; 
the  use  of  non-porous  clinker  poor  in  lime  as  a  basis  for  the  con- 
crete; and  a  covering  for  the  exposed  surfaces  of  tar,  tar-felt- or 
asphalt. 

"IRONIZING,"  OR  "FERROZINCING." 

Pure  iron,  as  is  well  known,  is  not  subject  to  corrosion  to 
nearly  the  same  extent  as  steel,  and  articles  made  of  good  wrought 
iron  also  suffer  less  from  atmospheric  influences  than  steel. 
The  more  impure  wrought  iron  is,  the  more  it  approaches  steel  in 
the  matter  of  corrosion,  and  is  therefore  more  in  need  of  pro- 
tection than  pure  iron.  In  view  of  these  facts,  states  Engineer- 
ing (93>  679),  Sherard  Cowper-Coles  has  brought  out  a  new 
process,  which  he  terms  "ironizing"  or  "  fcrrozincing,"  as  a 
means  of  protecting  iron  and  steel  from  corrosion;  this  process 
gives  a  more  permanent  protection  than  zinc  coating.  The 
process  consists  in  first  coating  the  iron  or  steel  with  pure  iron 
by  a  special  electrolytic  method.  Pure  iron  is  slightly  electro- 
positive to  the  underlying  iron  or  steel.  A  zinc,  nickel  or  brass 
coating  is  then  applied  to  the  pure  iron  surface,  and  forms, 
it  is  claimed,  a  more  durable  coating  than  zinc  applied  dircctlv 
to  a  wrought-iron  or  steel  surface,  since  the  electrochemical 
action  which  is  set  up  when  once  the  zinc  is  penetrated  is  re- 
duced. 

A  NEW  PROCESS  FOR  ELECTRO-ZINCING. 

The  Engineering  Review  (25,  505)  reports  that  Ouentin  Marino 
has  devised  a  method  of  depositing  metals  on  earthenware  and 


glass  by  rendering  the  surface  of  the  article  to  be  coated  conduc- 
tive by  "a  chemical  reaction"  which  does  not  involve  the  ap- 
plication of  heat,  with  the  result  that  the  deposited  metal  is  in 
direct  and  adhesive  contact  with  the  china  or  glass.  The  process, 
as  well  as  the  deposition  of  metals  onto  iron  and  steel,  consists 
of  combining  a  reducing  agent  with  the  depositing  solution,  so 
that  all  traces  of  oxide  films,  etc.,  are  concurrently  removed 
with  the  deposition  of  the  required  metal.  It  is  said  that  a  sound 
adherent  metallic  coating  may  also  be  produced  upon  wood 
and  paper;  the  wood  is  rendered  water  and  weather  proof, 
while  the  metallized  paper  may  be  employed  in  making  metallic 
joints.  By  the  process  of  Marino,  it  is  claimed  that  1  to  2  grams 
of  zinc  per  ampere  hour  at  a  pressure  of  2  volts  may  be  deposited 
upon  iron  or  steel. 

TEXTILOSE. 

Paper  (8,  18)  states  that  a  factory  has  been  erected  at  Fleissen 
for  the  manufacture  of  "textilose,"  a  substitute  for  jute.  "Tex- 
tilose"  was  invented  by  Rmil  Claviez,  who  manufactured  it  as 
a  substitute  for  jute  and  cotton  in  his  spinning  and  weaving 
establishment  at  Adrof,  Germany.  The  invention  consists  of 
a  material,  capable  of  being  spun,  made  of  wood-pulp,  cellulose 
or  the  like,  with  which  is  combined  a  fleece  or  nap  of  textile 
fibers,  such  as  cotton,  wool,  linen,  jute,  or  the  waste  obtained 
from  a  carding  machine.  Claviez  claimed  that  this  substance 
was  adapted  to  all  spinning  purposes  as  well  as  for  che  manu- 
facture of  paper.  Uniting  the  pulp  with  10  to  20  per  cent,  of 
fleece  is  effected  during  the  production  of  the  paper  on  the  paper- 
making  machine,  preferably  at  the  beginning  of  the  wire  cloth, 
because  in  this  manner  the  most  intimate  union  is  obtained. 
"Textilose"  yarn  may  be  used  in  the  manufacture  of  bags, 
linen,  carpets,  and  upholstery  fabrics,  and  may  be  bleached, 
dyed  and  figured. 

THE  BLEACHING  OF  LINEN. 
In  a  paper  presented  before  the  Manchester  Literary  and 
Philosophical  Society  on  April  23,  1912,  on  the  action  of  bleach- 
ing agents  on  the  coloring  matter  of  linen,  R.  L.  Taylor  showed 
that  the  coloring  matter  of  unbleached  linen  is  quite  abnormal 
with  regard  to  the  action  of  the  ordinary  bleaching  agents  upon 
it,  and  differs  from  every  other  coloring  matter.  Whereas 
coloring  matters  such  as  indigo,  Turkey -red,  and  the  coloring  mat- 
ter of  cotton  are  bleached  much  more  rapidly  by  free  chlorine 
or  hypochlorous  acid  than  by  a  hypochlorite,  with  the  coloring 
matter  of  linen  the  exact  opposite  is  the  case,  this  being  bleached 
more  rapidly  by  a  solution  of  a  hypochlorite.  Apparently  the 
maximum  bleaching  effect  on  unbleached  linen  is  produced  by  a 
solution  of  a  hypochlorite  which  contains  no  free  alkali,  but 
rather  some  free  chlorine  or  hypochlorous  acid.  Excess  of  alkali 
retards  the  bleaching  action,  just  as  it  docs  in  the  case  of  other 
coloring  matters.  The  addition  of  a  chloride  to  the  solution 
sometimes  accelerates  and  sometimes  retards  the  bleaching 
action  (this  depending  upon  the  amount  of  alkali  in  the  solu- 
tion), instead  of,  as  is  the  case  with  other  coloring  matters, 
always  accelerating  it  (Nature,  89,  287). 

PHOSPHORUS  SLAG  AS  AN  INSECTICIDE. 

The  slag  or  dross  formed  in  the  removal  of  phosphorus  from 
iron  ore  has  for  a  long  time  been  used  as  a  fertilizer  on  account 
of  the  phosphorus  and  lime  which  it  contains.  It  is  pointed 
out  (Scientific  American,  107,  6)  that  recent  investigation  has 
shown  that  the  use  of  this  slag  is  even  more  profitable  than  had 
at  first  been  supposed.  The  cultivation  of  the  sugar  beet  in 
Germany  suffers  great  damage  from  the  plant  louse,  and  the  dep- 
redations of  these  insects  arc  also  destructive  to  a  large  num- 
ber of  plants.  J.  P.  Wagner,  a  sugar  beet  expert,  recently  told 
the  National  Society  of  Agriculture  in  France  of  a  successful 
attempt   to   fight   these   insects  by  means   of   phosphorus  slag. 
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id  about  i..|«"i  pounds  <>i  the  Blag  to  1 1  • «  acre  on  fields 
ih, 1   v..u    infested   with  the  plant  louse.     Nol  only  did   tins 

;i  prevent  the  insects  from  attacking  the  leaves,  but 
thej  wer<  driven  away  from  leaves  they  had  ahead)  attacked 
On  anothei  field  the  slag  was  applied  in  larger  quantities,  with 
highlj  advanl  10  thinks  that  the  slag  fonns 

a  thin  layer  on  the  leal,  spreading  it  over  the  wholi 
that  it  is  either  distasteful  or  injurious  to  the  insects. 

OXYGEN  ADDITIONS  TO  IRON  FURNACE  BLAST. 
It  is  stated  in  The  Engineering  and  Mnnng  Journal  (93,  1180) 
that  according  t>>  a  report  by  1'.  W.  Luhrmann  to  tin  bla  1 
furnace  committee  of  the  Verein  Deutsche!  Eisenhuttenleute, 
the  managers  of  furnaces  in  Miilheim-Ruhr,  in  Ougree,  and  in 
Kr.it/uiick,  are  using  oxygen  additions  in  the  blast  whenever 
the  furnace  is  working  cold.  The  oxygen  is  added  in  small 
amounts  in  the  form  of  "  I.indc  air,"  a  liquid  air  product  con- 
taining 50  per  cent,  of  oxygen  and  50  per  cent,  of  nitrogen. 
An  installation  to  furnish  17,500  cu.  ft.  of  oxygen  per  hour  oc- 
cupies a  space  of  about  125  sq.  ft.,  requires  about  800  h.  p.  to 
operate  it,  and  costs  about  Sioo.ooo.  Luhrmann  finds  that  for 
each  per  cent,  of  oxygen  added,  there  is  a  theoretical  rise  of 
ioo°  F.  in  blast-furnace  temperature.  The  manufacturers 
interested  state  that  1  per  cent,  of  oxygen  on  a  240-ton  furnace 
costs  about  So. 50  per  ton  of  pig.  If  this  cost  is  correct,  the 
method  may  be  found  to  be  of  value  as  an  emergency  reserve. 


NEW  COMPOSITE  SHEET  METALS. 
Three  new  composite  sheet  metals  have  recently  appeared 
on  the  market.  " Hoyt-Silver"  is  a  britannia  metal  with  an 
aluminum  core,  and  is  said  to  make  silver-plated  ware  which  is 
lighter,  cheaper,  stiffer,  and  stronger  than  that  made  from 
ordinary  britannia  metal.  "Alumintin"  is  sheet  aluminum 
faced  upon  both  sides  with  pure  block  tin;  it  is  claimed  that  it 
can  be  electroplated  and  soldered  without  difficulty,  and  that  it 
»  possesses  a  density  of  3.34.  "White-Copper  Stamping  Metal" 
is  sheet  aluminum  faced  on  both  sides  with  an  antimonial  lead 
alloy;  it  is  reported  to  be  cheaper  than  either  copper  or  brass, 
and  to  be  stiffer  and  harder  than  antimonial  lead.  The  specific 
gravity  of  this  composite  metal  is  5.10.  It  is  easily  stamped 
without  annealing  and  is  thought  to  provide  a  satisfactory 
substitute  for  the  usual  antimony-lead  alloys  used  in  making 
badges,  etc.  The  Brass  World  (8,  176)  states  that  these  prod- 
ucts are  made  by  a  secret  rolling  process. 


A  NEW  USE  FOR  BORON. 
E.  Weintraub  has  found  that  boron  can  be  used  for  purify- 
ing and  deoxidizing  metallic  copper,  and  has  patented  his 
discovery  (U.  S.  Patent  1,023,604).  The  advantages  claimed 
are  that  boron  possesses  a  high  affinity  for  oxygen,  nitrogen  and 
other  gases,  but  no  affinity  for  copper;  and  that  at  the  same 
time  it  forms  an  easily  fusible  slag  of  boric  acid.  It  is  said  that 
if  o  .03-0 .  10  per  cent,  of  boron  is  added  to  molten  copper,  copper 
castings  free  from  blowholes  are  obtained  and  the  copper  has 
an  electrical  conductivity  of  from  95-98  per  cent.  Matthiessen 
standard.  The  copper  also  runs  freely  and  fills  every  portion 
of  the  mold.  When  boron  is  added,  the  portion  necessary  for 
deoxidizing  and  purification  is  consumed,  and  the  excess  floats 
to  the  top  of  the  fusion  as  a  melted  slag.  Weintraub  states 
that  boron  carbide  gives  equally  good  results  and  is  much 
cheaper,  while  boron  suboxide  is  still  more  economical. 


VANADIUM  BABBITT  METAL. 
There  has  appeared  on  the  market  a  new  bearing  metal,  Vana- 
dium   Babbitt,    which    is   made   up   approximately   as   follows : 
tin,    100  parts;  antimony,    12   parts;  copper  and  vanadium,  8 
parts.     The  copper  and  vanadium  are  melted  together,  and  the 


fusion  is  pou  1  (*d  into  a  mixture  of  molten  Straits  tin  and  anti- 
monj  Ti"  vanadium  permits  the  use  of  more  copper  than  is 
generally  found  in  such  alloys,  gives  a  denser  grain,  exceptional 
nil  compression  strength,  and  adds  roo  per  cenl  to  the 
life  'i  the  bearing. 

A  NEW  VACUUM  GAUGE. 
According  to  i.ngiiiecriiig  (93,  539),  the  ordinary  Bourdon 
type  "I  pressure  gauge  is  not  a  satisfactory  instrument  as  ap- 
plied to  accurate  measurement  of  vacua.  The  forces  actuating 
it  arc  then  small  and  what  is  sometimes  termed  "sticktion" 
is  accordingly  very  likely  to  cause  large  errors.  The  ordinary 
mercury  column  is  also  not  entirely  satisfactory.  Water  often 
finds  its  way  to  the  top  of  the  mercury  column,  and  there  is, 
moreover,  some  danger  of  the  mercury  being  accidentally 
drawn  over  into  the  condenser  to  the  ruination  of  the  tubes. 
A  Newcastle-upon-Tyne  firm  has  introduced  a  gauge  under  the 
name  of  "  Kenotometer"  to  obviate  these  drawbacks.  This 
new  instrument  consists  of  a  U-tube  provided  with  a  scale. 
The  right-hand  leg  of  this  tube  is  closed  at  the  top  forming  a 
barometric  vacuum.  The  left  leg  of  the  U-tube  is  expanded 
into  a  vessel  of  comparatively  large  diameter.  The  opening 
into  this  limb  at  the  top  is  through  a  fine  nozzle,  upon  which, 
it  is  claimed,  it  is  practically  impossible  for  mercury  to  be  drawn. 
This  left  leg  of  the  U-tube  is  coupled  by  a  rubber  connection 
to  a  drying  tube,  which  contains  sufficient  desiccating  material 
to  last  for  months  and  is  connected  up  in  its  turn  with  the  sec- 
ond mercury  trap,  the  top  of  which  is  connected  to  the  con- 
denser. The  scale  with  which  the  instrument  is  provided  is 
fitted  with  a  rack  and  pinion  adjustment.  On  the  one  sjde  it 
is  graduated  in  o .  1  in.  and  on  the  other  in  percentages  of  the 
absolute  vacuum. 


A  NEW  FORM  OF  VALVE  FOR  GAS  CYLINDERS. 
A  Berlin  firm  has  placed  upon  the  market  a  new  form  of  valve 
for  cylinders  of  compressed  gases.  Since  the  change  in  pres- 
sure of  compressed  gases  is  common,  the  valve  retaining  such 
gases  in  the  ordinary  steel  cylinders  must  be  constructed  strong 
and  solid  for  the  considerable  compression  which  exists.  As  a 
certain  amount  of  effort  is  necessary  to  open  and  close,  conse- 
quently the  flow  of  gas  is  not  constant.     A  fine  and  sure  regula- 


tion of  the  discharged  quantities  of  gas  in  a  given  time  is  neces- 
sary for  various  purposes.  Reducing  valves  serve  only  for  the 
regulation  of  pressure,  whereas  it  is  claimed  that  the  new  neck 
valve  regulates   the  amount  of   issuing   gas    (German   Patent 

4O7,540- 

A  toothed  segment  of  a  wheel  of  large  size,  attached  to  a  spin- 
dle and  operated  by  a  hand-wheel,  controls  a  slight  opening  of 
the  valve,  and  hence  a  very  small, change  in  the  flow  of  the  gas 
can  be  effected. 
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THE  MEASUREMENT  OF  STEAM  CONSUMPTION. 
The  steam  consumed  by  a  turbine  or  engine  can  be  deter- 
mined by  measuring  or  weighing  the  "steam  water"  or  con- 
densate from  the  surface  condenser.  A  method  of  doing  this 
(Industrial  Engineering,  11,  471)  is  presented  in  the  indicating 
hot-well,  which  is  attached  to  the  bottom  of  the  condenser, 
forming  a  part  of  the  shell.  The  opening  in  the  bottom  of  'the 
condenser  is  constructed  so  that  the  condensate  drains  into  the 
left-hand  chamber  of  the  hot-well,  and  communication  from  this 
chamber  to  the  hot- well  pump  suction  is  established  in  the  di- 
viding wall.  The  orifice,  polished  and  finished  to  insure  accuracy 
of  flow,  is  formed  in  a  brass  plate  inserted  in  the  partition  wall. 
The  indicating  gauge  is  attached  to  the  shell  of  the  hot-well, 
and  ball  check  valves  are  provided  in  each  fitting,  so  that,  should  * 
the  gauge  glass  break,  the  flow  of  air  will  be  prevented  and  the 
glass  can  be  conveniently  replaced.  A  gauge  glass  is  also  pro- 
vided for  the  indication  of  the  height  of  water  in  the  hot-well 
suction  compartment,  in  which  the  water  must  not  be  allowed 
to  submerge  the  orifice.  The  scale  attached  to  the  indicating 
gauge  reads  directly  in  pounds  of  steam  per  hour. 


A  NEW  JOINT  FOR  STEEL  PIPE. 
The  Mathcson  pipe  joint,  which  was  developed  for  steel  or 
wrought-iron  pipe,  is  similar  to  the  well  known  bell  and  spigot 
joint  used  with  cast-iron  pipe.  When  the  pipe  is  manufactured, 
one  end  is  expanded  into  a  bell,  and  around  the  edge  of  the  bell 
a  reinforcing  band  of  steel  is  shrunk.  The  spigot  end  of  the 
pipe  is  provided  with  a  slight  depression  or  groove  which  en- 
circles the  pipe  near  the  spigot  end.  According  to  The  Engi- 
neering and  Mining  Journal  (03,  1026),  in  laying  the  pipe  the 
spigot  end  is  placed  in  the  bell  end  of  the  adjacent  length  of 
pipe  and  molten  lead  is  poured  into  the  bell  in  exactly  the  same 
way  that  the  joint  of  cast-iron  bell  and  spigot  pipe  is  laid.  The 
lead  filling  may  be  calked  when  cool,  the  reinforcing  band  add- 
ing strength  to  the  bell  to  resist  any  tendency  to  expand  as  a 
result  of  the  calking.  When  the  pipe  is  to  be  subjected  to  high 
pressure,  a  bolt-flange  coupling  may  be  used  in  conjunction 
with  the  lead  joint.  The  advantages  claimed  are  that  a  strong 
tight  joint  is  as  readily  obtained  with  steel  as  with  cast-iron 
pipe  and  that  for  the  same  strength  steel  or  wrought-iroa  pipe 
is  lighter. 


NOTES  AND  CORRESPONDENCE 


SEA-WEED,  POTASH  AND  IODINE.      A  CRITICISM. 

In  Senate  Document  No.  190,  62nd  Congress,  2nd  Session, 
"Fertilizer  Resources  of  the  United  States,"  as  well  as  in  an 
address  by  F.  K.  Cameron,1  sea -weed  and  especially  that  of  the 
Pacific  coast  is  mentioned  as  a  possible  source  of  the  potash  salts 
used  in  the  United  States. 

Most  of  the  Senate  Document  consists  of  an  ordinary  de- 
scription of  the  stationary  growing  algae  (kelps)  and  their 
ecological  character.  Much  space  has  been  given  to  the  species 
of  fucus  growing  in  the  litoral  region.  Every  expert  knows 
that  this  species  is  of  no  value,  as  these  plants  absorb  very  little 
valuable  material. 

The  content  of  inorganic  valuable  materials  in  these  kelps 
depends  first  of  all  on  the  physical  conditions  of  their  growth. 
Force  of  current,  temperature,  and  content  of  salts  are  im- 
portant factors,  but  other  life  conditions  of  the  algae  also  affect 
their  chemical  composition.  It  is  of  considerable  importance 
whether  they  are  growing  near  the  surface  or  in  deeper  water,  in 
comparatively  quiet  straits  or  in  the  breakers  of  the  ocean. 
The  species  which,  while  growing,  absorb  the  most  valuable 
materials  are  not  found  in  any  considerable  amounts  in  the 
straits  or  sounds2  nor  in  the  litoral  region,  but  are  abundant 
out  in  the  ocean,  and  about  the  belts  of  islands,  girding  the  coast, 
and  in  these  places  from  the  limit  of  tidewater  down  to  the 
depth  of  20-25  fathoms. 

The  far  more  important  "Porra"  which,  until  lately,  has  been 
given  very  little  consideration,  deserves,  technically,  the  greatest 
attention.  A  flourishing  sea-weed  industry  on  the  Pacific 
coast  can  be  imagined  only  on  the  basis  of  this  marine  plant. 
It  grows  in  deeper  water  and  in  the  open  ocean  and  is  conse- 
quently richer  in  valuable  materials.  It  is  found  in  great 
abundance,  is  easy  t6  harvest  along  the  coast  during  fall  and 
winter,  and  can  be  worked  at  proportionately  lower  cost. 

The  Senate  Document,  furthermore,  suggests  some  anti- 
quated methods  of  burning  sea-weed,  of  preparations  of  potas- 
sium salts,  and  finally  of  "Methods  of  Analyses." 

I  should  advise  the  use  of  the  "kelpash"  and  its  contents  of 
inorganic  valuable  materials  as  the  standard  scale  for  the  valua- 
tion of  sea-weed,  and  not  the  sea-weed  itself.  This  will  simplify 
transactions  between  the  seller  and  buyer  of  kelp  or  kelpash. 

1  This  Journal,  4,  169. 

2  For  the  last  10  years,  I  have  known  the  kelp  from  the  interior  part 
of  Puget  Sound  to  be  of  very  little,  or  no  value. 


Far  more  interesting  are  the  colored  charts,  copies  of  the 
U.  S.  Coast  Survey  Chart.  They  ought  to  be  combined  but 
they  should  indicate  the  special  places  along  the  coast,  where 
the  "driftkelp"  is  washed  ashore  by  the  stream.  As  the  ex- 
plorations are  limited  to  the  few  summer  months  and  as  this 
season  mainly  comprises  all  kinds  of  stationary  growing  kelp, 
the  useful  as  well  as  the  useless,  we  are  able  to  find  in  the  Senate 
Document  little  of  any  importance  from  which  to  form  any 
opinion  about  an  eventful  lucrative  sea-weed  industry  on  the 
Pacific  Coast. 

The  conclusion  drawn  from  these  preliminary  explorations 
is  that  in  the  sea-weed  of  the  west  coast  we  have  not  only  a 
source  to  furnish  all  the  potash  salts  consumed  in  this  country 
but  "it  means  a  possible  production  of  potassium  chloride 
about  the  same  as,  or  even  a  little  larger  than,  the  total  pro- 
duction in  Germany,"  and,  "taking  every  consideration  and 
leaning  strongly  to  conservatism,  it  might  be  said  that  it  ought 
to  be  perfectly  practicable  to  obtain  an  annual  yield  of  at  least 
a  million  tons  of  potassium  chloride,  worth  at  present  prices, 
upwards  of  $30,000,000.  The  iodine  obtainable  at  the  same 
time  should  go  far  toward  paying  the  expenses  of  harvesting 
the  kelp  and  extracting  the  potash." 

In  the  opinion  of  the  writer,  $30,000,000  a  year,  made  by 
potash  and  perhaps  a  similar  amount  or  more  by  iodine  ex- 
tracted from  sea-weed  on  the  west  coast  of  the  United  States, 
is  surely  impossible  in  the  light  of  the  following  analysis: 

1.  Is  it  possible  that  the  Pacific  sea-weed  can  produce  suffi- 
cient raw  material  for  the  production  of  one  million  tons  of  potash 
salts? 

2.  Can  the  potash  salts  obtained  from  sea-weed  containing  a 
limited  quantity  of  iodine  (not  more  than  '/2  per  cent,  in  the  ash 
of  the  plant)  be  furnished  at  a  price  similar  to  that  of  German 
potash  salt? 

To  answer  the  first  of  these  questions,  I  need  only  point  to 
the  simplest  and  primitive  method  of  producing  (burning) 
kelpash  on  the  shore.  The  proposed  technical  improvements 
in  this  process  have  as  yet  never  been  tried  practically,  and  do 
not  promise  any  such  profit  as  suggested  in  the  published  state- 
ments. 

For  the  purpose  of  illustration,  I  shall  use  the  Nereocystis 
Lutkeana  mentioned  in  the  Senate  Document  among  Dr.  J. 
W.  Turrcntine's  "Analyses  of  Pacific  Kelp,"  Sample  No.  8. 
This  marine  plant  (a  laminaria)  belongs  to  those  containing  the 
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largest  quantity  ol  both  p. it n^li  and  iodine.  It  is  found,  as  fat 
.iv  known,  in  the  largest  quantities  at  tin-  northern  pari  "f  the 
1  The  dried  plant  contains  \6  1  per  cent.  organic 
matter,  51  1  pei  cent  soluble  salts  and  2.3  pet  eent.  ash.  Of 
the  soluble  salts  .3  pei  cent,  are  actual  potasb  1  K  .<  n  and  0.17 
pei  cenl  iodine  The  total  amount  oi  ash  of  tins  plant  is  53.8 
pei  cent  The  contents  <>f  the  ash  are  then  42.7  per  cent, 
actual  potash  (K,0)  corresponding  to  67.7  per  cent,  potassium 
chloride  (KG)  and  0.316  per  cent,  iodine, 

1 1  we  take  the  above-mentioned  quantity  oi  ash  as  a  basis, 
we  find  that  it  requires  for  the  production  of  1,000,000  tons  of 

potash  salts  9,724,500  tons  of  wet  sea-weed,  Containing  So  per 
cent  water,  representing  1,048,900  tons  of  dried  seaweed,  pro- 
ducing 1,048,500  tons  of  ash.  representing  t ,OOO,000  tons  mixed 
potash  salts 

I  presume  of  Cdurse  that  the  whole  quantity  of  soluble  salts 
is  extracted  as  potash  salts.  This  is  indeed  what  is  done  in 
practice,  as  it  is  quite  impossible  in  a  huge  production,  as  the 
one  mentioned,  to  crystallize  the  salts  singly.  Of  the  potash 
present,  half  the  quantity  will  come  out  as  So  90  per  eent. 
potassium  chloride  and  the  other  half  will  consist  of  a  "mixture" 
of  chlorides,  carbonates  and  sulphates,  mostly  of  potassium, 
sodium  and  a  little  part  of  magnesium  containing  about  16-20 
per  eent.  actual  potash  (K20),  corresponding  to  the  German 
manure  salts,  Hartzsalt  and  Kainit. 

For  one  million  tons  of  potassium  chloride,  we  shall  have  to 
multiply  the  above-mentioned  amount  of  sea-weed  and  kelpash 
by  two. 

I  presume  that  these  figures  will  convince  everybody  that  it  is 
impossible  to  reach  a  production  of  a  million  tons  of  potassium 
chloride  on  the  basis  of  the  sea-weed  of  the  west  coast.  To 
furnish  entirely  the  large  quantity  of  potash  salts  consumed 
in  this  country,  the  United  States  will  have  to  find  other  "de- 
posits." It  might  be  of  interest  to  note  that  the  necessary 
quantity  of  kelpash  containing  0.316  per  cent,  of  iodine,  used 
for  the  production  of  a  million  tons  of  potash  salt,  will  furnish 
7,400,000  lbs.  iodine,  valued  at  the  present  price  at  $14,000,000 
or  many  times  more  than  the  total  yearly  consumption  of  the 
world  at  present. 

Now  let  us  see  at  what  price  this  kelpash  may  be  produced 
and  how  great  an  army  of  laborers  the  production  of  1,048,500 
tons  of  kelpash  will  require. 

If  the  season  on  the  Pacific  Coast  allows  150  working  days 
for  the  harvesting  and  burning  of  the  sea-weed,  it  will  be  neces- 
sary to  produce  7,000  tons  of  ash  a  day.  If  one  man  produces 
200  lbs.  of  kelpash  per  day,1  at  a  daily  wage  of  S2.00  (on  the  west 
coast  this  is  rather  low),  the  ash  will  cost  one  cent  per  lb.  or  $22.40 
per  long  ton.  This  is  at  the  present  time  the  average  price  of 
kelpash  in  Scotland  and  Norwav. 

The  production  of  7,000  tons  of  ash  a  day  for  150  days  will 
require  7,800  men,  for  only  the  harvesting,  drying  and  burning 
of  the  sea-weed  on  the  shore.  For  the  production  of  1,048,500 
tons  of  kelpash  twice  the  number  of  laborers  will  be  needed. 
The  figures  given  speak  for  themselves.  I  will  only  add  that 
in  practice,  conditions  will  surely  be  in  all  respects  much  less 
favorable  than  here  anticipated. 

The  second  question,  the  price  of  sea-weed  potash  in  com- 
petition with  German  potash,  will  probably  not  be  any  more 
convincing.  Yet  this  is  a  more  favorable  case  because  we  are 
able  to  calculate  the  expense  of  the  production,  based  on  the 
contents  of  valuable  materials  as  published  in  the  Senate  Docu- 
ment. 

Continuing  with  the  favorable  marine  plant,  sample  No.  8, 
Nereocystis  Lutkeana,  I  figured  as  follows: 

1  A  man  will  have  to  cut,  bring  ashore,  dry  and  burn  about  one  ton  of 
wet  sea-weed. 


Harvesting  and  burning,  per  ton  ash $22.40 

Freight  and  other  expense*  in  handling  the  ash  from  the 

const  to  tin-  plant,  estimated,  per  ton 2.00 

Expenses  of  production  pa  1 

Coal  $3.00 

1  aboi  4. So 

Chemicals 1 .00 

Salt  bag!  2.00 

i  ommission  on  tin-  sale  ol  potasb  ami  iodine 1 .50 

Admiiiistnil  ion,  etc 1  .00 

Interest  and  depreciation 2.50 

Sundries,  taxes,  etc 1 .00      16.50 

Total  cost  per  ton  ash $40 .90 

0.316  per  cent,  iodine  =  7.08  lbs.  per  ton  ash  at  6  pence 

per  ounce  (present  price) 14.20 

,95.3  percent  soluble  salts,  2134.6  lbs.  per  ton;  of  this  1067.3 
lbs.  are  potassium  chloride  (80-90  per  cent.  KC1).  accord- 
ing to  German  price  535  per  2000  lbs.  net 18.67 

And  1067.3  lbs.  are  manure  salt  (20  per  cent.  K2O),  accord- 
ing to  German  price  $13.30  per  2000  lbs.  net 7  .09 

Selling  price  per  ton  ash 39.96 

Loss  per  ton  ash $  0 .  94 

Even  if  all  the  potash  present  could  be  extracted  as  potas- 
sium chloride  (which  is  impossible)  it  would  make  only  an 
insignificant  improvement  on  the  figures  of  cost  given.  The 
above-mentioned  expenses  are  based  on  a  personal  experience 
of  more  than  20  years. 

In  practice  the  aspect  will  be  far  more  unfavorable  than 
pointed  out  above,  because  I  Tiave  presumed  here  that  the 
whole  quantity  of  potash  salt  as  well  as  iodine  could  be  extracted. 

A  potash  industry  on  the  basis  of  sea-weed  will  first'  and 
last  depend  on  the  content  of  iodine  in  the  marine  plants. 

One-tenth  of  1  per  cent,  more  or  less  of  this  valuable  material 
in  the  kelpash  can  change  the  production  from  a  valueless  to  a 
very  remunerative  business.  It  is  certainly  also  very  important 
that  all  of  the  valuable  products  in  the  plants,  the  organic  as 
well  as  the  inorganic,  be  utilized. 

It  is  my  opinion,  nevertheless,  that  a  great  and  very  profit- 
able industry  could  be  founded  if  the  contents  of  iodine  in  some 
of  the  species  of  Laminaria  on  the  west  coast  prove  to  be  satis- 
factory, but  not  an  industry  of  any  such  dimensions  as  suggested. 

Besides  the  content  of  iodine,  it  is  of  the  greatest  importance 
to  use  the  best  methods  in  handling  the  raw  material  as  well 
as  in  the  extraction  of  the  products,  and  furthermore,  to  utilize 
to  the  utmost  the  valuable  materials  of  the  marine  plants,  both 
organic  and  inorganic. 

As  yet  we  possess  very  little  of  value  and  very  little  authentic 
information  to  solve  the  question  "Is  it  possible  to  build  up 
a  lucrative  industry  on  the  abundant  growth  of  sea-weed  at  the 
Pacific  Coast?"  Henrik  Knudsen. 

Philadelphia,  Pa.  • 


NIGERIAN  TIN  DEVELOPMENTS. 

For  some  weeks  now,  great  possibilities  have  been  connected 
with  this  market,  and  those  who  have  watched  its  develop- 
ments carefully  have  certainly  no  reason  to  complain  of  the  re- 
sults. It  must  not  be  thought  that  the  rise  in  Nigerian  tin 
shares  is  devoid  of  justification.  The  history  of  Nigerian  tin 
mining  is  very  modern,  although  the  Niger  Company  has  been 
shipping  tin  for  some  years.  The  presence  of  tin  in  Nigeria 
was  suspected  in  1884,  but  it  was  not  until  1902  that  the  actual 
existence  of  tin  in  the  Bauchi  district  was  discovered.  It  was 
in  that  year  that  the  Niger  Company  took  out  a  prospecting 
license  over  1,000  square  miles  of  territory.  Transport  facilities 
were  then,  of  course,  extremely  meagre,  and  it  was  not  until 
about  1905  that  any  important  deposits  were  located. 

In  1907  the  Niger  Company  stated  that  it  had  obtained  during 
the  previous  fifteen  months,  roughly,  240  tons  of  block  tin. 
This  was  from  the  Naraguta  property   which  produced  on  an 
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average  sixteen  tons  of  tin  a  month.  It  was  not,  however, 
until  the  latter  part  of  1909  that  the  Champion  Tin  Fields,  then 
known  as  the  Champion  Reefs  of  West  Africa,  took  an  active 

interest   in  the  exploitation  of  the  field "The 

company's  first  subsidiary,  the  Tin  Fields  of  Northern  Nigeria, 
was  registered  in  October,  1909;  the  second,  the  Nigerian  Tin 
Corporation,  was  registered  on  October  14,  1909,  and  the  Nara- 
guta  Tin  Mines  in  January,  19 10,  while  the  Northern  Nigeria 
(Bauchi)  Tin  Mines  was  brought  out  in  February,  1910.  The 
success  attending  these  early  concerns  had  the  effect  of  inducing 
the  more  conservative  mining  houses  to  take  an  interest  in  the 
mining  enterprises  of  the  country,  and  to-day  practically  all 
the  largest  and  most  important  mining  and  financial  groups 
are  represented  by  share  interests  in  different  companies.  Al- 
though development  was  encouraging,  operations  were  naturally 
hampered  by  the  lack  of  transport  facilities,  the  roads  being 
mere  tracks.  After  some  pressure  and  a  careful  inspection 
of  the  district,  the  government  consented  to  provide  a  railway, 
which  would  touch  the  more  important  discoveries,  and  so 
enable  the  properties  to  be  developed  on  a  scale  adequate  to  the 
mineral  resources  disclosed.  This  railway  will  be  ready  to  handle 
freight  about  the  beginning  of  April,  191 2.  Up  to  the  present 
time  the  camps  on  the  various  properties  have  had  to  depend 
for  food,  machinery  and  equipment  entirely  on  loads  carried 
on  the  heads  of  the  natives,  and  shipments  of  tin  have  been  sent 
down  to  the  coast  in  the  same  way.  This  of  course  has  meant 
an  enormous  cost  for  transportation  charges.  In  fact,  freight 
from  the  properties  to  England  has  been  in  the  neighborhood 
of  /50  to  /~6o  per  ton  (£1  equals  S4.86).  The  producing  com- 
panies could,  of  course,  pay  even  this  charge  and  still  make  a 
very  substantial  profit,  but  it  was  quite  impossible  to  get  on 
the  grounds  the  machinery  necessary  to  open  up  on  a  reasonable 
scale  the  various  areas.  Naturally,  as  long  as  everything  had 
to  be  carried  on  the  heads  of  natives,  the  weights  were  strictly 
limited,  and  unfortunately  hydraulic  machinery  consists  of  a 
good  deal  of  dead  weight,  so  that  its  transportation  to  the  fields, 
until  the  railway  was  within  a  reasonable  distance  of  the  grounds, 
was  out  of  the  question. 

"In  spite  of  the  difficulties  which  the  companies  have  ex- 
perienced, the  output  has  been  very  encouraging. 

"It  may  be  mentioned  that  for  the  month  of  January,  191 1, 
the  output  was  no  more  than  63  tons  of  tin,  gradually  increasing 
until  by  the  end  of  the  year  the  total  output  had  been  brought 
up  to  1,800  tons  of  tin  oxide,  while  for  the  month  of  January 
of  this  year  the  yield  has  increased  to  204  tons,  the  yield  for  the 
remainder  of  the  year  being  expected  to  show  the  same  steady 
increase,  the  general  estimate  being  3,000-5,000  tons 

"A  very  important  factor  in  favor  of  the  Nigerian  tin  district 
is  the  fact  that  the  royalty  payable  to  the  government  is  only  5 
per  cent.,  whereas  in  the  Straits  Settlements  it  runs  up  to  about 
20  per  cent. 

"As  we  have  mentioned,  most  of  the  companies  are  working 
tin  alluvial  either  in  the  beds  of  the  streams  themselves  or  the 
adjacent  banks.  The  tin  deposited  is  probably  brought  down 
in  flood  time  from  the  tin  lodes  in  the  vicinity,  as  well  as  being 
due  to  the  erosion  of  tin  lodes,  which  are  believed  to  be  in  the 
beds  of  the  streams.  Until  it  was  possible  to  get  machinery 
on  the  grounds  the  prospecting  for  tin  lodes  w-as  not  very  defi- 
nitely pursued,  but  now  that  transport  difficulties  are  on  the 
verge  of  being  overcome,  several  discoveries  of  tin  lodes  have 
been  reported. 

"At  the  meeting  last  week  of  the  Anglo-Continental  Mines  the 
chairman  stated  that  the  lode  had  been  traced  about  five  miles, 
showing  an  average  width  of  30  feet,  and  assaying  about  24 
per  cent,  of  metallic  tin.  If  these  figures  are  confirmed  In- 
subsequent  developments,  the  value  of  the  find  should  be  nearly 
£40  per  ton  of  mineralized  ground." — The  A/iican  World, 
March  oth. 


But,  as  the  actual  values  of  the  tin  discoveries  in  Nigeria  have 
to  be  proved,  it  is  well  to  give  attention  to  the  warnings  given  by 
experts  on  tin  mining,  and  not  be  too  sanguine  and  indulge  in 
too  inflated  anticipations  on  the  basis  of  first  results,  although 
these  arc  undoubtedly  highly  encouraging.  The  best  results 
may  yet  be  obtained  from  alluvial  mining  in  Nigeria,  and  the 
wonderful  lodes  now  being  discovered  may  prove,  as  in  other 
parts  of  the  world,  a  failure.  W.  J.  Yerby. 

Sierra  Leone.  Africa. 


THE  OIL  OF  POCHOTE. 

The  oil  of  Pochote,  "Aceite  de  Pochote,"  is  the  oil  derived 
from  the  seed  of  the  Pochote  plant  (Eriodendron  occidentale, 
Eriodendron  oeseulifolium),  a  shrub  about  5-6  ft.  high,  that 
grows  in  the  hot,  humid  regions  of  Mexico,  in  the  Philippines 
and  in  some  other  climatologically  similar  places.  For  a  long 
time  this  plant  has  been  cultivated  on  a  small  scale  by  the  native 
Indians  who  use  the  oil  of  the  seeds  for  medicinal  purposes.  It 
is  only  quite  recently  that  larger  plantations  have  been  started 
in  an  attempt  to  produce  the  oil  on  an  industrial  scale.  The 
regions  where  the  Pochote  plant  thrives  in  Mexico  are  usually 
those  where  cotton  and  sugar  cane  are  cultivated.  A  Pochote 
plantation  mayr,  with  proper  care,  last  about  5-6  years,  at  the 
end  of  which  time  it  has  to  be  renewed.  The  renewals  or  new 
plantations  are  usually  started  with  the  help  of  the  suckers  that 
come  out  at  the  roots  of  the  older  plants.  It  ought  to  be  to  the 
interests  of  the  American  oil  industry,  especially  the  cotton  seed 
oil  industry,  to  follow  the  progress  of  this  newly  started  oil 
industry,  as  it  is  not  altogether  unlikely  that  the  Pochote  oil 
might  to  some  extent  become  a  rival  of  the  cotton  seed  oil. 

The  literature  on  oils  and  natural  organic  substances  consulted  ' 
(Lewkowitsch,  Halphen,  Sidersky,  Abderhalden,  Beilstein  and 
others)  make  no  mention  whatever  of  this  oil.  The  oil  that 
might  probably  be  assumed  to  be  its  nearest  relative  is  the  oil 
of  Kapok,  which  also  is  only  very  scantily  described  by  some  of 
the  above  mentioned  authors. 

The  following  are  the  results  of  the  examination  of  this  oil 
that  was  sent  from  Oaxaca,  southern  Mexico. 

General  observations:  At  the  temperature  of  11°  C.  about 
half  of  the  volume  of  the  oil  separated  in  the  form  of  a  floeculent 
mass. 

The  crude  is  of  amber  color  and  has  a  rather  agreeable  odor, 
something  of  the  odor  of  coco  oil.  The  taste  is  somewhat  bitter- 
ish and  reminds  one  of  cold  extracted  cotton  seed  oil. 

Moisture  (.100-105) 0.59% 

Specific  gravity  100   100°  C 0.9080 

Specific  gravity  15.5/15.5°  C 0  9253 

Specific  gravity  15.5/100°  C 0.8817 

Saponification  no.,  Koettstorfer  value 192.0 

Free  fatty  acids  (as  oleic  acid) 21 .91% 

Acid  no 43  58 

Iodine  no 85  89 

Reichcrt-Meissl   no 15 

Hehner  no 95  . 1 

Acetyl  no 42  .68 

Saponification  no.  of  the  acetylated  matter 221   34 

Crismer  test 101  .0°  C. 

Poutet's  elaidin  test a  pasty  foam 

Maumene  test  (according  to  Archbutt) 88  .0 

Thermobromic  test  (according  to  Hehner-Mitchell)  15.9 

Sulfuric  acid  test a  reddish  color 

Neutralization  no 175  .  16 

Mean  molecular  weight 319.70 

"Titer"  of  fatty  acids 28.7°  C. 

Melting  point  of  the  insoluble  fatty  acids 34.0°  C. 

Iodine  no.  of  the  insoluble   fatty  acids 90  31 

From  the  above  results  it  can  be  seen  that  the  oil  of  Pochote 
might  be  classed  among  the  semi-drying  oils.  Its  characteristics 
resemble  quite  closely  those  of  cotton  seed  oil.  The  excessive 
amount  of  free  fatty  acids,  as  well  as  the  great  difference  between 


THE  JOl  RNAL  OF  TNDl  STRIAL  AND  ENGINEERING  (  HEMISTRY 


Au^.,  1912 


miii.  in. in  .mil  the  neutralization  numbers  and  the  high 
acetyl  value,  all  ihow  the  partial  decomposition  ol  the  sample 
examined  The  bitter  taste  oi  the  <>il  1--  probably  also  due  t>> 
this  decomposition.    Should  thi->  decomposition  be  the  result 

.  9  handling,  then  then  1  1  on  t"  l>cli< 

with  propa  handling  and  through  modern  methods  <>[  refining, 
1 1 1 1  ~~  .'ii  could  be  made  u<  equal  in  quality  the  average  cotton 

--rt'.l    Oil,  S.     I.OMAMTZ. 

Division  .•!  Chwistry, 

I'i'siK.ii    \c.kh  i  1  u'kal  Station. 
s  i\  ia  .in  i  \.  i>   P.,  Mexico. 

LECTURES  ON  THE  SMOKE  PROBLEM. 

In  the  tall  of  ion  the  Department  of  Industrial  Research 
of  the  University  of  Pittsburg  was  provided  by  a  Pittsburg 
business  man  with  funds  for  a  thorough  investigation  of  the 
smoke  nuisance.  At  the  present  time  the  investigation  is  being 
conducted  by  a  staff  of  twenty-five  specialists,  of  which  seven 
arc  giving  their  entire  attention  to  this  task.  vSome  of  these 
men  arc  studying  the  effect  of  smoke  and  soot  on  the  atmos- 
phere, on  the  weather,  on  plant  life,  on  buildings,  and  on  the  public 
health;  some  are  investigating  the  economic  damage  done  by- 
smoke  and  soot;  others  are  making  a  detailed  study  of  the 
mechanical  devices  for  preventing  or  abating  smoke;  and  still 
others  are  inquiring  into  the  chemistry  and  physics  of  smoke 
and  soot,  into  the  laws  concerning  the  smoke  nuisance,  and 
into  the  history  of  the  subject  as  a  whole. 

Recognizing  the  interest  in  the  smoke  problem  manifested 
by  a  large  number  of  American  cities,  and  in  response  to  in- 
quiries that  have  been  made,  the  Department  announces  that 
the  members  of  its  staff  are  prepared  to  lecture  on  the  following 
phases  of  this  problem : 

"The  Smoke  Nuisance"  (a  general  presentation  of  the  main 
phases  of  the  subject). 

"Smoke  and  the  Public  Health." 

"Smoke  and  the  Cost  of  Living." 

"Smoke  and  Plant  Life." 

"  Methods  and  Means  of  Smoke  Abatement." 

"The  Effect  of  Smoke  on  Buildings  and  Building  Materials." 

"The  Psychology  of  Smoke." 

"The  Smoke  Nuisance  and  the  Housekeeper." 

These  lectures  will  be  given  any  place  east  of  the  Mississippi, 
provided  the  expenses  of  the  lecturer  are  assumed. 

For  further  particulars  apply  to  Dr.  R.  C.  Benner,  Department 


of  Iiulusii nil   Research,   University  of   Pittsburgh,   Pittsburgh, 
Pa,  

DETECTION  OF  FORMALDEHYDE  IN  FOODS. 

/  ./)/../  of  tkt  I  oni  mil  of  I  industrial  and  Engineering  Chemistry: 

In  view  of  the  introduction  of  a  mixture  ol  nitrite  and  formal- 
dehyde with  the  object  of  masking  the  reactions  of  the  latter 
when  used  as  a  food  preservative,  the  following  experiments 
may  be  Of  interest. 

\  imple  .'I  fresh  mixture  was  divided  into  four  portions  and 
treated  as  follows: 

1.  A  small  amount  of  commercial  formaldehyde  solution  was 
added. 

2.  Small  amounts  of  formaldehyde  and  sodium  nitrite  were 
added. 

3.  A  small  amount  of  sodium  nitrite  was  added. 

4.  No  addition  was  made. 

Portions  of  each  of  these  were  tested  with  Rimini's  test 
(phenvlhydrazin  hydrochlorid,  sodium  nitroprussid  and  sodium 
hydroxid).  Prompt  reactions  for  formaldehyde  were  obtained 
in  1  and  2;  negative  results  in  3  and  4.  Other  portions  of  the 
samples  were  tested  with  the  well-known  test  for  nitrite  (sulf- 
anilie  acid  and  alphanaphthylamin).  The  response  of  2  and 
3  was  prompt  and  distinct.  No  color  was  produced  in  1  and 
4.  The  original  mixtures  were  allowed  to  stand  24  hours  at 
room  temperature  and  the  tests  repeated  with  the  same  results 
as  obtained  at  first. 

It  seems,  therefore,  easy  to  unmask  nitrite  and  formaldehyde 
in  the  presence  of  each  other.  Henry  Leffmann. 

Philadelphia,  June  8,  1912. 

LABORATORY  GENERATOR  FOR  HYDROCHLORIC 
ACID  GAS. 

A  simpler  form  of  apparatus  than  the  one  shown  in  This 
Journal,  4,  452,  was  devised  by  the  late  Dr.  Thomas  M.  Drown 
and  myself  about  1875  and  has  been  used  in  this  laboratory 
ever  since.  I  am  not  sure  whether  it  was  published.  The 
flask  used  was  half  filled  with  sulfuric  acid.  The  funnel  tube 
with  the  opening  in  the  end  reduced  so  that  a  pin  will  barely 
pass  by,  holding  the  extreme  end  in  the  flame  of  a  Bunsen  burner, 
is  used  for  introducing  the  hydrochloric  acid  which  is  dropped 
in  from  a  burette.     A  very  steady  current  of  gas  is  obtained. 

Edward  Hart. 

Lafayette  College. 
Easton,  Pa. 
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An  Introduction  to  the  Study  of  Fuel.  By  F.  J.  BrislEE,  D.Sc. 
One  of  a  series  of  text-books,  'Outlines  of  Industrial  Chem- 
istry," edited  By  Guv  D.  Bengough,  M.A.,  M.Sc.  xx  + 
269  pp.,  with  62  illustrations.  D.  Van  Nostrand  Co.,  New 
York,  1912.     Price,  $3 .00  net. 

The  preface  states  that  this  book  is  written  for  the  purpose 
of  bridging  the  gap  that  exists  between  the  elementary  text- 
books on  chemistry  and  the  large  treatises  dealing  with  the 
details  of  combustion,  design  of  coke  ovens,  producers,  etc. 

The  general  chemical  principles  of  combustion  are  given, 
together  with  calculations  of  air  required  for  combustion,  weight 
and  volume  of  products  of  combustion,  calculation  of  com- 
bustion temperatures  and  heat  losses. 

One  chapter  is  devoted  to  analysis  of  fuel  and  flue  gases, 
and  another  chapter  to  calorimetry  and  determination  of  the 
heating  value  of  a  fuel.  Both  of  these  chapters  are  largely 
descriptive  and  not  only  lack  details,  but  are  devoid  of  the  sugges- 
tions and  precautions  which  are  so  needed  by  persons  just 
taking  up  this  line  of  work  and  for  whom  the  book  is  intended. 


The  method  of  coal  analysis  is  not  in  conformity  with  good 
American  practice,  and  only  a  passing  comment  is  made  on  the 
method  of  securing  a  representative  sample  of  coal,  although 
the  need  of  it  is  mentioned  elsewhere  in  the  book.  Many  different 
fuel  calorimeters  are  described  and  conclusions  drawn  to  the 
effect  that  the  constant  pressure,  bomb,  and  sodium  peroxide 
types  are  all  equally  accurate.  The  necessity  of  having  calorim- 
eter thermometers  accurately  calibrated  is  not  so  much  as 
mentioned.  The  heating  value  of  naphthalene  is  given  as  9668 
cal.,  while  the  U.  S.  Bureau  of  Standards  give  9610.  Con- 
siderable trouble  has  already  arisen  from  the  use  of  the  high 
value  of  naphthalene  instead  of  the  correct  one. 

The  chapter  on  high  temperature  measurement  is  covered  in 
detail  with  description  of  many  types  of  pyrometers,  together 
with  precautions  in  regard  to  their  use  and  method  of  calibra- 
tion. 

The  chapters  on  natural  and  artificial  solid  fuels  give  the 
usual  characteristic  composition  of  the  various  fuels,  some 
average  analyses  of  English  coals,  and  a  description  of  the 
methods  of  making  charcoal  and  coke. 
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The  chapter  on  gaseous  fuels  deals  principally  with  producer 
and  water  gas,  giving  chemical  reactions  and  effects  of  tem- 
perature and  pressure.  Another  chapter  briefly  describes  a 
few  types  of  producers.  The  chapter  devoted  to  the  theory 
of  the  producer  gas  and  water  gas  reaction  is  a  review  of  the  work 
of  Jiiptner  and  is  quite  advanced  for  the  class  of  readers  for 
whom  the  book  is  intended. 

The  subject  of  explosion  and  explosion  engines  is  covered  from 
a  mathematical  and  theoretical  viewpoint. 

The  remainder  of  the  book  is  devoted  to  air  supply,  draft 
measurement,  furnace  efficiency,  fuel  economy,  heat  balances, 
furnace  tests,  boiler  tests,  and  liquid  fuels.  These  subjects  are 
treated  but  briefly  and  not  in  such  a  manner  as  to  enable  a 
beginner  to  obtain  very  helpful  or  practical  information.  Less 
space  has  been  devoted  to  these  eight  important  questions  than 
was  given  to  the  one  subject  of  high  temperature. 

The  book  is  written  from  a  standpoint  of  English  practice  and 
consists  largely  of  descriptive  matter  together  with  theoretical 
and  mathematical  discussion,  without  a  great  deal  in  the  way  of 
practical  information  or  suggestions  to  guide  a  beginner  in  the 
study  of  fuel.  E.  G.  Bailey. 

Annual  Tables  of  Constants  and  Numerical  Data,  Chemical, 
Physical  and  Technological.  Vol.  1,  year  1910.  Published 
under  the  patronage  of  the  International  Association  of 
Academies  by  the  International  Committee  appointed  by  the 
Seventh  Congress  of  Applied  Chemistry  which  met  in  London, 
June,  1909.  Quarto,  xxx  4-  727  pp.  University  of  Chicago 
Press,  Chicago,  1912.  Price:  Bound,  $5. 00,  or  $6.54  postage 
prepaid;  Unbound,  $5.30,  or  #5.82  postage  prepaid. 
The  International  Committee  (1909-19 12)  is  made  up  of 
scientists  from  the  16  principal  European  countries,  Canada, 
the  United  States,  Argentina,  Australia  and  New  Zealand. 

The  list  of  compilers  of  the  annual  tables  includes  the  names 
of  thirty-one  eminent  European  scientists.  The  one  hundred 
and  four  abstractors  represent  eleven  European  countries,  the 
United  States  and  Japan.  More  than  three  hundred  periodicals 
were  examined;  the  printed  list  of  almost  two  hundred  gave  use- 
ful data. 

The  Committee  has  been  subsidized  by  the  French,  Dutch,  Rus- 
sian and  vSwiss  Governments  and  by  academies,  scientific  and 
industrial  societies  and  private  individuals  of  thirteen  European 
nations,  the  United  States  and  Japan. 

This  volume  of  the  Annual  Tables  includes  chapters  on  the 
following  subjects. 

l—i  Coefficient  of  Compressi-  281       Osmotic  Pressures. 

bility.  282-286  Degree  of  Association. 

4-30  Density.  287-345   Mixtures  (Change of  State). 

31-41  Viscosity.  3-I6-127  Solubility. 

42-44  Surface  Tension.  428-435  Thermochemistry. 

44—48  Coefficients  of  Expansion.     436— 145  Chemical  Equilibrium. 

48-49  Melting  Points.  445— 159  Velocity  of  Reaction. 

50-59  Specific  Heats.  460-490  Conductivity  of  Electro- 

59-62  Thermodynamics.  lytes. 

62-79  Vapour  Pressures.  491-506  Electromotive  Forces. 

80  Thermal  Conductivity.  507-526-Colloids. 

80-82  Radiation.  527-536  Absorption. 

83-84  Photometry.  537-588  Crystallography  and  Min- 

84-85  Reflecting  Power.  '  eralogy. 

86  Emissive  Power.  589-626  Organic  Chemistry. 

87-93  Absorption  Coefficient.  627-631    Essential  Oils. 

94-105  Refraction  and  Dispersion.  632-636  Oils.  Fats  and  Waxes. 

106-188  Spectroscopy.  637-640  Animal  Physiology. 

189-217  Rotary  Power.  641-642  Vegetable  Physiology. 

218-243  Electricity.  643-671    Engineering. 

243-265  Magnetism.  672-699  Metallurgy.      1.  Mechan- 

265-269  Radioactivity.  ical  and  other  Properties 

269-273  Electrons  and  Ionisation.  of  Metals  and  Alloys. 

274-277  Atomic  Weights.  700-721   II.  Mechanical  Constants. 

278-279  Atomic  Properties.  722-726  Supplement. 

280-281  Diffusion. 

Both  the  Index  of  Chapters  and  the  Table  of  Contents  are 
given  in  French,  German,  English  and  Italian;  desired  data  can 


be  easily  found  by  refe  ring  to  the  Table  of  Contents  which  is  to 
be  supplemented  in  Vol.  II  (for  191 1)  by  a  General  Alphabetical 
Index,  and  also  by  a  Special  Alphabetical  Index  of  all  the  sub- 
stances mentioned  in  Volumes  I  anrl  II.  The  four  above  men- 
tioned languages  are  paralleled  throughout  the  volume  where- 
ever  necessary  to  make  clear  the  data  given. 

It  was  anticipated  that  this  volume  would  appear  before  the 
end  of  the  vear  191 1,  but  the  unforeseen  amount  of  literature  to 
be  consulted  made  this  impossible:  the  Committee  hopes,  how- 
ever, to  bring  out  Volume  II  this  year  (191  j). 

The  International  Committee  and  their  General  Hecretary, 
Charles  Marie,  are  certainly  to  be  congratulated  on  being  able  to 
present  this  substantial,  well  arranged  and  clearly  printed  vol- 
ume in  less  than  a  year  after  the  last  19 10  issues  reached  Paris. 

L.  E.  Marrs. 

The  Chemistry  ot  the  Radio  Elements.     By  Frederick  Soddy, 

F.R.S.     Longmans,  Green  &  Co.,  191 1.     Price,  $0.90. 

This  is  one  of  a  series  of  monographs  on  inorganic  and  physical 
chemistry,  edited  by  Alexander  Findlay,  designed  to  give 
summarized  accounts  of  the  progress  made  in  recent  years  along 
certain  of  the  more  actively  pursued  lines  of  advance.  In  no 
subject  could  a  summarized  account  be  more  welcome  than 
in  the  chemistry  of  the  radioactive  elements  as  the  literature 
on  the  chemical  side  of  radioactivity  is  even  more  widely  scat- 
tered than  that  on  the  physical  side.  Neither  the  treatise  by 
Rutherford — now  unfortunately  becoming  out  of  date — nor  the 
large  treatise  by  Madame  Curie,  gives  a  connected  account  of  the 
chemical  properties  of  the  radioactive  elements,  although  a 
knowledge  of  these  properties  is  of  prime  importance  to  the 
student  of  radioactivity.  Mr.  Soddy  is  of  course  one  of  the  best 
qualified  men  to  write  a  chemistry  of  the  radio-elements,  and 
into  the  ninety  pages  of  this  book  he  has  condensed  in  orderly 
arrangement  most  that  is  known  of  the  radioactive  elements. 
One-third  of  the  book  is  given  to  a  general  description  of  radio- 
activity— the  three  types  of  radiation  and  methods  of  measuring, 
the  disintegration  theory,  and  the  classification  and  nomencla- 
ture of  the  elements. 

After  this  introduction  the  radioactive  elements  are  taken 
up  in  the  order  in  which  they  stand  in  their  respective  dis- 
integration series.  Immediately  under  each  element  is  given 
its  period  of  active  life,  the  type  of  radiation  it  emits,  the 
range  or  absorption  coefficient  of  the  radiation,  its  nearest 
chemical  analogue,  and  such  other  data  as  apply  particularly 
to  it.  There  follows  a  discussion  of  other  characteristic  features 
and  of  methods  of  separation  and  estimation.  The  description 
of  methods  for  the  practical  estimation  of  the  radium  content 
of  ores  and  solutions  will  be  appreciated  by  many  who  would 
like  to  make  such  analyses. 

The  author  brings  out  clearly  the  peculiar  and  very  close 
similarity  of  chemical  behavior  of  several  sets  of  the  radioactive 
elements,  a  similarity  that  has  been  the  cause  of  no  little  con- 
fusion. The  eighty-odd  references  to  original  articles  are  in 
themselves  a  very  valuable  guide.  Though  the  growth  of  our 
knowledge  of  the  radioactive  elements  is  so  rapid  that  slight 
changes  could  even  now  be  made  in  the  book,  it  is  perfectly 
safe  to  say  that  no  student  of  radioactivity,  whether  from  the 
chemical  or  physical  side,  can  afford  to  be  without  this  little 
monograph.  George  B.  Pegram. 

The  Chemistry  of  the  Rubber  Industry.  By  Harold  E.  Potts. 
M.Sc,  Member  International  Rubber  Testing  Committee. 
One  of  a  series  of  text-books,  "Outlines  of  Industrial  Chem- 
istry," edited  by  Guy  D.  Bengough,  M.A.,  M.Sc.  viii  +  146 
pp.  D.  Van  Nostrand  Co.,  New  York,  1912.  Price,  $2.00  net. 
This  book  is  appropriately  begun  with  a  chapter  on  Colloidal 

Chemistry  in  which  the  salient  features  of  colloids  in  general 

and  their  bearing  on  rubber  are  mentioned. 

Chapter    II.     Raw  Rubber  and  Coagulation.      Themes    for 
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ol  latex  in  the  tree,  and  effect  "t  protein*  and  resins 
on  qualit)  ol  rubbei  are  brieflj  noted.  Methods  "f  coagula- 
tion hi. I  then  influence  on  the  quality  of  the  resulting  rubber 
.m-  pointed  out  The  recent  work  on  discoloration  and  tacki- 
ness is  mentioned.  The  section  ends  with  a  brief  accounl  "i 
the  washing  and  <li\mv,  processes. 

The  next  section  deals  with  the  rubbei  hydrocarbon,  soluble 
and  insoluble  rubber,  solutions,   the  researches  "i   Harries  on 
the  constitution  of  rubber,   and   its  derivatives  with 
reagents     The  chapter  is  concluded  with  a  complete  account 
of  the  latest  methods  for  crude  rubbei  analysis 

Chapter  III  briefly  mentions  K»tta  percha  and  balata. 

Chapter  IV  deals  with  mixing  of  rubber.  Reclaimed  rubber, 
substitutes,  waxes,  bitumens,  inorganic  compounding  materials 
and  their  functions  in  rubber  compounds  are  ably  discussed. 

Chapter  V  gives  a  short  historical  account  of  the  discovery 
of  vulcanization  and  a  brief  resume!  of  the  work  done  on  present 
theories. 

Chapter  VI.  Vulcanized  rubber  and  its  analysis  are  treated 
in  detail. 

The  author  has  succeeded  in  producing  a  very  excellent  book, 
particularly  in  pointing  out  to  the  general  reader  the  significance 
of  chemistry  to  the  rubber  industry.  W.  W.  Evans. 

German  Varnish  Making.  By  Max  Bottler.  Authorized 
Translation  with  notes  on  American  Varnish  and  Paint 
Manufacture  by  Awah  Hokton  Sarin.  Large  i2mo.,  vii  4- 
363  pp.,  with  55  figures.  John  Wiley  &  Sons,  New  York, 
1912.     Price,  $3.50. 

The  German  methods  and  ideas  of  varnish-making  as  set 
forth  in  Prof.  Bottler's  book  on  the  subject  "Die  Lack  und 
Firnisfabrikation"  are  here  made  available  for  non-German 
readers.  At  the  same  time  a  large  amount  of  matter  is  furnished 
by  the  translator  so  that  the  original  work  has  been  very  much 
amplified  in  rendering  it  into  English;  in  fact  about  half  of 
it  appears  to  be  added  matter. 

Paints  are  treated  of  particularly  as  to  their  physical  consti- 
tution and  properties,  and  much  of  the  experimental  work  re- 
cently done  upon  this  subject  is  described  and  discussed. 

There  are  two  appendices,  the  first  of  96  pages  devoted  to 
analytical  methods  and  containing  much  that  is  suggestive, 
and  the  second  of  27  pages  containing  the  formulas  of  Charles 
F.  Crockett  which  have  a  historical  interest. 


The  book,  as  was  perhaps  inevitable  from   its  make  up,   lacks 

unit \   and  continuity  but  contains  much  valuable  mattei  and 
will  be  found  useful  as  a  work  ol  reference 

Parker  C.  McIlhinby. 

Industrial     Organic      Chemistry.     By     Sami  i;i.     P      SadTLEB 
Fourth  edition,    1912,  8vo.,   586  pages,    i.'.-   figures  and    19 
diagrams,     J.  B.  Lippincott  Co.,  Philadelphia.     Prici 
net. 

The  striking  feature  of  the  fourth  edition  of  this  book  is  the 
increased  amount  of  spac<  devoted  to  analytical  processes,  and 
it  is  gratifying  to  note  that  many  official  methods  have  been 
included  in  place  of  the  cut-and-dricd  methods  found  in  many 
of  the  books  on  analytical  chemistry.  The  idea  of  furnishing 
a  certain  amount  of  descriptive  matter  before  the  analytical 
methods  are  given  is  a  happy  one,  but  could  be  carried  even 
further  by  showing  where  the  analytical  determinations  go 
hand  in  hand  with  the  manufacturing  operations. 

The  bibliography  is  very  complete  and  the  statistics  given 
should  be  of  value  to  those  interested  in  any  special  line  of 
industry. 

The  subject  matter  is  presented  in  a  very  interesting  and 
instructive  manner,  and  for  those  desiring  general  information 
on  the  branches  covered  it  will  be  found  very  helpful. 

Allen  Rogers. 

Vinegars    and    Catsup,  Interpretation    of    Standards,   Analyses, 

Etc.     By   R.   O.    Brooks.     The  Spice   Mill   Publishing  Co., 

1912. 

This  small  volume  of  70  pages  is  a  compilation  of  articles 
published  by  the  author  in  "The  Spice  Mill"  during  1909, 
and  1910. 

Part  I  gives  a  brief  classification  of  commercial  vinegars; 
Parts  II— V  discuss  the  manufacture  and  composition  of  cider 
vinegar;  Part  VI  describes  wine  vinegar;  Part  VII,  malt  vinegar; 
Part  VIII,  spirit  and  sugar  vinegars;  and  Part  IX,  tomato  catsup. 

The  author's  purpose  has  been  "to  acquaint  the  manufactur- 
ing and  wholesale  trade  with  a  little  of  the  science"  of  the 
vinegar  and  catsup  industries  and  his  plan  has  upon  the  whole 
been  well  carried  out.  As  an  elementary  treatise  upon  the 
technology  of  vinegar  and  catsup  making,  the  book  contains 
many  facts  of  interest  to  the  manufacturer  as  well  as  to  the 
general  reader.  C.  A.   Browne. 
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Alloy;  Metallurgical  and  Technological  Studies  in  the—  Industry. 

By  M    Weidig.      L.  8vcj  .  pp    123.      Price.  SI. 50.      L  Simion  Nachfolger. 

Berlin       (German.) 
Alloys;  Binary  Metal—  Part  II.     By  K.  Bornemann.      8vo      Price. 

f2  50.     Wilhelm  Knapp    Halle.      (German.) 
Analytical;  Handbook  of —   Chemistry,  Part    n.     By   A.    Classen. 

6th    edition        L     8vo  .    pp.    572.      Price.    $3.50       F.    Enke.    Stuttgart. 

(German.) 
Biochemical  Lexicon.     By  Emil  Abderhalden      Vol.  7.     8vo      Price. 

$86.00      Julius  Springer.  Berlin.      (German.) 
Carbon;  Lexicon  of — Compounds.     By  M   M    Richter.     Vol    4       3d 

edition       L     Svo.    pp     4751.      Price.    S53  00       Leopold    Voss.    Leipzig. 

(German.) 
Carbon;    Percentage   Tables  of —  Compounds.     By  M    M.   Richter. 

L    8vc,  pp.  176       Price.  Si  00       Leopold  Vass.  Leipzig.      (German  1 
Centenary  Lectures,      pp.    174.      Price,   $2.00.      American  Gas  Institute. 

New  York. 
Chemico—  Technical  Calculations.     By  F.  Fischer      8vo  .  pp.   ill. 

Price.  Si. 00.      Otto  Spamer.  Leipzig.      (German  .) 

Chemistry;  Manual  of  Clinical—,  Microscopy  and  Bacteriology. 
Translation  I       By  M    Klopstock  and  A    Kowarsky.     Svo..  pp.  371. 

Price.  S3  00       Rebman  Co..  New  York. 
Chemistry;  Text-book  of  Inorganic  and  Organic — .     By  G  Frerichs. 

L.  8vo  .  pp.  480.      Price.  S3  oil.      F.  Knke.  Stuttgart.      (German.) 
Coal;  The  Constituents  of —  Soluble  in  Phenol.     By  .1.  C.  W.  Frazer 


and  I*    J.  Hoffmann.      8vo..  pp.  20.      V.  S.  Bureau  of  Mines.      Technical 
Paper  N'o    5 

Coal;  Government —  Purchases  under  Specifications  with  Analyses. 

By  George  S.  Pope  and  Joseph  D.  Davis.     8vo..  pp.  97.      (J,  S   Bureau 

of  Mines.      Bulletin  41. 
Colloid     Chemistry.     By     R.     Zigmondv.     Svo.     Price.     $3.75.     Otto 

Spamer.  Leipzig.      (German.) 
Cotton;   Mercerization   of  —  .     By   P^  Gardner.       2nd    edition.     8vo. 

Price,  $2.25.      Julius  Springer,  Berlin.      (German.) 
Cyanide  Process ;  Text-book  of — .     By  H.  W.  McFarren      8vo.     Price. 

$3.25.      Hill  Publishing  Co.,  London. 
Dyeing;  Bleaching  and —  of  Vegetable  Fibrous  Material.     By  J. 

Huebner.      8vo      Constable  &  Co..  London. 
Dyestufis;  The  Industry  of  the  Organic — .     By  Andre  VTahl.     8vo.. 

pp.400.      Price.  $1  00.     Octave  Doin  Et  Fils.  Paris.      (French.) 
Electrochemistry;  The  Fundamental  Laws  of — .     By  P.  Th  Muller. 

2nd    edition.      8vo.      Price,    $0.75.       Gauthier-Villars,    Paris.      (French.) 
Explosives;  Historical  Papers  on  Modern — .     By  G.  W.  MacDonald. 

8vo..  pp.  200      Price.  $2.75.      D.  Van  Nostrand  Co..  New  York. 
Fibrous;   Bleaching   and   Dyeing   of   Vegetable —   Materials.     By 

Julius    Huebner.     8yo.,    pp.    386.     Price.    $3.50.     Constable    &    Co, 

London. 
Inorganic;  Text-book  of — Chemistry.     By  G.  Senter.     8vo  .  pp.  593. 

Price.  $1  75.      D.  Yan  Xostrand  Co..  Xew  York. 
Materials;    Laboratory    Manual    for    Testing —    of    Construction. 
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By    L.     A.     Waterbuky       C.     8vo       Price,    $1  7.5.      Chapman     &     Hall. 

London 
Metal;  Handbook  of  Autogenous —    Working.     By    Th.    Kautny. 

2nd     edition.       8vo.,      pp       712.      Price,      $2.25.     C.      Marhold.      Halle. 

(Genua.. 
Metallurgical  Manual  of  Iron  and  Steel.     By  H.  Allen.     l2mo.,  pp. 

365.      Price.  $1.50.      Technical  Publishing  Co.,  London. 

Mine;  The  Factor  of  Safety  in—  Electrical  Installations.     By  H    ll. 

Clark       8vo  .  pp.  14       U    S.  Bureau  of  Mines.      Technical  Paper  No.  19. 
Organic  Chemistry       By  E    Fromm.      2nd  edition.       8vo.      Price.  $1.75. 

II.  Laupp,  Tuebingen       (German  ) 

Organic;  Treatise  on —  Chemistry  Applied  to  the  Industries.     By 

E.   Molinari       2nd  edition.      8vo.,  pp.  1054.       Price.  $3.75.      IT    lloipli. 

Milan.      (Italian.) 
Petrographic  Methods.      (Translation.)      By   E.    Weinschenk.      Vol.   2. 

8vo.,  pp.  396.      Price.  $3.50.     McGraw  Hill  If. .ok  Co.,  New  York. 
Pulp;  Wood—  and  its  Uses.     By  C.  F.  Cross.  E.  J.  Bevan  and  R.  W. 

Sindall.      Svo.pp.  281.      Price. $2.00.      D.  Van  Nostrand  Co  .  New  York. 
Rubber  and  Gutta  Percha.     By  Wyndham  k.  Dunstan.     8vo.,  pp.  448. 

Imperial  Institute,  London. 
Sewage  Disposal.     By  George  \V.  Fuller.     8vo  .  pp.  767.     Price.  $6.00. 

McGraw  11.11  Book  Co  .  New  York. 
Sewage;  Practical  Methods  of—  Disposal.     By  Henry  N.  Ogden  and 

H.  Bvrdett  Cleveland       8vo  .  pp.   132.      Price.  $1.50.     John  Wiley  & 

Sons,  Xew  York. 
Spectroscopy.      By  E.  C.  C.  Baly       8vo..  pp.  687.      Price,  $3.50.      Lcng- 

mans  Green  &  Co  ,  Xew  York. 
Sugar ;  Handbook  of — Manufacture.     By  H.  Schander.     5th  edition. 

8vo.      Price.  $6.25.      Paul  Parey.  Berlin.      (German  ) 
Sugar;  Report  of  the  Experiment  Station  for—  Industry  in  Prague. 

By  K.  Preis.     pp    170      Prague.  1912.      (German  1 
Sugar;  Theoretical  and  Practical  Treatise  of  the  Manufacture  of 

Beet — .      Vol    2.       3d  edition       Imp.  8vo.,  pp    1292.      Price,  $6.50.      L. 

Geisler.  Paris       (French  ) 
Sugar;  The  United   States—   Beet  Industry.     By   Roy  G.   Blakey. 

8vo.      Price.  $2.00.      P   S.  King  &  Son.  London. 
Tar;  Contributions  on  Peat—.     By  R.  i.oebel.     8vo..  pp.  43.     Thesis. 

Hannover.      (German.) 
Water  Analysis  for  Sanitary  and  Technical  Purposes.     By  H.  B. 

Stocks.     8vo  .  pp.  144.     Price.  $1  50.     D   Van  Nostrand  Co..  New  York  _ 

RECENT  JOURNAL  ARTICLES. 
Ammonium  Sulfate  from  Ammonia  and  Sulfur  Dioxid.     By  Walter 
Feld.      Metallurgical  and  Chemical  Engineering.  Vol.  10,  1912,  No.  7.  pp. 
395-397. 

Analysis;  Progress  in  Metal —  in  1911.     By  Th    Doering.     Chemiker 

Zeitung.  Vol.  36,  1912.  No.  74.  pp.  681-682. 

Asphalts;  Trinidad  and  Bermudez—  and  Their  Use  in  Highway 
Construction.  By  Clifford  Richardson  Popular  Science  Monthly, 
Vol    81.  1912,  No.   1. 

Boiler;  Steam —  Testing.  By  John  O  Steger  Journal  of  the  United 
Slat,  •  Artillery.  Vol.  37,  1912.  No.  3.  pp.  293-320. 

Cast  Iron;  The  Production  of —  in  The  Electric  Furnace.     By  P. 


1912.   Nos    3  and  4, 


160-185 


NlCOU,      Metallurgia  Italiana,   Vol 

and  225-267. 
Coke;  By-Product —  Ovens.     By  William   E    Hartman.     Proceedings 

of  the  Engineers'  Society  of  Western  Pennsylvania,  Vol.  28,   1912,  No    4, 

pp    311-357. 
Combustion;  Surface —       By  William  A    Bone      Engineering.  Vol.  93. 

1912,  No    2419 
Cyanid;  Parks  Electro —  Process.     By  John  R  Parks.     School  of  Mines 

Quarterly.  Vol.  i.^.  1912,  No   4.  pp.  365-372. 

Dyes;  The  Manufacture  of  Sulfur—  and  their  Purification.  By 
Otto  Lange.     Chemiker  Zeitung,  Vol   36.  1912.  No   74.  pp.  683-685. 

Gas;  A  Centrifugal — Washer.  By  Waltiikr  Feld.  Metallurgical  and 
Chemical  Engineering.  Vol.  10,  1912.  No    7.  pp.  436-437. 

Illuminating  Gas,  Coke  Production  and  Generator  Gas  in  1911.     By 


chrift  fuer  angewondte  Chei 


Vol 


1912.  Nc 


Arthur  Fuerth. 
26,  1317-1324. 
D-on;   Electric  Furnace  Production  of  Pig —  and  Pig   Steel.     By 

Jos.  W.  Richards.  Proceedings  of  the  Engineers'  Societ]  of  Western 
Pennsylvania.  Vol.  28.   1912,  No.  2,  pp.  83-116. 

Iron;  The  Influence  of  Silica  on  the  Properties  of — .     By  P.  Pag- 

lianti.      Metallurgia  Italiana.  Vol.  4     1912.  No.  4.  pp.  231-254. 
Iron;  Results  of  a  Series  of  Chillable — Tests.     By  Thomas  D    Wisi 

The  Foundry.  Vol.  40.  1912,  No.  7.  pp.  264-271. 
Paint;  The  Covering  Power  of — Films.     Anonymous      Oil  and  Col  or 

Trades  Journal.  Vol.  41.  1912.  Nos.  "lOand  711. pp.  1823-1824  and  1929. 
Patent;  The  More  Fundamental  Principles  of      Law.     By  Edwin 

J.  Prindle.  Journal  of  the  American  Society  of  Mechanical  Engineers. 
Vol.  34.  1912,  No.  7,  pp.  1003-1033. 

Protective  Coatings.  By  Waltiiek  Riddle.  Proceedings  of  the  Engi- 
neers' Society  of  Western  Pennsylvania. Vol. 28,  1912. No.  l.pp.  1-10. 

Pyrometers;  Calibration  of  Radiation — .  By  G.  A.  Shook.  Metal- 
lurgical and  Chemical  Engineering,  Vol.   10,  1912,  No.  7,  pp.  416-420. 

Rare  Earths;  The  Separation  of  the — .  By  C  James.  Journal  of  the 
American  Chemical  Society.  Vol.  34.  1912.  No.  6.  pp.  757-771. 

Rubber  Synthetic—.  By  C.  Harries  and  F.  Hofmann.  Chemiker 
Zeitung.  Vol.  36,  1912,  No.  70,  pp.  654-655. 

Sampling  Ores  for  Analysis.  By  W.  Fresenius  Zeitschrift  fuer 
angewandle  Chemie.     Vol.  25,  1912,  No.  24.  pp.  1240-1250. 

Smoke;  Use  of  Zeiss  Interferometer  in  Technical —  Analysis.     By 

O.  MOHR.  Zeitschrift  fuer  angewandle  Cllemie.  Vol.  25l  1912.  No.  26.  pp. 
1313-1317 

Sulfuric  Acid;  The  Manufacture  of —  from  Smelter  Fumes  at  Duck- 
town,  Term.  ByF.  BLaney.  A  met  ican  Fertilizer.  Vol  36,  1912.  No. 
13,    pp.  64-68 

Sugar;  A  New  Method  for  the  Determination  of  —  in  Potatoes.  By 
Oswald Claassen.      Chemiker Zei  ung.  Vol.  36,  1912.  No.  79.  pp.  741-744. 

Sugar;  A  Critical  Study  of —  Analysis  by  Copper  Reductions. 
By  Amos  W.  Peters.  Journal  of  the  American  Chemical  Society.  Vol. 
34.  1912.  No.  7.  pp.  928-954. 

Sugar;  The  Crystallization  of—  in  Practice.  By  H.  Claassen.  Zeit- 
schrift fuer  angewandle  Chemie.  Vol.  25.  1912.  No.  19.  pp.  930-935. 

Water-Feed;  Automatic —  Regulation.     By  B    Viola.     Metallurgical 

and  Chemical  Engineering.  Vol.   10.  1912.  No.  7.  pp.  407-409. 
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Reported  by  C.  L.  Parker.  Solicitor  of  Che. 

METHOD    OF    SEPARATING     AND    PURIFYING    FULLERS' 

EARTH  AND  ANALOGOUS  MATERIAL. 
U.  S.  Patent  No.  1,024,104,  to  Charles  C.  Ruprecht,  of  Blakely> 
Alabama. 
In  many  deposits  of  fullers'  earth  there  is  an  excess  of  dele- 
terious material,  either  organic  or  mineral.  To  secure  the  earth 
free  from  such  materials,  it  is  found  necessary  to  wash  it  by  mix 
ing  thoroughly  with  water  and  allowing  the  mixture  of  earth 
and  water  to  pass  rather  slowly  through  long  tanks  or  settling 
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vats  in  which  the  excess  of  sand  and  other  deleterious  minerals 
will  be  quite  completely  deposited.  It  is  found,  however,  that 
when   this  settling  has  been  carried  to  a  certain  extent,   the 


aical  ratents,  McGill  Building.  Washington,  D.  C. 

earth  itself  will  settle  with  extreme  slowness  from  the  water 
and  remains  in  suspension  for  weeks  or  months.  Consequently, 
the  mixture  after  the  ordinary  washing  is  very  fluid,  and  the 
importance  of  securing  the  slip  in  the  most  dense  condition  possi- 
ble to  insure  rapid  recovery,  renders  it  necessary  to  extract 
this  excess  water. 

The  purpose  of  this  invention  is  to  rapidly  and  economically 
precipitate  this  suspended  earth,  simultaneously  decomposing 
and  removing  the  organic  contaminations.  The  patentee  has 
discovered  that  if  the  water  carrying  the  earth  in  suspension 
be  electrolyzed,  the  earth  is  immediately  precipitated  and  the 
deposit  obtained  is  so  hard  that  what  little  remaining  water 
is  occluded  in  its  pores  may  be  easily  removed  by  some  simple 
expedient,  as  by  a  filter  press,  centrifugal  drier,  or  evaporation 
in  a  suitable  kiln. 

PROCESS  OF  CURING  HIDES. 

U.    S.    Patent    No.    1,025,401,  to  Frank  P.  James,  of  Nashville, 

Tennessee,  assignor  to  the  Electric  Meat  Curirg  Company, 

of  Cleveland,  Ohio. 

In  the  treatment  of  hides  preparatory  to  tannnig,  it  is  cus- 
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tomary,  .in.  1   ill.-  hulc  is  removed  from  the  animal,  t"  spread 

it  out.  COVei    it   with  salt  ami  allow   it   I..  Stand  l"i   mui;iI  weeks 

before  it  is  placed  in  the  tannins  vat.    This  curing  operation 


is  irregular  in  its  action,  some  portions  of  the  hide  being  cured 
much  better  than  others,  and  a  large  amount  of  the  blood  is 
left,  which,  when  the  hide  is  finally  converted  into  leather,  is 
liable  to  cause  it  to  rot  in  places. 

The  patentee  has  discovered  that  if  the  fresh  hide  is  immersed 
in  brine,  and  a  current  of  electricity  passed  through  the  brine 
and  hide,  the  hide  may  be  perfectly  and  evenly  cured  in  an  ex- 
tremely short  time.  The  action  of  the  electricity  is  said  to  ex- 
tract the  blood  from  the  hide  while  retaining  the  gelatin  therein. 

APPARATUS  FOR  THE  SEPARATION  OF  HYDROGEN  FROM 
A  GASEOUS  MIXTURE. 
U.  S.  Patent  No.  1,027,862,  to  Carl  von  Linde,  of  Munich, 
Germany. 
There  are  several  processes  known  for  the  separation  of  gas 
mixtures  through  liquefaction  and  fractional  distillation,  but 
they  are  not  generally  adapted  to  the 
separation  of  gas  mixtures  containing  hy- 
drogen, because  the  liquefaction  of  hy- 
drogen can  take  place  only  at  a  tempera- 
ture so  low  that  all  other  gases  at  this 
temperature  exist  only  in  the  solid  state. 
The  object  of  the  invention  is  the  extrac- 
tion of  hydrogen  from  gas  mixtures,  such 
as  illuminating  gas  or  water  gas,  in  such 
a  manner  that  the  less  volatile  constit- 
uents of  the  gas  mixture  are  condensed 
through  the  influence  of  a  reduction  of 
temperature  which  may  also  be  combined 
with  an  increase  in  pressure.  The  com- 
pression gas  mixture  enters  the  apparatus 
at  A  after  it  has  been  previously  freed 
from  such  constituents  or  impurities  as 
can  bring  about  stoppages  in  the  liquefy- 
ing apparatus,  e.  g.,  carbonic  acid  and 
sulfur  compounds.  In  its  passage  to  the 
vessel  B,  the  gas  mixture  is  reduced  to 
such  a  temperature  in  the  heat-  and  tem- 
perature-interchanger  C,  that  the  greater 
part  of  the  constituents  of  the  gas  mixture 
are  liquefied  and  collect  in  the  vessel  B. 
The  liquefied  portion  flows  out  of  this  ves- 
sel through  the  expansion  mechanism  D 
into  the  interchanger  (',  evaporates  and 
thereby  removes  heat  from  the  compressed 
gas  mixture  flowing  through  the  appara- 
tus.    The  product  of  this  evaporation,  e.  g.,  carbon  monoxide, 


escapes  .11  I  ,  .iii.  1  ;m  interchange  of  temperature  with  thai  ■■:  the 
1  mixture  passing  through  the  apparatus  and  can  be 
applied  in  any  manner  desired.  The  portion  oi  the  gas  mixture 
which  is  not  liquid  (hydrogen  and  the  remaining  constituents) 
aftei  passing  through  the  expansion  mechanism  /•'  (lows  through 
iii.  temperature  interchanger  <  in  an  opposite  direction  to  that 
of  the  compressed  gas  mixture  and  escapes  ou1  oi  tin  apparatus 
G  at  normal  temperaturi 

PROCESS  FOR  RECLAIMING  VULCANIZED-RUBBER  WASTE. 

U.  S.  Patent  No.  1,024,937,  to  Chas.  S.  Heller,  of   Akron,    Ohio, 

assignor  to  Moore  Architectural  and  Engineering  Co.,  of 

Akron,  Ohio. 

The  Heller  process  of  reclaiming  rubber,  previously  patented 

(Patent  No.  978,584),  consists  in  subjecting  rubber  waste  to 

the  action  of  a  heated  reclaiming  solution  and  passing  a  current 


of  electricity  therethrough.  Where  "a  dilute  alkaline  solution 
was  employed  as  the  reclaiming  agent,  the  time  of  the  opera- 
tion was  cut  down  from  about  twenty-two  hours  to  ten  or  eleven 
hours,  by  reason  of  the  employment  of  the  electric  current. 
The  patentee  has  now  discovered  that  the  time  of  the  operation 
can  be  still  further  curtailed  by  periodically  reversing  the  direc- 
tion of  flow  of  the  electric  current. 

PROCESS   FOR    CONVERTING  FATS,  OILS,  AND  FISH-OILS 

INTO  LIKE  BODIES  OF  HIGHER  MELTING  POINT. 
U.  S.  Patent  No.  1,024,758,  to  Mose  Wilbuschewitsch,  of  Nisch- 
ninovgorod,  Kanavino,  Russia. 
This  is  a  contact  process  of  converting  fats,  oils,  fish  oils, 
and  the  like  into  fats  of  higher  melting  point,  and  consists  in 
mixing  the  fat  or  oil  with  the  catalyst  very  intimately  and 
directing  against  this  mixture  in  a  very  finely  subdivided  state 
in  an  autoclave  under  pressure,  hydrogen  or  a  gas  containing 
hydrogen.  Since  in  this  manner  a  very  intimate  contact  of 
the  hydrogen  with  the  finely  subdivided  intimate  mixture  of 
fat  and  catalyst  is  attained,  a  comparatively  low  temperature 
suffices  for  the  conversion  of  the  fat.  The  process  proceeds 
in  a  closed  cycle  of  operations  as  the  catalyst  and  the  hydrogen 
not  consumed  are  continuously  returned  to  the  process. 
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PROCESS  OF  FORMING  FUSIBLE  PHENOL  RESINS. 

U.  S.  Patent   No.    1,027,794,   to  Jonas   W.    Alysworth,   of  East 

Orange,  New  Jersey,  assignor  of  one-half  to  Frank  L.  Dyer, 

of  Montclair,  New  Jersey. 
This  is  a  process  of  forming  fusible  phenol  resins  from  phenol 
or  cresol  by  condensation  with  formaldehyde. 

Formaldehyde  is  generated  in  the  generator  1,  and  passes 
through  condenser  2,  which  removes  unchanged  methylalcohol 
therefrom,  to  the  gasometer  3,  which  is  provided  with  an  oil 


seal  and  is  adapted  to  be  steam-heated.  Formaldehyde  gas 
is  taken  therefrom  as  desired,  by  pump  4  and  allowed  to  pass 
as  bubbles  from  perforated  pipe  5  into  the  liquid  phenol  6 
in  the  autoclave  7  which  is  provided  with  steam  jacket  8,  agi- 
tator 9,  pressure  gage  10,  vent  1 1  for  the  escape  of  steam  when 
necessary,  which  is  regulated  by  a  valve  1 1 ',  and  safety  valve 
12.  Provision  is  made  for  steam  heating  the  pipes  through 
which  the  formaldehyde  passes,  and  for  passing  cool  water 
through  steam  jacket  8,  when  the  reaction  has  started,  to  pre- 
vent the  temperature  from  rising  above  the  proper  reaction 
point.     This  can  be  regulated  by  thermometer  13. 

METHOD  OF  EXTRACTING  RARE  GASES  FROM  THE  AIR. 

U.  S.  Patent  No.  1,025,962,  to  Georges  Claude,  of  Paris,  France, 

assignor  to  Societe  L'Air  Liquide,  Societe  Anonyme  Pour 

L'Etude  Et  Exploitation  Des  Procedes  Georges  Claude 

of  Paris,  France. 

This  invention  is  a  process  for  the  separation  of  the  rarer  and 
less  condensable  gases  as  neon  and  helium,  from  the  atmosphere. 
It  involves  the  application  of  well  known  processes  for  the 
liquefaction  and  separation  of  the  oxygen 
and  nitrogen  contained  in  the  air,  and 
modifies  the  procedure  so  as  to  isolate 
the  remaining  difficultly  condensable  gases 
in  the  air   under  treatment. 

The  air  under  pressure  containing  the 
rare  gases  to  be  separated  is  subjected  to 
a  process  whereby  the  greater  part  of  the 
oxygen  and  of  the  nitrogen  are  liquefied, 
and  the  remaining  unliquefied  gas  or 
gases  are  then  submitted  to  a  single  or 
repeated  process  of  liquefaction  with  back- 
ward return,  the  principles  underlying 
which  have  been  disclosed  in  the  speci- 
fication of  the  patentee's  prior  U.  S.  Patent 
No.  924,428.  The  unliquefied  gases,  while 
still  under  pressure,  are  brought  into 
direct  contact  with  cold  agents  and 
finally  with  the  liquid  nitrogen  or  liquid 
rich  in  nitrogen  obtained  as  above.     Said  nitrogen,  being   very 


cold,     permits    only    the    uncondensable    rare    gases,    chiefly 
neon  and  helium,  to  preserve  their  gaseous  state. 

MANUFACTURE  OF  STEEL. 
U.  S.  Patent  No.  1,024,999,  to  Tom  D.  Mackie,  of  Bowes  Park, 
and  George  Frederick  Forwood,  of  Limpsfield,  England. 
According  to  this  method  of  manufacture,  particularly  when 
the  production  of  steel  casting  is  in  view,  the  oxidized  metal 
and  slag  from  the  converter  (which  may  be  of  any  known  type) 
are  transferred  to  the  hearth  of  a  reverberatory  furnace,  and, 
after  the  removal  of  the  slag,  the  metal  is  subjected  to  the  action 


of  a  reducing  gas,  such  as  hydrogen,  blue  water-gas  or  the  like, 
with  the  result  that  it  becomes  deoxidized.  On  reaching  the 
upper  portion  of  the  furnace  the  reducing  gas  meets  with  air, 
becomes  ignited  and  burns,  with  the  effect  that  the  metal  is 
exposed  to  the  heat  generated  by  the  combustion,  but  is  pro- 
tected from  its  oxidizing  influences. 

PROCESS    AND    APPARATUS   FOR    RECOVERING    METALS 

FROM  THEIR  ORES. 
U.  S.  Patent  No.  1,026,999,  to  John  A.  Potter,   of   Los   Angeles, 
California. 
This  invention  is  a  process- of  smelting,  roasting,  calcining, 
and  sintering  all  grades  of  ores. 

It  consists  in  heating  a  series  of  flues  with  waste  gases  from 
the  furnace;  then  after  stopping  the  waste  gas  supply,  passing 
fuel  gas  in  the  reverse  direction,  through  one  of  the  flues,  gas 
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through  another  of  the  flues,  and  through  a  third  flue  reducing 
gas,  discharging  the  mixture  into  a  reducing  chamber,  and  con- 
tinuously feeding  ore  into  this  reducing  chamber.  The  heat 
of  combustion  of  the  fuel  gas  assists  the  reducing  gas  in  melting 
and  reducing  the  ores.  The  waste  gases  so  derived  are  conducted 
through  a  similar  series  of  regenerative  flues  in  order  to  develop 
the  proper  temperature  and  at  the  proper  time  the  entire  cycle 
is  rc-reversed. 


MARKET  REPORT. 


avi:ka(.i;  wholesale  prices  op  standard 
oeoanio  chemicals. 


Act  i.unlul Lb. 

Acetone  (drums) Lb. 

Alcohol,  grain  (188  proof) Gal. 

Alcohol,  wood  (95  per  cent.) .  .  .  .Gal. 
Aln. liol,  denatured  (180  proof)  .  .Gal. 

Amy]  Acetate  Gal. 

Acetic  Acid  (28  per  cent.) C. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Carbon  Tetrachloride  (drums) . .  .  Lb. 

Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals.  .Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn) C. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC  CHE1 

Acetate  of  Lime  (gray) C. 

Acetate  of  Lead  (brown,  broken)Lb 

Alum  (lump) C. 

Ammonium  Carbonate,  domestic  Lb. 

Ammonium  Chloride,  gray Lb. 

Aluminum  Sulphate C. 

Aqua  Ammonia  (drums)  160.  . .  .Lb. 

Arsenic,  white Lb. 

Brimstone  (crude,  domestic) .  . .  .Ton 

Barium  Chloride C. 

Barium  Nitrate Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) .  . .  .Lb. 

Bromine,  bulk Lb. 

Bleaching  Powder  (35  per  cent.)  C. 
Bary tes  (prime  white,  foreign) . . .  Ton 

Blue  Vitriol Lb. 

Calcium  Chloride C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton   11 .50 

Feldspar Ton 

Fuller's  Earth,  powdered C. 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (180) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Lithium  Carbonate Lb. 

Magnesite  (raw)   Ton 

Nitric  Acid,  360 Lb. 

Phosphorus Lb. 

Phosphoric  Acid,  sp.  gr.  1.75. . .  .Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bromide Lb. 

Potassium  Permanganate  (bulk)  Lb. 
Potassium  Cyanide  (bulk)  98- 

99  per  cent Lb. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Chlorate,  crystals.  . .  .Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Bichromate,  50  ° Lb. 

Quicksilver Flask 

Salt  Cake  (glass-makers') C. 
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CHEMICALS,    ETC.,    FOR    MONTH    OF   JULY. 

Silver  Nitrate Oz. 

Soapstonc  in  bags Ton    10.00 

Sodium  Acetate Lb. 

Sodium  Chlorate Lb. 

Sodium  Bicarbonate  (English). .  .Lb. 

Sodium  Bichromate Lb. 

Sodium  Hydroxide,  60  per  cent.   C. 

Sodium  Hyposulfite C. 

Sodium    Nitrate,    95    per    cent., 

spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulphur,  Roll C. 

Sulphur,  Flowers  (sublimed) .  .  .  .C. 

Sulphuric  Acid,  6o°  B C. 

Talc  (American) Ton   15 .00 

Terra  Alba  (American),  No.  1 .  .  .C. 

Tin  Bichloride  (50 °) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 

OILS,  WAXES,  El 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity.  .  .Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil   (crude),  f.  o.  b. 

mill Gal.         43       @ 

Cylinder  Oil  (light,  filtered) Gal.  19'/,  @ 

Japan  Wax Lb.  10       @ 

Lard  Oil  (prime  winter) Gal.         85       @ 

Linseed  Oil  (double-boiled) Gal.         74       @ 

Paraffine  Oil  (high  viscosity). .  .  .Gal.         25'/2  @ 
Paraffine     (crude     120    &      122 

m.  p.) Lb.  3       @ 

Rosin  Oil  (first  run) Gal.         37       @ 

Spindle  Oil,  No.  1 Gal.  16       @ 

Sperm  Oil  (bleached  winter)  38 °. Gal.         72       @ 
Stearic  Acid  (double-pressed) .  .  .Lb.  9       @ 

Tallow  (acidless) ,.  Gal.         62       @ 

Tar  Oil  (distilled) Gal.         30       @ 

METALS. 

Aluminum  (No.  1  ingots)   Lb.  22       @ 

Antimony  (Hallet's) Lb.  7SA  @ 

Bismuth  (New  York) Lb.      2 .  10       @ 

Copper  (electrolytic) Lb. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin Lb. 

Zinc Lb. 
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FERTILIZE E  MATERIALS. 


Ammonium  Sulphate C. 

Fish  Scrap,  domestic,  dried Unit 

Blood,  dried Unit 

Tankage,  high  grade Unit    2 .  55 

Bone,  4'A  &  50,  ground,  raw Ton  27 .00 

Potassium,    "muriate,"   basis   80 

per  cent Ton  38 .  55 

Phosphate,  acid,  16  per  cent.  . .  .Ton     7.00 
Phosphate  rock;  f.  o.  b.  mine: 

Florida    land    pebble    68    per 
cent Ton     3 .  70 

Tennessee,  68-72  per  cent.  ..  .Ton     4.25 
Pyrites,  furnace  size,  imported.  .Unit    0.131/, 

Castor  meal Unit  nominal 

Mowrah  meal Ton     8 .  50       @    9 . 
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EDITORIALS 


OUR  GUESTS. 

\s  this  issue  of  This  Journal  comes  from  tin- press, 
men  from  all  parts  of  the  world,  representing  every 
branch  oi  applied  chemistry  arc  assembled  in  New 
York  in  a  greal  International  Congress.  Individuals, 
gnat  manufacturing  corporations,  technical  societies 
and  progressive  governments  are  cooperating  to  make 
this  the  greatest  event  in  the  history  of  chemistry. 
Never  before  has  industry  been  so  willing  to  acknowl- 
edge its  debt  to  chemical  science,  and  the  forces 
behind  these  international  movements  will  establish 
its  position  as  the  fundamental  basis  for  permanent 
industrial  growth. 

Other  countries  have  held  these  congresses,  but 
American  chemists  are  now  for  the  first  time  occupying 
the  position  of  official  hosts.  We  are  being  honored 
by  the  presence  of  many  of  the  most  distinguished 
men  in  the  profession,  and  their  contributions  to  the 
deliberations  of  the  Congress  will  be  of  inestimable 
benefit  to  the  industries.  International  interchange 
of  ideas  has  now  become  a  recognized  necessity  to 
great  industrial  progress,  and  we  are  proud  of  this 
opportunity  to  render  a  service  in  such  a  cause. 
Manufacturers  are  throwing  open  their  plants  to  in- 
spection and  excursions  are  provided  to  show  the  agri- 
cultural resources,  natural  wealth,  commercial  possi- 
bilities and  scenic  beauty  of  our  country. 

The  chemists  of  America  feel  the  sincere  solicitude 
of  hosts  for  the  comforts  and  pleasures  of  their  guests 
on  this  auspicious  occasion.  We  hope  their  visit  will 
be  both  pleasant  and  profitable  and  that  they  may 
come  again.  We  wish  great  benefits  to  come  to  the 
profession  itself  and  to  the  industries  'and  govern- 
ments represented  as  a  direct  result  of  the  meeting  of 
the  Eighth  International  Congress  of  Applied  Chem- 
istrv  in  America. 


FUSSY  ADMINISTRATION. 

President  McKinley  handed  Colonel  Roan  a  message 
to  carry  to  Garcia.  There  were  no  strings  tied  to  that 
commission.  He  had  chosen  a  man  of  intelligence, 
resource  and  ability  to  do  a  job  and  he  was  willing 
to  let  him  do  it  in  his  own  way.  This  very  fact  proved 
that  the  President  was  a  great  executive.  He  knew 
how  to  centralize  responsibility  and  how  to  hand  out 
a  message  to  a  messenger,  an  art  which  many  men  in 
administrative  positions  have  not  yet  acquired. 

Conversation  among  employers  of  men  sooner  or 
later  drops  into  a  type  of  experience  meeting,  for  dis- 
cussing and  illustrating  the  inefficiency  of  subordinates. 
Employers  never  assume  any  responsibility  for  the 
failures  of  employees,  nor  do  they  analyze  the  causes 
of  shortcomings  in  their  subordinates  with  a  view  to 
seeing  how  much  of  the  trouble  is  due  to  the  boss. 
Many  of  the  failures  of  men  to  make  good  on  a  given 
job  are  due  not  to  a  misfit  with  the  job  nor  to  a  lack  of 
ordinary  ability,  but  to  the  man's  misfortune  in 
choosing  a  boss,  a  condition  which  he  can  not 
alwavs  control,    but    one    which    he     must     see    and 


remedy  before  tie  will  have  a  chance  to  succeed. 
At  a  conference  in  the  office  of  a  corporation  manager 
recently,  it  was  decided  to  send  one  of  the  young 
engineers  regularly  employed  by  the  company  to  a 
point  some  distance  from  -the  main  line  of  travel  to 
take  some  measurements  and  get  certain  simple 
statistical  data.  The  engineer  was  called  into#  the 
office;  he  quickly  caught  the  points  and  purpose  of  the 
trip,  as  it  was  explained  to  him  by  the  manager; 
glancing  at  the  clock,  he  said  he  would  catch  the  next 
train.  This  took  about  five  minutes.  The  fact  that 
he  understood  instantly  what  was  to  be  done,  knew 
what  train  to  take  and  when  to  take  it,  entirely  escaped 
the  manager  who  then  spent  twenty-five  valuable 
minutes  in  an  unsuccessful  attempt  to  figure  out 
railroad  connections  from  a  railroad  guide.  This 
bright,  well  educated  young  man  was  then  successively 
told  to  be  sure  to  order  his  sleeper  tickets  at  once; 
to  draw  what  money  he  needed  from  the  paymaster; 
to  telephone  home;  to  avoid  drinking  the  water  be- 
cause one  engineer  had  been  taken  sick  on  a  trip 
similar  to  this;  to  be  sure  to  take  a  note-book  but  that 
if  he  forgot  it  he  could  buy  one  there.  At  last  the 
young  man  escaped:  the  manager  mopped  his  "brow 
and  referred  at  length  to  the  great  knowledge  of  de- 
tail he  was  obliged  to  carry  in  his  mind  in  order  to 
run  his  job. 

Subordinates  are  bound  to  fail  under  such  con- 
ditions as  these.  Initiative  and  independence  are 
soon  killed,  and  men  and  women  should  not  be  blamed 
if  they  sleep  securely  at  their  work  in  the  belief  that 
the  "old  man"  will  look  out  for  the  details  and  do  the 
"small  thinking"  as  long  as  they  make  a  show  at  the 
general  results.  From  the  manager's  standpoint  such 
a  system  of  administration  is  sure  to  end  in  failure. 
If  the  business  grows,  he  soon  finds  his  mind  so  over- 
charged with  fussy  details  that  matters  of  importance 
bearing  on  new  problems  of  development  have  to  be 
neglected  or  deferred.  Instead  of  leading  and  direct- 
ing the  business  he  becomes  a  camp  follower. 

The  value  of  simple  mechanical  work,  whether  it  be 
in  an  office,  factory  or  laboratory,  is  represented  by  the 
market  price  for  the  services  of  a  man  employed  to 
wield  a  pick  and  shovel.  A  stenographer  who  simply 
graphitizes  the  sounds  wafted  to  her  across  a  flat  top 
desk  and  later  bats  them  out  on  her  machine  without 
any  regard  to  whether  or  not  they  make  sense,  is  worth 
about  one  dollar  per  day — perhaps  less,  but  certainly 
not  more.  If  she  is  paid  more  it  is  because  she  is 
expected  to  have  and  use  some  skill  and  intelligence 
in  addition  to  the  physical  labor  of  punching  keys  and 
making  records.  It  is  skill,  judgment,  intelligence 
and  mental  faculties  which  bring  the  earning  premium 
to  men  and  women  who  depend  upon  industry  and 
business  for  support.  These  are  the  faculties  for  which 
the  employer  pays  the  premium.  If  the  subordinates 
do  not  possess  them,  they  should  not  be  paid  the 
premium;  if  on  the  other  hand  they  have  the  faculties, 
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latent  or  developed,  they  should  be  required  to  use 
them  and  in  this  way  render  services  for  value  re- 
ceived. The  employer  can  find  a  greater  field  for  his 
ability  and  a  greater  reward  for  his  labor  in  the  con- 
sideration of  means  for  developing  the  intelligence 
of  his  employees  rather  than  assuming  that  part  of 
their  work.  The  problem  is  one  in  education — draw- 
ing out,  developing — and  not  one  in  mental  "spoon- 
feeding" to  be  solved  by  the  circulation  of  voluminous 
printed  instructions,  or  by  plastering  office  and  works 
with  signs,  mottos  and  "don'ts." 

There  can  be  no  general  rule  laid  down  for  de- 
veloping the  responsibility  and  reliability  of  sub- 
ordinates, but  it  is  reasonable  to  assume  that  lack  of 
opportunity  to  exercise  these  faculties  will  have  much 
the  same  effect  on  their  growth  that  a  life  of  ease  and 
indolence  has  on  the  muscles  of  an  athlete.  One 
work  manager  gave  his  power-house  men  much 
personal  instruction  for  a  period  of  three  years  on  ways 
and  methods  of  firing  and  controlling  feed  water  in 
order  to  reduce  coal  consumption.  At  last  in  despair 
at  his  failure  to  get  results,  he  gave  up  this  plan, 
which  he  was  pleased  to  call  education,  and  adopted 
in  its  place  a  system  of  paying  a  bonus  on  the  amount 
of  coal  saved  below  the  best  previous  minimum. 
The  firemen  then  began  to  use  their  own  intelligence — 
the  intelligence  they  had  always  possessed  but  never 
had  occasion  to  exercise  while  the  boss  was  doing  their 
thinking  for  them.  They  soon  found  that  open  spots 
in  the  grate  surface  affected  their  general  results  as 
much  when  the  boss  was  not  in  sight  as  when  he 
happened  to  be  present  in  the  boiler  room.  They 
became  their  own  bosses  and  maintained  a  constant 
supervision  over  their  own  work  because  they  had  an 
objective  point,  the  successful  accomplishment  of 
which  required  an  exercise  of  their  own  judgment  and 
intelligence.  The  coal  consumption  automatically 
dropped  20  per  cent,  in  two  months. 

The  employer  who  "butts  in"  on  the  prerogatives 
of  his  subordinate  is  not  only  rendering  himself  less 
efficient  in  the  performance  of  his  own  work,  but  is 
dissipating  his  resources  by  paying  others  for  work 
for  which  they  are  employed  but  which  they  are  not 
permitted  to  do.  Such  employers  do  not  recognize  the 
point  at  which  directing  ends  and  doing  begins. 

Probably  the  most  fussy  and  inefficient  form  of 
administration  ever  invented  is  the  committee  system. 
Committee  administration  does  not  exist  in  ap- 
proved business  organizations,  but  it  appears  to  be  the 
preferred  system  in  society,  public  and  academic 
administration. 

Questions  of  business  policy,  plans  for  manufactur- 
ing development,  technical  or  educational  problems 
all  require  discussion,  consideration  and  analysis. 
The  experience  and  knowledge  of  a  number  of  men 
working  in  cooperation  is  required  to  determine  these 
matters  of  general  policy.  Such  questions  are  properly 
and  efficiently  handled  by  a  representative  committee 
selected  with  a  view  to  reaching  a  correct  and  lasting 
solution.  With  the  solving  of  these  problems  and  the 
fixing  of  a  policy  for  the  future  administration  of  the 
organization  their  duty  should  end.     It  is  when  this 


big,  unwieldy  committee  engages  in  the  consideration 
of  nursery  problems  or  attempts  to  function  as  an 
administrative  body,  that  it  becomes  ridiculous.  It 
has  repeatedly  been  demonstrated  that  the  admin- 
istrative efficiency  of  a  committee  varies  inversely 
as  the  square  of  the  number  of  men  on  the  committee. 
It  is  well  known  that  business  administration  is  much 
more  efficient  and  prompt  than  public,  society  or 
academic  administration,  and  the  reason  is  to  be 
found,  to  a  large  extent,  in  the  complete  freedom  of 
business  administration  from  a  triagonal  or  pentagonal 
committee  attempting  to  make  a  job  for  itself  out  of 
the  duties  of  a  reliable  man.  Suppose  we  take  a 
specific  case:  An  office  boy  in  a  well  managed  business 
may  ask  for  an  increase  in  salary  because  he  has 
reasoned  out  that  he  is  rendering  service  which  will 
justify  it.  He  goes  to  the  chief  clerk  who  is  his 
immediate  superior  and  is  therefore  the  logical  person 
to  control  such  matters  and  through  such  control  is 
enabled  to  exercise  a  discipline  which  puts  a  premium 
on  efficiency.  The  chief  clerk  knows  the  value  of  the 
boy's  services,  considers  all  of  his  arguments  and 
makes  a  decision  one  way  or  the  other.  If  the  request 
is  granted,  the  paymaster  is  instructed  as  to  the  agree- 
ment and  when  it  is  effective.  Total  time  consumed, 
about  five  minutes.  Suppose  this  same  boy  is  working 
for  a  committee-mad  organization  and  makes  an  ap- 
plication for  more  salary.  He  is  usually  advised  to 
"write  a  letter"  covering  all  points  to  be  considered. 
The  letter  is  brought  up  at  the  next  meeting  of  the 
board  of  directors.  In  order  to  "save  time,"  after 
being  duly  moved,  seconded  and  discussed,  the  matter 
is  referred  to  a  committee  of  three  or  five,  to  be  ap- 
pointed by  the  chair,  to  consider  and  report  at  the  next 
meeting  on  the  question  of  salary  for  office  boy. 
The  committee  on  office  boy's  salary  is  made  up  of 
busy  men  and  they  find  it  difficult  to  get  together; 
it  will  be  a  miracle  if  they  do  not  come  in  at  the  next 
board  meeting  and  report  "progress." 

In  the  meantime  the  boy  has  become  discouraged 
and  has  reduced  his  services  to  a  value  comparable 
with  his  salary  or  has  obtained  a  new  job  at  a  better 
salary  on  account  of  the  knowledge  and  experience 
gained  while  employed  by  the  committee-ridden 
organization.  Running  a  training  school  for  em- 
ployees who  leave  as  soon  as  they  have  learned  enough 
to  be  valuable  is  a  discouraging  operation  at  best; 
such  a  system  of  filtration,  in  which  the  values  all  go 
to  the  filtrate,  will,  in  an  incredibly  short  time,  leave 
a  residual  organization  which  will  blunder  along  with 
a  maximum  of  inefficiency. 

Speed  is  an  important  factor  in  efficient  administra- 
tion. How  is  the  work  of  a  committee  going  to  be 
expedited?  The  chairman  may  call  a  meeting  but  the 
only  result  is  an  echo.  Men  are  busy,  too  busy  to  be 
spending  their  time  fussing  over  insignificant  details. 
We  have  seen  ten  ten-thousand-dollar-a-year  men  sit 
for  hours  discussing,  considering  and  acting  upon  a 
quantity  of  insignificant  administrative  matter  which 
could  have  been  disposed  of  by  one  two-thousand- 
dollar-a-year  man  in  one  hour.  Such  a  man,  familiar 
with  all  questions  of  policy  peculiar  to  this  organiza- 
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tion,  would  have  acted  with  even  better  judgment 
than  the  committee  because  ol  a  more  intimate, 
direct,  first  hand  knowledge  oi  the  facts  The  results 
would  have  been  snappy  administration  and  a  living 
example  of  practical  efficiency  to  the  subordinates  a 
lesson  which  could  not  be  drawn  from  the  opera- 
tions of  the  hundred-thousand-dollar  committee.  The 
committee  men  themselves  often  see  the  ridiculous 
waste  and  yet  become  resigned  victims  of  a  system  of 
"fussy"  administration  which  literally  oozes  with 
delays,  procrastination,  irresponsible  and  inefficient 
methods. 

Most  societies  and  institutions  have  at  least  a  carload 
of  committee  reports  which  have  been  made  at  great 
expense  of  time  and  labor  but  which  have  not  been 
read  or  adopted.  Some  offices  have  records — records 
everywhere — but  no  obtainable  information.  In  other 
places  the  whole  organization  is  busy  with  the  ad- 
ministrative "double  pass,"  where  instructions  are 
handed  from  one  subordinate  to  another  and  every- 
body is  busy  with  the  system  of  passing  orders  along 
but  no  one  has  time  to  do  a  job. 

Professional  men,  engineers,  chemists  and  educators 
might  do  well  to  recognize  administration  as  a  pro- 
fession by  itself  and  not  a  side  show  to  some  spe- 
cialized occupation.  As  a  matter  of  fact,  administra- 
tive power  is  the  rarest  of  all  talents  and  is  therefore 
the  best  paid  profession.  We  entrust  our  legal, 
technical  and  educational  problems  to  men  trained 
and  experienced  in  their  respective  specialties.  The 
proper  administration  of  policies  so  established  is 
equal  in  importance  to,  and  often  more  difficult  to 
accomplish  than  the  formulation  of  the  policies  them- 
selves. One  might  properly  suggest  therefore 
that       the     question       of       efficient       administration 


is    important    enough    to    justify    careful     analysis. 

In  successful  business  organizations  we  find 
tralized  responsibility  and  power  in  the  hands  of  a  man 
whose  business  is  administration.  Policies  are  pre- 
scribed and  commissions  are  assigned  for  the  purpose 
Of  having  them  executed,  and  the  person  who  under- 
takes the  work  is  held  responsible  for  the  results. 
Men  of  ability  and  judgment  are  not  converted  into 
errand  boys  and  assigned  to  duty  between  the  board 
of  directors  and  the  job.  Technical  questions  and 
questions  of  policy  may  be  considered  and  decided  by 
committees  but  these  committees  are  not  "wood- 
enized"  by  don'ts  and  limitations.  Every  man  in 
such  an  organization  believes  that  the  easiest  way  to 
dispose  of  work  is  to  do  it.  He  knows  that  his  boss 
is  waiting  for  results,  not  excuses.  When  he  is  told  to 
do  something,  he  does  not  rack  his  brain  for  reasons  and 
arguments  as  to  why  it  should  not  be  done,  but  puts 
some  intelligence  and  energy  into  the  matter  of  doing 
it.  Things  are  accomplished  in  an  hour  which,  if 
undertaken  at  all  in  an  organization  saddled  with 
committee  administration  or  a  fussy  manager,  would 
take  six  months. 

Since  the  introduction  of  laboratory  methods  of 
instruction  into  our  educational  systems,  men  trained 
for  numerous  activities  have  been  taught  to  study 
conditions,  observe  facts  and  interpret  results.  Ad- 
ministrators who  apply  this  training  to  problems 
arising  in  the  development  of  men  and  women  in  their 
organization  will  have  less  cause  to  complain  of  in- 
efficiency. They  will  have  more  people  who  can  carry 
a  message.  The  elimination  of  fussy  systems  of  ad- 
ministration will  go  a  long  way  toward  successfully 
dealing  with  the  human  element  in  efficient  manage- 
ment. 
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EPINEPHRIN1  FROM  THE  WHALE. 

By  Edward  R.  Weidleix. 

Received  June  12,  1912. 

The  object  of  this  investigation2  is  a  study  of  the 
ductless  glands  of  deep  sea  mammals,  especially  of  the 
whale.  The  whale  is  a  true  mammal,  and  on  account 
of  its  size  affords  a  splendid  advantage  for  the  study 
of  these  glands  This  paper  will  be  confined  entirely 
to  the  epinephrin  content  of  the  suprarenal  glands 
from  the  whale  and  some  of  the  results  observed  while 
purifying  this  product.  However,  before  entering 
into  the  subject  of  epinephrin,  it  will  be  best  to  present 
something  on  the  morphology  and  histology  of  the 
glands. 

The  adrenals  or  suprarenals  of  the  whale  are  two 

1  Epinephrin  will  be  used  throughout  the  paper  as  the  standard  name 
for  the  active  principle  from  the  suprarenal  glands,  as  adopted  by  the 
Council  of  Chemistry  and  Pharmacy  of  the  American  Medical  Association, 
in  preference  to  using  a  commercial  or  protected  name,  such  as  adrenaline, 
suprarenin,  suprarenalin,  adrin.  supracapsulin.  adnephrin  and  so  on.  J. 
Am.  Med.  Assn.,  March  25.  1911.  p.  910. 

-  This  work  was  carried  out  under  an  Industrial  Fellowship  established 
at  the  University  of  Kansas  by  Hon.  Walter  Roscoe  Stubbs,  Governor  of 
the  State  of  Kansas,  in  honor  of  Dr.  Wilfred  T.  Grenfell.  and  was  known 
as  the  Stubbs-Grenfell  Fellowship.  The  Fellowship  was  extended  by  a 
prominent  citizen  of  Pittsburgh. 


glandular  masses  situated  above  but  in  close  relation, 
with  the  upper  extremity  of  each  kidney,  occupying 
about  the  same  position  as  the  corresponding  glands 
in  cattle  which  they  resemble  more  nearly  than  those 
of  any  other  mammal.  The  left  capsule  is  a  little 
larger  than  the  right,  semilunar  in  form,  the  right 
being  more  nearly  triangular.  The  glands  are  also 
larger  in  the  female  than  in  the  male  whale,  but  vary 
in  size.  The  following  table  gives  an  average  size  of 
the  glands  found  in  the  animals  indicated. 

Length.  Breadth.  Thickness.  Weight. 

Glands.    Inches.  Inches.  Inches.  Grams. 

Fin-back  whale,  female         Left              9.5  6                   1.5  684 

Right            9.5  5.5               1.6  566 

Fin-back  whale,  male             Left              8  5.5               11  538 

Right            8  5                   2  491 

Fin-back  whale,  calf               Left               7.4  4    1              0.9  280 

Right            6.5  3.2              1.5  264 

Sheep 1.0  0.5              0.25  1.18 

Hog 1.75  0.5              0.25  2.00 

Cattle 2.25  15              0.50  12.50 

These  results  show  the  suprarenal  glands  of  the 
whale  to  be  about  500  times  larger  than  the  glands 
of  sheep  and  50  times  larger  than  the  glands  obtained 
from  cattle. 

The  glands  are  composed,  of  a  cortex  and  medulla  „ 
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surrounded  by  a  connective  tissue  capsule  of  consider- 
able thickness.  The  cortex  is  of  a  light  yellow  color, 
averaging  about  a  quarter  of  an  inch  in  thickness. 
It  is  distinct  in  lobular  division,  but  does  not  give  as 
even  an  appearance  as  the  glands  from  cattle  and  sheep. 
The  cortex  can  readily  be  separated  from  the  medulla 
and  is  oftentimes  pulled  apart  from  the  medulla. 
The  medulla  is  of  a  deep  red  color  varying  in  thick- 
ness, in  the  right  gland  from  i-i3/<  inches,  in  the  left 
from  3/t-i  inch.  The  medulla  undergoes  decomposi- 
tion very  rapidly  and  can  be  obtained  in  good  condition 
from  the  fresh  whales  only.  The  capsule  surrounding 
the  gland  is  of  a  yellowish-white  color  and  is  quite 
thick.  The  glands  are  well  supplied  with  blood 
vessels,  lymph  vessels  and  nerves.  The  yellow-pig- 
ment cells  in  the  medulla  are  very  numerous  and  well 
marked. 

HISTORY. 

Since  the  extraction  of  the  vaso-constrictor  excitant 
substance  of  the  suprarenal  glands  from  the  skin 
secretions  or  poison  glands  of  the  tropical  toad,  Bufo 
Aqua,  by  Abel,1  it  has  given  added  interest  to  this 
field  of  work,  as  to  the  sources  of  epinephrin.  While 
the  discovery  of  the  active  principle  in  the  suprarenal 
glands  of  the  whale  is  not  out  of  the  ordinary  or  some- 
thing not  to  be  expected,  as  compared  with  Abel's 
important  research,  yet  it  has  led  to  some  very  in- 
teresting results. 

The  active  principle  of  the  suprarenal  glands  has 
been  a  subject  of  very  great  importance  ever  since  the 
valuable  discovery  of  Oliver  and  Shaefer,2  that  an 
extract  from  these  glands  when  injected  intravenously 
would  cause  a  marked  rise  in  the  blood  pressure. 
However  Vulpian,3  as  early  as  1856,  observed  the 
characteristic  emerald-green  and  rose-red  color  which 
ferric  chloride  and  iodine,  respectively,  give  with 
epinephrin,  while  working  with  the  juices  from  the 
medulla  of  the  suprarenal  gland,  thus  indicating  that 
there  was  present  in  the  gland  a  substance  of 
physiological  importance.  Abel,  Yon  Furth  and 
others  by  very  careful  and  extensive  research  paved 
the  way  for  the  separation  of  the  active  principle, 
which  was  accomplished  by  Takamine  in  1901  and 
named  by  him  "adrenaline."  Aldrxh  advanced  this 
important  work  by  determining  the  formula  for  the 
active  principle  as  (CjH^NOj).  The  structural  for- 
mula generally  accepted  is  orthodihydroxyphenyl- 
ethanol  methylamine: 

OH 
C/ 

H— C/NCOH 

H— clJc— H 
C    OH 

1/ 
C— CH,-NHCH, 


Comparatively  little  work  had  been  done  on  the 
suprarenal  glands  until  the  vaso-constrictor  action 
was  made  known  by  Oliver  and   Shaefer;  since  that 


1  /.  Am.  Med.  Assn.,  56,  1531-6  (May  27,  1911). 

2  /.  Physiology.  16  (1894);  18,  230-79  (1895). 

3  Compt.  rend.,  93,  663-5  (1856). 


time,  however,  numerous  papers  have  appeared  on  the 
physiology  of  the  glands,  together  with  even  more 
articles  on  the  therapeutic  and  toxic  action  of  epi- 
nephrin. It,  therefore,  seems  preferable  to  refer  only 
to  methods  of  preparing  epinephrin  and  its  physiological 
results  which  bear  directly  on  this  work  A  very 
complete  and  excellent  bibliography  may  be  obtained 
by  referring  to  the  valuable  papers  of  Abel,1  Aldrich,2 
Schultz,3  Vincent,4  and  Shaefer.5 

The  early  workers  in  this  field  were  primarily  in- 
terested in  the  therapeutic  and  toxic  action  of  epi- 
nephrin. The  preparations  used  were  either  water  or 
glycerine  solutions  from  the  glands.  Of  these  early 
workers,  Krukenberg6  and  Frankel7  were  instrumental 
in  throwing  light  on  the  chemical  nature  of  the  active 
principle,  by  declaring  that  it  was  a  pyrocatechin 
derivative.  Frankel  separated  what  he  thought  was 
the  active  principle  and  termed  it  "sphygmogenin." 
This,  however,  was  later  proved  to  be  a  mixture. 
Von  Furth8  separated  the  active  principle  from  the 
glands  in  the  form  of  an  mpure  iron  compound. 
Later  contributions'  showed  that  he  separated  the 
active  principle  by  extracting  the  fresh  capsules  with 
slightly  acidulated  water  in  the  presence  of  a  little 
zinc  dust,  concentrating  the  extract  in  a  vacuum, 
precipitating  the  impurities  by  the  use  of  methyl 
alcohol  and  lead  acetate,  recovering  the  excess  of  lead 
by  the  use  of  sulphuric  acid,  again  evaporating  the 
liquid  to  a  small  bulk,  and  precipitating  the  epi- 
nephrin with  ammonia.  The  active  principle  thus 
separated  was  called  "suprarenine."  Abel10  first 
separated  the  active  principle  by  using  benzoyl  chlo- 
ride, one  of  the  benzoyl  radicles  being  retained  in  a 
modified  form  of  epinephrin:  C17HlsNO,  was  the 
formula  ascribed  to  this  substance.  This  compound 
gave  certain  of  the  alkaloidal  reactions  and  was  for- 
merly known  as  epinephrin  but  as  it  was  stated  in  the 
foot-note  at  the  beginning,  this  name  has  lately  been 
adopted  as  the  standard  name  for  the  active  principle 
from  the  glands.  Abel11  has  since  separated  epi- 
nephrin by  using  absolute  alcohol  and  trichloracetic 
acid  as  the  solvent,  and  precipitating  the  epinephrin 
from  the  concentrated  solution  by  the  use  of  ammonia. 
In  order  to  distinguish  this  new  substance  from  his 
former  preparation,  he  called  it  epinephrin  hydrate. 
Th's  method  increased  the  yield  from  0.2-0.3  per  cent, 
of  the  moist  glands. 

The  first  true  separation  of  the  active  principle, 
however,  was  made  by  Takamine"  at  the  beginning  of 
the  year  1901.  The  method  used  was  in  part:  to  steep 
the  glands  in  acidulated  water,  concentrate  this  solu- 

1  J.  Pharm..  75,  301-25  (1903). 

2  J.  Am.  Chem.  Soc,  27,  1074-91  (1905). 

3  Bull.  Nos.  56  and  61,  Hyg.  Lab.,  U.  S.  Pub.  Health  ft  Marine  Hosp. 
Sen.-.,  Wash. 

*  Lancet.  171,  348-53  (1906). 

5  Brit.  Med.  J..  1,  1277-1346  (May  30  and  June  6.  19081. 

«  VirchtrWs  archiv..  101,  542  (1885). 

7  Wiener  Med.  Blat..  14,  16  (1896). 

8  Z.  physiol.  Chem..  24,  24.  142;  20,  15  (1898). 

«  J.  pharm.  clnm..  [61   18,  362.  Pharm.  J..  24,  437   (1907). 
i»  The  Johns  Hopkins  Hospital   Bulletin,    July.   1897,   No.   76;    12,339 
(1901). 

11  Ber.,  36,  1839-47  (1903).      Am.  J.  Pharm..  75,  311  (1903). 
'Mm.  /.  Pharm.,  73,  523-31  (1901). 
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n   .1    vacuum   to  a   small   bulk,   precipitate   the 

protein  and  inorganic  matter  by   the  use  of 

strong  ethyl  alcohol,  reconcentrate  and  precipitate  the 

epinephrin  by  the  use  of  ammonia*     Aldrich,1  a  little 

i,     the     same     year,     also    separated     the     active 

principle  by  using  a  slightly  altered  form  of  Takamine's 

method  Many  new  methods  have  since  been  worked 
out  to  increase  the  yield  and  at  the  same  tune  I,,  mi 
prove  the  quality  of  the  product.  Among  these  might 
Vie  mentioned  a  modification  which  Aldrich'  made 
in  his  own  method  by  using  lead  acetate  as  a  pre- 
cipitant. This  consists  of  a  precipitation  with  lead 
acetate,  just  after  steeping  the  glands  in  acidulated 
water,  in  order  to  complete  the  precipitation  of  the 
inert  matter,  which  is  removed  by  filtration.  The 
excess  of  lead  is  recovered  by  passing  hydrogen  sul- 
phide into  the  filtrate.  The  epinephrin  is  recovered 
from  the  filtrate  in  the  same  manner  as  described 
before.  Another  method  of  interest  is  that  of  Freund3 
which  is  the  electrolytic  reduction  of  impure  solutions 
of  epinephrin  or  its  salts.  The  electrolytic  reduction 
is  by  the  use  of  a  platinum  cathode,  a  carbon  anode 
and  a  porous  cell  as  a  diaphragm.  The  solution  is 
made  acid  and  the  time  required  from  one  to  two  hours. 

Epinephrin  has  been  prepared  synthetically  through 
the  splendid  researches  of  Dakin,  Stolz,  Jowett, 
Bdttcher  and  Pauly.  Flacher4  separated  Stolz's 
synthetic  preparation  into  the  d  and  /-epinephrin,  and 
showed  the  /-epinephrin  to  be  more  effective  on  the 
blood  pressure  and  to  be  identical  with  natural 
/-epinephrin 

Various  processes  have  been  suggested  for  stand- 
ardizing epinephrin,  with  the  result  that  three  reliable 
methods  have  been  worked  out.  These  are  toxicity, 
pupil  experiments,  and  blood  pressure. 

Lawen5  based  a  quantitative  method  on  the  effect 
of  epinephrin  upon  the  blood  vessels  of  frogs.  By 
this  method  he  could  obtain  quantitative  results  and 
also  detect  the  degree  of  deterioration  of  a  solution. 
Strips  of  muscle  were  also  used  in  determining  the 
strength  of  an  epinephrin  solution. 

The  toxicity  method  is  of  little  value,  since  so  many 
of  these  experiments  were  made  with  solutions  from 
the  glands  and  impure  preparations  of  the  active 
principle,  that  it  is  difficult  to  determine  just  what 
is  a  lethal  dose.  Schultz6  has  improved  this  method 
and  has  determined  the  lethal  dose  to  be  0.008  mg. 
per  gram  mouse,  yet  it  cannot  be  used  for  exact 
quantitative  work. 

The  dilator  mechanism  of  the  frog's  eye  is  quite 
sensitive  to  epinephrin.  Meltzer7  was  the  first  to 
call  attention  to  this  method  for  standardizing  such 
solutions.  Auer,  Wessely,  Ehrmann  and  Schultz  have 
been  instrumental  in  developing  this  method  of  assay. 
Schultz8    pointed    out    that    the    method    devised    by 

1  Am.  J.  Physiol.,  5,  457  (1901). 

2  J.  Am.  Chem.  Soc,  27,  1077  (1905). 

3  Chem.  News,  Feb.  19,  1909. 

*  Z.  physiol.  Chem.,  58,  185-8-9-94  (1908). 

5  Arch.  exp.  Path.  Pharm..  51,  413-31  (1903  . 

6  Bull.  55,  36.  Hyg.  Lab..  U.  S.  Pub.  Health  &  Marine  Hosp.  Serv., 
Wash. 

"  Am.  J.  Physiol..  11,  28-51  (1904). 

8  Bull.  65,  23.  Hyg.  Lab.,  U.  S.  Pub.  Health  &  Marine  Hosp.  Serv.. 
Wash. 


Meltzer  was  good   only   tor  qualitative   result        He 

called  attention  t"  the  various  factors  which  influence 
the  reaction  Ol  the  iris  to  adrenaline.  A  m* 
tiou  oi  this  method  was  also  devised  so  that  the  length 
of  the  long  and  short  axis  of  the  pupil  could  be  ex- 
pressed in  millimeters,  thus  eliminating  the' error  that 
would  result  by  trying  to  make  these  observations  with 
the  naked  eye  These  necessary  precautions  do  not 
eliminate  all  the  sources  of  error,  and  not  only  make 
the  method  a  very  tedious  one,  but  also  give  unre- 
liable results.  There  is  always  present  considerable 
individual  variation. 

Houghton"  took  advantage  of  the  change  of  blood 
pressure  produced  in  the  carotid  artery  by  injecting 
into  the  femoral  vein  of  an  anesthetized  animal 
variable  quantities  of  preparations  from  the  supra- 
renal glands.  In  a  later  paper3  he  proved  this  method 
to  be  the  most  accurate  means  for  assaying  epi- 
nephrin. Three  solutions  of  epinephrin  of  known 
concentrations  were  given  to  an  assistant  for  assay. 
The  unknowns  contained  40,  85,  and  130  per  cent., 
based  on  a  standard  of  100  per  cent.,  and  the  results 
reported  were  40,  83,  and  135  per  cent. 

Cameron,3  after  trying  the  various  methods  for 
standardizing  epinephrin,  finally  decided  on  the 
blood  pressure  method  as  being  the  easiest  and  most 
reliable.  He  was  the  first  to  standardize  the  com- 
mercial epinephrin  solutions.  His  method  depended 
upon  the  antagonistic  action  between  nitrites  and 
epinephrin.  He  found  by  using  nitroglycerine  as  a 
•standard,  that  when  0.5  cc.  of  1.5  per  cent.  1  :  1000 
epinephrin  solution  was  injected  along  with  1  cc.  of 
solution  containing  0.6  mg  of  nitroglycerine  the  rise 
in  blood  pressure  due  to  epinephrin  was  almost  cut 
down,  and  the  oppos  ng  effect  of  the  nitroglycerine 
was  soon  shown  by  a  slight  fall  and  then  a  return  to 
the  normal  pressure.  After  many  trials  the  opposing 
action  between  the  nitrites  and  epinephrin  was  found 
to  be  as  80-1.  Some  of  these  commercial  prepara- 
tions caused  a  fall  of  blood  pressure  instead  of  a  rise. 
Papers  by  Hunt4  and  by  Sollman5  have  clearly  pointed 
out  the  practical  necessity  for  testing  the  various 
commercial  products  from  the  suprarenal  glands. 
They  further  show  the  great  value  of  the  blood  pressure 
method  in  making  these  determinations.  In  order 
to  more  clearly  show  the  accuracy  of  this  method, 
Abel  calculated  that  1  gram  of  the  dried  gland  from 
the  cattle  should  contain  0.018  gram  of  epinephrin 
and  should  yield  18  cc.  of  a  solution  corresponding  to 
1  :  1000  of  the  active  principle.  Hunt  found  that  it 
yielded  15  cc.  of  such  a  solution  and  called  attention 
to  the  fact  that  the  glands  were  not  completely  ex- 
hausted. 

Schultz6  has  more  clearly  pointed  out  the  necessity 
of  knowing  the  degree  of  effectiveness  of  an  ep'nephrin 
solution.  He  also  emphasized  the  fact  that  a  pure 
epinephrin    base    furnishes    a    reliable     standard     in 

1  J.  Pharm..  73,  531-5  (1901). 

2  /.  Am.  Med.  Assn.,  38,  150-3  (1902). 

3  Proc.  Roy.  Soc.  Edinburgh,  28,  157-71  (1906). 
1  J.  Am.  Med.  Assn.,  47,  790-2  (1906). 

5  Ibid..  47,  792  (1906V 

6  Bull.  SI,  7-10,  Hyg.  Lab..  U.  S.  Pub.  Health  &  Marine  Hosp.  Serv.. 
Wash. 
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assaying  vasoconstrictor  substances.  The  blood  pres- 
sure method  is  used  and  the  efficiency  expressed  in 
terms  of  pure  epinephrin  base.  The  relative  activity 
is  calculated  by  the  following  equation: 

a  epinephrin   base  ,     . 

— : =  relative  activity, 

y  vaso-constrictor  excitant 

in  which  a  =  grams  of  base  in  1  cc.  of  solution  and  y 
the  unknown  vaso-constrictor  excitant. 

In  this  method  of  standardization,1  he  clearly  points 
out  the  advantages  of  different  anesthetics  and  shows 
that  ether  for  cats,  with  only  enough  curare  to  render 
it  free  from  muscle  tremors,  yields  the  best  results. 
He  has  standardized  all  synthetic  preparations  against 
the  natural  /-epinephrin  and  also  all  commercial  pre- 
parations against  the  pure  epinephrin  base.  Three 
out  of  seven  different  brands  of  epinephrin  were  found 
to  compare  with  the  standard.  The  other  solutions 
varied  from  3.71  to  71  per  cent,  of  the  required  activity. 
These  results  are  given  in  the  following  table:2 


Laboratory 

number  Commercial 
of  solution.        name. 

A1  Epinephrin 

Bd2  Adnephrin 

Em3  Adnephrin 

Cd  Adrenalin 

Cm  Adrenalin 

Dd  Adrin 

Dm  Adrin 

Em  Caprenalin 

Fd  Supracapsulin 

Fm  Supracapsulin 

Gd  Suprarenalin 

Gm  Suprarenalin 

Hd  Suprarenin  synthetic 

Hm  Suprarenin  synthetic 


Relative    physiological 

Precipitate  activity  expressed  in 

present.  percentage  of  A. 

none  100.00 

none  SO . 00 

none  50.00 

none  100.00 

none  100.00 

none  50.00 

abundant  3  .  75 

abundant  25.00 

none  100.00 

trace  100.00 

none  66.71 

none  66  66 

trace  50.00 

some  50.00 


1  Solution  A  made  up  on  morning  of  experiment  from  a  pure  sample 

26.4°  . 

of  natural  base,  the  optical  activity  of  which  is      „         5340". 

2  Series  "d"  bought  directly  from  manufacturer  or  from  their  agents. 

3  Series  "m"  bought  on  the  open  market  from  a  reliable  druggist. 

Epinephrin      solutions      deteriorate      very      rapidly, 
especially  when  exposed  to  the  air  or  if  kept  in  partially 

Changes  in  Physiological  Activity  Undergone,  in  the  Course  of 
ten  Days,  by  1-10,000  Solutions  of  Commercial  Epinephrin 
Solutions.3 

Rise  of  blood-pressure  caused  by  1  cc. 
injection  of  a  1-10,000  solution. 

Laboratory  • ■ ■ 

number    Commercial  Oct.  29  (fresh).'  Oct.  29  (old).2 

of  solution.       name.  Mm.  Mm. 

Bd3         Adnephrin  74.2  69  2 

Bm4        Adnephrin  67.8  58.0 

Cd  Adrenalin  106.0  75.0 

Cm         Adrenalin  66 . 6  64  4 

Dd  Adrin  1  :   500  0.0  0.0 

Dm  Adrin  1  :    1000  0.0  0  0 

Em         Caprenalin  0.0  0.0 

Fd  Supracapsulin  102.6  101.6 

Fm  Supracapsulin  99 . 0  93 . 4 

Gd  Suprarenalin  97.6  78.6 

Gm  Suprarenalin  83.0  79.0 

Hd  Suprarenin  synthetic  74 . 2  60 . 0 

Hm         Suprarenin  synthetic  73.8  60.2 

Hd  Suprarenin  synthetic  74.2  24.4 

Hm         Suprarenin  synthetic  73.8  48.0 

1  Solution  made  Oct.  29. 

2  Solution  made  Oct.  19. 

3  Series  "d"  bought  directly  from  manufacturers  or  from  their  agents. 
*  Series  "m"  bought  on  the  open  market  from  a  reliable  druggist. 

1  Bull.  66,  24-5,  Hyg.  Lab.,  U.  S.  Pub.  Health  &  Marine  Hosp.  Serv., 
Wash. 

2  Ibid..  61,  25. 

3  Bull.  61,  23.  Hyg.  Lab.,  U.  S.  Pub.  Health  &  Marine  Hosp.  Serv., 
Wash. 


filled  containers.  Schultz  has  also  made  a  careful 
examination  into  this  phase  of  the  subject  and  has 
summarized  his  preliminary  results  in  the  preceding 
table. 

Sollman  and  Brown1  have  also  tested  the  relative 
efficiency  of  epinephrin  solutions  from  different  sources 
after  allowing  them  to  stand  for  a  specified  time. 
The  values  obtained,  taking  the  best  sample  as  100, 
were  95,  86,  70,  63  and  o. 

Gunn  and  Harrison2  studied  the  factors  which 
caused  the  deterioration  of  such  solutions.  Their 
results  show  that  the  container  is  responsible  for  some 
of  the  deterioration,  as  an  acid  solution  of  epinephrin 
is  more  stable  than  an  alkaline  solution  since  the 
latter  seems  to  increase  the  rate  of  oxidation.  They 
also  point  out  that  twice  the  minimal  amount  of 
hydrochloric  acid  necessary  to  dissolve  the  base  will 
give  a  more  stable  solution.  Solutions  in  saturated  boric 
acid  free  from  iron  were  twice  as  active  as  similar  solu- 
tions in  ordinary  medicinal  boric  acid.  The  medicinal 
boric  acid  was  not  purified  and  it  developed  con- 
siderably more  color  than  the  other  solution.  Solu- 
tions kept  in  bottles  only  partially  filled  showed  a 
rapid  change  in  color.  Dixon-*  made  the  physiological 
tests  of  these  solutions  and  found  that  all  solutions 
deteriorated  on  change  of  color  and  those  solutions 
which  had  become  deep  red  were  almost  inactive. 

Siegel,4  on  testing  the  effect  of  oxidation  upon  an 
epinephrin  solution,  comes  to  the  conclusion  by  using 
Ehrmann's  reaction,  the  pupil  dialation,  that  epi- 
nephrin alone  or  in  the  blood-serum  is  not  destroyed 
by  oxidation. 

On  account  of  the  rapid  deterioration  of  epinephrin 
solutions,  the  impure  preparations  and  the  uses  of  differ- 
ent anesthetics  in  the  blood  pressure  method  of  assay, 
varying  results  have  been  obtained  on  the  action  of 
epinephrin.  The  most  important  diversion  of  opinion 
rests  on  the  deterioration  of  an  epinephrin  solution 
and  whether  the  epinephrin  rise  in  the  blood  pressure 
is  followed  by  a  depression.  Schultzs  does  not  call 
attention  to  the  action  of  epinephrin,  but  he  does 
speak  of  an  after-depression  which  invariably  follows 
the  initial  effect  of  the  drug.  He  does  not  say  whether 
this  was  characteristic  of  his  standard  epinephrin, 
which  he  took  every  precaution  to  prepare  (from  the 
results  obtained,  it  must  have  been  perfectly  pure), 
or  whether  it  occurred  only  with  the  different  com- 
mercial preparations. 

Van  Leersum6  calls  special  attention  to  this  after- 
depression  by  pointing  out  that  it  is  a  characteristic  of 
epinephrin. 

The  disagreements  in  regard  to  the  physiological 
action  of  epinephrin,  both  in  the  pure  state  and  after- 
oxidation,  together  writh  the  difficulty  encountered  in 
obtaining  pure  epinephrin  from  the  glands  of  the 
whale,  which  on  standardizing  gave  so  many  con- 
flicting results,    led    the   author  to   investigate  other 

1  J.  Am.  Med.  Assn.,  47,    792  (1906^. 

-  Pharm.  J..  26,  513-1  (1908). 

*  Ibid. 

*Pfluger,s,  138,  617-37  (1911). 

■'  Bull.  66,  48.  Hyg.  Lab.,  V.  S.  Pub.  Health  &  Marine  Hosp.  Sen.-. .Wash. 

6  P Auger's.  142,  377-95  (1911). 
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means  for  separating  the  epinephrin  and  to  determine 
if  possible  the  i>est  method  for  its  purification.     It  is 
hardly   plausible  that   such  a  strong  vaso-constri 
substance  as  epinephrin  should  also  possess  a  strong 
iressanl  action. 

i  \ri  RIMBNTAL. 

The  materia]  for  part  of  this  investigation  was  ob- 
tained by  the  writer  during  the  summer  of  the  year 
i  u  i  o.  while  visiting  the  various  whaling  stations  in 
Newfoundland  and  Labrador.  A  fresh  supply  of  the 
suprarenal  glands  of  the  whale  was  received  from  the 
same  locality,  late  in  the  year  1911.  The  glands  were 
removed  from  the  whales  within  twenty-four  hours 
after  death.  Obtained  thus  under  these  conditions, 
they  were  fresh  and  were  easily  preserved.  Chloro- 
form was  used  as  the  preservative  and  on  account  of 
the  size  of  the  glands  they  were  cut  up  into  small 
pieces  Five  cc.  of  the  chloroform  were  added  to  one 
quart  of  the  material  and  the  jars  completely  filled, 
so  as  to  leave  the  minimum  amount  of  air  space  above 
the  glands.  The  majority  of  the  glands  preserved 
remained  in  good  condition,  which  was  partly  ac- 
complished by  keeping  them  in  a  cool  place. 

The  first  step  in  the  investigation  was  to  secure  the 
suprarenal  glands  from  cattle,  hogs  and  sheep  and 
separate  the  active  principle  from  these  glands  by 
Abel's  and  Takamine's  method.  The  epinephrin 
obtained  was  compared  with  respect  to  its  qualitative 
and  quantitative  properties  and  found  to  agree  in 
every  way.  Similar  tests  were  made  on  the  whale 
epinephrin  and  certain  peculiarities  were  noticed, 
more  especially  in  regard  to  the  quantitative  tests. 
Instead  of  obtaining  the  characteristic  rise  of  the  blood 
pressure  at  once,  there  was  a  fall  preceding  the  rise. 
The  suprarenal  glands  of  the  whale  contain  large 
quantities  of  phosphates  and  in  using  Takamine's 
method  for  extracting  the  epinephrin  from  the  glands, 
only  phosphates  were  obtained.  Abel's  method  also 
removed  more  phosphates  from  the  glands  than  it  did 
epinephrin.  This  was  probably  due  to  the  old  con- 
dition of  the  glands  and  not  unlikely  in  part  to  the 
preservative.  Some  of  the  jars  of  whale  glands  were 
preserved  and  sent  to  me  from  Newfoundland.  These 
glands  contained  as  much  as  100  cc.  of  chloroform  to 
the  jar.  The  glands  from  one  of  these  jars  were 
pressed  and  the  solution  made  distinctly  acid  with 
acetic  acid  (50  per  cent.)  and  boiled  for  about  one  hour 
on  a  water  bath.  This  coagulated  a  part  of  the  inert 
matter,  which  was  filtered  and  the  clear  filtrate  was 
evaporated  under  pressure  to  a  small  bulk  The 
residue  obtained  was  made  alkaline  with  ammonia 
and  epinephrin  immediately  separated  out.  This 
was  repurified  and  gave  the  first  good  yield  of  epin- 
ephrin from  the  glands  of  the  whale.  This  would 
indicate  that  epinephrin  is  not  present  in  the  glands 
as  a  free  base,  since  it  is  not  soluble  in  chloroform, 
but  that  it  is  a  constituent  of  a  more  complex  sub- 
stance1 which  is  probably  broken  down  by  the  acid 
used   in   the    process.      Experiments   are    now    in   pro- 

1  This  suggestion  was  made  by  Dr.  F.  W.  Bushong.  of  this  laboratory. 
Some  experimental  work  has  been  done  which  gives  evidence  of  the  exist- 
ence of  such  a  compound. 


gress.  to  determine,  if  possible,  the  form  oi  epinephrin 
111  the  glands.  This  led  to  further  investigation  into 
the  methods  for  separating  epinephrin  and  the  follow- 
ing  method   was  finally  devised: 

A  solution  containing  500  cc.  absolute  alcohol, 
50  cc.  chloroform  and  25  cc.  of  acetic  acid,  was  gradually 
added,  with  constant  shaking,  to  1000  grams  of  the 
finely  disintegrated  preserved  glands  of  the  whale. 
This  was  allowed  to  stand  over  night.  The  liquid  was 
pressed  from  the  glands,  made  distinctly  acid  with  an 
additional  25  cc.  of  acetic  acid  (50  per  cent.)  and 
brought  to  a  boil  on  a  water  bath,  to  coagulate  the 
protein  material.  The  precipitate  was  filtered  off 
and  600  cc.  of  a  clear  yellowish  filtrate  obtained. 
The  filtrate  was  concentrated  under  diminished 
pressure  to  60  cc.  This  residue  was  filtered  and  made 
distinctly  alkaline  with  strong  aqueous  ammonia 
whereupon  a  heavy  precipitate  of  epinephrin  formed. 
This  was  immediately  collected  on  a  filter  under 
pressure,  washed  thoroughly  with  water,  absolute 
alcohol  and  ether  and  dried  in  a  vacuum  over  sul- 
phuric acid.  The  yield  on  the  first  precipitation  was 
.2.1103  grams. 

The  residual  glands  were  treated  in  the  same  manner 
a  second  time,  except  that  the  solution  contained 
500  cc.  of  70  per  cent,  methyl  alcohol,  100  cc.  chloro- 
form and  25  cc.  acetic  acid.  This  second  precipita- 
tion gave  a  yield  of  0.36  gram  of  epinephrin. 

The  epinephrin  was  repurified  by  adding  20  cc.  of  a 
25  per  cent,  solution  of  acetic  acid,  containing  1  cc. 
of  sodium  sulphite,  to  2.0525  grams  of  the  impure 
epinephrin.  This  dissolved  the  base,  giving  a  brown 
solution.  The  solution  was  filtered  and  to  the  clear 
filtrate  ammonia  (sp.  gr.  0.950  was  added  until  the 
precipitation  was  complete.  The  epinephrin  formed 
as  a  heavy  white  fiocculent  precipitate.  This  was 
allowed  to  stand  in  a  cool  place  for  about  an  hour. 
The  precipitate  was  collected  on  a  filter  under  pressure, 
again  thoroughly  washed  with  water,  absolute  alcohol, 
ether,  and  dried  in  a  vacuum  over  sulphuric  acid. 
This  yielded  1.7680  grams.  The  second  precipita- 
tion of  0.36  gram  of  impure  epinephrin  was  recrystal- 
lized  by  the  same  method  and  gave  a  yield  of  0.3104 
gram  of  the  pure  base.  This  totaled  2.0784  grams  of 
pure,  almost  white,  crystalline  epinephrin  or  a  little 
better  than  0.2  of  1  per  cent,  yield  rom  the  moist 
glands.  The  loss  in  the  repurification  was  13.8  per 
cent.  This  method  could  hardly  be  called  quan- 
titative, yet  every  precaution  was  taken  to  prevent 
oxidation  and  loss  through  manipulation. 

The  same  method  was  used  for  extracting  epinephrin 
from  the  fresh  suprarenal  glands  of  cattle.  On  the 
first  precipitation  3.2225  grams  of  impure  epinephrin 
were  obtained  from  1000  grams  of  the  fresh  glands. 
This  contained  a  large  percentage  of  impurities, 
mostly  phosphates.  The  phosphates  obtained  in 
some  cases  were  0.1  per  cent,  of  the  moist  glands. 
Other  impurities  were  also  present,  as  will  be  pointed 
out  from  the  physiological  tests. 

The  whale  epinephrin  possesses  all  of  the  properties 
of  epinephrin,  such  as  giving  with  ferric  chloride  the 
emerald  green  color  which  quickly  turns  rose  red  on 
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standing  in  the  air,  the  rose-pink  color  with  iodine, 
reduction   of   ammonical   silver   nitrate   solution     and 

Fehling's  solution. 

Nitrogen  determinations  by  the  Kjeldahl  method 
showed  the  following  results: 

Product  Theoretical  requirements 

analyzed.  for  formula  C»Hi3N03. 

N  =  7.91  N  =  7.65 

The  polarimetric  reading  was  [a]2£  =  — 52.000. 
The  melting  point  was  212  °  C.  This  would  indicate 
that  the  whale  epinephrin  is  the  same  as  the  active 
principle  separated  from  the  glands  of  other  mammals. 

The  exact  yield  of  the  epinephrin  content  of  the 
whale  glands  is  hard  to  determine,  as  the  extractions 
were  made  from  the  glands  after  they  had  stood  from 
six  to  nine  months  The  best  yield  obtained  was 
0.2  of  1  per  cent,  of  the  moist  glands  and  these  glands 
were  in  exceptionally  good  condition.  Most  of  the 
determinations  show  about  0.15  per  cent.  Abel1 
has  described  a  method  which  is  said  to  give  a  yield 
of  0.3  per  cent,  from  the  fresh  cattle  glands,  and  it  is 
quite  possible  to  expect  a  like  yield  from  the  fresh 
glands  of  the  whale.  Several  tests  were  made  to  detect 
iodine  in  the  glands,  but  all  gave  negative  results. 

As  was  pointed  out  in  the  early  part  of  the  paper 
the  different  commercial  and  synthetic  preparations 
of  epinephrin  may  compare  very  favorably  in  all  the 
qualitative  tests  and  yet  the  quantitative  results  vary 
widely.     This  was  clearly  demonstrated  in  Schultz's2 


pressure  in  the  carotid  artery  produced  by  making 
the  injection  in  the  femoral  vein  of  an  anesthetized 
animal,  except  that  cats  were  used  in  place  of  dogs, 
and  no  curare  was  given  with  the  ether  anesthesia. 
The  only  advantage  to  be  gained  by  the  use  of  curare 
is  to  prevent  muscle  tremors,  but  this  could  hardly 
be  called  an  advantage,  since  curare  has  a  depressant 
action  which  might  interfere  with  the  action  of  the 
epinephrin.  By  very  carefully  administering  the 
ether  at  specified  times  and  between  each  injection,  a 
very  uniform  condition  of  anesthesia  could  be  main- 
tained and  the  animal  could  just  be  kept  in  a  state  of 
unconsciousness,  which  condition  seemed  to  be  favor- 
able for  the  best  results. 

The  epinephrin  used  for  these  physiological  tests 
was  carefully  prepared  and  the  degree  of  purity  was 
determined  by  testing  solutions  which  contained 
impurities  and  solutions  of  the  recrystallized  epin- 
ephrin. Several  different  methods  for  recrystallizing 
the  base  were  used.  The  solutions  were  not  made 
up  until  about  two  hours  before  the  experiments  were 
performed  and  then  they  were  prepared  from  the 
crystalline  product.  The  amount  of  base  necessary 
to  make  a  1  :  1000  solution  was  weighed  out  on  an 
analytical  balance  and  dissolved  in  Ringer's  solution, 
containing  the  calculated  amount  of  hydrochloric 
acid  necessary  to  dissolve  all  the  epinephrin.  This 
solution    was    then    diluted    to    the    desired    strength. 


Curve  I. 
Showing  change  in  blood-pressure  produced  by  an  intravenous  injection  of  1  cc.  of  1-10,000  parts  solution  of  commercial 
epinephrin.      Data  under  Table  IV,  Lab.  No.  I.     The  perpendicular  lines  in  the  curve  represent  the  heart  action  and  respiration; 

This  curve  shows  very  clearly  the  characteristic  after-depres- 


the  lower  line  is  used  as  a  base  line  and  to  determine  the  time. 
sion  obtained  by  the  use  of  impure  epinephrin. 

table  where  only  three  out  of  seven  brands  of  epinephrin 
were  found  to  compare  with  the  standard.  The  other 
solutions  varied  from  3.71  to  71  per  cent  of  the  required 
activity.  Thus,  after  making  sure  of  the  qualitative 
properties  of  the  whale  epinephrin,  every  precaution 
was  taken  to  obtain  the  best  quantitative  results. 
The  success  of  these  quantitative  results  was  due 
largely  to  the  valuable  cooperation  of  Mr.  Burket. 
Of  the  various  methods  investigated  and  tried,  the 
blood  pressure  proved  the  most  satisfactory.  The 
method  used  was  practically  the  same  as  that  described 
by  Schultz.3  which  indicates  the  change  of  the  blood 

1  Loc.  cit. 

2  Ibid. 

3  Bull.  55,  25,  Hyg.  Lab.,  U.  S*.  Pub.  Health  &  Marine  Serv.,  Wash. 


The  injections  were  usually  1  cc.  of  a  1—10,000  parts 
solution  of  the  base.  The  syringe  and  pipettes  used 
were  standardized. 

The  epinephrin  thus  prepared  from  the  whale  was 
compared  with  a  commercial  preparation  of  epinephrin 
obtained  directly  from  the  manufacturers  and  with 
commercial  solutions  of  epinephrin  placed  upon  the 
market. 

The  blood  pressure  experiments  were  made  in  con- 
nection with  some  experiments  Mr.  Burket  was  making 
on  the  influence  of  epinephrin  modified  by  various  salt 
solutions,  such  as  sodium  chloride,  potassium  chloride, 
barium  chloride,  salts  of  phosphorus  and  the  like,  on 
the  blood  pressure,  in  the  Physiology  Department  of 
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tin-    University.     The    results    of    his  'research 
appeal  in  the  American  Journal  0)  Physiology. 

The  blood   pressure  experiments  were  made  on   17 


el'-ar  filtrate  until  the  solution  smelled  distinctly  of 
ammonia,  at  which  point  the  precipitation  was  com- 
plete.    Tlic  precipitate  was  collected  on  a  filter  undi  r 


Curve  II. 
Showing  change  in  blood  pressure  produced  by  an  intraven  us  injection  of  1  cc.  of  1-50,000  parts  solution  of  commercial 
epiuephrin.     Data  under  Tabic  IV.  Lab.  No.  la.     The  depression  here  is  in  about  the  same  proportion  to  the  rise  as  is  that 
shown  in  Curve  I. 


cats,  but  the  data  from  only  a  few  of  the  typical 
experiments  will  be  given.  The  greater  part  of  this 
data  will  be  confined  to  the  active  principle  from  the 
whale  glands,  a  part  that  was  not  taken  up  in  detail 
by  Mr.  Burket.  Sufficient  data  will  be  taken  from  the 
commercial  preparations  to  show  the  difference  in 
action  between  the  pure  and  impure  product  of  both 
whale  and  cattle  epinephrin,  the  effect  of  oxidation 
on  a  solution  of  the  base  and  to  prove  the  quantitative 
properties  of  whale  epinephrin. 

In  all  but  one  of  the  injections  (see  Table  I)  the 
epinephrin  rise  was  followed  by  an  after- depression 
which  was  more  apparent  with  the  commercial  epine- 
phrin than  with  the  purer  product  obtained  from  the 
glands  of  the  whale  and  cattle. 

The  method  for  repurifying  the  epinephrin  used  in 
these  experiments  was  to  dissolve  the  base  in 
absolute  alcohol,  which  contained  a  small  percentage  of 


Tablf.  I. — Blood  Pressure  Experiment.  Feb.  21,  1912. 
Male  cat,  3.5  kilograms  weight.  Ether  anesthesia.  Record  of  the  change 
of  the  blood  pressure  in  the  carotid  artery.  Solutions  prepared  11.30 
A.M.  and  injected  into  the  femoral  veins:  5  milligrams  of  the  base  dis- 
solved in  5  cc.  of  Ringer's  solution,  acidulated  with  calculated  amount 
of  HC1  and  diluted  to  make  1-10,000  parts  solution  (base).  Amount 
injected,  1  cc. 


Solution  I-ab. 

injected.  No. 

Epinephrin: 

Commercial1  la 
Whale  "A"2  II 
Whale  "B"»  III 
Whale  "A"  Ho 
Commercial  IX 
Cattle4  X 

1  Commercial  crystalline  epinephrin  obtained  directly  from  the  manu- 
facturers. 

2  Recrystallized. 

3  Impure. 

4  This  epinephrin  was  prepared  by  the   same  method   used   to  prepare 
the  whale  epinephrin  and  was  repurified  the  same  as  Whale  "A"  epinephrin. 


Blooc 

i  press 

Dura- 

Time 

measured  by 

mer- 

Dura- 

tion 

of 

cury 

manometer. 

tion 

De- 

of  de- 

injec- 
tion. 

Before 

After. 

Rise 

of 

rise. 

pres- 

pression. 

P.M. 

Mm, 

Mm. 

Mm. 

Mm 

Sec. 

Mm. 

Min.  Sec. 

2.48 

170 

248 

78 

1 

10 

50 

1        30 

3.03 

160 

238 

78 

1 

45 

24 

.  .      30 

3.08 

156 

220 

64 

1 

30 

32 

1        30 

3.32 

160 

234 

74 

1 

28 

10 

3.54 

120 

196 

76 

2 

30 

1 

3.57 

132 

212 

80 

2 

none 

"^ 
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Curve  III. 
Showing  change  in  blood  pressure  produced  by  an  intravenous  injection  of  1  cc.  of  1-10,000  parts  solution  of  repurified  whale 
epinephrin.     Date  under  Table  IV,  Lab.  No.  11(15).     The  after-depression  is  entirely  eliminated. 

dilute  hydrochloric  acid.  The  organic,  inorganic  and  pressure  and  thoroughly  washed  with  water,  absolute 
protein  material  was  precipitated  by  adding  ether,  alcohol  and  ether.  It  was  dried  in  a  vacuum  over 
The  solution  was  filtered  and  ammonia  added  to  the      sulphuric  acid.     It  was  found  necessary  to  take  pre- 
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cautions  in  using  this  method,  as  the  addition  of  too 
strong  hydrochloric  acid  readily  decomposes  the  base. 
In  Table  lithe  after-depressions  are  as  characteristic 
as  the  rise  which  appeared  greater  with  the  com- 
mercial than  with  the  purer  epinephrin. 


1  cc.  injection  of  a  1-10,000  parts  solution  of  the  base 
compare  very  favorably  with  those  obtained  by 
Schultz.1 

Whale  epinephrin  "93"  (Table  III)  was  repurified  by 
dissolving   it   in   dilute  acetic  acid  containing  a    small 


•  •■•!.;..' **im       '     rr  CAS 
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Curve  IV. 
Showing  change  in  blood  pressure  produced  by  an  intravenous  injection 
whale  epinephrin.      Data  under  Table  IV.  Lab.  No.  Ila.      No  depression. 
Table  II. — Blood  Pressure  Experiment,  Feb.  24,   1912. 
Male  cat.     Approximate  weight,   3.5   kilograms.     Same  method  and  dilu- 
tions as  given  under  Table   I.     Solutions   were  prepared   by  9.40  A.M. 
Amount  injected,  1  cc. 

Blood  pressure 
Time     measured  by  mer-      Dura- 
of     cury  manometer.  tion 

iec-  Before.  After.  Rise,    of  rise. 


Df   1    cc.   of   1-50.000  parts  solution  of  repurified 


tion. 

A.M. 

10.28 
10.33 
10.37 
10.42 


10.54 
10.57 
11  .14 
11.17 
11.24 
11.43 
12.05 
12.24 


pres- 
.  sion. 


Dura- 
tion 
of  de- 
pression. 


Mm.    Mm.    Mm.  Min.     Sec.  Mm.     Min.   Sec. 


160 
156 
150 

146 

152 
150 
110 
116 
110 
110 


246 
268 
262 
244 

218 
258 
206 
216 
220 
198 


112 
112 


48 

10 
none 

34 
none 

42 


Solution        Lab. 
injected.        No. 
Epinephrin: 
Commercial  I 
Whale  "A"1  II 
Whale  "A"    Ila 
Whale  "B"2  III 
Commercial, 

1-1000  Sol.  VI 
Whale  VII 

Cattle3  VIII 

Cattle  VII1< 

Commercial  la 
Cattle  "A"4  X 
Whale  "B"   nio 
Whale  "A"    II(o) 

1  Repurified. 

2  Impure. 

3  Cattle  epinephrin  prepared  and  purified  in  the  same 
whale  epinephrin. 

4  Second  preparation  by  the  same  method. 

The  same  method  of  purification  was  used,  as  de- 
scribed under  Table  I.  The  increase  in  the  blood 
pressure  was  very  nearly  the  same  for  all  the  crystal- 
line   preparations    but    was    a    considerable    increase 

Table  III. — Blood  Pressure  Experiment,  April  27,   1912. 

Female   cat,     3  kilograms  weight.     Same   method   and   dilutions   as   given 

under  Table  I.     Solutions  prepared  at  9.00  a.m.     Amount  injected.   1  cc. 


100     208      108 


Time 
of 


Lab. 
No. 


injec- 
tion. 

A.M. 


Blood  pressure 
measured  by  mer- 
cury  manometer. 
Before.  After.  Rise. 


Mm. 


198 
192 


84 


Solution 

injected. 

Epinephrin: 

Commercial        la        10.10 
Whale  93'  2  10.15 

Whale  93  9  10  23 

Whale  "B"2     10  10.34 

Whale  "B"        3  10.52 

Whale  892  15        11.53  90        150         60       3 

1  Repurified. 

2  Impure. 

over    the    commercial    i-iooo    solution 
The    results   in   the   increase   in    blood 


Mm. 
130 


120 
100 


Dura- 
Dura-  tion 
tion          De-      of  de- 
of  rise.        pres-pression. 

Mm.  Min.  Sec.    Mm.  Min.  Sec. 


30 

1 

22 

3 

10 

1 

14 

2 

3(J 


of    the    base, 
pressure   for  a 


per  cent,  of  sodium  sulphite  and  reprecipitated  by 
adding  ammonia.  This  gave  an  almost  pure  white 
crystalline  product  as  distinguished  from  the  com- 
mercial preparation,  which  is  of  a  pinkish  color.  The 
polarimetric  measurement  was  [a]"  =  — 52.00°. 
This  epinephrin  failed  to  give  the  after-depression, 
which  occurred  with  the  injections  of  the  commercial 
and  impure  whale  epinephrin. 

As  can  be  seen  by  examining  the  table,  the  increase 
in  the  blood  pressure  lasted  for  a  longer  time  with  the 
pure  epinephrin  and  there  was  no  depression  as  char- 
acterized by  the  commercial  and  impure  compound. 
This  would  indicate  that  the  depression  is  due  to  spme 
impurity.  The  following  tables  contain  sufficient 
evidence  to  prove  that  the  after-effect  is  due  to  some 
foreign  substance  and  is  not  in  any  way  a  part  of  the 
epinephrin.  The  base  used  for  the  experiments  in 
Table  IV  was  repurified  three  times  by  the  method 

Table  IV. — Blood  Pressure  Experiment,  May  5,   1912. 

Female   cat.     Approximate   weight   3   kilograms.     Method   same   as  given 

under  Table  I.     The  solutions  were  prepared  at  1.30  o'clock  and  diluted 

to  make  1-10.000  (a)  and  1-50,000  (f>)  parts  solution  (basei.  _Amount 

injected,  1  cc. 

Blood  pressure 
Time    measured  by  mer;  Dura-  Duration 

of        cury  manometer,      tion        De-       of  de- 
injec- Before.  After.  Rise,  of  rise,     pres-    pression. 


Lab.   Dilu-  tion. 
No.      tion.    p.m. 


114 


Solution 

injected. 

_    .        ,    .            No.      tion.  p.m.  Mm. 
Epinephrin: 

Commercial  la  b  2.23  136 

Commercial   I  a  2.27  136 

Whale  "A"'  IV  a  2.40  120 

Whale  "A"    II  b  2.48  120 

Whale  "A"    Ila  b  3.01  130 

Whale  "B"2  III  a  3.06  120 

Whale  "A"    Ila.d  b  3.22  114 

Whale  "B"    Ilia  a  3.26  116 

Cattle  "A"3  IVo  b  3.37  120 

Whale  "A"    Ila,/  b  3.41  120 

Commercial   la, ft  h  3.43  126 

Whale  "A"    Ila.o  b  3  55  112 

Commercial   Io.fc  b  4.03  116 

Whale  "A"    11(15)  a  4.10  116     224        108        2      ..      n 

Commercial   \g  a  4    15  120     212          92        2      .. 

1  Repurified. 

2  Impure. 

3  Prepared  in  the  same  manner  as  the  whale  epinephrin. 
1  Loc.  cit. 


,  . .  sion. 

Mm.   Mm.  Min.  Sec.  Mm. 

180  44  .42  18 
228  92  2  .  .  34 
134 
164 


208 
166 
204 
178 
168 
178 
168 
174 
224 
212 


Min.  Sec. 
1   30 


15 
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Fable  ill  in  order  to  be  absolutely 
certain  ol  us  purity. 

The  only  depressions  obtained  were  by  injecting  the 
impure  whale  epinephrin  and  the  commercial  prepara- 
tion The  increase  in  the  blood  pressure  is  just  about 
the  same  with  the  commercial  preparations  as  with  the 
repurilied  compound.  However,  the  elTect  of  the  drug 
lasted  for  a  longer  time  with  the  pure  base.  These 
results  are  again  in  agreement  with  those  obtained  by 
Schultz. 

It  thus  becomes  evident  that  the  after-effect  so 
commonly  given  by  epinephrin  is  not  a  characteristic 
of  the  base  but  is  due  to  some  other  source.  The 
difference  between  the  pure  and  impure  epinephrin  in 
the  increase  of  the  blood  pressure  shows  this  depres- 
sant substance  to  be  of  a  vcrv  active  nature. 


I  ibi  1    V    -Amount  Injkcted,   1   cc. 

Blood  pressure  measured  by  a 

Mi  n  ury  manometer, 


stratum 
lution, 

Rise. 

1  1.  |,r. 

Rise. 

1  >•  pri 

Solution 

.ah 

Ilasc. 

Ringer. 

Apr.  27 

(Old.) 

Injected 

\., 

Cram. 

Cc. 

Mm. 

Mm. 

Mm. 

Mm 

Bpinephrin: 

Commercial 

la 

1 

10,000 

84 

30 

72 

50 

Whale  "93" 

2 

1 

10,000 

108 

86 

22 

Commercial 

Fresh,  May  5 

1 

1 

10.000 

92 

34 

Whale 

l'resli.  May  i 

IV 

1 

10,000 

114 

none 

ing  failed  to  increase  the  blood  pressure  to  the  same 
degree  as  a  fresh  solution  of  the  same  strength  of  the 
base.  The  same  solution  injected  into  an  anesthetized 
cat  eight  days  previous  possessed  a  stronger  vaso- 
constrictor   action    than    it    did    after   standing.     The 


v^?^ 


Curve  V. 
Showing  change  in  blood  pressure  produced  by  an  intravenous  injection  of   1  cc.  of   1-10,000  parts  solution  of  repurified 
cattle  epinephrin.      Data  under  Table  II.  Lab.  No.  Villa.     This  curve  is  of  the  recrystallized  cattle  epinephrin  separated  by  the 
same  method  as  that  used  in  obtaining  the  active  principle  from  the  glands  of  the  whale  and  is  identical  with  the  curve  produced 
by  the  whale  epinephrin. 


The  solutions  of  epinephrin  undergo  decomposition 
very  readily  and  in  most  cases  this  is  clearly  indicated 
by  the  color  changes.  A  deteriorated  solution  will 
first  become  pink,  then  red  and  finally  brown,  at 
which  point  a  precipitate  usually  is  formed.  It  has 
been  clearly  demonstrated  by  many  investigators  that 
solutions  having  reached  this  stage  are  worthless  for 
medicinal  purposes. 

A  few  experiments  have  been  made  to  determine 
the  effect  of  slightly  deteriorated  solutions.  Only 
part  of  the  solutions  prepared  for  the  physiological 
experiments  given  under  Table  III  were  used  for  mak- 
ing those  tests.  The  remaining  solutions  were  placed 
in  white  glass  bottles,  care  being  taken  to  see  that  the 
bottles  were  only  half  filled  by  the  solutions.  These 
were  placed  aside  for  one  week.  On  examination, 
they  all  showed  a  change  of  color,  which  was  more 
distinct  with  the  commercial  solution  than  with  those 
of  the  purer  epinephrin.  The  commercial  epinephrin 
had  changed  to  a  red  color,  while  the  purer  base  was 
of  a  faint  pink  color.  Physiological  tests  were  made 
of  these  solutions,  the  results  of  which  are  recorded 
in  Table  V. 

The  injection  of  a  solution  after  eight  days'  stand- 


increase  in  the  blood  pressure  by  an  injection  of 
epinephrin  varies  in  the  different  animals  and  this  is 
well  illustrated  in  experiments  of  Table  V,  in  which 
the  fresh  solution  of  epinephrin  caused  a  greater  in- 
crease in  the  blood  pressure  than  the  fresh  solutions 
injected  into  a  d  fferent  animal  eight  days  previous; 
thus  if  the  solutions  Nos.  la  and  2  in  Table  V  had  not 
deteriorated  on  standing  they  should  have  increased 
the  pressure  more  in  this  particular  case  than  they  did 
before,  but  as  denoted  by  the  results,  the  rise  in  the 
blood  pressure  fell  considerably  below  the  previous 
rise.  On  comparing  these  results  with  those  obtained 
by  Schultz,1  it  will  be  seen  that  they  substantiate  his 
work.  As  an  example,  he  found  that  an  injection  of  a 
1- 1 0.000  parts  solution  of  "epinephrin"2  prepared  on 
October  29th  gave  an  increase  of  106  mm.  in  the  blood 
pressure,  while  a  similar  solution  prepared  ten  days 
previous  increased  the  pressure  only  75  mm.  The 
results  showT  that  this  deterioration  was  just  the  same 
with  the  pure  and  mpure  product,  as  in  neither  case 
was  the  blood  pressure  increase  as  great  as  with  the 

1  hoc.  cit. 

2  Schultz  uses  the  name  adrenaline  instead  of  epinephrin  in  this  par- 
ticular case.  Adrenaline  is  often  used  in  the  chemical  literature  for  the 
active  principle  from  the  suprarenal  glands. 
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fresh  solutions  It  is  also  to  be  observed  that  the  after- 
depression  with  the  commercial  epinephrin  has  in- 
creased and  that  the  pure  epinephrin,  which  a  week 
previous  did  not  give  an  after-effect,  now  produces 
a  marked  depression.  It  is  quite  possible,  therefore, 
that  part  of  the  so-called  characteristic  depressant 
action  of  epinephrin  is  partly  due  to  the  decomposi- 
tion products  of  epinephrin  caused  by  oxidation,  and 
partly  due  to  the  impurities.  We  may  conclude, 
therefore,  that  the  impurities  present  in  an  epinephrin 
solution  perform  two  functions:  first,  their  presence 
alone  causes  the  epinephrin  to  give  an  after-depres- 
sion, and  second,  they  tend  to  accelerate  the  degree 
of  the  deterioration  of  a  solution. 

The  impurities  present  in  an  epinephrin  solution 
consist  largely  of  proteins,  lecithins  and  phosphates. 
In  order  to  get  a  control  and  to  see  whether  the  phos- 
phates, which  are  present  in  such  large  quantities  in 
the  glands  of  the  whale,  have  any  effect  on  the  blood 
pressure,  physiolog  cal  tests  were  made1  on  the  various 
salts  of  phosphorus  and  on  phosphoric  acid  alone  and 
in  solution  with  epinephrin.  These  showed  no  effect 
whatever  on  the  blood  pressure.  On  oxidation  and 
decomposition,  cholin,  or  some  other  substance  which 
is  antagonistic  to  epinephrin,  might  be  formed  in  small 
quantities. 

CONCLUSIONS. 

Epinephrin  is  present  in  the  suprarenal  glands  of 
the  whale  and  can  be  separated  from  the  glands  pre- 
served in  chloroform  after  standing  for  six  to  nine 
months.  The  highest  yield  obtained  was  0.2  per  cent, 
of  the  moist  glands  or  about  1.2  grams  from  each 
gland. 

If  the  epinephrin  is  very  carefully  purified  by  the 
method  described  under  Table  III  and  injected  in- 
travenously, it  gives  a  marked  increase  in  the  blood 
pressure  which  is  not  followed  by  a  depressant  action. 
This  so-called  depressant  property  of  epinephrin  is 
due  to  impurities  present  in  the  glands  and  to  decom- 
position products  which  are  formed  through  oxidation 
on  standing  for  a  short  time  in  aqueous  solution. 
The  commercial  epinephrin  shows  this  after-depres- 
sion. The  commercial  product  used  in  making  these 
comparisons  was  declared  by  Schultz  to  be  the  best 
preparation  placed  upon  the  market.  He  gave 
sufficient  evidence  to  show  that  it  increases  the  blood 
pressure  to  the  same  degree  as  a  much  purer  product, 
and  these  results  were  duplicated  in  the  data  presented 
in  this  paper.  However,  as  is  illustrated  from  these 
results,  the  increase  in  the  blood  pressure  alone  can- 
not be  used  as  an  index  of  purity  but  the  after-de- 
pression must  also  be  taken  into  consideration. 
This  is  illustrated  by  the  following  experiments. 
Table  VI  contains  an  average  change  in  the  blood 
Table  VI. 

Concentration        Blood  pressure  measured 
of  solution.  by  a  mercury  manometer. 

.  Amt.  . ' •  ■ ■ 

Solution  injected.         Base.        Ringer.  Rise.         Depression. 

injected.  Cc.  Gram.  Cc.  Mm.  Mm 

Epinephrin: 

Commercial  1  1  10,000  84  30 

Pure  1  1  10,000  108  none 

1  These  were  studied  by  Mr  Burke t  and  the  complete  results  will  be 
published  in  his  paper  in  the  Am.  J.  Phys. 


pressure  produced  by  injecting  i  cc.  of  a  1-10,000 
parts  solution  of  the  pure  and  impure  epinephrin  into 
a  3  kg.  cat.  This  epinephrin  was  obtained  both  from 
the  cattle  and  the  whale. 

The  following  table  contains  an  average  change  in 
the  blood  pressure  produced  by  inject  ng  i  cc.  of  a 
1-50,000  parts  solution  (base)  into  a  3  kg.  cat. 

Table  VII. 

Concentration     Blood  pressure  measured 
of  solution,      by  a  mercury  manometer. 


Solution 

injected. 

Base. 

Ringer. 

Rise. 

Depression. 

injected. 

Cc. 

Gram. 

Cc. 

Mm. 

Mm. 

Epinephrin: 

Commercial 

1 

1 

50,000 

55 

8 

Pure 

1 

1 

50,000 

58 

0 

Several  different  methods  were  used  to  detect  iodine 
in  the  glands  and  they  all  gave  negative  results. 

The  author  wishes  to  express  his  gratitude  to  Dr. 
Robert  Kennedy  Duncan,  Sc.D.,  for  his  helpful 
assistance  in  this  work. 
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THE  CHLORIDES   OF   CARBON   AS   SOLVENTS,    I:  CARBON 
TETRACHLORIDE.1 

By  Charles  Baskerville  and  H.  S.  Riederer. 

Received  June  22,  1912. 
INDUSTRIAL    CONSIDERATIONS. 

Serious  endeavors  have  been  made  to  introduce 
carbon  tetrachloride,  which  has  replaced  chloroform 
for  many  purposes,  as  a  substitute  for  benzine  in  indus- 
trial extraction  processes,  and  it  has,  in  fact,  been 
adopted  in  a  number  of  industries  with  excellent 
results.  For  such  a  purpose,  a  solvent,  to  be  of  indus- 
trial value,  should  satisfy  the  following  requirements:* 

i.  It  should  be  free  from  danger  of  inflammability 
and  explosion. 3  This  is,  as  is  well-known,  one  of  the 
principal  advantages  in  using  carbon  tetrachloride, 
and  renders  it  of  especial  importance  in  the  dyeing 
industry  and  in  cleaning  establishments.4  When  such 
a  non-inflammable  material  as  carbon  tetrachloride 
is  employed  as  a  solvent,  high  premiums  for  fire 
insurance  and  special  precautions  against  fire  are 
reduced. 

2.  It  should  be  a  uniform  chemical  compound  and 
not  a  mixture,  so  that  only  distillation,  and  not 
fractionation,  should  be  required  in  practice.  Carbon 
tetrachloride  complies  in  full  with  this  requirement. 

3.  It  should  be  completely  volatile  without  impart- 
ing any  odor  to  the  solute  or  extracted  material. 
It  has  been  found  that  bone  fat  produced  with  the  aid 
of  carbon  tetrachloride  is  of  superior  quality  to  that 

1  Read  before  the  New  York  Section  of  the  American  Chemical  Society, 
May  10,  1912. 

2  On  these  points,  see  Ganswindt,  Z.  angcic.  Oum.,  1899,  537. 

3  Carbon  tetrachloride  is  uninflammable  and  furnishes  no  explosive 
vapors.  On  the  flash  points  of  mixtures  of  carbon  tetrachloride  and  light 
petroleum,  see  Harrier,  This  Journal,  2,  16. 

1  A  number  of  processes  have  been  devised  for  rendering  carbon  tetra- 
chloride soluble  in  dilute  soap  solutions  and  for  rendering  it  soluble  in, 
or  emulsifiable  with,  water.  The  products  are  intended  for  use  in  cleansing 
textiles,  etc.  Sommerfeld  (Leipziycr  Father-  u.  Zettgdrucker-Zlg.,  47,  223) 
pointed  out  that  carbon  tetrachloride  could  be  used  for  removing  'grease 
stains,  and  that,  unlike  when  petroleum  spirit  was  used,  there  was  no  halo 
left  after  the  stain  had  disappeared.  Carbon  tetrachloride  has  been  sold 
as  a  grease  eradicator  for  some  time. 
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obtained  bj  means  of  petroleum  ether.  In  such  ex- 
traction processes,  the  favorable  results  obtained  are 
also  to  be  attributed,  in  part,  to  the  fact  that,  with 
rarlu.11  tetrachloride,  the  extraction  is  a1  a  lower 
temperature.1 

It   should  dissolve  fats,  resins,  and  oils  as  readily 
as  ben 

5.  It  should  not  freeze  at  the  average  winter  tem- 
perature Carbon  tetrachloride  freezes  at  — 24. 7  °  C. 
at  the  ordinary  pressure,  and  at  o°  C.  under  620 
atmospheres  pressure. 

6.  Its  vapors,  when  inhaled,  should  not  exert  any 
objectionable  physiological  action.  It  has  been  stated 
that  the  use  of  carbon  tetrachloride  is  objectionable 
from  a  hygienic  standpoint  ;■*  but  its  anesthetic  action 
has  been  investigated,  and,  notwithstanding  many 
statements  to  the  contrary,  carbon  tetrachloride  hasbeen 
found    to   be    quantitatively  less  active  than  benzine.* 

7.  Its  price  should  be  as  nearly  as  possible  that  of 
benzine.  Comparative  high  cost  has  been  the  principal 
handicap  of  carbon  tetrachloride. 

Other  worthy  advantages  of  carbon  tetrachloride 
than  those  given  above,  are:  It  has  a  lower  boiling 
point — namely,  78.1  °  C. — than  the  generally  employed 
petroleum  fractions  (7o°-i2o°  C.) ;  it  possesses  a 
specific  gravity  of  1.63,  and  therefore  shares  with 
carbon  disulphide  the  advantage  of  being  heavier 
than  water;  and  it  possesses  both  a  low  specific  heat 
(0.219  at  8o°  C.)  and  a  low  latent  heat  of  evaporation, 
in  consequence  of  which  its  use  effects  a  great  saving 
in  steam  and  cooling  water. 

It  has  been  indicated,  however,  that  these  advan- 
tages are  not  a  sufficient  set-off  against  the  comparative 
high  price  of  carbon  tetrachloride,  for,  in  the  extraction 
processes  by  the  aid  of  solvents,  the  volume  of  the 
solvent  and  not  its  weight  must  be  considered.5  It  is 
evident  that  for  the  same  volume  of  solvent  more  than 
twice  as  much  of  carbon  tetrachloride  by  weight  must 
be  used  as  of  petroleum  naphtha.6  The  loss,  expressed 
in  actual  money  value,  is  also  greater  than  in  the  case 
of  naphtha;  and  it  has  been  said  that  the  difference 
in    favor    of    carbon    tetrachloride    in    cooling  water 

1  On  this  point  see  Briicke,  Chem.  Rev.  Fett-  u.  Harz-ind.,  12,  100. 

2  Yon  Schwartz  ("Fire  and  Explosion  Risks,"  p.  256,  1904)  refers  to 
carbon  tetrachloride  as  "the  best  of  all  substitutes  for  benzine"  and  states 
that  it  "dissolves  fat  as  readily  as  benzine." 

3  Von  Schwartz,  ibid. 

4  Lehman,  Chem.-Zlg.,  1906,  330;  cf.,  however,  Goehrig,  J.  Soc.  Chem. 
hid.,  22,  1344. 

On  the  physiological  action  of  carbon  tetrachloride,  see  also  B.  and 
F.  Med.-Chir.  Rev.,  1867,  551;  Lancet,  June,  1867;  Richardson,  Sci.  Am. 
Suppl..  No.  515,  8227;  Bianchini,  Stazione  Sperimentale  Agraria  Italiana, 
37,  171  (1904);  Freyss,  Chem.-Zlg.,  1903,  1137;  Haller,  Ber.  ueber  die  Wei- 
tausstellung  in  Paris,  1900:  Morel.  Compt.  rend.,  84,  1460;  and  Regnauld, 
Idem.,  100,  1146. 

While  it  is  stated  that  carbon  tetrachloride  is  more  toxic  and  more 
irritating  to  the  mucous  membrane  of  the  trachea  and  bronchi  than  chloro- 
form (Francis  and  Fortescue-Brickdale,  "The  Chemical  Basis  of  Pharma- 
cology." 1908,  p.  97),  Cushny  states  that  its  heart  depressing  action  is  one- 
half  as  strong  as  that  of  chloroform,  and  Marshall  found  the  difference 
in  action  between  carbon  tetrachloride  and  chloroform  to  be  mainly  due  to 
physical  characteristics. 

Carbon  tetrachloride  has  been  used  by  hairdressers  to  clean  the  hair, 
and  a  case  of  accidental  poisoning,  owing  to  the  inhalation  of  the  vapor, 
has  been  reported  (Lancet,  1907,  i,  1725).  This  case  very  nearly  had  a 
fatal  termination. 

s  See  Zanker,  Leipziger  Farber-  u.  Zeugdrucker-Zlg.,  48,  237. 

6  In  washing  operations,  generally  speaking,  equal  volumes  have  to 
be  taken  for  comparison. 


required  for  condensing  the  vapors  is  too  small,  even 
;h  lower  insurance  premiums  be  considered,  to 
counterbalance  the  difference  in  cost  of  the  amounts 
of  solvents  employed.  Carbon  tetrachloride  also 
attacks  iron  and  copper,  especially  in  the  presence  of 
moisture,  so  that  it  is  necessary  to  use  lead-  or  tin- 
lined  extraction  apparatus,  just  as  in  the  case  of 
s-tetrachloro-ethane.' 

Pichon  and  Truchclut  have  pointed  out2  that  the 
use  of  carbon  tetrachloride  has  been  restricted  in  many 
industries  by  its  tendency  to  decompose,  with  the 
liberation  of  hydrogen  chloride,3  particularly  when 
mixed  with  light  petroleum.  They  claimed  a  method 
for  suppressing  this  decomposition,  depending  upon 
the  addition  of  from  1-5  per  cent,  of  oil  of  turpentine 
or  other  hydrocarbon  with  a  great  affinity  for  oxygen. 

Baskerville  and  Hamor*  find  that  while  pure  carbon 
tetrachloride  is  subject  to  oxidation,  carbonyl  chloride 
being  formed,  when  exposed  to  light  in  partially  filled 
colorless  glass  containers  for  long  periods,5  and  that 
this  decomposition  is  accelerated  by  the  presence  of 
hydrochloric  or  sulphuric  acid,  yet  the  oxidation  is 
much  slower  than  in  the  case  of  chloroform.  The 
small  amount  of  sulphur  or  carbon  disulphide,  or  both, 
present  in  commercial  carbon  tetrachloride  may  act 
as  a  preservative,  and  there  has  been  very  little  com- 
plaint among  consumers  about  the  decomposition  of 
the  solvent.  Carbon  tetrachloride  should  not,  of 
course,  be  used  in  the  presence  of  oxidizing  agents  or 
mineral  acids;  and  when  it  is  to  be  kept  for  some  time, 
should  be  stored  in  a  dark,  cool  place,  in  well  filled, 
or,  better  still,  totally  filled  containers. 

Notwithstanding  the  objections  which  have  been 
urged  against  the  employment  of  carbon  tetrachloride, 
it  has  admittedly  taken  a  place  as  an  industrial  solvent ; 
its  high  solvent  power  for  various  substances,  its 
uniformity,  non-inflammability  and  non-explosibility, 
have  particularly  impressed  certain  manufacturers, 
and  it  has  replaced  benzine  and  carbon  disulphide  in 
some  plants  where  risks  from  fire  or  explosion  are 
serious  considerations.  With  suitable  extraction  ap- 
paratus, the  losses  during  extraction  processes  should 
be  small  and  the  solvent  should  do  its  work  rapidly 
and  economically. 

■  '  Bolis  (Chem.-Ztg.,  30,  1117)  found  that  perfectly  dry  carbon  tetra- 
chloride might  be  boiled  in  cast-iron  vessels  and  would  exert  very  slight 
action  on  them;  but  that  if  moisture  was  present,  the  iron  was  very  sensibly 
attacked,  the  rate  of  attack  increasing  with  the  proportion  of  moisture. 
Briicke  (loc.  cit.)  reported  that  ordinary  iron  extraction  apparatus  was  quite 
unsuitable  for  carbon  tetrachloride. 

2  French  Patent,  402,235,  April  20'.  1909. 

3  Carbonyl  chloride  is  produced  by  the  action  of  powerful  oxidizing 
agents,  such  as,  for  example,  chromic  acid,  on  carbon  tetrachloride  (Schmidt, 
Pharm.  Chem.,  2,  148  (1896)).  Goldschmidt  reported  (Wien.  Ahad.  Ber., 
2,  Abl.  83,  736;  Ber.,  14,  927)  that  water  and  carbon  tetrachloride  form 
hydrogen  chloride  and  carbon  dioxide  at  high  temperatures. 

For  a  resum£  of  the  deportment  of  carbon  tetrachloride  with  various 
inorganic  and  organic  compounds,  see  Margosches,  Der  Telrachlorkohlen- 
stoff,  1906,  45-72;  and  on  the  pyrogenic  reactions  of  the  compound,  con- 
sult Regnault,  Ann.,  33,  310;  Ann.  chim.  pkys.,  [2]  71,  353;  Kolbe,  Ann., 
64,  147;  Basset,  Chem.  News,  20,  175;  Liideking,  Phil.  Mag.,  [5]  33,  521; 
Hodgkinson  and  Lowndes,  Chem.  Neus,  68,  187;  Lob,  Z.  Elektrochem., 
7,  903. 

*  Unpublished  investigation. 

6  The  exposures  were  made  for  one  year,  to  diffused  sunlight  and  at 
20°  C,  in  bottles  containing  varying  amounts  of  air. 

In  this  connection,  see  Baskerville  and  Hamor,  This  Journal.  4, 
No.  4,  287. 
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THE  SOLVENT  PROPERTIES  OF  CARBON  TETRACHLORIDE. 

With  regard  to  the  solvent  properties  of  carbon 
tetrachloride,  very  few  data  arte  available  with 
reference  to  pure  chemical  substances.  For  the  most 
part,  medicinal  preparations  have  alone  been  studied, 
and  these  are  all  very  sparingly  soluble.1  Inorganic 
salts  have  received  little  consideration;  and  while  such 
substances  as  acetic  acid,  bromine,  iodine,  and  carbon 
dioxide  have  been  investigated  as  to  their  distribution 
in  the  system  water-carbon  tetrachloride,  yet  the 
results  give  no  indication  of  the  actual  solubility  of 
these  in  carbon  tetrachloride. 

The  solution  of  gums,  resins,  natural  pitches,  as- 
phalts, etc.,  in  carbon  tetrachloride  has  been  reported,2 
but  the  results  have  received  only  partial  confirmation, 
—in  fact,  many  of  the  statements  relating  thereto 
are  conflicting.  Gum  mastic,  for  example,  has  been 
reported  to  be  both  soluble  and  insoluble  in  hot  carbon 
tetrachloride,  while,  as  a  matter  of  fact,  it  is  completely 
soluble  at  +200  C.  Andes3  reported  on  gums,  resins, 
etc.,  insoluble,  partly  soluble,. and  soluble,  which  might 
be  more  easily  dissolved  by  admixture  of  other  sol- 
vents, as  alcohol,  turpentine,  and  the  like,  for  pro- 
ducing varnishes. 

Carbon  tetrachloride  has  been  used  for  extracting 
fats,"  oils,s  waxes,6  asphalt,7  resins,8  dyes,9  alkaloids,10 
and  for  dissolving  caoutchouc;11  but  in  the  published 
accounts  of  these  applications  no  mention  of  quanti- 
tative data  is  made. 

This  investigation  was  undertaken  with  the  following 
ideas  in  mind: 

1.  To  learn  if  the  chlorides  of  carbon  would  answer 
the  purposes  of  some  of  the  solvents  used  at  present 
on  a  large  scale  commercially  or  as  analytical  reagents. 

2.  To  determine,  provided  they  proved  commercially 
desirable,  if  they  supplied  a  less  hazard  to  life  in  their 
use. 

3.  To  learn  if  some  means  might  be  devised  whereby 
these  solvents,  some  already  proven  of  value  in  specific 
cases,  both  as  to  hygiene  and  efficiency,  could  be  pro- 

1  See  appended  Tables. 

2  In,  for  example,  Xeueste  Erfcnd.  u.  Erjahrungen,  1896,  3. 

3  Chem.  Rev.  Fett-  u.  Harz-lnd.,  12,  157  (1905). 

*  On  the  determination  of  fat  in  food  materials,  see  Bryant.  J.  Am. 
Chem.  Soc,  1904,  568.  iMention  has  already  been  made  of  carbon  tetra- 
chloride as  a  fat  solvent. 

5  E.  g.,  in  the  determination  of  oil  in  cottonseed  products  (Herty. 
Smith,  and  Orr,  This  Journal,  1,  No.  2). 

8  In  the  analysis  of  paraffin,  Graefe.  Chem.  Rev.  Felt-  u.  Harz-lnd., 
1906,  30.  In  German  Patent,  179,449,  January  3,  1902,  fat  or  wax  is 
extracted  from  moist  substances  by  using,  among  other  solvents,  carbon 
tetrachloride;  and  in  English  Patent,  741,  January  13,  1908,  to  moderate 
the  chlorination  reaction  on  resins,  gums,  wax,  fats,  oils,  etc.,  these  are 
dissolved  in  carbon  tetrachloride. 

7  See  Richardson  and  Forrest,  J.  Soc.  Chem.  Ind.,  24,  310. 

8  On  carbon  tetrachloride  as  a  paint  or  varnish  diluent,  see  Le  Roy, 
Rev.  Chim.  Ind.,  11,  173.  Le  Roy  gave  the  advantages  as  follows:  dimin- 
ished inflammability,  less  tendency  for  the  pigment  to  deposit  on  keeping, 
freedom  from  solidification  or  resinification  during  storage,  brilliant  strong 
films,  and  excellent  drying  power. 

In  U.  S.  Patent,  817,141,  April  3,  1906,  to  Ellis,  carbon  tetrachloride 
in  combination  with  wax,  alcohol,  and  amyl  acetate  is  claimed  as  a  paint 
and  varnish  remover. 

9  In  the  determination  of  dyes  in  confectionery,  Pintte  and  Benti- 
voglio,  Gazz.  chim.  Hal.,  1906,  ii,  385.  On  the  solution  of  fatty  color 
lakes  in  carbon  tetrachloride,  see  Sommerfeld,  he.  cit. 

10  See  Schindelmeiser,  Chem.-Zlg..  1901,  129. 

11  In  the  preparation  of  an  antiseptic  rubber  solution  for  clinical  use, 
Wederhake,  Med.  Klin.,  1908,  1302. 


duccd  at    a    less    or   at    least    more    reasonable    price. 

This    communication    presents    some    new   data    on 

carbon  tetrachloride  as  a  commercial  solvent.     Other 

phases  of  the  topic  will  be  presented  in  later  papers. 

EXPERIMENTAL. 

In  the  experimental  determinations  of  the  solvent 
properties  of  carbon  tetrachloride,  commercial  carbon 
tetrachloride,  99.70  per  cent,  pure,  was  used.1  All 
determinations  were  made  at  room  temperature, 
which  varied  from  2o°-2i°  C. — an  amply  close  range 
for  the  work.  The  solvent  with  an  excess  of  the  solute3 
was  placed  in  a  glass-stoppered  flask  of  suitable  size 
and  occasionally  agitated  at  room  temperature  until  a 
saturated  solution  was  obtained;  the  solution  was  then 
filtered  as  rapidly  as  possible  into  a  covered  tarred 
dish,  and  weighed;  and  finally  it  wa»  evaporated  at 
60  °  C.  and  the  residue  weighed.  Viscous  solutions 
were  filtered  by  forcing  them  through  absorbent 
cotton  by  the  aid  of  compressed  air.  In  the  case  of 
volatile  solids  such  as  camphor,  it  was  found  that  these 
could  be  examined  most  easily  by  weighing  an  amount 
of  solvent  in  a  small  ground-glass-stoppered  weighing 
flask  and  then  adding  small  quantities  of  solute  until 
saturation  was  reached;  the  weight  of  the  solution 
obtained  in  this  manner  gave  the  weight  of  actual 
solute.  The  results  obtained  by  the  authors  during 
the  course  of  an  investigation  of  the  solvent  action 
of  carbon  tetrachloride  on  various  substances  are  given 
below. 

ASPHALTS,  BITUMENS,  ETC. — This  class  of  natural 
and  artificial  products  includes  many  which 
differ  from  each  other  in  a  variety  of  reactions,  based 
mainly,  however,  on  their  solubility  or  insolubility  in 
various  solvents.  Carbon  tetrachloride  has  been 
employed  in  connection  therewith  principally  for 
analytical  purposes. 

Richardson  and  Forrest3  have  called  attention  to 
the  use  of  carbon  tetrachloride  as  a  solvent  for  differ- 
entiating between  bitumens.  Some  of  these  are  soluble 
in  carbon  disulphide  and  insoluble  in  carbon  tetra- 
chloride, and  the  quantities  of  such  "carbenes"4 
present  give  an  indication  of  the  weathering  or  exces- 
sive heating,  or  both,  to  which  a  natural  asphalt  has 
been  subjected. 

Gilsonite  is  almost  completely  soluble  in  carbon 
tetrachloride.     It     is     the     purest     natural     bitumen 

!  The  caibon  tetrachloride  used  in  this  investigation  was  generously 
supplied  by  The  Dow  Chemical  Company,  of  Midland,  Mich. 

2  All  of  the  samples  of  commercial  products  used  in  the  work  were 
obtained  from  reliable  concerns.  The  authors  are  grateful  for  the  as- 
sistance which  was  rendered  by  a  number  of  houses  in  securing  correct 
samples  with  their  true  designations,  and  are  particularly  appreciative 
of  the  following  presentations: 

Graded  varieties  of  Arabic,  Senegal,  Indian  and  Tragacanth  gums 
from  Thurston  and  Braidich. 

Animal  and  vegetable  oils  from  Mr.  Henry  A.  Gardner. 

A  very  fine  collection  of  commercial  shellacs,  also  some  natural  and 
artificial  bitumens  from  John  R.  Anderson  and  Company. 

Vegetable  and  mineral  waxes  from  Mr.  D.  Steengrafe. 

All  grades  of  commercial  rosin  from  A  to  WW  from  George  L.  Hammond 
and  Company. 

Cellulose  nitrate  and  cellulose  acetate  from  The  Arlington  Company. 

The  other  samples  used  were  purchased  in  the  open  market. 

3  Loc.  cit. 

4  Richardson.  "The  Modern  Asphalt  Pavement,"   1st  Ed.,  p.   120. 
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(99.5  per  cent,  pure)  and  absorbs  carbon  tetrachloride, 
being  miscible  in  all  proportions. 

Grahamitt,  while  an  almost  pun-  bitumen,  is,  unlike 
gilsonite,  almost  entirely  insoluble  in  62  °  naphtha  and 
is  55-80.6  per  cent,  insoluble  in  carbon  tetrachloride. ' 
[Ibertite  is  partly  soluble  in  carbon  tetrachloride. 

Oil  asphalt  and  Refined  bitumens  are  from  99.0- 
99.9  per  cent,  soluble  in  carbon  tetrachloride. 

Andes-'  states  that  Syrian  asphalt  and  probably  all 
others  are  soluble  in  carbon  tetrachloride. 

Other  solid  bitumens  and  their  deportment  with 
carbon  tetrachloride  are:  Wurtzilite  (elaterite,  tab- 
byite,  aconite,  aegerite),  slightly  soluble;  Wiedgerite 
("mineral  liver"),  soluble;  and  Impsonite,  partly  solu- 
ble.3    Ozokerite  is  considered  among  the  waxes. 

CELLULOSE,  ACETATES  AND  NITRATES.— hike 
chloroform  carbon  tetrachloride  is  a  Pyroxylin 
nonsolvent;  it  dissolves  camphor,  but,  unlike  chloro- 
form, does  not  dissolve  the  cellulose  acetates.  The 
results  of  the  determinations  of  the  authors  show  that 
the  cellulose  nitrates  (11.32  and  12.63  Per  cent,  nitro- 
gen) and  cellulose  acetates  (three  varieties),  as  well  as 
Celluloid,  are  insoluble  in  carbon  tetrachloride  at  20  °  C. 

It  may  be  noted  here  that  the  authors  found  that 
100  g.  of  carbon  tetrachloride  would  dissolve  125  g.  of 
camphor  at  20  °  C. 

RUBBER. — While  carbon  tetrachloride  is  a  recog- 
nized solvent  for  rubber,  no  figures  on  its  solubility  can 
be  determined  with  our  present  knowledge  and  methods. 
Like  oils,  waxes  and  fats,  rubber  will  absorb  or  dissolve 
considerable  quantities  of  carbon  tetrachloride  without 
assuming  a  liquid  state.  Furthermore,  the  amount 
of  solvent  necessary  to  produce  a  solution  of  definite 
viscosity  varies  with  the  same  grade  of  rubber;  for 
example,  a  rubber  which  has  been  masticated  very 
much  will  form  a  more  liquid  solution  than  one  which 
has  not  been  worked  in  this  way.  The  many  grades  of 
rubber  which  come  into  the  markets  all  deport  more  or 
less  differently,  aside  from  the  variations  in  each  grade 
due  to  mechanical  treatment;  and  besides,  the  moisture 
content  of  two  samples  masticated  to  the  same  extent, 
but  dried  differently,  will  also  affect  the  character  of 
the  solution. 

In  the  experiments  conducted  by  the  authors,  the 
following  grades  of  rubber  were  tried:  Up-river  pure 
para,  guayule,  pale  Ceylon  crep,  dark  Ceylon  crep, 
equateur,  and  pontianac.  It  was  found  that  25  g.  of 
the  better  grades  (all  except  guayule  and  pontianac) 
would  easily  dissolve  200  g.  of  carbon  tetrachloride, 
and  much  more  carbon  tetrachloride  was  necessary 
to  obtain  a  flowing  solution.  It  may  be  noted  here 
that,  according  to  Woudstra,4  caoutchouc  is  a  true  colloid 
and  the  viscosity  of  its  solutions  decreases  with  standing. 

The  use  of  carbon  tetrachloride  in  the  purification 
of  caoutchouc  has  been  claimed  in  French  Patent  404,307, 
June  22,  1909,  of  the   General   Caoutchouc   Co.,    Ltd.3 

1  Richardson,  Ibid. 

2  Loc.  cit. 

3  See  "Mineral  Resources  of  the  United  States."  1910,  ii,  836. 

4  Z.  Chem.  Ind.  Kolloide.  5,  31  (1909V 

5  The  process  is  for  the  purification  of  a  caoutchouc  by  rendering  it 
viscous  with  carbon  disulphide  or  carbon  tetrachloride,  then  treating 
with  a  solvent  which  will  extract  resin,  but  which  will  not  dissolve  caout- 
chouc. 


ILCOHOl  GUMS  <)i  the  gums  of  this  class, 
mastic,  sandarac,  and  Bed  accroides  were  tried. 
Accroidr\  showed  no  solubility  in  carbon  tetrachloride 

Samlarac  was  found  by  Comgnier'  to  be  7.7-79  per 
cent,  insoluble  in  carbon  tetrachloride,  while  Andes" 
reported  that  it  was  insoluble,  but,  like  yellow  ac- 
croides and  mastic,  dissolved  on  adding  small  amounts 
of  alcohol  or  turpentine.  The  authors  found  that 
sandarac  is  partly  soluble  in  carbon  tetrachloride, 
although  no  attempt  was  made  to  ascertain  the  pro- 
portion. Boiling  a  small  amount  of  sandarac  with  a 
large  excess  of  carbon  tetrachloride  did  not  effect 
complete  solution;  but  the  soluble  portion  yielded, 
on  evaporation,  a  light  yellow  resinous  mass,  clear  and 
brittle. 

Notwithstanding  the  findings  of  Andes,  experiments 
showed  that  mastic  dissolves  completely  in  carbon 
tetrachloride  at  20  °  C,  forming  a  light  yellow,  very 
viscous  solution.  However,  a  true  solubility  can 
hardly  be  spoken  of,  owing  to  mutual  solubility. 
Filtration  was  effected  through  cotton  with  com- 
pressed air;  and  on  evaporating  the  'viscous  solution 
at  60  °  C,  no  constant  weight  was  obtained  even  after 
300  hours:  decomposition  had  set  in,  although  mastic 
alone  is  unaffected  under  the  same  conditions. 

COPAL  GUMS. — Margosches3  has  stated  that 
melted  Zanzibar  Copal,  and  probably  all  other  melted 
copals,  are  soluble  in  carbon  tetrachloride.  Andes4 
reported  that  hard  Manila  copal  is  insoluble,  swells  in 
the  solvent  when  in  a  fine  powder,  but  is  completely 
soluble  upon  the  addition  of  a  small  amount  of  alco- 
hol or  turpentine. 

The  authors  find  that  the  natural  copals  act  differ- 
ently according  to  their  origin,  but  that  they  are  all 
partly  soluble  at  20  °  C. ;  heating  does  not  assist  solu- 
tion, the  gums  partly  melting  and  decomposing  even 
before  all  the  carbon  tetrachloride  is  expelled.  In 
the  experiments  made,  the  ground  copals  were  agitated 
with  carbon  tetrachloride. 

Zanzibar  copal  is  slightly  soluble  in  carbon  tetra- 
chloride and  the  insoluble  portion  has  a  very  slight 
tendency  to  gum  together  (swelling). 

The  Manila  copals  exhibit  this  gumming  or  swelling 
to  a  marked  degree,  all  the  fine  particles  adhering  and 
forming  a  soft  film  on  the  solution,  which  film  may  be 
pulled,  although  it  possesses  no  elasticity;  i.  e.,  it  does 
not  return  to  its  original  shape  as  happens  with  rubber. 

The  Congo  copals  deport  similarly  to  Manila  copal, 
while  Pontianac  copal  has  much  similarity  to  Zanzibar 
copal. 

Sierra  Leon  a  copal  swells  up  and  gums  much  more 
than  the  above  mentioned,  and  is  partly  soluble. 

Brazilian  copal  is  partly  soluble  without  gumming, 
while  Brazil  gum  copal  in  small  fragments  swells  in 
the  solvent. 

DAMAR  GUM. — This  gum  is  completely  soluble  in 
carbon  tetrachloride,  giving  a  turbid  solution  which 
clears  up  on  adding  95  per  cent,  alcohol  or  on  warming. 

1  Bull.  soc.  chim.,  27,  549  (1902). 

2  Loc.  cit. 

3  "Der  Tetrachlorkohlenstoff,"  Vol.  10,  Sammlung  Chem.  u.  Chem- 
tech.  Vortraege.  1905,  p.  99. 

4  Loc.  cit. 
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The  solution  filters  easily.  On  evaporating  the  sol- 
vent at  60  °  C,  some  decomposition  seems  to  occur, 
as  shown  by  a  darkening  of  the  gum.  Evaporation 
to  constant  weight  showed  that  100  g.  of  carbon  tetra- 
chloride dissolve  7.13  g.- Batavia  damar  at  20°  C. 

KAURI  GUM. — Several  samples,  ranging  in  quality 
from  the  finest  to  the  most  ordinary  Kauri  gum,  were 
powdered  and  then  treated  with  carbon  tetrachloride. 
After  standing,  with  occasional  agitation,  for  several 
days,  it  was  found  that  the  gum  was  attacked  to  a 
certain  extent,  although  not  uniformly.  Cofngnier1 
has  made  an  extensive  study  of  Kauri  gum.  He 
found  that  brown  hard  Kauri  gum  gave  a  yellow 
solution  and  dark  brown  residue ;  that  bush  Kauri  gum 
swelled  and  left  a  dark  brown  residue;  and  that  bush- 
gathered  gum  afforded  a  pale  yellow  carbon  tetra- 
chloride solution  and  a  dark  brown  residue.  His 
results  are,  while  interesting,  of  doubtful  value;  for 
the  raw  material  is  of  variable  character,  probably 
between  wide  limits,  and  the  components  have  yet  to 
receive  careful  study.  Some  of  these  components 
deport  differently  from  others,  and  although  two 
samples  of  gum  may  have  the  same  trade  grading, 
yet  their  chemical  and  physical  reactions  may  differ 
widely. 

WATER  CAMS.-  Samples  of  different  grades  of 
aleppo,  Turkey  and  Persian  gum  tragacantk,  Indian 
gum,  gum  Senegal,  and  gum  arabic  were  treated  with 
carbon  tetrachloride.  After  standing  for  several  days, 
with  agitation,  50-70  g.  of  the  solution  were  filtered 
and  evaporated.  The  residue  in  all  cases  amounted 
to  but  a  trace;  consequently,  this  class  of  gum  shows 
practically  no  solubility  in  carbon  tetrachloride. 
After  treatment  with  carbon  tetrachloride,  the  gums 
did  not  exhibit  any  apparent  physical  change. 

SHELLAC. — Andes1  reported  that  shellac  is  in- 
soluble in  carbon  tetrachloride,  but  that  it  is  soluble 
in  a  mixture  of  70  g.  carbon  tetrachloride  and  30  g. 
25  per  cent,  alcohol.  Experiments  by  the  authors  on 
four  samples — Superfine  Quality,  7'.Y  Quality  Native 
Shellac,  A.  C.  Garnet  Shellac,  and  Refuse  Lac — confirm 
the  work  of  Andes. 

The  authors  found  that  the  superfine  gave  a  negligi- 
ble extract  residue;  that  the  TN  native  gave  0.2  per 
cent,  residue  from  the  solution,  this  residue  being 
slightly  turbid  and  brittle;  that  the  .4.  C.  garnet  gave 
0.2  per  cent,  residue,  this  consisting  of  a  transparent 
non-brittle  wax-like  substance;  and  that  refuse  lac 
gave  0.2  per  cent,  residue  also,  this  being  very  similar 
to  shellac  wax. 

ROSIN. — Rosin  6f  four  different  commercial  grades 
was  treated  with  carbon  tetrachloride,  and  apparently 
a  true  solution  resulted.  This  solution  was  difficult 
to  handle,  being  exceedingly  viscous;  to  remove 
undissolved  rosin  and  grit,  the  solution  was  forced  with 
compressed  air  through  absorbent  cotton  into  a  tared 
dish.  Evaporation,  made  at  60 °  C,  was  very  slow. 
Even  after  heating  for  over  350  hours  at  60 °  C,  the 
filtered  solutions  did  not  attain  a  constant  weight;  a 
blank  showed   only   very   slight    losses  under  the  same 


conditions.  Other  experiments  seemed  to  show  that 
not  only  does  rosin  dissolve  in  carbon  tetrachloride, 
but  that  carbon  tetrachloride  also  dissolves  in  rosin; 
furthermore,  that  a  small  amount  of  carbon  tetrachlo- 
ride with  rosin  gives  a  solid  solution.  Under  such 
conditions,  it  is,  of  course,  impossible  to  supply  exact 
data  as  to  the  actual  amount  of  rosin  soluble  in  carbon 
tetrachloride. 

The   experimental    results   of   the   authors    seem    to 
indicate    that    the    depth    of   color   of    a    carbon    ten. 
chloride  solution  of  rosin  may  be  employed  to  fix  the 
grade  of  the  sample. 

PINE  OIL. — Crude  pine  oil  was  found  to  mix  in  all 
proportions  with  carbon  tetrachloride  with,  however, 
the  formation  of  a  white  precipitate.  Very  small 
amounts  of  carbon  tetrachloride  were  found  to  give 
no  visible  precipitate,  and  it  was  found  that  the  pro- 
duction of  a  turbidity  or  white  precipitate  was  due  to 
the  presence  of  water  in  the  pine  oil. 

Fractional  distillation  products,  refined  and  decol- 
orized, were  also  available;  these  were:  156°—  16'S'0', 
i65°-i77°,  and  i77°-i95°C.  None  showed  any 
precipitate  with  carbon  tetrach'oride  and  all  mixed 
perfectly  in  all  proportions. 

WAXES. — The  following  waxes  were  treated  with 
carbon  tetrachloride:  flora  carnauba  wax  and  No.  3 
ceara  carnauba  wax,  Japan  wax,  pure  ozokerite, 
candellila  wax,  montan  wax,  yellow  Cuban  beeswax, 
bayberry  wax,  shellac  wax  (m.  p.  750  C),  paraf- 
fin wax  refined  (m.  p.   1200  C). 

All  of  these  absorb  carbon  tetrachloride  at  20  °  C. ; 
and,  according  to  the  amount  of  this  solvent  used,  the 
resulting  mass  will  be  more  or  less  solid  or  semi-fluid. 
Ozokerite  shows  this  most  plainly,  forming  a  homo- 
geneous product  in  all  proportions  with  carbon  tetra- 
chloride. 

The  carnauba  waxes  appear  to  be  a  distinct  mixture 
of  substances  of  different  properties.  The  addition 
of  a  small  amount  of  carbon  tetrachloride  softens  the 
whole  mass  and  further  additions  will  finally  give  two 
layers  on  standing,  the  upper  layer  carrying  the  in- 
soluble portion  of  the  wax  as  a  bulky  flocculent  mass, 
while  the  lower  is  very  fluid. 

Beeswax  acts  like  carnauba  wax,  except  that  a 
liquid  portion  can  be  separated  from  the  semi-solid 
residue  without  having  it  all  suspended  in  the  solution. 
It  is  interesting  to  note  that  the  liquid  portion  carries 
the  coloring  matter,  while  the  residuum  is  nearly 
white.  Upon  melting  the  latter  on  water,  a  product 
is  obtained  which  hardly  differs  from  the  original 
wax,  except  that  the  color  is  gone,  also  some  of  the 
characteristic  odor,  and  the  product  may  be  slightly 
harder. 

Japan  wax  absorbs  carbon  tetrachloride  more 
readily  than  the  others  above  mentioned,  forming  at 
first  a  turbid  semi-fluid  mass.  Upon  the  addition,  of 
more  carbon  tetrachloride,  the  fluidity  increases,  and 
finally  a  perfectly  clear  solution  is  obtained,  although 
this  point  can  not  be  sharply  defined  since  the  colorless 
particles  in  suspension  which  form  the  turbidity  can- 
riot  be  seen  when  the  point  of  complete  solution  is 
approached.'  A    portion    of    the   turbid  solution  was 
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filtered    and    evaporated,    and    the    solubility    figures 
in  ioo  g.  of  carbon  tetrachloride  at  jo°  C    were 
obtained 

Montan   tva*   acts   similarly  to   carnauba  wax,  and 

the  suspended  wax  is  so  sticky  that  it  will  totally 
obstruct  any  Biter  almost  immediately.     The  addition 

of  more  solvent  to  permit  of  liltration  would  introduce 
the  question  as  to  whether  the  solution  would  then  he 
saturated,    and   no   practical    method    <>f   determining 

this  is  known  to  the  authors.  The  addition  of  a  large 
excess  of  solvent  leaves  two  layers  on  standing — a  tur- 
bid solution  below  and  the  insoluble  portion  of  the  wax. 

t  on  i  i      Tm  Soi  inn  itv  of  Various  Inorganic  Subst  ki  is  in  Carbon 
Tetrachloride. 

Solubility 

in  ioo  k       Tempera- 
Substance,  solvent.  tun-  Authority. 

Chlorine1..  10. S  0°  Dow  Chemical  Co. 

Chlorine  7  4  15°  Dow  Chemical  Co. 

Chlorine 5.56  25°  Dow  Chemical  Co. 

Chlorine  3.02  40°  Dow  Chemical  Co. 

Chlorine  l    17  55°  Dow  Chemical  Co 

Chlorine 0.81  65°  Dow  Chemical  Co. 

Iodine 3.033  25°  Jakowkiq,  Z.  phys.  Chtm., 

18,  590  (1895  1. 

Sulphur 0  717  20°  The  authors 

Mercuric  chloride 0.002         18°-20°  Sulc.  7.    anorg.  Chtm.,  36, 

401. 

Mercuric  iodide 0.006  18°-20°  Sulc.  Ibul. 

0.094  75°.  1).  p. 

Mercuric  cyanide 0  001  18°-20°  Sulc,  Ibid. 

Stannic  iodide 100  g.  sol.  (density  1.59)    McDermott.  /.  Am.  Chan. 

at  22.4  "contain  5.25  g.        Soc.  33,  1963  (191U. 

Stannic  iodide 100  g.  sol.  (density  1.63)    McDermott.  Ibid. 

at  50°  contain  8.21  g. 
1  The  use  of  a  solution  of  chlorine  in  carbon  tetrachloride  in  analytical 
chemistry'  is  being  investigated  in  this  laboratory  by  Dr.  L.  J.  Curtman 

It  would  seem  that  montan  wax  is  undoubtedly  a  mix- 
ture of  several  components  which  differ  materially  from 
each  other  in  their  properties. 

Candelilla  wax. — What  has  just  been  said  of  montan 
wax  applies  equally  well  to  candelilla  wax. 

All  the  above-mentioned  waxes  dissolve  completely 
and  easily  in  carbon  tetrachloride  at  or  near  its  boiling 
point,  although  the  solutions  may  show  a  slight  tur- 
bidity depending  upon  the  amount  of  solvent  present. 
A  very  small  amount  of  carbon  tetrachloride  intro- 
duced into  the  melted  wax  dissolves  completely. 
Accordingly,   it  may  be  said  that  waxes  are  partially 

Table  II. — The  Solubility  of  Naphthalene  in  Carbon  Tetrachloride. 

Solubility  in  Tempera- 

100  g.  solvent.  ture.              Authority. 

9  0  0°       Schroeder.  Z.  phys.  Chtm.,  11,  457  (1893). 

14.0  10°       Schroeder.  Ibid. 

20  0  20° 

23.0  25" 

26  5  30° 

35.5  40° 

47   5  50° 

62.5  60° 

80  8  70° 

soluble  in  cold  carbon  tetrachloride,  completely  soluble 
at  or  near  the  boiling  point,  and  that  the  melted  wax 
mixes    in   all   proportions   with    carbon    tetrachloride. 

Fats,  Tallow,  etc. —  The  rendered  animal  fats, 
tallow,  etc.,  are  soluble  in  all  proportions  in  carbon 
tetrachloride,  and  on  melting  yield  clear  solutions. 
According  to  the  proportion  of  fat  to  solvent,  the 
mixture  may  be  from  an  opaque  solid  to  a  clear  liquid 
in  the  cold   [i.  c.  at   20 °  C). 

Butter  is  heterogeneous  and  only  partially   soluble, 


the  fattj  components  being  taken  up  by  the  carbon 
tetrachloride.     In  the  presence  of  water,  on  heating, 

an  emulsion  is  formed  which,  on  standing,  separates 
mto  three  layers,  namely,  the  water-extract  above 
the  carbon  tetrachloride  below,  and  very  likely  the 
casein  between,  since  casein  is  insoluble  in  either. 

Fatty  Oils.  The  solubility  of  the  following 
oils  was  determined:  menhaden,  whale,  linseed  (raw 
and  boiled),  corn,  untreated  Chinese  wood,  soya,  and 
cottonseed  It  was  found  that  all  of  these  are  miscible 
in  all  proportions  with  carbon  tetrachloride. 

Tabu     111      The    Solubility    of    Carbon    Tetrachloride    in    Water. 

Solubility  in  Tempera 

100  g.  water.  ture.            Authority. 

0.097  0°        Rex.  Z.  phys.  Chem.,  66,  355  (1906). 

o  0.83  10°            "     Ibid. 

o  080  20° 

0   (185  30° 

In  order  to  determine  the  value  of  carbon  tetra- 
chloride as  an  extracting  solvent,  10  g.  of  each  oil, 
with  the  exception  of  cottonseed,  were  mixed  with 
25  cc.  of  carbon  tetrachloride  and  then  evaporated  at 
60  °  C.  a  blank  with  10  g.  of  each  oil  being  heated  at 
the  same  temperature  for  the  same  length  of  time. 
The  period  of  heating  varied  from  $l/t  hours  to  10 
hours  depending  upon  the  rapidity  with  which  the 
solvent  evaporated.   The  following  results  were  obtained: 

Menhaden   oil.  after  six  hours  heating,  gained    less 

Table   IV      The   Solubility  of  Various   Medicinal   Preparations  in 

Carbon  Tetrachloride. 
Solubility  in  Tempera- 
Substance.        100  g.  solvent.  ture.          Authority. 
Aconitine  (amorphous)    1   99  18°-22°     Mueller.     Apolh.-Zlg..     18,     2 

(1907). 

Brucine 0  078  ...          Mueller.  Ibid..  232. 

Brucine 1  .937  17°          Schindelmeiser.  Loc  oil. 

Atropine 1    136  17°          Schindelmeiser.  Loc.  cil. 

Caffein 0.089  18°          Goeckel.    J.    Chem.   Soc,   74, 

Caffein 0.702  Boiling            327(1898). 

Chinine.  hydrate 0.203  ...          Mueller,  Loc.  at. 

Chinine.  anhydrous..          0  529  ...          Prunier.     J.     Pharm.     Chim., 

[4]  29,  136 

Chinidine 0.565 

Cinchonin 0.0361 

Cinchonidin 0  0508 

Cocaine 18  503  ...          Schindelmeiser.  Loc.  cil. 

Codein 1   328  .  .  .          Schindelmeiser.  Loc.  cil. 

Hydrastine 0   123  ...          Mueller.  Apolh.  Zlg..  18,  249. 

Hyoscyamine 0.059  Mueller,  Ibid. 

Morphine                                0  0156  18°-22°     Mueller.  Idem.,  257. 

0.032  17°          Schindelmeiser.  Loc.  cil. 

Narcein. . .           0.011  17°          Schindelmeiser,  Loc.  cil. 

Papaverine                            0.203  17°          Schindelmeiser.  Loc.  cil. 

Strychnine                             0.158  20°    .     Mueller.  Loc.  cil. 

0.645  17°          Schindelmeiser,  Loc.  cil. 

Theobromine                        0.0212  .          Goeckel.   Chem.   Ccnlr.   1897. 

ii.  401. 

than  1  per  cent.  The  appearance  of  the  oil  was  not 
noticeably  altered,  although  the  odor  appeared  to  be 
stronger  than  in  the  original  sample. 

Linseed  oil.  boiled,  gained  1.25  per  cent,  after  5 
hours  and  40  minutes. 

Linseed  oil.  raw,  gained  1  per  cent,  after  5  hours  and 
20  minutes. 

These  oils  skinned  slightly  during  the  period  of 
heating,  and  it  is  probable  that  the  solvent  may  be 
removed  only  under  reduced  pressure  and  at  a  low 
temperature  so  as  to  leave  the  oil  unchanged. 

Chinese  wood  oil.— In  5  hours  and  15  minutes  the 
sample  to  which  carbon  tetrachloride  has  been  added 
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skinned  over  to  a  considerable  extent  and  gained 
2.30  per  cent.  The  blank  showed  only  light  skinning 
and  an  increase  of  but  0.27  per  cent. 

Whale  oil  gained  0.6  per  cent,  in  6  hours.  The 
appearance  and  odor  were  not  changed 

Corn  oil. — Eight  hours  heating  was  necessary  in 
order  to  obtain  a  constant  weight;  a  very  small  loss 
(0.04  per  cent.)  resulted,  due  possibly  to  the  presence 
of  water  in  the  sample.  There  was  no  apparent 
change  in  either  odor  or  appearance. 

Soya  oil. — After  7  hours  the  sample  to  which  carbon 
tetrachloride  had  been  added  showed  an  increase  of 
0.5  per  cent.,  while  there  was  no  gain  in  the  blank. 
After  heating  for  31/;  hours  longer,  the  mixed  sample 
had  gained  1  per  cent,  and  the  blank  0.3  per  cent. 
It  therefore  appears  that  Soya  oil  will  stand  heating 
for  some  time  before  giving  any  indications  of  oxidation. 
Heating  somewhat  intensified  the  odor. 

Department  of  Chemistry. 
College  of  the  City  of  New  York. 

ON  THE  SURFACE  TENSION  OF  SILICATE    AND    BOROSILI- 

CATE  GLASSES. 

By   Edwtn  Ward  Tillotson,  Jr. 

Received  July  1.  1912. 

In  a  former  paper"  from  this  laboratory,  a  simple 
and  convenient  method  was  described  for  measuring 
the  surface  tension  of  molten  glasses.  This  method 
consisted,  briefly,  in  the  determination  of  the  relation 
between  the  weight  of  the  drops  falling  from  glass 
fibers  of  known  diameter,  which  were  lowered  vertically 
into  the  carefully  regulated  flame  of  a  blast  lamp. 
It  was  found  that  the  weight  of  the  drop  was  within 
limits  a  parabolic  function  of  the  diameter  of  the  fiber 
and  to  be  expressed  by  the  following  equation: 

W  =  aD  +  0D2 
when  W  is  the  weight  of  the  drop,  D  the  diameter  of 
the  fiber,  a  a  factor  proportional  to  the  surface  tension 
and,  p  a  factor  dependent  on  the  cohesion  of  the  mol- 
ten glass.  This  factor  /?  seemed  to  be  nearly  con- 
stant for  a  considerable  number  of  borate  glasses, 
although  it  varied  widely  for  some  of  the  silicates. 

The  present  paper  is  a  record  of  surface  tension 
determinations  made  on  some  sodium  silicates,  soda 
lime  and  soda-barium  glasses,  and  also  soda  barium 
glasses  containing  boric  oxide.  For  these  measure- 
ments about  ten  fibers  were  drawn  from  each,  glass, 
varying  roughly  from  0.10-1.00  mm.  in  diameter,  the 
drops  formed  in  the  manner  previously  described,  and 
weighed.  In  every  glass  examined  the  parabolic 
relation  of  the  diameter  of  fiber  to  weight  of  drop  was 
observed  and  it  was  found  that  this  was  satisfied  by  a 
value  of  15  for  ,3  in  all  of  the  glasses.  This  value  for 
,3  is  not  an  exact  one,  nor  can  it  be  accurately  calcu- 
lated from  so  few  measurements.  There  are  many 
causes  which  contribute  to  variations  in  the  weight  of 
individual  drops.  Inhomogeneity  of  the  glass,  errors 
in  measurement  of  the  diameter  of  the  fiber,  momen- 
tary changes  in  the  condition  of  the  flame — all  may  effect 
the  weight  of  the  drop.  It  is  therefore  necessary  to 
make  many  measurements  on  the  same  glass  in  order 
to  fix  the  exact  value  of  0.      But  since  for  these  glasses 

1  Tillotson,  Tii;s  Ioi'rnal,  3,  631  (1911). 


a  difference  of  one  unit  in  .9  produces  a  variation  in 
the  surface  tension  of  only  2  dynes  and  since  this  is 
small  in  comparison  to  that  introduced  by  variations 
of  individual  drops,  the  value  15  was  adopted  for  ,V  in 
all  of  these  glasses  That  this  procedure  was  justified 
is  shown  by  the  fact  that  the  values  for  a  were  neither 
progressively  higher  nor  lower  as  the  diameter  of  the 
libers  increased. 


Table  1      Sodium 

Silicate  Glasses. 

T  = 

dynes  per 

cm. 

SiOj. 
Per  cent. 

X.i..<  1 
Per  cell 

t. 

Obs. 

Calc. 

4<;  3 

50   7 

142 

145 

59.2 

40  8 

142 

142 

66.4 

33   6 

136 

139 

73.1 

26.9 

133 

137 

74    S 

25.5 

138 

137 

77   5 

22  5 

138 

137 

77.3 

22  7 

137 

136 

Table  ii. 

—Soda 

Barium  Glasses. 

T  =  dynes  per  cm. 

Si()L.. 

BaO 

Na20. 

Per  cent. 

Per  cent. 

Per  cent. 

Obs. 

Calc. 

70   10 

6  50 

23  40 

144 

140 

66.15 

13  00 

20  85 

145 

144 

61  .70 

19.80 

18.50 

150 

148 

57.30 

26.57 

16.13 

164 

151 

53.00 

33.60 

13.40 

153 

155 

48.37 

40.70 

10.88 

155 

159 

71  .70 

5.65 

22.65 

138 

140 

67   60 

12  55 

19   85 

143 

141 

64.55 

18.45 

17   00 

151 

146 

61    36 

24.17 

14   47 

150 

14'< 

58  30 

29.70 

12  00 

148 

152 

Tabu 

3    III- 

-Soda  Lime 

Glasses. 

T  =  dynes  per  cm. 

Sic )... 

CaO. 

Xa,o 

Per  cent. 

Per  cent. 

Per  cent. 

Obs. 

Calc. 

73.60 

2   50 

23.90 

137 

141 

72.32 

5.18 

22.50 

152 

146 

70.85 

8   25 

20.90 

146 

151 

69.30 

11    70 

19  00 

158 

158 

67    40 

15.60 

17.00 

166 

165 

65  20 

20  20 

14.60 

172 

173 

Table   IV 

T  =  dynes  per  cm. 

S11  ) 

B0O3. 

Bad 

\.i_,c  ) 

^er  cent. 

Per  cent.          P 

er  cent 

Per  cent 

Obs. 

Calc. 

63    94 

3   88 

15 

7.S 

16  40 

145 

142 

52    76 

6.42 

26 

90 

13.92 

L42 

146 

4=.    70 

8.10 

34 

50 

11    70 

145 

148 

36.45 

10  62 

44 

7S 

9.18 

153 

153 

31  .77 

11    64 

48 

.40 

8   37 

159 

154 

_>4   4ii 

13.26 

55 

.80 

6   54 

155 

157 

The  glasses  studied  consisted  of  seven  sodium 
silicates,  eleven  soda-barium  glasses  and  six  soda-lime 
glasses  When  the  results  of  these  measurements 
were  plotted  in  a  system  in  which  the  composition  of 
the  glass  was  represented  by  the  abscissas  and  the 
surface  tension  by  the  ordinates,  it  was  observed  that 
the  surface  tension  was  roughly  a  linear  function  of 
the  composition.  It  was  therefore  possible  to  compute 
the  surface  tension  which  each  oxide  showed  in  its 
combination  in  the  glass,  and  with  these  factors  to 
calculate  the  surface  tension  for  the  several  glasses 
with  the  aid  of  the  following  formula: 

T  =  <z,/>,  +  atp,  +  a3p3,  etc., 
in  which  T  is  the  surface  tension  of  the  glass,  a,,  a,,  a3. 
etc..  are  the  surface  tensions  of  the  several  oxides  and 
Py    r  '■    Ps<   ctc      an'   the   percentages   of   the   respective 
oxides   in    the  glass.      The   figures  given   in    the   tables 
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under  '•    are  the  values  ol  the  surface  tension 

obtained  in  this  way.  using  the  following  factors 


128 

II , . 

i> 

BttO 

195 

Cai  > 

123 

v.  1 1 

160 

Iii  Table  1  are  shown  the  results  of  measurements 
..l!  sodium  silicates  The  tirsi  two  columns  show  the 
composition  of  the  glass;  column  three  shows  the  ob- 
served and  column  four  the  calculated  surface  tension. 

Table  II  shows  the  data  obtained  with  the  soda- 
barium  glasses,  and  Table  III  that  for  the  sodadime 
glasses.  In  both  of  these  tables  the  first  three  columns 
give  the  composition  of  the  glasses  and  the  last  two 
columns  give  respectively  the  observed  and  calculated 
value  of  the  surface  tension.  In  Table  IV  are  shown 
some  soda  barium  glasses  containing  boric  oxide. 
This  series  of  glasses  is  especially  interesting  since  it 
permitted  a  very  wide  range  in  the  proportions  of  the 
several  oxides  and  offered  a  severe  test  for  the  validity 
of  the  additive  nature  of  surface  tension. 

In  the  measurements  in  the  tables  given  above,  it 
is  found  that  the  observed  and  calculated  surface 
tensions  differ,  for  the  most  part,  by  not  more  than 
two  or  three  per  cent.  This  is  not  surprising  since 
the  surface  tensions  of  liquids  are.  as  a  rule,  very  sensitive 
to  the  presence  of  small  amounts  of  impurities.  The 
glasses  doubtless  contain  aluminum  silicates  and 
other  impurities  taken  up  from  the  crucible,  which 
may  perhaps  affect  the  surface  tension  quite  <  >ut  i  if 
proportion  to  the  amount  present.  The  experimental 
error  is  not  large  when  ten  or  more  fibers  are  employed, 
as  shown  by  the  following  measurements  which  were 
repeated,  unknown  to  the  worker,  after  several  other 
glasses  had  been  investigated.  No.  i  is  the  second  of 
the  alkali  silicates,  as  given  in  Table  I  and  No.  2  is 
the  last  one  of  the  same  table. 


45  4 

141  .6 

45.1 

140   8 

43  .7 

136.3, 

43.8 

136   6 

On  comparing  the  values  of  the  surface  tensions  of 
the  pure  oxides,  as  calculated  from  that  of  the  glasses, 
we  find  in  general  that  the  acid-forming  oxides.  SiO, 
and  B,03.  show  lower  surface  tensions  than  the  basic 
oxides.  Placed  in  descending  order  they  are  as  follows: 
CaO.  323;  NaO,   105:  Na  O,   160:  SiO,.   129;  B,03.  45. 

It  is  interesting  to  note  that  this  surface  tension  of 
B.O3  is  the  same  as  that  obtained  by  direct  measure- 
ment on  the  fused  boric  oxide,  and  a  little  over  one-half 
of  that  given  by  Quincke1  (84.5).  Inasmuch  as  the 
surface  tensions  of  the  lead  borates  previously  de- 
scribed2 do  not  show  any  regular  relationship,  this 
coincidence  in  the  two  values  of  the  surface  tension 
of  boric  oxide  probably  has  little  significance. 

In  conclusion,  the  writer  desires  to  acknowledge  his 
indebtedness  to  Mr.  J.  D.  Malcolmson  for  his  generous 
assistance  in  these  measurements. 

SUMMARY. 

1.   The   surface   tension   of   a   number  of    soda-lime, 

1  Quincke.  Pogg.  Ann.,  138,  14  1     1869 

2  Tillotson.    Loc.  cil 


soda  barium  silicate  glasses  and  of  some  soda-barium 
borosilicate  glasses  has  been  measured. 

2  The  surface  tension  of  glasses  is  roughly  a  linear 
function  oi  their  composition. 

3.    The    surface     tension    of    silicate  and    borosilicate 

glass  may  be  calculated  with  a  fair  degree  oi  accuracy 
from  the  chemical  composition,  using  the  following 
values  for  the  surf  ace  tension  of  the  oxides:  Si02,  129; 
B,0,    \s;  BaO,  195;  CaO,  323;  Na,0,  160. 

Dbpartmbni  01    Industrial  Research , 

I  MviKsnv  01    Kansas. 
Lawrence. 

THE  DETECTION  AND  DETERMINATION  OF  CYANOGEN  AND 

HYDROGEN  CYANIDE. 

By  I'*.  11.  Rhodes. 

Received  June  6.  1912. 

The  usual  method  for  the  detection  and  determina- 
tion of  cyanogen  and  hydrogen  cyanide  in  the  presence 
of  each  other  is  based  upon  the  difference  in  the  prod- 
ucts of  the  reaction  of  cyanogen  and  of  hydrogen 
cyanide  with  a  solution  of  potassium  hydroxide. 
When  passed  into  a  solution  of  potassium  hydroxide, 
hydrogen  cyanide  is  quantitatively  converted  into 
potassium  cyanide,  whereas  cyanogen  forms  equi- 
molecular  amounts  of  potassium  cyanide  and  potassium 
cyanate. 

The  usual  method  for  the  detection  of  cyanogen  in 
the  presence  of  hydrogen  cyanide  consists  in  absorbing 
the  gases  in  a  solution  of  potassium  hydroxide  and 
testing  for  potassium  cyanate  Potass  um  cyanate 
may  be  detected  by  acidifying  the  solution,  heating 
to  hydrolyze  the  cyanic  acid  liberated  by  this  acidifica- 
tion, and  testing  for  the  ammonia  formed  by  this 
hydrolysis. 

The  customary  method  for  the  determination  of 
cyanogen  in  the  presence  of  hydrogen  cyanide  is  based 
upon  the  same  reactions  as  the  qualitative  method 
just  described.  The  gases  are  absorbed  in  a  solution 
of  potassium  hydrox  de,  the  potassium  cyanate  is 
decomposed  by  the  addition  of  an  excess  of  a  strong 
acid,  and  the  resulting  ammonia  is  determined  by  the 
addition  of  an  excess  of  alkali  and  distillation  into 
standard  acid.  Both  the  qualitative  and  quantitative 
methods  just  described  are  tedious,  and  are  liable  to 
error  because  of  the  possibility  of  the  formation  of 
some  ammonia  by  the  simultaneous  hydrolysis  of 
some  of  the  h\Tdrocyanic  acid  liberated  upon  the  acidi- 
fication of  the  solution  containing  potassium  cyanide. 

Wallis1  states  that  when  hydrogen  cyanide  is  passed 
into  an  acidified  solution  of  silver  nitrate  it  reacts 
quantitatively  with  the  silver  nitrate  to  precipitate 
silver  cyanide.  He  also  states  that  cyanogen  does 
not  react  with  an  acidified  solution  of  silver  nitrate, 
and  that  any  cyanogen  which  dissolves  as  such  in  the 
reagent  may  be  removed  practically  completely  by 
passing  a  current  of  air  through  the  solution.  Upon  this 
difference  of  behavior  of  cyanogen  and  of  hydrogen 
cyanide  toward  silver  nitrate,  Wallis  based  a  method 
for  the  detection  of  cyanogen  and  of  hydrogen  cyanide 
when  these  gases  are  present  together  in  a  gas  mixture, 
but  he  carried  the  work  no  further  than  to  show  the. 

1  Wallis,  Ann.  Chem..  345,  353  (1906). 
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applicability  of  this  method  to  the  qualitative  exami- 
nation of  a  few  special  gas  mixtures. 

The  present  investigation  was  taken  up  to  determine 
the  applicability  of  the  difference  of  behavior  of  cyano- 
gen and  hydrogen  cyanide  toward  an  acidified  solution 
of  silver  nitrate  to  general  qualitative  gas  analysis, 
and  to  ascertain  whether  this  method  could  be  used  for 
the  quantitative  determination  of  cyanogen  and 
hydrogen  cyanide  in  the  presence  of  each  other. 

The  behavior  of  cyanogen  when  passed  into  a  slightly 
acid  solution  of  silver  nitrate  was  first  studied.  Cyano- 
gen was  prepared  by  heating  about  two  grams  of 
mercuric  cyanide  in  a  hard  glass  tube.  To  one  end  of 
this  tube  was  connected  a  series  of  four  test  tubes  with 
side  arm.  In  each  of  the  first  three  of  these  absorption 
tubes  was  placed  5  cc.  of  a  standard  solution  of  silver 
nitrate  and  one  drop  of  dilute  nitric  acid;  in  the  fourth 
tube  was  placed  10  cc.  of  a  2  N  solution  of  potassium 
hydroxide.  A  slow  current  of  air  was  passed  through 
the  apparatus  and  the  tube  containing  the  mercuric 
cyanide  was  heated  to  dull  redness,  the  heating  being 
continued  until  the  mercuric  cyanide  was  completely 
decomposed.  The  current  of  air  was  continued  for 
about  twenty  minutes  after  the  decomposition  of  the 
mercuric  cyanide. 

A  slight  white  precipitate  was  formed  in  the  first 
absorption  tube,  but  no  precipitate  appeared  in  any  of 
the  other  tubes.  The  fourth  absorption  tube  was 
disconnected  and  a  portion  of  the  solution  contained 
in  it  was  treated  with  10  cc.  of  a  solution  of  ferrous 
sulphate  and  one  drop  of  a  solution  of  ferric  chloride. 
After  being  allowed  to  stand  for  about  five  minutes, 
the  solution  was  made  slightly  acid  with  sulphuric  acid. 
A  heavy  blue  precipitate  indicated  the  presence  of 
cyanide  in  the  solution  of  potassium  hydroxide. 
Another  portion  of  the  solution  from  the  fourth  ab- 
sorption tube  was  made  acid  and  heated  for  a  few 
minutes  to  hydrolyze  any  cyanic  acid  present.  The 
resulting  solution  was  made  alkaline  with  a  considera- 
ble excess  of  potassium  hydroxide  and  warmed.  Am- 
monia was  copiously  evolved,  thus  proving  the  pres- 
ence of  a  considerable  amount  of  cyanate.  This 
experiment  demonstrated  that  cynaogen  will  readily 
pass  through  an  acidified  solution  of  silver  nitrate. 

To  ascertain  whether  appreciable  amounts  of  cyano- 
gen are  absorbed  by  the  solution  of  silver  nitrate,  the 
second  absorption  tube  was  removed  from  the  ap- 
paratus,-and  the  solution  of  silver  nitrate  contained 
in  it  was  filtered.  After  thoroughly  washing  the  filter 
paper  with  very  dilute  nitric  acid,  the  combined 
filtrate  and  wash  water  was  titrated  with  a  standard 
solution  of  potassium  sulphocyanate,  with  5  cc.  of  a 
saturated  solution  of  ferric  ammonium  alum  as  an 
indicator.     The  results, 

5  cc.  original  solution  of  AgNOa  =  3.91  cc.  KCN'S, 
Solution  from  tube  2  =  3.42  cc.  KCN'S 

showed  that  cyanogen  is  not  absorbed  by  a  solution  of 
silver  nitrate  that  contains  a  slight  amount  of  free 
nitric  acid. 

.To  learn  whether  any  cyanogen  is  held  back  by  the 
solution  of  silver  nitrate  and  is  not  removed  by  a  cur- 
rent   of    air.    the    third    absorption    tube    was    discon- 


nected and  the  solution  of  silver  nitrate  that  it  con- 
tained transferred  to  a  small  beaker.  To  the  solution 
was  added  an  amount  of  a  2  A'  solution  of  potassium 
hydroxide  (chloride-free)  slightly  in  excess  of  that  re- 
quired to  precipitate  all  of  the  silver.  After  standing 
for  about  three  minutes,  the  solution  was  made  slightly 
acid,  filtered,  and  the  filter  paper  thoroughly  washed 
with  dilute  nitric  acid.  The  comb  ned  filtrate  ant} 
wash-water  was  titrated  with  a  standard  solution  of 
potassium  sulphocyanate.      The  results  were  as  follows: 

S  cc.  original  solution  =  3.91  cc.  KCN'S  solution 
Solution  from   tube  3  =  3.91  cc.  KCN'S  solution 

If  any  cyanogen  had  dissolved  as  such  in  the  solution 
of  silver  nitrate  and  had  not  been  removed  by  the 
passage  of  the  current  of  air  through  the  solution,  it 
would  have  reacted  with  the  potassium  hydroxide  to 
form  potassium  cyanate  and  potassium  cyanide,  and 
the  latter  substance  would  have  reacted  with  the  silver 
nitrate  to  form  insoluble  si  ver  cyanide.  The  fact 
that  the  amount  of  silver  in  solution  was  unchanged 
by  the  passage  of  a  considerable  amount  of  cyanogen 
through  the  reagent  proves  that  any  cyanogen  that 
may  dissolve  as  such  in  the  si  ghtly  acidified  solution 
of  silver  nitrate  may  be  completely  removed  by  the 
passage  of  a  current  of  air  through  the  liquid. 

The  slight  precipitate  obtained  in  the  first  absorpt  on 
tube  was  due  to  the  fact  that  the  gas  generated  by  the 
heating  of  the  mercuric  cyanide  was  not  pure  cyanogen, 
but  contained  small  amounts  of  hydrogen  cyanide. 
That  this  precipitate  was  not  due  to  cyanogen  is 
shown  by  the  fact  that  there  was  no  precipitate  in 
either  of  the  other  absorption  tubes  containing  acidified 
solutions  of  silver  nitrate. 

The  completeness  and  rapidity  of  the  absorption  of 
hydrogen  cyanide  by  a  slightly  acid  solution  of  silver 
nitrate  was  next  investigated.  The  hydrogen  cyanide 
was  generated  by  the  action  of  an  excess  of  dilute 
sulphuric  acid  upon  0.2452  gram  of  96.15  per  cent, 
potassium  cyanide,  and  was  passed  through  a  series 
of  four  absorption  tubes.  In  each  of  the  first  three 
of  the  absorption  tubes  was  placed  15  cc.  of  an  ap- 
proximately A"  10  solution  of  silver  nitrate  acidified 
with  one  drop  of  dilute  nitric  acid,  while  the  fourth 
absorption  tube  contained  10  cc.  of  a  A"  2  solution  of 
potassium  hydroxide.  After  the  complete  decompo- 
sition of  the  potassium  cyanide  by  the  acid,  a  current 
of  air  was  passed  through  the  apparatus  to  sweep  out 
any  hydrogen  cyanide  remaining  in  the  tubes.  A 
precipitate  appeared  n  each  of  the  tubes  containing 
silver  nitrate.  As  far  as  could  be  judged  from  the 
volume  of  the  precipitate,  the  precipitation  of  the 
silver  in  the  first  tube  was  almost  complete  before  any 
precipitate  appeared  in  the  second  tube.  The  pre- 
cipitation in  the  third  tube  was  slight,  and  did  not 
begin  until  the  precipitation  in  the  second  tube  was 
almost  complete.  The  fourth  absorption  tube  was 
disconnected  and  the  solution  contained  in  it  tested 
for  cyanides  by  adding  10  cc.  of  a  solution  of  ferrous 
sulphate  and  one  drop  of  a  solution  of  ferric  chloride, 
allowing  the  so  ution  and  precipitate  to  stand  for 
fifieen  minutes,  and  then  adding  a  slight  excess  of 
sulphuric     acid.      There     was     produced     no     blue     pre- 
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cipital  •    color    which  showed  th.it   hydrogen 

rapidl)    and  quantitatively  absorbed  by  a 
slightly  acid  solution  ol  silver  nitrate. 

sis  "i    the  foregoing  observations  the 
following    me  hod   for   the   detection   of   cyanogen    in 
hydrogen  cyanide  was  developed: 

Two  absorption  tubes  ol  the  term  already  mentioned, 
rsl  containing  10  cc.  ol  a  10  per  cent,  solution  of 
silver  nitrate,  and  one  drop  of  dilute  (.Y  6)  nitric-  acid, 
and  the  second  to  CC.  of  a  N  2  solution  ui  potassium 
hydroxide,  are  connected  in  series  and  the  gas  mixture 
is  passed  through  these  tubes.  This  is  followed  by  a 
slow  current  of  air.  the  passage  of  which  is  continued 
ut  10  minutes.  The  absorption  tube  containing 
the  solution  of  potassium  hydroxide  is  then  discon- 
nected, and  5  cc.  of  a  solution  of  ferrous  sulphate  and 
one  drop  of  a  solution^of  ferric  chloride  are  added  to 
the  contents  of  the  tube.  After  about  15  minutes 
there  is  added  dilute  sulphuric  acid  sufficient  to  dis- 
solve the  precipitated  ferrous  and  ferric  hydroxides. 
The  appearance  of  a  blue  precipitate  or  of  a  distinct 
green  color  in  the  solution  after  acidification  proves 
the  presence  of  cyanogen  in  the  original  gas  mixture. 

The  delicacy  of  this  method  was  ascertained  by  pass- 
ing known  amounts  of  cyanogen  gas  through  the 
absorbent.  Since  the  cyanogen  that  is  generated  by 
heating  mercuric  cyanide  was  found  to  contain  con- 
siderable amounts  of  hydrogen  cyanide,  the  gas  used 
in  this  test  was  generated  by  the  action  of  a  warm 
concentrated  solution  of  cupric  sulphate  upon  potas- 
sium cyanide.  The  cyanogen  was  collected  in  small 
glass  tubes  that  were  closed  at  each  end  with  a  stop- 
cock. The  volume  of  each  of  these  small  containers 
was  previously  determined  by  filling  the  tubes  and  the 
bore  of  the  stopcocks  with  mercury,  and  then  weighing 
the  mercury.  Several  of  these  collection  tubes  were 
filled  with  cyanogen  by  connecting  them  in  series  and 
passing  through  them  a  current  of  cyanogen  gas  freed 
from  hydrogen  cyanide  by  passage  through  a  slightly 
acid  solution  of  silver  nitrate,  and  dried  by  passage 
through  a  U-tube  containing  calcium  chloride.  The 
current  of  cyanogen  through  the  tube  was  continued 
until  the  gas  issuing  from  the  last  tube  was  completely 
absorbed  by  a  solution  of  potassium  hydroxide  which 
showed  that  all  air  in  the  apparatus  had  been  displaced. 
The  stopcocks  of  the  tubes  were  then  closed,  the  tubes 
disconnected  and  any  cyanogen  remaining  in  the  open 
end  of  the  tubes  blown  out  with  air. 

The  delicacy  of  the  test  for  cyanogen  was  then 
ascertained  by  connecting  one  of  the  above  sample 
tubes  with  the  absorption  tubes  containing  solutions 
of  silver  nitrate  and  potassium  hydroxide,  and  passing 
the  gas  through  these  tubes  in  the  manner  above 
described.  The  results  of  these  qualitative  tests  were 
as  follows: 

Volume  of  cyanogen,  Cc.      Color  developed. 

1 0  Blue  precipitate 

5  Hlue  precipitate 

1  Ulue  precipitate 

0.4  Green  color 

0.3  Faint  green  color 

0 . 2  Very  faint  green  color 

From  the  above  data   it   appears  that   as  small  an 


amounl  yanogen  may  be  detected  in  this 

manner  That  the  presence  of  hydrogen  cyanide  in 
i  does  not  interfere  with  the  delicacy  ol  this 
method  was  demonstrated  by  passing  through  the 
absorbents  a  mixture  of  0.4  CC.  of  cyanogen  and  10  cc. 
of  hydrogen  cyanide  and  obtaining  a  distincl  n 
for  cyanogen  under  these  conditions. 

Since  potassium  cyanide  is  hydrolyzed  to  a  con- 
siderable degree  in  aqueous  solution  with  the  formation 
of  hydrocyanic  acid,  it  was  thought  possible  that  the 
passage  of  a  large  volume  of  air  through  the  apparatus 
might  carry  with  it  some  of  the  hydrogen  cyanide  and 
thus  decrease  the  delicacy  of  the  test.  It  was  found, 
however,  that  this  was  not  the  case,  o  4  cc.  of  cyanogen 
still  yielding  a  distinct  reaction  when  20  liters  of  air 
was  passed  through  the  apparatus  subsequent  to  the 
introduction  of  the  cyanogen. 

A  small  amount  of  carbon  dioxide  in  the  gas  mixture 
under  examination  does  not  interfere  with  the  test 
for  cyanogen,  but  if  an  amount  of  gas  containing 
carbon  dioxide  sufficient  to  convert  all  of  the  potassium 
hydroxide  into  potassium  carbonate  is  passed  through 
the  reagent,  naturally  the  reaction  for  cyanogen  is 
then  not  obtained. 

The  presence  of  hydrogen  cyanide  in  the  original 
gas  mixture  is  detected  by  collecting  on  a  filter  any 
precipitate  that  may  have  formed  in  the  solution  of 
silver  nitrate  in  the  first  absorption  tube,  washing  the 
precipitate  with  very  dilute  nitric  acid,  drying  it, 
transferring  it  to  a  small  sublimation  tube,  and  warm- 
ing it  with  a  small  amount  of  iodine  (five  milligrams  or 
less.  The  formation  of  a  sublimate  of  cyanogen  iodide 
on  the  side  of  the  tube  proves  the  presence  of  silver 
cyanide  in  the  precipitate  and  consequently  of  hydro- 
gen cyanide  in  the  original  gas  mixture:  0.1  mg.  of 
silver  cvanide,  equivalent  to  0.02  mg.  of  hydrogen 
cyanide,  mav  be  detected  in  this  manner. 

Experiments  were  next  carried  out  to  ascertain 
whether  the  d'fference  in  behavior  of  cyanogen  and 
hvdrogen  cvanide  toward  a  s'ightly  acid  solution  of 
silver  nitrate  could  successfully  be  utilized  in  the 
quantitative  separation  and  determination  of  these 
two  gases  in  the  presence  of  each  other.  To  this  end 
a  mixture  of  hydrogen  cyanide  and  cyanogen  was 
generated  by  the  action  of  an  acidified  solution  of 
copper  sulphate  upon  potassium  cyanide,  and  the  gas 
mixture  was  collected  in  the  tube  containers  described 
above.  One  of  these  containers  was  then  connected 
in  eries  with  four  absorption  tubes,  each  of  the  first 
two  of  the  tubes  containing  5  cc.  of  a  standardized 
(approximately  A*  10)  solution  of  silver  nitrate  and 
one  drop  of  dilute  nitric  acid.  The  third  absorption 
tube  contained  10  cc.  of  an  approximately  N/2  solution 
of  potassium  hydroxide  free  from  chloride,  and  the 
last  tube  contained  5  cc.  of  this  solution.  The  mixture 
of  gases  in  the  collection  tube  was  driven  through  this 
absorption  apparatus  by  a  slow  current  of  air  which 
was  continued  for  about  30  minutes.  The  first  two 
absorption  tubes  were  then  disconnected  and  the  solu- 
tion of  silver  nitrate  that  they  contained  was  trans- 
ferred into  a  beaker  and  filtered.  The  precipitate 
and  filter  paper  were   washed  with   very  dilute  nitric 
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acid  until  free  from  soluble  silver  salts.  The  filtrate 
and  wash  water  were  then  combined  and  titrated  with 
a  standardized  solution  of  ammonium  sulphocyanate 
(using  ammonium-ferric  alum  as  indicator)  and  the 
amount  of  hydrogen  cyanide  present  in  the  original 
gas  mixture  calculated  from  the  volume  of  ammonium 
sulphocyanate  used. 

The  contents  of  the  third  and  fourth  absorption  tubes 
was  transferred  into  a  beaker  and  a  known  volume  of  a 
standardized  solution  of  silver  nitrate  added.  The 
silver  nitrate  must  be  in  excess  of  the  amount  required 
to  precipitate  all  of  the  potassium  cyanide  in  the 
solution  as  silver  cyanide.  The  solution  and  the  sus- 
pended precipitate  were  then  thoroughly  stirred,  and 
dilute  .nitric  acid  added  until  the  precipitated  silver 
oxide  redissolved  and  the  solution  became  slightly 
acid  The  precipitate  of  silver  cyanide  was  now 
filtered  off;  precipitate  and  filter  paper  were  washed 
with  very  dilute  nitric  acid  until  all  soluble  silver  salts 
were  removed,  and  the  filtrate  and  wash  water  com- 
bined and  titrated  with  a  standardized  solution  of 
ammonium  sulphocyanate  using  ammonium-ferric  alum 
as  indicator.  The  cyanogen  present  in  the  original 
gas  mixture  was  then  calculated,  the  reactions  involved 
in  the  calculation  being: 

(CN)2  +    2KOH    =  KCN  +  KCNO  +  H..O. 

KCN    +    AgNO,   =  AgCN  +  KNO,. 

AgN03  +  KCNS  =  AgCNS  +  KN()3. 

The  results  of  some  determinations  of  cyanogen  and 
hydrogen  cyanide  are  given  in  the  following  table,  the 
analyses  being  expressed  in  terms  of  the  ratio  of  hydro- 
gen cyanide  to  cyanogen  by  weight  because  by  this 
means  mistakes  arising  either  from  error  in  the  deter- 
mination of  the  volume  of  the  small  containing  tubes 
or  from  the  presence  of  gases  other  than  cyanogen  or 
hydrogen  cyanide  in  the  gas  mixture  are  eliminated. 

Mixture  No.  1. 
Tube.  Weight  HCN"  Weight  (CN)a. 

1  0.0177  0  009005 

2  0  00586  0  00296 

Mixture  No.  2. 

1  0.00134  0.0116 

2  0  00044  0  0038 

The  results  of  the  investigation  may  be  summarized 
as  follows: 

1.  Hydrogen  cyanide  is  rapidly  and  quantitatively 
absorbed  by  a  slightly  acid  solution  of  silver  nitrate 
with  the  formation  of  silver  cyanide. 

2.  Cyanogen  is  not  absorbed  by  a  slightly  acid 
solution  of  silver  nitrate  and  any  cyanogen  that  may 
be  dissolved  as  such  in  the  solution  is  quantitatively 
removed  when  a  current  of  air  is  passed  through  the 
liquid 

3.  Cyanogen  may  be  detected  in  the  presence  of 
hydrogen  cyanide  even  when  the  total  volume  of  cyano- 
gen in  the  gas  mixture  is  as  small  as  0.3  cc.  The 
method  is  applicable  to  the  detection  of  small  amounts 
of  cyanogen  in  the  presence  of  hydrogen  cyanide  and 
large  volumes  of  air. 

4.  Hydrogen  cyanide  and  cyanogen  may  be  deter- 
mined rapidly  and  accurately  in  the  presence  of  each 
other. 

I    wish    to    express    my    indebtedness    to    Professor 


Dennis  for  the  assistance  and  encouragement  that  he 
has  given  me  in  this  work. 


Cornell   University, 
Ithaca.    N"    V. 
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RAPID  AND  ACCURATE  METHODS  FOR  DETERMINING 

PHENOL. 

By  L.  V.  Redman  and  E.  <).   Rhodes 

Received  July  3,  1912. 

In  1 87 1  Landolt1  made  the  first  successful  attempt 
to  determine  phenol  quantitatively  by  precipitation 
as  tribromphenol.  and  since  that  time  numerous  at- 
tempts have  been  made  to  obtain  an  accurate  and  easy 
method  of  determining  phenol  each  experimenter 
working  under  varying  conditions  to  suit  his  particular 
purpose.  As  a  result  of  these  investigations,  many 
methods  have  been  submitted  for  which  claims  of 
more  or  less  accuracy  and  rapidity  have  been  asserted. 
The  time  of  the  reaction  period  in  most  cases  is  too 
long  for  rapid  determination. 

A  method  has  been  suggested  by  Lloyd2  in  which 
he  substitutes  a  hypobromite  solution  for  Koppes- 
chaar's3  bromide-bromate  solution.  In  his  paper  he 
shows  that  the  tribromphenol  is  formed  almost  in- 
stantaneously and  quantitatively  (and  that  the  time 
of  the  reaction  period  is  reduced  practically  to  zero). 
This  hypobromite  method  has  been  adversely  criticized 
by  Olivier,4  who  in  1909  and  1910  published  results 
which  do  not  agree  with  Lloyd's.  He  did  not  find  as 
high  a  percentage  of  error  when  a  large  excess  of 
hypobromite  was  added  to  the  phenol  as  did  Lloyd, 
and  he  doubts  the  accuracy  of  Lloyd's  numbers  and 
methods.  He  shows  also  that  the  length  of  time  re- 
quired for  Koppeschaar's  method,  using  a  bromide- 
bromate  solution,  may  be  reduced  from  one-half  hour 
to  nine  minutes. 

More  recently,  Wilkie5  has  published  a  method  for 
the  rapid  determination  of  phenol,  in  which  he  used 
iodine  in  cold  sodium  carbonate  solution.  The  re- 
action period  for  this  method  is  5-10  minutes.  It  has 
the  disadvantage  of  requiring  that  the  iodine  solution 
be  restandardized  each  time  a  phenol  determination 
is  made. 

A  more  complete  bibliography  on  phenol  determina- 
tion may  be  found  in  Lloyd's2  paper  of  1905  or  Wilkie's 
papers  of  1911-1912. 

Our  object  in  undertaking  this  research  was  to 
shorten  if  possible  the  time  required  for  a  determina- 
tion of  phenol  by  the  bromide-bromate  method  and 
compare  the  hypobromite  method  with  the  bromide- 
bromate  method  for  accuracy,  ease  of  manipulation 
and  time  required  for  a  determination. 

Apparatus. — The  apparatus  used  consisted  of  a 
shaking  machine  driven  by  a  water  motor,  several 
five-liter  bottles  fitted  with  glass  siphons,  D.  R. 
burettes  and  one-half  liter  ground  stoppered  bottles 
from  the  common  stock  in  which  the  phenol  determina- 
tions were  made. 

1  Berichle.  4,  770  U871V 
-  J    Am.  Chem.  Soc.  27,  16  (19051. 
"  /.    Ann.  Chem..  IS,  233  (1876  1. 
1  Rec   Trav.  Chin.,  28,  362  (1909.. 
./.  Soc.  Chem.  Ind.,  30,  399  (1911). 
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The  >ng    narrow  and  shallow 

ii  cm.  inside  measure- 
ments    lined    on    the    inside    with    fell  covered    pads. 
This    box    holds    twelve    one-half-liter    bottles       The 
tted  .11  one  end  with  a  grooved  pulley  two 
diameter      At    the  center  oi    this  pulley   and 
i  he  i ■I'liirr.  oi  the  box  on  the  end  oppo  i 

pullej    are   steel   spindles   which   lit    into   the   \\ lew 

bearings  on  tin-  supporting  frame.  'The  frame  is  so 
constructed  that  this  box  may  be  removed  and  a 
larger  or  smaller  box  substituted.  It  was  possible 
to  rotate  the  shaker  four  revolutions  per  second,  but 
one  revolution  per  second  was  sufficient. 

When  a  determination  was  to  be  made,  each  of  the 
solutions  was  run  into  a  500  cc.  bottle.  The  stoppers 
were  then  placed  in  the  bottles  and  while  being  pressed 
inward  were  given  a  short  sharp  twist.  This  twist 
brought  tin-  two  ground  glass  surfaces  together  and 
made  h  impossible  for  any  of  the  solution  to  leak  out  or 
lor  the  stopper  to  he  thrown  out  when  revolved 
rapidly. 

Tin-  bottle  was  inserted  between  the  padded  sides 
of  the  box.  The  pressure  of  the  pads  held  the  bottles 
in  firmly.  By  this  construction  no  clamps  are  needed 
to  hold  the  stoppers  in  the  bottles  during  the  time  of 
shaking  and  the  bottles  are  held  in  the  machine  by  the 
pressure  of  the  felt  pads,  no  straps  or  clamps  of  any 
kind  being  used.  This  is  an  advantage,  since,  by 
eliminating  all  clamps,  much  time  and  labor,  which 
are  important  factors  when  time  determinations  of 
small  duration  are  being  made,  are  saved. 

In  our  invest  gations  we  made  a  total  of  two  hundred 
determinations  for  which  the  machine  was  used  and 
in  no  case  did  we  experience  any  trouble  or  lose  a 
determination  on  account  of  bottles  flving  out  or 
stoppers  leaking. 

A  photograph  of  the  shaking  machine  appears  be- 
low. 


Solutions  Used. — The  solutions  used  in  the  deter- 
minations were  approximately  0.1  A'  solutions  of 
sodium  thiosulphate.  potassium  hypobromite,  a 
mixture  of  sodium  bromide  and  bromate  and  phenol, 
concentrated  hydrochloric  acid  (sp.  gr.  1.2).  a  20  per 
cent,  potassium  iodide  solution  and  a  starch  solution 
used  as  an  indicator. 

The  thiosulphate  solution  was  prepared  by  dis- 
solving 125  grams  of  sodium  thiosulphate 
|  Na2S2Os.5H20)    in    five    liters    of    water;    40    grams    of 


liquid  bromine  dissolved  in  five  liters  ol   \  ,  1  potassium 

ide  made  up  i lie  hypobromiti  solution  and  the 
bromide  lui .mate  solution  consisted  ol  3.5  grams  of 
potassium  bromate  and  55  grams  of  Kl'.r  per  liter. 
The  phenol  solution  for  testing  was  made  from  the 
third  distillation  at    [81  C    Ol     Merck's  C.  ]).  phi  no! 

[.46  grams  being  diluted  to  1  liter. 

THE    HYPOBROMITI     Mill 

In  each  of  the  following  tables,  the  order  given 
from  left  to  right  is  the  same  order  in  which  the 
solutions  were  added  for  the  determinations.  The 
tables  show  in  each  case  the  total  volume,  the  volumes 
o|  phenol,  hypobromite,  hydrochloric  acid,  potassium 
iodide  and  thiosulphate  used,  and  also  the  time  of 
shaking  and  the  percentage  of  the  phenol  present 
which  were  determined  by  means  of  this  method. 

Table  I  was  prepared  in  order  to  determine  the 
effect  of  time  of  shaking  upon  the  results  obtained, 
when  the  total  dilution,  volume  of  phenol  and  volume 
of  hypobromite  solution  are  kept  constant  and  the 
solution  is  acid. 

The  method  was  as  follows:  Into  a  half-liter 
bottle  containing  61  cc.  water  the  following  solutions 
were  added  in  the  order  given:  Five  cc.  of  HC1 
(sp.  gr.  1.2),  15  cc.  of  0.1  A' phenol  and  19  ce.  of  0.1  A' 
hypobromite  solution.  The  stopper  was  then  inserted 
into  the  bottle  and  the  latter  placed  in  the  shaker 
where  it  remained  revolving  for  the  desired  length  of 
time.  After  shaking,  it  was  removed;  5  cc.  of  KI 
1  20  per  cent.)  solution  was  added  to  the  mixture  and 
the  bottle  was  returned  to  the  shaker  where  it  revolved 
for  at  least  three  minutes. 

The  following  table  shows  the  results  obtained  for 
one  minute  to  one  hour's  shaking  (the  reaction  period) 
before  the  KI  solution  was  added. 

Table  I. — Hypobromite. 

Time.  Time.  Percent. 

Xo.      H20.  HC1.   O.H-OH.    KOBr.     Min.  KI.       Min.  Na^oO.,.  Phenol. 

l,i         61           5             15                19                15.?  3.99  100.3 

16         61           5              15                19                15          3  3  98  100  4 

2,1         61           5              15                19               5  5          3  3.97  99.7 

2b         61           5             15               20               5  5          3  4.98  99.9 

3<i        61           5             15                19             10  ,  5          3  3.88  100.5 

36          61            5              15                 19              10  5           3  3.97  99.9 

4n         61            5               15                 19              15  5           3  3.89  100.4 

46         61           5             15                19             15  5           3  3.90  100.3 

5,i         61           5              15                19             20  5          3  3   91  100.3 

56         61          5            15               17            20  5          3  1.90  100.2 

6a         61           5             15                19             30  5          3  3.88  100.5 

7,i         61           5             15                19             60  5          3  3.86  100.6 

76          61            5              15                 19              60  5           3  3.91  100    2 
Solutions. 

Phenol 0.1022  N  KI  20  per  cent. 

KOBr 0   1016-X  HC1  1.2  sp.gr. 

Thiosulphate 0.  1003  X 

The  above  results  indicate  that  the  time  of  shaking 
has  very  little  effect  upon  the  percentages  of  phenol 
as  determined.  It  will  be  noticed  that  the  values 
for  one  minute's  shaking  are  as  correct  as  those  for 
one  hour.  There  is  no  result  in  the  table  which  varies 
from  the  correct  value  by  more  than  0.6  of  1  per  cent, 
and  the  average  varies  by  0.2  per  cent  This  is  the 
degree  of  accuracy  claimed  by  Lloyd  for  the  hypo- 
bromite method. 

In  Table  II  are  given  the  results  obtained  when  the 
concentration    of    phenol    with    respect    to    the    total 
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volume  was  varied  but  the  relative  concentrations  of 
phenol  and  hypobromite  wen"  kepi  constant.  In 
each  case  the  time  of  shaking  was  i  minute  and  the 
total  dilution  ioo  cc. 

Table  II. 

Time.  Time. 

N'o.      HjO.  HC1.  CfiH.-,()H.    KOBr.     Min.       KI.       Min.     Xa_.S,>o:(.     Percent. 
la      61  5  15  19.0  1  5  3  3.97  100.14 

16      61  5  15  19.0  1  5  3  3  97  100    14 

2a     83.5        5  5  6  5  1  5  3  1.50  99.79 

26      83.5       5  5  5   5  1  5  3  1.50  '99.79 

3a      90.4       5  3  3.9  1  5  3  0  92  99.14 

36      90.4       5  2  2.6  1  5  3  0.60  99  71 

4a      92.7        5  1  1.3  1  5  3  0.32  98.90 

46       92.7        5  1  1.3  1  5  3  0  31  98   SI 

Solutions — See  Table  I. 

The  results  obtained  indicate  that  amounts  of  phenol 
as  small  as  0.000015  gram  per  cubic  centimeter  may 
be  determined  within  1  per  cent,  by  this  method  and 
with  a  reaction  period  of  one  minute. 

Table  III  shows  that  shaking  for  one  minute  is 
sufficient  by  the  method  used  for  an  accuracv  not 
greater  than  four  parts  per  thousand.  Each  test  was 
run  with  a  total  volume  of  100  cc.  and  in  each  the 
concentrations  of  the  various  solutions  were  the  same. 
The  six  determinations  were  a  single  series.  All  six 
are  submitted,  none  rejected,  thus  giving  a  fair  esti- 
mate of  the  amount  of  the  error  to  be  expected  generally 
in  a  laboratory  determination. 

Table  III. — Hypobromite. 

Time.  Time. 

No.      HjO.  HC1.    C0HSOH.    KOIIr.     Min.       KI.        Min.  \a  ,Si  ),;.  Percent 

1  61           5              15                19             1             5             3  3.99  100.3 

2  61          5             15               19            1            5            3  3.98  100  4 

3  61          5             15               19            1            5            3  4.02  99.6 

4  61           5             15                19             1             5             3  4.00  99.8 

5  61            5               15                 19              1              5              3  4   01  99.7 

6  61           5             15               20             1             5             3  5   00  99   8 

Solutions — See  Table  I . 

Attention  is  called  to  the  fact  that  in  each  of  these 
tables,  the  phenol  was  first  diluted  with  water  before 
the  hypobromite  solution  was  added  to  it.  This  is  of 
interest  because  of  the  fact  that  a  number  of  authors 
state  that  in  the  determination  of  phenol  by  bromine,1 
a  red  compound  is  formed  in  the  white  precipitate 
which  is  probably  tetrabromphenoquinone.  ( )nly  once 
or  twice  in  all  our  determinations  did  the  precipitate 
show  even  a  light  pink  shade,  never  yellow  which 
would  indicate  tribromphenol  bromide,  and  in  all  the 
other  cases  the  precipitate  was  perfectly  white.  In 
every  case  where  the  red  compound  is  mentioned  the 
phenol  solution  was  used  with  greater  concentration 
than  .Y  ioo;  it  was  found  that  diluting  the  phenol  to 
approximately  A'/  ioo  reduced  the  formation  of  this 
compound  to  zero  and  possibly  increased  the  accuracy 
of  this  method. 

The  Permanency  of  a  Hypobromite  Solution. — In 
estimating  phenol,  conflicting  determinations  were 
obtained  by  us  when  it  was  assumed  that  a  fresh 
hypobromite  solution  retains  a  constant  quantity  of 
available  bromine.  Allen-'  states  that  a  hypobromite 
solution  made  alkaline  by  dissolving  62.2  grams  of 
pure  NaOH  (this  is  50  per  cent,  more  caustic  than  is 
necessary  to  react  with  the  bromine  according  to  the 
equation,  Br2  +  2\aOH  =  2NaBrO  +  H20)  and   made 

1  Beckurts,  Arch.  Pharm...  5,  24,  561    (1886);  from  ./.  Soc    Chem.  Ind., 
6,  5.  546  (1886). 

2  J.  Soc.  Chem.  hul  .  3,  65     1884 


up  to  0.16075  A'  loses  11, it  more  than  0.8  per  cent,  of 
its  bromine  by  boiling  it  for  one  hour.  Lloyd'  assumes 
from  Allen's  paper  that  the  available  bromine  in  a 
solution  of  hypobromite  is  fairly  constant.  This  is 
true  if  the  bottle  is  kept  full  of  solut  on  ami  corked 
with  a  ground  stopper.  Hut  if  the  ordinary  5-liter 
bottle  be  fitted  up  with  a  paraffined  bark  cork,  siphon 
and  inlet  for  air,  the  hypobromite  solution  changes  its 
strength.  A  fresh  solution  made  up  in  this  laboratory 
by  dissolving  8  grams  of  bromine  per  liter  in  A'  4  KOH 
changed  its  strength  in  thirty-two  days  from  o  0865 
A'  to  0.0781  A',  a  decrease  0.3  per  cent,  strength  per 
day.  A  second  fresh  solution  of  strength  0.1654  A' 
changed  in  12  days  to  0.1584  A',  that  is  a  change  of 
0.33  per  cent,  per  day  A  third  soluti.ui.  which  was 
kept  in  a  ground  stoppered  brown  glass  bottle  in  a 
dark  compartment,  changed  from  0.1346  A'  to  0.1340 
A'  in  fifty-seven  days  It  is  evident  that  this  solution. 
which  was  quite  yellow  and  smelled  of  free  bromine, 
retained  its  strength  when  kept  well  corked  in  a  brown 
glass  bottle.  This  may  account  fur  the  conflicting 
statements  made  regarding  available  bromine  in  a 
hypobromite  solution.  Owing  to  the  possibility  of 
bromine  evaporating  from  a  strongly  alkaline  hypo- 
bromite solution  it  is  necessary  to  test  this  strength 
of  hypobromite  after  each  determination  if  these  are 
more  than  a  fewT  hours  apart,  especially  if  the  solution 
has  an  inlet  for  air  to  allow  the  siphon  to  operate,  or  if 
the  bottle  is  badly  corked. 

The  Acidity  of  the  Phenol  Hypobromite  Solution. — It 
is  imperative,  if  hypobromite  is  used  in  determining 
a  phenol  solution  as  tribromphenol,  to  have  the  solu- 
tion acid  both  before  and  after  the  hypobromite  is 
added.  Otherwise  the  phenol  ring  is  broken-  up  in 
alkaline  hypobromite  and  passes  over  into  carbon 
tetrabromide  and  possibly  higher  homologues. 

Table   IV.      Alkaline    Phenol  Hypobromite. 

Time. 

No.    H20.  CeH;OH.    KOBr.       Time.    HC1.    EI.   Min        Xa-^Os.     Per  cent 

la    64.5        2.5  18  1  min.         5        5  3  19.81  167   84 

Ha    64.5        2.5  18  1  min.         5        5  3  19.78  169.01 

\c     64.5        2.5  18  5  mins.       5        5  3  19.04  197    25 

He     64.5        2.5  18  5  mins.       5        5  3  19.06  196.86 

U    64.5       2.5  18        10  mins.       5       5  3  18.96  200.39 

lid    64.5       2.5  18        10  mins.       5        5  3  18.94  201.17 

Ie    64.5       2.5  IS        20  mins.       5       5  3  18.90  202.74 

He     64.5        2.5  18        20  mins.       5       5  3  18.89  203.13 

la    64.5        2.5  IS  1  hr.  5        5  3  18.79  205.49 

Ho    64.5        2.5  18  1  hr.  5        5  3  18.76  208.22 

It     64  5        2.5  IS        IS  hrs.  5        5  3  18.08  234.51 

Hi     64.5        2.5  18        18  hrs.  5        5  3  IS  07  234  90 

Solutions. 

Phenol 0    1022     N"        KI       20  per  cent 

KOBr 0.1318     X       HC1     12sp.gr. 

Thiosulphate.  .  .  .    0.09816  X 

18  cc.  0.1318  X  KOBr     =  23.72  cc.  0.1   X  KOBr 

2.5  cc.  0.1022  V  phenol    =      2  55  cc.  o  1   \'  phenol 

In  Table  I\r  the  acid  was  not  added  until  after  the 
hypobromite.  Column  5  shows  the  time  during"  which 
the  solution  was  alkaline.  The  table  shows  the  rate 
at  which  the  bromine  is  used  up  in  an  alkaline  phenol 
solution.  The  last  column  gives  the  per  cent,  of  Br 
disappearing,  calculating  as  100  per  cent,  the  amount 
of  Br  required  to  form  tribromphenol.  when  the  solu- 
tion is  acid. 

1  J.  Am.  Chem.  Soc  .  27,  10  (,1905). 

»  Olivier,  Rec.   Trav.  Chim.,  29,  294  (1910) ;  Collie.  J.  Sac.  Chem.    hul.. 
p.  264  (1894);  Wallach.  Ann.  Chem.,  276,    147    (1893      159.    (22 
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rhe  above  t .i  1  »K-  indicates  thai  it  the  solution  be 
alkaline  for  only  one  minute  alter  the  hypobromite  is 
added,  an  error  as  great  as  i>-  percent,  may  be  intro 
duced  m  the  determination,  and  a  longer  period  gives 

a  greater  error.  Lloyd  uses  sufficient  acid  to  keep 
thii  solution  strongly  arid  although  he  dors  not 
mention  the  attendant  danger  it'  the  solution  were 
alkaline.  Olivier'  rather  inconsistently  expresses  sur- 
prise at  the  amount  of  aeid  used  by  Lloyd  and  at  the 
same  time  shows  that  it  the  solution  become  alkalm. 
an  error  of  125  per  cent,  may  be  introduced  in  a  single 
determination. 

It  may  be  noted  that  no  precipitates  appeared  after 
adding  the  acid. 

Till-:     BROMIDE-BROMATE    METHOD. 

This  method  is  similar  in  many  respects  to  the 
hypobromite  method.  Instead  of  using  a  solution  of 
hypobromite  as  in  the  first  case,  a  solution  consisting 
of  a  mixture  of  potassium  bromide  and  potassium  bro- 
mate  (Koppcschaar's  solution)  was  used.  This  is  the 
standard  solution  used  by  the  United  States  Pharma- 
copoeia and  is  made  as  follows:  3.5  grams  of  potas- 
sium bromate  and  55  grams  of  potassium  bromide 
are  dissolved  in    water  and  then  diluted  up  to  1  liter. 

This  solution  has  considerable  advantage  over  the 
hypobromite  solution  in  that  it  contains  no  free 
bromine  and  therefore  does  not  have  the  objection- 
able odor  of  the  hypobromite  solution.  For 
the  same  reason,  it  is  much  more  stable  than  this 
solution2  and  does  not  require  to  be  standardized  with 
each  operation.  The  chief  objection  to  the  use  of  the 
bromide-bromate  solution,  however,  has  been  that  it 
was  too  slow.  Koppeschaar  recommends  15  minutes 
shaking  and  the  U.  S.  P.  30  minutes,  before  the  KI 
solution  is  added. 

As  shown  by  the  following  tables  it  is  not  necessary 
to  shake  for  one-half  hour  to  obtain  an  accuracy  of 
three  parts  per  thousand.  The  order  of  adding  the 
solutions  is  shown  in  each  table  reading  from  left  to 
right. 

Table  V. — Bromide  Bromate. 

Bromide    Time.  Time. 

No.    H2O.  HC1.   CfiH5OH.    bromate.     Min.  KI.  Min.  XajSoOa.  Percent, 

la         61        5                15                  19                15  3  2.80  99.72 

16         61        5                15                  19                15  3  2.75  100.04 

2a        61        5                15                  19               5  5  3  2.80  99.72 

26         61        5                15                  19               5  5  3  2.77  99.92 

3a         61        5                15                  19             10  5  3  2.80  99   72 

36         61        5                15                  19             10  5  3  2   79  99   79 

4a        61        5                15                  19             15  5  3  2.78  99.85 

46         61        5                15                  19             15  5  3  2.77  99.92 

5a        61        5                15                  19             20  5  '  3  2.73  100.11 

56         61        5                15                  19             20  5  3  2.81  99.72 

5c         61        5                15                  19             20  5  3  2.75  100   04 

56         61         5                15                  19             20  5  3  2.82  99  60 

6a         61        5                15                  19             30  5  3  2.70  100 .30 

66         61         5                15                  19             30  5  3  2.74  100    11 

7a          61         5                 15                    19              60  5  3  2.70  100.30 

76         61        5               15                 19            60  5  3  2.71  Km  30 
Solutions. 

Phenol 0.1022     N  KI      20  per  cent. 

Bromide  bromate  0.09493  N  HC1     1.2  sp.gr. 

Thiosulphate.  .  .  .    0.09816  N 

Table  V  was  prepared  to  determine  the  effect  of 
time  of  shaking  upon   the  results  obtained  when  the 

1  Olivier,  Rec.  Trav.  Chim..  29,  294  (1910). 

-  See  Part  V,  Summary,  page  659.  also  page  657. 


total  dilution,  volume  of  phenol  and  volume  of  bromide 
bromate  are  kept  constant  and  the  solution  acid 

In    Table    Y    the   Constant    volumes  of   water,    phenol 

acid  and  bromide-bromate  solution  were  used,  but  the 
time  oi  shaking  varied.  It  will  be  noticed  that  for 
no  test  was  there  a  greater  error  than  o.ft  per  cent, 
and  that  with  one  exception  all  the  results  are  within 
0.3  per  cent  The  result-  obtained  for  one  minute's 
shaking  are  as  accurate  as  those  for  15  minutes,  30 
minutes    and    1   hour. 

In  order  to  confirm  the  one-minute  determinations, 
a  series  ol  five  tests  were  run  exactly  similar  to  tho  1 
in  Table  V.  'Idle  live  results  are  submitted,  none 
rejected,  thereby  giving  an  idea  of  the  magnitude  of 
the  errors  to  be  expected  in  an  ordinary  laboratory 
determination  by  this  method. 

The  results  given  below-  in  Table  VI  show  an 
average  error  of  0.3  per  cent.,  the  greatest  error  being 
04  per  cent,  for  a  reaction  period  of  only  1  minute. 

Table  VI. — Bromide  bromate. 

Bromide  Time.  Time. 

So     HjO    HC1     Ci  H.OII      bromate.  Min.     KI.  Min.  NagSjOs-  Per  cent. 

1  61         5                15                  20  1           5          3  5.81  100.4 

2  61        5               15                 18  1          5          3  3.88  100  4 

3  i,l         5                15                  18  15           3  3.90  100.2 

4  61         5                15                  18  15           3  3.92  100.3 

5  61         5                15                  18  15           3  3.90  100  2 

Solutions. 

Phenol 0  08815  N         KI    20  per  cent. 

Bromide  bromate  0  09493  N         HC1     1    2  sp.  gr. 
Thiosulphate..        0.09816  N 

Table  VII  like  Table  II  varies  the  concentration  of 
phenol  with  respect  to  the  total  volume,  but  keeps 
the  relative  quantity  of  bromide  bromate  with  respect 
to  the  phenol  constant.  In  this  table  the  time  of 
shaking  was  taken  as  one-half  hour.  This  length  of 
time  was  chosen  according  to  the  U.  S.  P.,  as  Table 
VII  was  completed  before  Tables  IV  and  V. 

Table  VII. — Bromide  bromate. 

Bromide  Time.  Time. 

No.  H20.    HC1.   C,,H.,OH.    bromate.  Min.  KI.  Min.  NaoS^O:,.  Per  cent 

la      61.         5                15                19.              30  5  3  2.70  100.36 

16      61.         5                15                19.             30  5  3  2.74  100.11 

2a      72.         5                10                13.             30  5  3  2.12  100.39 

26       72.         5                10                13.             30  _  5  3  2.15  100.10 

3a      83.5      5                  5                  65          30  5  3  1    02  101    15 

36      S3  5     5                5                6.5          30  5  3  1.08  100.00 

4a      90  4      5                  2                  2  6          30  5  3  0.39  102.02 

46      90.4     5                2                2.6         30  5  3  0.43  100.05 

5a      92.7      5                  1                  1.3          30  5  3  0.19  102.50 

S6      42.7      5                  1                  1.3          30  5  3  0.21  100.58 

Solutions — See  Table  V. 

The  results  for  i  and  2  cc.  of  phenol  are  seen  to  be 
less  concordant  than  those  for  larger  amounts.  How- 
ever, as  one  drop  is  an  error  of  5  per  cent,  in  1  cc, 
and  as  the  phenol  solution  was  measured  out  from  a 
burette  and  not  weighed,  the  agreement  is  fairly 
good.  The  table  shows  that  0.000015  gram  of  phenol 
per  cubic  centimeter  may  be  determined  by  this 
method  with  a  maximum  error  of  2  per  cent.  The 
method  is  probably  much  more  sensitive  than  this  if 
more  dilute  solutions  are  used. 

From  these  tables  we  have  come  to  the  following 
conclusions  for  work  requiring  an  accuracy  not  closer 
than  0.3  per  cent.  First,  it  is  not  necessary  to  shake 
the  acidified  phenol  solution  with  Koppeschaar's 
solution  (bromide  bromate)  or  with  Lloyd's  hypo- 
bromite  solution   for  a   longer  time   than   one   minute 
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if  a  continuous  shaker  is  used.  Second,  if  the  con- 
ditions of  dilution,  etc..  are  those  given  in  the  pre- 
ceding tables  no  red  or  yellow  compounds  are  ob- 
served in  the  white  tribromphenol  precipitate. 

In  addition  to  the  above  experiments,  tests  were 
run  by  the  two  methods  to  determine  the  error  which 
might  be  introduced  in  the  determinations  due  to 
chemicals,  evaporation  of  bromine  due  to  the  use  of 
ordinary  one-half  liter  bottles,  methods  of  working, 
etc.  Thus,  an  error  might  be  introduced  by  running 
the  hypobomite  solution  into  the  phenol  without 
shaking  if  the  region  where  the  hypobromite  was  most 
concentrated  became  alkaline.  Several  tests  were 
made  to  determine  this,  but  no  appreciable  effect 
was  noticed. 

A  series  of  six  determinations  to  find  the  effect  of 
titrating  back  with  the  thiosulphate  after  periods  of 
1,  2  and  3  minutes  (continuous  shaking)  from  the  time 
when  the  KI  was  added,  gave  results  which  showed  a 
maximum  error  of  o  5  per  cent,  within  themselves. 
Accordingly  an  error  of  not  more  than  0.5  per  cent. 
is  introduced  if  the  solution  is  shaken  only  1  minute 
after  adding  the  potassium  iodide. 

Blank  experiments  were  run  under  the  same  con- 
ditions as  the  original  determinations  which  showed 
that  the  maximum  error  introduced  by  the  solutions, 
manipulation,  bottles,  etc.,  was  0.3  per  cent. 

Directions. — (1)  A'/io  sodium  thiosulphate  and  a 
N/10  of  either  hypobromite  or  bromide  bromate, 
20  per  cent.  KI  and  »  /,  per  cent,  starch  solutions. 

(2)  Into  a  500  cc.  bottle,  fitted  with  a  ground  glass 
stopper,  put  60  cc.  water,  5  cc.  hydrochloric  acid  (sp. 
gr.  1.2)  and  then  add  15  cc.  of  the  unknown  phenol  solu- 
tion which  is  to  be  determined  and  which  has  pre- 
viously been  diluted  to  about  N/10.  If  the  solution 
is  weaker  than  N/10  no  previous  dilution  is  required. 
Add  quickly  enough  N/10  hypobromite  or  bromide- 
bromate  solution  to  make  the  solution  yellow  and  then 
add  in  addition  10  per  cent,  of  the  amount  already 
added.  Place  the  stopper  in  the  bottle  and  shake 
continuously  for  one  minute.  Add  to  the  solution 
in  the  bottle  5  cc.  potassium  iodide  solution  (10  per 
cent.)  and  again  shake  for  three  minutes.  Wash  down 
the  stopper  and  sides  of  the  bottle  and  titrate  the  solu- 
tion with  the  A'/ 10  thiosulphate,  using  starch  solution 
as  an  indicator.  The  starch  must  not  be  added  until 
enough  thiosulphate  has  been  run  in  to  make  the 
solution  almost  colorless.  The  quantity  of  thiosul- 
phate used  represents  the  quantity  of  free  iodine,  and 
therefore  the  quantity  of  excess  bromine.  The  differ- 
ence between  this  quantity  and  the  known  quantity 
of  bromine  added  gives  the  amount  of  solution  present. 
Each  cubic  centimeter  of  N,  10  bromine  used  up  is 
equivalent  to  0.00156  gram  of  phenol. 

SUMMARY. 

I.  The  results  show  that  by  the  above  methods  of 
manipulation,  either  with  the  hypobromite  or  with 
the  bromide-bromate  solution,  phenol  determinations 
can  be  made  within  an  error  of  0.3  per  cent,  with 
only  one  minute  of  continuous  shaking  after  the  solu- 
tion containing  the  bromine  is  added,  *.  e-.,  the  reaction 


period  may  be  reduced  from  30  minutes  to   1   minute 
without  sacrificing  accuracy. 

II.  The  phenol  in  each  case  was  diluted  until  it 
was  approximately  N  100  before  the  determination 
was  made.  The  resulting  precipitate  with  the  hypo- 
bromite or  bromide-bromate  solution  was  white  and 
flocculent  in  each  ease  and  the  precipitate  showed 
no  traces  of  red  tetrabromphenoquinone  <>r  yellow 
tribromphenol  bromide. 

III.  In  order  to  secure  correct  results,  the  phenol 
solution  must  be  acid  after  the  bromine  is  added. 
If  it  is  alkaline,  an  error  is  introduced  which  increases 
as  the  concentration  of  the  phenol  in  the  solution 
diminishes  and  the  reaction  period  increases. 

IV.  The  error  introduced  by  shaking  the  solution 
for  only  one  minute  after  the  'KI  solution  is  added  before 
titrating  back  with  thiosulphate  is  0.5  per  cent. 
Three  minutes  shaking  eliminates  this  error  and  longer 
shaking  has  no  effect. 

V.  The  bromide-bromate  solution  has  the  ad- 
vantage over  the  hypobromite  of  being  permanent. 
When  the  solution  used  was  first  made,  its  strength 
was  0.09493  A".  After  three  months  duplicate  tests 
gave  o  09495  A"  The  hypobromite  solution  weakened 
one-third  per  cent,  every  twenty-four  hours  for  the 
first  few  days  after  the  solution  was  made.  The 
bromide-bromate  solution  has  not  the  unpleasant  odor 
or  free  bromine. 

Department  of  Industrial  Research, 
University  op  Kansas, 

Lawrence. 


THE  COLORIMETRIC  DETERMINATION  OF    IRON  IN  LEAD 

AND  ITS  OXIDES. 

By  John  A.  Schaeffer. 

Received  June  20.  1912. 

The  determination  of  the  small  percentage  of  iron 
always  found  in  lead  and  its  oxides  must  frequently 
be  made  by  chemists  working  in  industries  where  any 
appreciable  amount  of  iron  in  raw  materials  has  a 
deleterious  effect  on  the  finished  product.  This  is 
especially  true  in  the  use  of  red  lead  and  litharge  in 
the  manufacture  of  high-grade  cut  glass,  and  lead  and 
its  oxides  in  the  manufacture  of  lead  accumulators, 
where  the  determinations  are  constantly  made  The 
gravimetric  determination  of  this  constituent  necessi- 
tates a  lengthy  and  a  more  or  less  inaccurate  analysis, 
owing  to  the  many  operations  entailed.  A  volumetric 
determination  is  also  in  many  cases  not  sufhciently 
accurate  and  rapid  for  estimating  the  very  small 
percentages  which  are  often  present. 

The  following  colorimetric  method  was  developed 
to  fill  this  need  and  it  has  been  found  that  no  other 
method  compares  with  it  in  rapidity,  ease  of  manipu- 
lation, or  in  accuracy  for  the  estimation  of  the  small 
percentages  of  the  above  constituent  present  in  lead 
and  its  oxides.  The  method  is  a  modification  of 
Thomson's1  method,  so  adapted  as  to  be  readily  applied 
to  the  above  mentioned  analysis. 

It  is  carried  out  in  the  following  manner: 

In  the  analysis  of  litharge  or  metallic  lead,  treat 
one  gram  of  the  sample  in  a  beaker  with  15  cc.  of  water 

'  J.  Chem.  Soc.,  1885,  493. 
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and  sufficient  nitric  acid  to  converl  all  the  lead  presenl 
to  lead  nitrate  Should  there  be  any  separation  ol 
basic  lead  nitrate  add  more  water  until  complete 
solul ii hi  is  effected. 

In  the  analysis  ol  red  lead,  treat  one  gram  ol  th< 
pie  with  to  cc  ol  water  and  sufficient  nitric  acid 
tu  convert  all  the  oxide  present,  excepting  the  lead 
dioxide,  to  lead  nitrate  Add  io  cc.  ol  hydrogen 
peri i Mile  I  i  :  3.5)  to  the  solution,  ami  boil  l< >r  a  minute 
until  all  the  oxides  of  lead  pass  into  solution. 

Alter  complete  solution  of  either  the  metallic  lead, 
litharge  or  red   lead,   boil   the  nitrate  solution  gently 

fur  several  minutes  tu  convert  all  the  iron  to  the  ferric 
condition,    COOl    the   contents   of    the   beaker,    neutralize 

the  tree  nitric  acid  presenl;  with  ammonium  hydroxide 

and  render  faintly  aeid  with  nitric  aeid.  A  solution 
made  from  red  lead  may,  alter  neutralization  and  the 
subsequent  addition  of  aeid.  show  the  presence  of  lead 
dioxide.  When  this  occurs,  the  solution  can  be  ren- 
dered clear  by  the  addition  of  a  few  drops  of  the  hy- 
drogen peroxide  solution. 

Wash  the  contents  of  the  beaker  into  a  100  cc. 
Xessler  cylinder,  add  15  cc.  of  dilute  ammonium 
sulphocyanide  (1  :  20)  and  dilute  to  the  mark.  The 
intensity  of  the  blood-red  color  depends  upon  the 
amount  of  iron  present.  The  color  is  compared  with 
a  blank  made  in  the  following  manner: 

A  solution  of  ferric  ammonium  sulphate  of  known 
strength  is  required.  This  is  made  by  dissolving 
0.7022  gram  of  ferrous  ammonium  sulphate  in  water. 
Acidify  with  sulphuric  acid,  heat  to  boiling  and  add  a 
solution  of  potassium  permanganate  until  all  the  iron 
is  converted  to  the  ferric  condition.  Only  the  very 
slightest  pink  tinge  may  be  present  after  the  addition 
of  the  potassium  permanganate,  as  this  tinge  will 
fade  away,  while  the  presence  of  a  pink  color  tends  to 
vitiate  the  results.  Allow  the  solution  to  cool  and 
dilute  to  one  liter.  One  cc.  of  this  solution  equals 
0.000 1  gram  of  iron. 

Prepare  the  blank  by  pouring  into  a  100  cc.  Nessler 
cvl  nder  10  cc.  of  hydrogen  peroxide  of  the  above 
strength,  provided  hydrogen  peroxide  was  added  for 
the  solution  of  the  oxide,  approximately  the  same 
amount  of  nitric  acid  as  was  required  for  the  solution  of 
the  original  metallic  lead  or  oxide,  and  15  cc.  of  am- 
monium sulphocyanide  solution.  Dilute  to  100  cc.  and 
titrate  to  the  exact  color  developed  in  the  sample  under 
examination,  by  the  addition  of  the  standard  ferric  am- 
monium sulphate  solution.  One  cc.  of  this  solution 
equals  0.0 1  per  cent,  of  iron  when  a  one-gram  sample 
is  used.  The  percentage  of  iron  present  should  not 
require  more  than  2  or  3  cc.  of  the  standard  to  equal  it. 
or  the  color  will  be  too  deep  for  comparison. 

It  will  be  found  that  the  color  can  be  accurately 
compared  to  within  0.001  per  cent,  of  iron  content. 
The  small  percentage  of  copper  present  in  lead  and  its 
oxides  does  not  interfere  with  the  reaction. 

Laboratory  of  Picbbk  Leak  Company. 
;<  ip]  in,  M11 


A  RAPID  MICROSCOPICAL   METHOD    FOR    THE    DETERMI- 
NATION OF  ARSENIC,  AS  ORPIMENT,  IN  SHELLAC.1 

Hv    Kulilli  1    Si  HWAR2 

Received  .Inly  IS,  I'M  2 
As    is    well     known,    Orpiment,     the    mineral    form    ill 

arsenic   trisulphid,   is  very  generally  added   to  shellac 
in  India,  where  this  product  is  collected  and  prepared 

lor   the    market.      Orpiment    is   added    merely    to    make 
shellac   more  opaque  and  light  straw-colon  d 

An  attempt  has  therefore  been  made  tu  obtain  from 
India  shellac  to  which  no  orpiment  has  been  added, 
but  it  has  been  found  that,  for  some  unknown  reason, 
almost  all  shipments  of  so-called  "arsenic-free"  goods 
contain  from  small  amounts  to  considerable  quantitii 
of  arsenic,  mostly  in  the  form  of  orpiment.  Therefore 
it  appeared  advisable  to  develop  a  method  of  qualita 
tively  determining  orpiment  in  shellac,  which  method 
would  be  more  rapid  than  the  Gutzeit  or  Marsh  tests. 
Such  a  method  has  been  evolved  and  bases  itself,  (1) 
upon  the  fact  that  orpiment  is  insoluble  in  alcohol  and 
can  be  precipitated  from  alcoholic  solution  of  shellac 
by  centrifugal  motion,  and  (2),  upon  the  characteristic 
appearance  of  orpiment  under  the  microscope.  When 
examined  in  this  manner,  orpiment  appears  as  trans- 
parent to  translucent  granular  masses  and  imperfect 
crystals  of  a  distinctly  characteristic  yellow-greenish 
color. 

The  method,  therefore,  is  very  simple  and  rapid, 
as  can  be  seen  from  the  following: 

A  10-gram  average  sample  is  ground  fine  in  a  coffee 
mill  and  then  dissolved  in  15  cc.  of  methyl  alcohol, 
solution  being  hastened  by  shaking  and  warming  the 
flask.  The  varnish  is  then  poured  into  a  graduated 
tapering  tube  and  this  revolved  in  a  centrifugal 
machine  for  5-6  minutes  at  1000-1500  revolutions  per 
minute.  This  causes  the  precipitation  of  the  greater 
part  of  the  insoluble  material,  which  contains  the 
orpiment.  The  varnish  is  then  decanted,  the  precipi- 
tate shaken  with  methyl  alcohol  and  the  tube  again 
revolved  in  the  centrifuge  for  one  to  two  minutes. 
The  alcohol  is  then  decanted  as  thoroughly  as  possible, 
the  amount  of  the  precipitate  recorded,  and  a  small 
portion  transferred  to  a  microscopic  slide  by  means  ot 
a  capillary  tube.  This  preparation  is  then  carefully 
examined  under  the  microscope,  using  a  magnification 
of  450-600  diameters. 

With  an  ordinary  brewers'  shellac  or  varnish  con- 
taining a  normal  amount  of  insoluble  material  and 
above  150  parts  of  arsenic  per  million,  several  pieces 
of  orpiment  will  be  observed  in  each  field.  Some 
shellacs,  however,  contain  a  considerable  amount  ot 
insoluble  material,  and  so  the  precipitate  becomes 
larger  and  the  number  of  pieces  of  orpiment  in  each 
field  correspondingly  smaller.  The  method  has  been 
used  not  only  on  the  common  grades  of  shellac,  but  it 
has  also  been  tried  on  so-called  "arsenic-free"  ship-- 
ments  and  three  bleached  shellacs.  The  results  of  all 
tests  have  been  embodied  in  a  table  in  which  is  given 
the  number  of  each  test,  description  of  the  sample, 
amount  of  the  precipitate,  number  of  pieces  of  orpiment 

1  Paper  presented  at  the  New  York  Section  of  the  American  Chemical 
Society,   .tune  7.1912. 
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found  in  each  field  or  preparation,  and  the  amount  oi 
arsenic  trioxido.  as  determined  by  the  Marsh  or  Gutzeit 
test.  The  Marsh  or  Gutzeit  test  determines  the  total 
amount  of  arsenic  present,  and  therefore,  as  Langmuir 
and  White"  have  shown  that  a  certain  amount  of 
orpiment  may  be  dissolved  in  the  shellac  in  the  pro- 
cess of  manufacture,  it  is  not  surprising  that  in  some 
instances  the  microscopic  tests  failed  to  reveal  orpi- 
ment, while  the  chemical  tests  showed  appreciable 
amounts  of  arsenic  to  be  present. 

AS203. 
Parts  per 
orpiment       million 
Sample  Sedi-    crystals     M= Marsh 

Number.  Description  ment.  per  field.  G  =  Gntzeit. 

1  Varnish  Orange  0 . 1  ee.     4-5  400  M 

2  Varnish  Orange  0  05  1  60  M 

3  Varnish  <  irantu^  0.05  4-5   '•         155  M 

4  Varnish  Orange  As-free     0.025        none1         none  G 

5  Varnish  Manheim  none         none  none  M 

6  Varnish  Manheim  0.02  1-2  112  M 

7  Varnish  White  0  05  none1        none  G 

8  Shellac  Oram  Lac.  1.5  1  45  M 

9  Shellac  R  &  P  garnet        0    1  none1  85  M 

10  Shellac  Gr.  orange  0  075  none1  none  M 

11  Shellac  Reg.  Orange  0  075  6-8  550  M 

12  Com.  As-free  shellac  0  025  1-  4G 

13  Com.  As  free  shellac       0  05  1-'  7   5G 

14  Com.  As  free  shellac  0  025  '2-  4G 

15  Com.  As-free  shellac  Grain  lac  1    00  1-  20  G 

16  Com.  As  free  shellac  Grain  lac.  1    00  1-  20  G 

17  Bleached  shellac  0.01  1-  6  G 

18  Bleached  shellac  0.25  1;  traces   CM 

19  Bleached  shellac  o  01  none1  15  G 

1  Three  preparations  examined. 

-  Xumber  of  crystals  in  each  preparation. 
3  One  crystal  in  every  third  preparation. 

It  is  easily  seen  from  the  above  table  that  the  sedi- 
ment from  a  brewers'  varnish-  (samples  1-6).  which  is 
generally  made  from  the  ordinary  grades  of  shellac, 
contains'  such  an  amount  of  orpiment  that  there  are 
always  one  or  more  crystals  present  in  each  micro- 
scopic field.  Sample  4,  however,  did  not  show  anv 
orpiment  in  three  microscopic  preparations,  and  as 
experience  had  shown  that  this  number  of  preparations 
would  show  at  least  one  crystal  of  orpiment.  if  any 
were  present,  this  sample  was  judged  orpiment-free. 
The  Gutzeit  test  showed  that  no  arsenic  in  any  form 
was  present. 

Of  the  raw  or  purified  shellacs  all  but  two  showed 
crystals  of  orpiment  where  arsenic  was  subsequently 
found  by  the  Marsh  or  Gutzeit  tests.  The  two  excep- 
tions were  No.  9,  of  which  a  number  of  preparations 
were  made  and  no  orpiment  found,  and  No.  19,  a 
bleached,  wax-free  sample,  which  gave  similar  results. 
It  is  quite  probable  that  in  both  instances  the  arsenic 
was  in  solution,  and  that  any  orpiment  which  had  been 
present  in  the  raw  lac  had  been  removed  in  the  process 
of  manufacture. 

Regarding  samples  Nos.  12-18,  it- is  interesting  to 
note  that  the  method  will  show  the  presence  of  orpi- 
ment even  when  the  total  arsenic  present  is  only  4 
parts  per  million,  and  in  one  instance — sample  No.  18 
— one  crystal  was  found  in  every  third  microscopic 
preparation,  while  the  Gutzeit  and  Marsh  tests  showed 
the  presence  of  traces  only  of  arsenic. 

As  regards  using  the  method  to  obtain  quantitative 
approximation  of  the  amount  of  orpiment  present,  it 
'  ./.  Soc.  Chem    Ind  ,  1911,  786. 


must  be  stated  that,  in  the  first  place,  the  method  is 
Suggested  only  as  a  qualitative  test.  However,  by 
using  the  same  microscope,  ocular  ami  objective,  ami 
by  comparing  the  sediments  of  unknown  shellacs  with 
those  of  samples  containing  known  amounts  of  orpi- 
ment, a  fair  idea  of  tin  amounl  oi  orpiment  presenl 
can  be  obtained. 

In  conclusion  I  wish  to  acknowledge  my  indebted- 
ness to  Dr.  A.  C.  Langmuir.  at  whose  suggestion  this 
paper  was  written,  and  who  has  given  valuable  advice 
in  the  preparation  of  the  same. 

Microscopical  Laboratory, 

First  Scientific  Station  pof   1111.  Am   ..1    Brewing 
New  Viikk  City. 


SOME  PRACTICAL  METHODS  FOR  TESTING  AND    IDENTI- 
FYING COLORS  FOR  PRINTING  INKS  AND  SIMILAR 
PIGMENTS. 
By  Samuel  Le Vinson. 
Received  May  27,  1912. 

Every  manufacturer,  in  fact  every  large  user  of 
colors,  should  be  in  position  to  identify  and  match 
colors  brought  to  his  attention  as  a  producer,  jobber 
or  buyer.  In  this  paper  we  shall  consider  only  the 
so-called  Lake  Colors,  i.  e.,  colors  made  from  coal-tar 
dyestuffs  consisting  of  the  base,  coloring  matter  and 
usually  sorrte  substance  or  substances  used  to  fasten 
the  dye  to  the  base.  Analytical  methods  very  often 
are  insufficient  to  properly  identify  chemical  prepara- 
tions. A  complete  analysis  giving  the  percentage 
of  all  the  constituents  which  can  be  properly  identified 
chemically  will  often  be  of  comparatively  little  value. 
But  on  the  other  hand  a  synthetic  test.  i.  c,  a  combina- 
tion of.  different  materials  which  results  in  a  substance 
identical  with  the  one  tested  will  make  the  examination 
complete  and  at  the  same  time  provide  all  the  impor- 
tant analytical  data.  In  very  many  cases  the  synthetic 
test  is  simpler  and  takes  up  much  less  time,  than  an 
analysis.  In  many  factories  where  there  are  no  or 
very  limited  laboratory  facilities  a  complete  analysis 
is  out  of  the  question  and  one  must  per  force  take 
refuge  in  synthet  c  methods.  Certain  conditions. 
of  course,  cannot  be  duplicated  in  the  laboratory  and 
besides  the  chemist  must  be  familiar  not  only  with 
analytical  methods  but  must  understand  the  manu- 
facture of  the  articles  in  question.  Happily  in  the 
color  line  conditions  are  such  that  almost  any  color 
can  easily  be  prepared  in  the  laboratory  and  the 
preparation  requires  but  little  time  and  very  limited 
facilities. 

It  is  relatively  easy  to  find  out  the  percentage  of 
coloring  matter  in  a  color  and  in  many  instances  the 
manufacturer  will  state  the  nature  of  the  dye  used 
but.  if  the  consumer  should  pay  according  to  the 
percentage  of  dye,  as  revealed  by  such  analysis,  the 
results  might  prove  disastrous.  It  is  quite  a  common 
occurrence  for  two  colors,  with  exactly  the  same  per- 
centage of  dye  to  show  different  strengths.  In 
examining  a  new  color  it  is  worth  while  to  remember 
that  there  are  relatively  fvw  lake  colors  in  the  market 
in  shades  other  than  Red,  because  some  of  the  more 
important  Inokoank  colors,  like  chrome  yellow, 
chrome    green,     ultramarine    and    prussian    blue,    are 
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much  cheaper.  So  ill  many  instances  «r  can  tell  by 
the  shade  and  price  without  any  further  examination, 
whether    the   article    in    question    is   a    lake   color   or   an 

inorganic  color.  The  purpose  tor  which  the  color  is 
used  is  a  Factor  of  even  greater  importance;  it  is  evi- 
dently useless  to  look  for  a  heavy  gritty  base  in  a  color 
intended  tor  line  printing  inks. 

Very  little  apparatus  and  hut  lew  chemicals  are 
required  in  order  to  form  a  definite  idea  of  most  of 
the  colors.  A  tew  test  tubes,  a  Bunsen  burner,  and  an 
ile,  li,. I  hint])  will  enable  one  to  make  most  of  the 
necessary  tests.  When  matching  is  the  more  impor- 
tant part  of  the  work  it  very  often  becomes  necessary 
to  make  up  counter  samples,  ;'.  e.,  a  color  having  all  or 
most  of  the  important  qualities  of  the  submitted 
sample.  For  this  work  a  few  Mason  jars  of  one  quart 
capacity  can  be  used  as  working  tanks;  glass  rods. 
or  even  pieces  of  wood  will  serve  as  stirring  rods;  all 
the  dissolving  can  be  performed  without  the  necessity 
of  boiling  by  using  hot  water  in  enameled  ware  dishes. 
As  most  of  the  operations  included  in  the  manufacture 
of  colors  take  place  with  the  use  of  live  steam,  passing 
through  open  iron  pipes  with  a  maximum  temperature 
of  approximately  1700  F.,  it  will  readily  be  seen  that 
the  use  of  boiling  water  will  practically  duplicate  the 
working  conditions  in  the  manufacture.       • 

Several  glass  funnels  for  filtration,  or  better  still  a 
suction  pump  and  a  drying  oven  will  complete  the 
outfit  In  the  absence  of  a  drying  oven  a  pot  of 
boiling  water  covered  with  a  piece  of  tin  can  be  used 
for  drying.  A  scale  and  a  set  of  metric  weights  will 
be  very  convenient,  as  by  figuring  t  gram  to  g  cc.  as 
the  equivalent  of  a  pound  per  gallon,  it  is  easy  to 
figure  out  the  dimensions  of  tanks  and  vessels  required 
for  the  actual  manufacture.  The  concentration  of 
the  solutions  of  the  materials  used  is  a  very  important 
item  in  manufacture. 

The  color  submitted  for  examination  must  be  first 
examined  as  to  the  shade  and  strength.  In  order  to 
do  this  properly7  it  is  very  convenient  to  have  a  fair 
sized  collection  of  standard  samples,  either  prepared 
in  the  laboratory  or  standard  market  goods;  the 
names  of  the  manufacturers,  trade  names,  prices,  etc., 
should  be  carefully  kept  on  record.  The  sample  in 
question  is  "rubbed  out"  on  a  glass  plate  in  some 
vehicle,  either  linseed  oil.  varnish,  water  or  glue 
solution,  depending  on  the  use  to  which  the  color  is  to 
be  put.  This  mixture  is  spread  out  in  a  thin  layer 
alongside  of  a  sample  of  some  standard  color  rubbed 
out  in  exactly  the  same  way,  which  appears  to  be 
nearest  in  shade.  The  two  rub-outs  can  be  placed 
together  on  a  piece  of  glass.  It  is  also  very  convenient 
to  spread  the  colors  on  white  paper,  which  should  not 
be  too  heavy.  Another  method  is  to  put  separately- 
very  small  masses  of  the  colors  in  oil  or  varnish  on  a 
large  palette  knife  and  then  rub  them  out  together  on 
a  piece  of  paper  in  adjoining  smears.  In  this  way  both 
the  overtone  and  undertone  can  be  studied  and  com- 
pared with  standard  samples. 

The  next  in  order  is  a  strength  test,  or  a  determina- 
tion of  the  staining  power.  For  this  the  color  is  re- 
duced  with   a  given   amount   of   an   inert   white  base, 


rubbed   out    and   Compared    with   a   standard   exactly   as 

before      for   reducing    I    have  always  used   oxide  ol 

zinc  with  very  satisfactory  results.  The  color  is  mixed 
with  ten.  twenty  or  in  case  of  strong  color  even  fifty 
or  a  hundred  parts  of  white  (by  weight).  The  same 
concentration  oi   the  standard  color  is  prepared.     To 

facilitate  matters  it  is  very  convenient  to  prepare 
dry  mixtures  of  standard  colors  t  :  10  or  1  :  20  and 
keep  them  in  small  bottles  for  further  referent'  I 
the  shade  of  the  sample  and  standard  are  identical 
and  they  differ  in  strength  only,  the  addition  of  more 
zinc  oxide  will  help  to  determine  the  exact  strength. 
In  the  course  of  the  above  determinations  we  can  also 
consider  the  general  behavior  of  the  color  "bleeding" 
in  oil,  in  water,  resistance  toward  common  reagents, 
acids  and  alkalies,  etc.  If  the  overtone,  undertone, 
strength,  and  general  behavior  of  two  colors  are  alike 
they  can  be  safely  considered  identical  for  all  practical 
purposes. 

If  none  of  the  standards  on  hand  matches  the 
sample  it  becomes  necessary  to  examine  the  color 
more  closely,  beginning  with  the  base  The  specific- 
gravity  of  the  color  will  furnish  a  good  clue  n  this 
matter,  e.  g.,  a  heavy  color  cannot  be  a  lake  made  on 
alumina  hydrate  base.  It  must  conta'n  some  of  the 
heavier  bases  (barytes,  clay,  different  lead  salts,  etc.). 
A  few  simple  tests  like  the  following  will  suffice  to 
determine  the  base.  A  little  of  the  color  is  treated 
in  a  test  tube  with  hydrochloric  acid;  strong  efferves- 
cence will  show  the  presence  of  carbonates,  usuallv 
either  Paris  white,  or  carbonate  of  barium  or  lead. 
The  latter  are  both  heavier  than  Paris  white.  The 
following  test  will  clear  up  the  question:  A  little  of 
the  color  is  boiled  in  a  test  tube  with  strong  acetic 
acid  and  some  hot  water  and  a  few  drops  of  a  solution 
of  potassium  iodide  are  added  The  immediate  forma- 
tion of  heavy  golden  crystals  will  show  the  presence 
of  lead  as  a  base,  as  previously  confirmed  by  the 
heaviness  of  the  color.  If  the  crystals  are  formed 
very  slowlyr,  we  can  deduce  that  lead  was  used  but  in 
small  quantities,  evidently  in  order  to  fasten  the  dye- 
stuff.  The  coloring  matter  can  be  easily  destroyed 
by  boiling  the  color  with  a  mixture  of  hydrochloric  and 
nitric  acids.  The  filtrate  is  tested  in  the  usual  way 
for  soluble  metals.  Large  amounts  of  aluminium  for 
instance  will  show  that  the  color  contains  some  hydrate 
of  that  metal.  If  a  microscope  having  a  magnification 
of  about  100  is  handy,  it  is  very  convenient  to  examine 
the  color  on  a  slide  rubbed  out  with  a  little  alcohol. 
In  this  way  it  is  easy  to  determine  the  difference 
between  barytes  and  blanc  fixe  which  are  identical 
chemically  (natural  and  artificial  sulfate  of  barium) 
but  act  quite  differently  as  bases  for  colors. 

After  getting  some  idea  of  the  base,  we  shall  next 
proceed  to  examine  the  coloring  matter  proper.  The 
presence  of  small  quantities  of  lead  previously  deter- 
mined in  testing  for  this  metal  in  the  case  of  a  red  color 
usually  bespeaks  the  presence  of  eosines;  decided 
fluorescence  of  the  color  with  alkalies  will  confirm  it. 
It  is  however  important  to  remember  that  some  of  the 
newer  coal-tar  products  show  quite  a  similar  behavior; 
c.    g.,    Pigment    Scarlet    3    B    (of    Meister,    Lucius   and 
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Bruening).  A  bromine  test  will  prove  the  presence 
of  eosines  more  positively  and  exclude  Pigment  Scarlet. 

Having  excluded  this  class  of  dyes,  the  identification 
of  so-called  Permanent  Colors  made  with  Paranitrani- 
line  is  next  in  order.  When  treated  with  strong 
sulfuric  acid  this  class  shows  a  cherry-red  reaction; 
boiled  with  alcoholic  caustic  soda  solution  a  dark 
violet  will  appear.  The  above  method  has  been  used 
by  the  author  for  the  last  six  years,  and  has  been 
sufficient  for  the  complete  identification  of  this  class 
of  colors,  nor  has  confusion  with  any  other  class  ever 
occurred. 

Using  some  of  the  most  common  reagents  like  sul- 
furic acid,  hydrochloric  acid,  caustic  soda,  also  alco- 
holic caustic  soda,  alcohol,  etc.,  and  comparing  the 
resulting  reactions  with  standard  samples  made  with 
known  coui-tar  dyes,  or  even  with  the  coal-tar  dyes 
per  se,  we  can  arrive  at  some  conclusion  as  to  the 
nature  of  the  dye  used  in  the  sample.  In  some  cases, 
especially  when  dealing  with  mported  colors,  we  may  find 
that  none  of  the  dyes  on  the  market  are  similar  to  the 
one  used  in  the  sample.  It  occurs  quite  often  that 
manufactured  goods  with  new  dyes  come  to  this  coun- 
try, before  the  corresponding  dyes  have  been  imported. 
It  is  necessary  to  have  a  good  collection  of  coal-tar 
dyes  found  on  the  market.  It  is  very  important  to 
keep  a  record  of  the  name  of  the  original  manufacturer 
(in  case  the  dyes  are  bought  from  jobbers),  as  very 
often  dyestuffs  of  different  make  are  different,  even 
if  they  have  the  same  trade  name.  The  trade  name 
should  be  always  noted  in  full  including  different 
letters,  B,  R,  G.  etc.,  and  descriptive  words  like 
"extra."  '  fine."  etc.,  in  order  to  be  able  to  get 
exactlv  the  same  products  should  occasion  occur. 
The  record  should  also  contain  the  price. 

After  having  determined  to  some  extent  the  nature 
of  the  base  and  coloring  matter  it  becomes  often 
necessary  in  order  to  confirm  the  findings  to  make  a 
similar  or  even  an  identical  sample.  In  this  work  care 
must  be  taken  to  use  always  the  same  grade  of  raw 
materials;  it  is  convenient  to  keep  or.  hand  standard 
samples,  of  them,  with  names  of  the  manufacturers, 
trade  names,  etc.  One  cannot  make  samples  with 
chemically  pure  materials,  as  it  would  not  be  possible 
to  duplicate  them  on  a  large  scale.  After  a  sample 
is  made  in  the  laboratory  it  is  compared  exactly  in  the 
same  way  as  stated  above  with  the  tested  sample. 
It  is  very  important  to  keep  a  record  of  the  yield  of  the 
color,  as  this  will  enable  us  to  figure  out  the  price. 
In  computing  the  price  from  the  raw  materials  one 
must  always  be  sure  to  include  a  fair  estimate  for  cost 
of  labor,  including  -also  as  a  factor  the  salary  of  the 
chemist  and  taking  into  consideration  the  manufacturers' 
and  jobbers'  profit.  In  this  way  it  is  easy  to  tell 
whether  the  price  asked  for  a  new  color  is  fair. 

Another  factor  of  some  importance  is  that  there  is 
usually  some  little  difference  between  a  color  made 
in  the  factory  and  one  prepared  in  the  laboratory,  as 
it  is  impossible  to  have  the  conditions  of  work  abso- 
lutely alike.  It  would  be  very  wrong  for  a  manu- 
facturer to  submit  to  a  customer  a  laboratory  sample 
for  the  goods  that  he  will  deliver. 


The  same  work  of  preparing  counter  samples  is 
often  necessary  in  order  t<>  identify  and  match  samples 
of  coal-tar  dyes  for  the  use  in  the  color  trade  Two 
samples  of  dyestuffs  may  often  stain  wool  or  cotton  in 
exactly  the  same  way.  but  give  entirely  different 
results  when  used  in  the  manufacture  of  colors. 

After  separation  from  the  vehicle,  thinners,  etc., 
practically  the  same  methods  as  those  given  above 
can  be  used  in  the  examination  of  paints  and  similar 
goods. 

Brooklyn.   New  York. 

THE  EFFECT  OF  IGNITION  ON  THE   SOLUBILITY  OF  SOIL 

PHOSPHATES. 

By  Ciias   B.  I.iPMAN 

Received  July  31.  1912. 

In  common  with  other  soil  investigators,  the  writer 
has  taken  occasion  to  point  out  recently  the  dangers 
involved  in  applying  data  obtained  with  solution 
cultures  of  plants  to  soil  problems  with  the  same 
plants.  Time  and  again  results  have  been  obtained 
in  solution  cultures  of  both  plants  and  bacteria  which 
when  compared  with  tests  of  the  same  organisms  on 
soils,  both  sterile  and  unsterile,  were  found  to  be  widely 
divergent  and  discordant.  I  have  also  found  the  same 
to  be  true  regarding  the  purely  chemical  changes  of 
the  same  materials  in  minerals  and  in  soils  as  brought 
about  by  the  laboratory  treatment  involved  in  their 
quantitative  determination.  My  remarks  apply  par- 
ticularly to  the  quantitative  determinations  of  phos- 
phates in  soil ;  I  employ  for  this  paper  the  same  title 
that  Fraps1  used  for  his  recently,  to  call  attention  to 
the  differences  effected  in  the  degree  of  solubility 
of  phosphates  in  phosphate  minerals  and  in  soils, 
bv  ignition.  In  the  work  just  cited,  Fraps  has  shown 
that  the  ignition  of  phosphate  minerals,  including 
wavellite.  dufrenite  and  variscite,  for  10  minutes  at 
a  low  red  heat  increased  about  10  times  the  solubility 
of  the  phosphoric  acid  contained  in  them  in  fifth  normal 
nitric  acid  and  rendered  it  almost  completely  soluble  in 
12  per  cent,  hydrochloric  acid.  From  these  results 
he  concludes  that  the  method  for  determining  phos- 
phoric acid  in  soils  as  used  by  him  is  not  suited  to 
distinguish  between  the  organic  and  the  inorganic 
phosphorus  in  soils,  since  the  inorganic  phosphates 
are  made  more  soluble  through  ignition. 

We  are  not  concerned  in  this  paper  with  the  latter 
conclusion  of  Fraps  as  regards  the  distinction  between 
the  organic  and  inorganic  phosphorus  of  the  soil. 
Having  frequently  noted,  however,  in  our  analytical 
work  on  soils  that  the  very  opposite  effect  to  that 
above  quoted  is  accomplished  by  ignition  of  soils 
before  determining  the  phosphoric  acid,  it  was  deemed 
desirable  to  make  some  systematic  tests  with  reference 
to  the  matter,  and  determine,  if  possible,  the  cause 
of  the  different  effect  of  ignition  on  the  solubility 
of  phosphates  in  minerals  and  in  soils,  if  such  a  dif- 
ferent effect  was  definitely  shown  to  exist.  Accordingly 
five  different  soils  were  selected,  each  sifted  through 
a  0.5  mm.  sieve  and  prepared  for  analysis  for  phos- 
phoric acid.      The  soils  were  as  follows: 

1  This  Im-Dv  u  .  3,   135. 
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No  i  \  verj  rich,  black,  fine  silt  \  loam,  rich  in 
ihoric  acid  and  humus,  from  Arroyo  Grande, 
San    I. uis   Obispo   County,    California. 

No  ■  A  fine  sandy  soil  with  .1  good  supply  ol  phos- 
phoric acid,  bu1  poor  in  humus,  from  Bscondido, 
San  Diego  County,  California. 

No.  j.  A  very  heavy  black,  clay  adobe  soil  with 
sufficient  phosphoric  acid  for  fair  crop  production, 
from   West    Berkeley,    Alameda   County,   California. 

No    i    A  sandy  loam  with  a  fairly  good  humus  and 

phosphoric    acid    content     from    South    San     Francisco. 
California. 

No     5.    A  light  sandy  loam,  of  fairly  good  humus  inn 
lent    and     phosphoric    acid,     from     Anaheim.     Orange 
County,  California. 

The    analysis    was    carried    out    as    follows:    Four 

grams  Oi  soil  were  placed  in  a  porcelain  cup  and  <li 
jested  with  concentrated  nitric  acid  for  two  days 
on  the  steam  bath.  Two  samples  of  each  soil  were 
ignited  for  twenty  minutes  at  a  low  red  heat  in  a  plat- 
inum dish  and  two  others  of  each  soil  were  placed  in 
the  cups  without  ignition.  The  greatest  caution 
was  exercised  to  prevent  loss  by  dusting  in  the  process 
of  ignition  and  in  the  transfer  from  platinum  to  di- 
gestion cup.  After  the  period  of  digestion,  the  soil 
cups  were  placed  on  the  sand  bath  and  evaporated 
to  dryness  to  dehydrate  the  silica,  after  which  more  acid 
and  a  little  distilled  water  were  added  and  the  cups 
were  replaced  on  the  steam  bath  for  four  hours. 
The  solutions  were  then  carefully  filtered  and  the  soil 
residue  washed  on  the  filter.  The  filtrate  was  warmed 
to  a  temperature  of  65  °  to  70  °  C.  and  the  phosphoric 
acid  precipitated  with  ammonium  molybdatc.  The 
precipitate  and  solution  were  allowed  to  stand  at 
65  °  to  70  °  C.  for  about  four  hours,  then  filtered  and 
the  precipitate  washed  with  a  solution  of  ammonium 
nitrate.  After  this  it  was  dissolved  out  with  ammonia, 
and  precipitated  with  magnesia  mixture,  then  al- 
lowed to  stand  over  night,  filtered  the  next  morning 
and  washed  with  distilled  water  containing  a  little 
ammonia.  The  precipitate  and  filter  were  then  dried, 
ignited,  weighed  and  the  phosphoric  acid  determined 
in  the  usual  way.  The  percentages  given  represent 
averages  of  closely  agreeing  duplicates  for  each  soil 
both  ignited  and  unignited. 

Table  I. — Percentages  I'j  1 , 
Soil  No.  1  2  3  4  .S 

Ignited 0.410  0.150  0.090  0    167  (I    151 

Xot  ignited 0.460  0.250  0.130  0    L91  0.190 

The  data  given  in  Table  I  leave  no  room  tor  doubt 
as  to  the  effect  of  ignition  on  soil  phosphates  as  ex- 
isting in  various  soils.  In  most  cases  the  loss  in  per- 
centage is  not  very  great,  but  it  is  always  definite 
and  in  some  cases,  as  in  soil  No.  2,  it  is  quite  marked. 
In  practically  all  cases  the  duplicates  agreed  within 
one  hundredth  of  a  percent.  We  obtain  therefore 
the  very  reverse  effect  of  ignition  on  the  soil  phos- 
phates as  existing  in  the  soil,  from  that  obtained  by 
Fraps  on  mineral  phosphates  as  existing  in  minerals. 
In  brief,  ignition  of  soil  appears  to  decrease  appreci- 
ably and  definitely  the  solubility  of  its  phosphates 
whether   they   be    largely    inorganic    or   organic.      The 


large  variety  oi  soils  employed  would  seem  further 
to  strengthen  the  evidence,  in  thai  they  doubtless 
contained    largely    varying    proportions    of    inorganic 

and    organic    phosphates   and    a    large    variety    oi    phos 

phate  bearing  minerals. 

Just  why  these  important  differences  exist  in  the 
effects  of  ignition  on  phosphates  in  minerals  and  111 
soils  is  an  explanation  that  is  not  as  easily  found 
as  tin-  tacts  which  obtain  in  the  case.  It  would  ap- 
pear to  be  clear  that  the  increased  solubility  of  the 
phosphoric  acid  in  minerals  like  wavellite,  variscite 
and  others  tested  by  Fraps  might  be  accomplished 
through  the  mechanical  changes  induced  by  the  heat 
in  the  mineral  employed.  We  know  for  example 
that  heating  of  sand  will  disintegrate  its  grains  and 
thus  produce  more  surface.  It  is  altogether  likely 
that  the  same  happens  when  a  phosphate  mineral 
is  ignited  and  the  result  is  the  production  of  a  larger 
surface  for  the  nitric  acid  to  act  upon,  hence  an  in- 
crease in  solubility  of  phosphoric  acid  in  the  ignited 
over  the  unignited  mineral.  On  the  other  hand, 
in  a  complex  material  like  the  soil,  which  contains 
besides  many  kinds  of  mineral  and  rock  particles  in 
different  stages  of  disintegration,  very  considerable 
quantities  of  organic  matter,  both  decaying  and  in 
living  form,  and  the  minerals  and  salts  in  different 
degrees  hydrated,  it  is  probable  that  the  mineral 
particles  would  be  protected  from  disintegration  by 
heat  so  long  as  the  water  of  hydration  and  the  organic 
matter  still  remained  in  the  soil;  therefore  no  additional 
surface  would  be  exposed  to  the  action  of  the  acid 
and  besides,  the  dehydration  of  the  organic,  as  well 
as  inorganic  phosphates,  would  seem  to  make  them 
less  soluble.  Indeed  I  have  data  to  show  that  de- 
hydration without  ignition  also  decreases  the  solu- 
bility of  the  soil  phosphates.  This  explanation  is 
offered  by  the  writer  for  the  facts  noted,  merely  as  a 
suggestion  as  to  the  phenomena  probably  occurring 
when  mineral  phosphates  and  soils  are  heated,  as  re- 
gards their  phosphate  content.  It  is  hoped  that  an 
explanation  or  further  suggestions  will  be  forthcoming 
from  my  colleagues.  This  brief  paper  is  offered  merely 
as  a  partial  report  on  one  phase  of  the  subject  of  the 
determination  of  phosphoric  acid  in  soils,  the  whole 
of  which  is  now  being  studied  in  our  laboratory.  Other 
interesting  data  besides  that  mentioned  has  already 
been  obtained  which  we  hope  to  include  in  another 
paper  in  which  the  whole  subject  will  be  treated  more 
completely. 

Soils  Research   Laboratory. 
University  of  California.    Berkeley. 

THE  DETERMINATION  OF  HUMUS  IN  HAWAIIAN  SOIL.1 

By  W.   P    Kelley  and  WM.   McGeorge. 
Received  May  31.  1912. 

In  the  determination  of  humus  in  soils,  the  difficulty 
of  completely  separating  the  clay  from  the  ammonia 
soluble  organic  matter  has  been  appreciated  for  some 
time.  Certain  constituents  occurring  in  varying 
amounts  in  clays  hold  water  of  hydration  which  cannot 
be  completely  driven  off  at  temperatures  below  the 
1  Published  ui  detail  as  Press  Bulletin  No,  33,  Hawaii  Kxperiment 
Station, 
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point  of  partial  decomposition  of  the  organic  matter 
and,  since  humus  is  estimated  from  the  loss  upon 
incinerating  the  residue  ohtained  by  evaporating  the 
ammoniacal  extract,  the  importance  of  completely 
removing  the  clay  is  at  once  apparent  In  soils 
containing  relatively  small  amounts  of  clay,  this 
separation   is  usually   a    matter  of  comparative  ease, 


a  red  color.  In  connection  with  humus  determinations 
it  is  important  to  know  not  only  the  proportion  of 
clay  in  the  soil,  but  also  something  regarding  its 
properties,  for  clay  is  a  sort  of  general  term  when 
applied  to  soils  and  usually  has  reference  only  to  the 
size  of  the  particles. 

In    this    investigation    the    following    methods    have 


Taiu.i    1.     Mechanical  Analyses  op  Soils  Used  in-  Experiments  (Percentages). 


soil  Numbers.  69 

Organic  matter  and  combined  water  44.60 

fine  gravel 5 .94 


Coarse  sand 26    12 

Fine  sand 8  .65 

Silt           4.07 

Fine  silt 5  09 

Clay 5.78 


74 

97 

98 

99 

100 

101 

102 

103 

lot 

lo.s 

25  83 

14  32 

13  65 

15  80 

15  55 

13  06 

14  67 

17  58 

16  17 

IS  Si 

0.09 

0.12 

0.86 

0  41 

0  14 

0  29 

0  06 

0  0')  ] 

0.96 

0  43 

0  43 

0  73 

1  65 

0  so 

0  91 

0  26 

0.42  J 

(8  03 

1  62 

2  11 

2  35 

1  65 

1  33 

1  .12 

0  81 

2.36 

13.58 

16  22 

3  37 

3  06 

9  28 

6.72 

6  23 

7  38 

5.60 

6.44 

6  25 

19  99 

27  19 

26  32 

32.69 

18  45 

28  88 

18  87 

22.70 

29.07 

13  35 

2  05 

52.30 

55.05 

38  60 

57  80 

47  45 

57.80 

56  72 

44.54 

5 1  26 

while  heavy  clay  soils  present  difficulties  in  varying 
degrees,  depending  largely  on  the  specific  nature  of 
the  constituents  contained  in  the  denocculated  clay. 
Ordinary  filtration  is  ineffective. 

A  number  of  methods  have  been  proposed  for  this 
determination.  In  some  investigations  in  this  labora- 
tory, we  have  had  occasion  to  compare  some  of  the 
better  known  methods  with  soils  representing  a  wide 
range  both  as  regards  mechanical  composition  and 
humus  content.  The  soils  under  investigation  for 
the  most  part  represent  heavy  clays  of  the  laterite 
class,  such  as  constitute  the  main  body  of  the  arable 
lands  of  the  Hawaiian  Islands.  In  addition,  the  clay 
is  composed  of  particles  in  a  very  fine  state  of  division 

Table  II       Comparison  of  Several  Methods  in   Present  Use 

69  74                  97                  98  99  1( 
Soil  Numbers.                                                                                                          Humus. 

official  method 4  30            5.94  5.12  6 

Hilgard  method 15  63  5   26  2  43  2  61  3  68 

Mooers-Hampton  method                     18.74  5.32            2  68            2   70  3.17  2 

Cameron-Breazeale  method                                       12.30  3.98            2  34            2.38  2.91  2 

Rather  method 20  75  6.49            4  32            4    15  5  01  6 


been  used.  Hilgard,  Mooers-Hampton,  Huston-Mac 
Bride  or  official,  Cameron-Breazeale,  and  Rather. 
In  all  the  determinations  reported  in  this  paper,  ex- 
cept those  by  the  Hilgard  method,  the  solutions  were 
made  according  to  the  official  method.  Since  the  chief 
obstacle  to  be  overcome  is  that  of  removing  the  clay, 
the  humus  ash  has  been  determined  in  each  instance. 
By  this  means  we  were  able  to  check  the  completeness 
of  the  removal  of  the  clay.  Table  II  shows  the 
results  as  obtained  by  the  several  methods  studied. 
These  results  show  a  wide  range  of  variation  in  the 
percentage  of  both  humus  and  humus  ash  when  de- 
termined by  the  various  methods,  and  in  addition  a 
strict  concordance   is  not   found  to  exist  between  the 

(Percentages,  i 


Official  method 

Hilgard  method 5.44  1.8 

Mooers  Hampton  method 6.33  1.3 

Cameron-Breazeale  method 1  .09  18 

Rather  method 7   71  251  12  94 

and  possesses  properties  which  render  its  separation 
from  ammoniacal  solutions  extremely  difficult.  A 
few  samples  of  highly  organic  soils  have  also  been 
examined  As  will  be  seen  from  the  tabular  results, 
the  humus  content1   varies  from   2.64-18.27   per  cent. 

The  type  of  soil,  especially  as  regards  the  percentage 
of  clay  present,  appears  to  determine  in  considerable 
measure  the  applicability  of  certain  methods  now  in 
use  for  the  determination  of  humus.  The  mechanical 
composition  of  the  'soils  used  in  this  investigation  is 
therefore  of  some  interest  in  this  connection2  (Table  I). 

Attention  is  called  to  the  high  content  of  clay  and 
fine  silt  in  all  of  these  soils  save  Nos.  69  and  ;+.  One 
of  the  pronounced  characteristics  of  Hawaiian  soils 
is  a  very  high  content  of  iron  which  exists  in  many 
cases  as  ferric  hydrate  and  which  imparts  to  the  soil 

1  In  this  paper  the  term  "humus"  is  used  to  signify  the  organic  matter 
of  soils  soluble  in  4  per  cent,  solution  of  ammonia  after  removing  the  calcium 
and  magnesium  with  diluu-  hydrochloric  acid. 

-Analyses  made  by  the  method  as  outlined  by  Hall.  "The  Soil," 
London.  1908.  Second  Edition,  page  51. 
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results  as  obtained  by  any  two  methods.  The  re- 
sults obtained  by  the  Hilgard,  Mooers-Hampton,  and 
Cameron-Breazeale  methods,  it  is  true,  are  in  fair 
agreement  in  certain  instances,  but  on  the  whole, 
they  are  too  discordant  to  permit  of  their  indiscriminate 
use.  By  reference  to  the  data  for  humus  ash,  it  will 
be  seen  that  none  of  these  methods  save  that  of 
Cameron-Breazeale  affected  a  complete  removal  of 
the  clay  in  every  instance,  but  this  method,  when  used 
in  its  original  form,  is  known  to  bring  about  a  loss  of 
humus  through  the  absorbing  action  of  the  clay  filter. 
The  Rather  method  in  most  instances  brought  about 
no  coagulation  of  clay  whatever  and  therefore,  in  its 
original  form,  is  unreliable  with  these  soils.  In  our 
use  of  the  Mooers-Hampton  method  it  was  found  to 
be  necessary  to  evaporate  the  humus  solutions  to  dry- 
ness in  some  instances  as  many  as  six  times,  allowing 
the  residue  to  bake  on  the  water  bath  for  several 
hours  and  even  then,  upon  resolution  in  ammonia,  a 
partial    deliocculation    of    the    clay    was    unavoidable. 
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In  the  main,  however,  this  method  can  be  manipulated 
so  .is  to  remove  the  day  at  least  to  a  point  where  i1 
is  ol   small  importance.     The  time  required,  together 

with    the   tact    that    the   evaporation    must    he    made    m 

an  atmosphere  tree  from  acid  fumes,  makes  the  method 
tedious  ami  impracticable  From  our  studies  on  these 
soils  and  others,  it  appears  that  a  partial  explanation 
for  tjie  disagreement  among  tin-  several  publications 
dealing  with  tin-  subject  oi  humus  determinations,  is 
probably  to  be  found  in  the  fact  that  the  soils  studied 
wen-  very  different  in  composition  and  properties. 
With  certain  soils  a  number  of  these  methods  will  no 
doubt  give  reliable  results. 

A     MODIFIED    CLAY    FILTER    METHOD. 

From  the  failure  to  remove  the  clay  effectively  by 
any  means  other  than  by  the  use  of  a  porous  clay 
filter,  attention  was  directed  toward  overcoming  the 
difficulties  attending  its  use.  The  essential  feature 
of  the  method,  as  finally  adopted,  consists  in  passing 
a  definite  aliquot  of  the  humus  solution  through  the 
filter  followed  by  dilute  ammonia  solution  until  all 
the  organic  matter  is  washed  through,  as  was  done 
by  Alway,  et  al.1 

The  difficulties  of  this  method  have  been  overcome 
as  follows.  The  solution  is  drawn  through  the  filter 
in  the  opposite  direction  from  that  ordinarily  em- 
ployed.     Instead   of   using   the   compression    chamber. 


ili'  upper  portion  oi  the  tube  with  paraffin,  so  .1  to 
prevent  the  passageol  the  solution  except  in  the  lower 
half    oi     the    tube.     Otherwise  the  solution    will  pass 

down   t  he  sides  of  the  bell   jar 

A  50  it.  aliquot  oi  the  humus  solution,  representing 

1   gram  of  soil,   is  drawn   through   the  tube  by  means  of 

reduced    pressure,    the    filtrate    being    collected    in    a 

cylinder  Alter  this  aliquot  has  passed  through,  a 
.)  per  cent,  of  ammonia  is  then  drawn  through  as  lonjr 
as  it  shows  any  color;  usually  about  _>oo  cc  ... 
quired.  The  filtrate  and  washings  are  then  evaporated 
to  dryness  and  the  determination  completed  as  usual 
After  each  filtration,  the  clay  should  be  washed  out 
of  the  filter  tube.  For  this  purpose,  a  test  tube  brush 
was  found  to  be  serviceable. 

The  time  required  to  complete  a  filtration  was  found 
to  be  about  3',  2  hours  and  by  arranging  a  number  of 
filtering  jars  in  a  series,  an  ordinary  Richardson  pump 
provided  suction  for  at  least  three  filters.  With 
close'  fitting  connections,  it  is  probably  possible  to 
operate  six  filters  with  one  pump.  No  attention  is 
required- other  than  an  occasional  moment  for  pouring 
in  solutions  and  hence  the  filtration  can  be  carried  out 
along  with  other  work  without  interruption.  For  the 
sake  of  comparison,  the  results  obtained  by  the  pre- 
viously named  methods  and  the  modified  clay  filter 
method  are  submitted  in  Table  III. 


Table  111. — Comparison  of  Several  Methods  with  the  Modified  Clay   Filter  Method   (Percentages). 
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Soil   Numbers. 

Official  method 

Hilgard  method 15.63 

Mooers-Hampton  method 18   74 

Cameron-Breazeale  method 12  30 

Rather  method ".  .  .  20.75 

Modified  clay  filter  method 18  .27 


Official  method 

H  ilgard  method 5.44 

Mooers-Hampton  method 6  .33 

.Camefon-Breazeale  method 1  .09 

Rather  method 7.71 

Modified  clay  filter  method 2.14 
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8.24 
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3.84 

3.48 

3  61 

3.37 

4.74 

3  22 

3.31 

13.25 

20  92 

10  54 

33  20 

15  18 

13  15 

25  42 

7.67 

1  .85 

2.46 

2.56 

2  00 

4  28 

1  .82 
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0.65 

0.41 

1  52 

1  .70 

0  98 

1  .17 

0  44 

1  81 

0,28 

0.74 

0  33 

0  33 

0  31 

o  30 

0.57 

0  23 

0.46 

2.51 

12  94 

1 1  43 

10  40 

25  69 

17  61 

10  28 

20  49 

1  2  74 

32  69 

2  19 

0.54 

0.75 

0.57 

0  64 

0.78 

0.70 

1  12 

0  76 

0  99 

an  ordinary  suction  pump  was  employed.  The  tube 
of  glazed  porcelain  attached  to  the  lower  end  of  an 
8-inch  Pasteur-ChamberlandfilterwasbrokenofT,2soasto 

leave  the  end  of  the 
tube  open,  then  the 
tube  was  inserted 
into  the  upper  open- 
ing of  a  bell  jar, 
such  as  is  used  for 
filtering  under  suc- 
tion, in  a  manner 
similar  to  that  em- 
ployed in  the  use 
of  a  Gooch  crucible. 
A  large  part  of  the 
FlG    i-  tube  was  allowed  to 

extend  into  the  filtering  jar  and  the  connection  made  air 
tight  (Fig.      i).    It    was    also    found    desirable    to    coat 

1  Nebraska  KNperiment  Station.  Bulletin  115 

2  A    Pasteur-Chamberland    filter    having    no    tubular    would    no    doubt 
serve  for  this  purpose. 


From  these  data,  it  is  obvious  that  the  modified 
clay  filter  method  gives  results  higher  than  those  ob- 
tained by  any  other  than  the  official  and  Rather 
methods,  neither  of  which  can  be  relied  on  with 
Hawaiian  soils.  By  any  of  the  previously  used 
methods,  it  was  found  to  be  extremely  difficult  to 
obtain  concordant  results  even  with  the  same  soil 
extract,  while  by  the  modified  clay  filter  method, 
concordant  results  were  easily  obtained  from  separate 
extractions  and  in  each  instance  the  humus  ash  had 
a  gray  color,  indicating  the  complete  elimination  of 
the  clay. 

The  failure  of  the  Rather  method  and  other  means  of 
coagulating  clay  in  Hawaiian  soils  is  undoubtedly 
due  to  the  peculiarities  of  the  clay  itself.  Some  humus 
solutions  in  which  ammonium  carbonate  affected  an 
incomplete  coagulation  of  the  clay  were  treated  ac- 
cording to  the  Rather  method  and  the  coagulated 
and  uncoagulated  clay  analyzed.  The  former  appears 
to    be    made    up   of   a    mixture    of    ferric    hydrate   and 
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silicate  of  aluminum,  while  the  latter  contains  relatively 
more  silica  and  iron  and  correspondingly  less  aluminum. 
In  some  instances  it  was  found  that  a  coagulation 
could  be  affected  by  the  use  of  larger  amounts  of 
ammonium  carbonate,  while  in  other  cases,  as  much 
as  40  grams  per  liter  failed  to  produce  coagulation. 
By  the  use  of  still  larger  amounts  of  ammonium  car- 
bonate, a  partial  precipitation  of  humus  also  took  place. 

Contribution  No.  5,  Hawaii  Experiment  Station, 
Honolulu. 


THE  COMPOSITION  OF  FUSEL  OIL  FROM  BEET  MOLASSES. 

By  M.  C.  Boswell  and  J.  L.  Gooderham. 

Received  May  15,  1912. 

The  published  proximate  analyses  of  fusel  oil  are 
very  few  and  mostly  relate  to  the  distillates  from 
potatoes  and  corn.  This  arises  from  the  fact  that, 
until  comparatively  recent  years,  fusel  oil  from  any 
source  was  regarded  as  more  or  less  valueless.  In 
Canada,  after  legislation  put  a  premium  on  its  de- 
struction, this  product  was  allowed  to  run  away  in 
drains  or  used  as  a  constituent  of  a  cheap  burning 
fluid.  The  numerous  purposes  to  which  it  is  now 
applied  and  for  which  it  is  indeed  indispensable,  have 
changed  this  custom,  so  that  it  has  become  four  or 
five  times  as  valuable  as  the  alcohol  from  which  it  is 
separated. 

The  production  of  fusel  oil  from  the  fermentation 
of  beet  molasses  depends  industrially  on  a  supply  of 
crude  material  from  beet  sugar  refineries,  which  did 
not  come  into  existence  on  a  large  scale  in  Canada 
until  about  seven  years  ago.  An  alcohol  plant, 
capable  of  handling  from  30,000-40.000  tons  of 
molasses  per  annum,  was  established  in  Toronto  in 
1905,  and  very  considerable  quantities  of  fusel  oil 
have  since  been  produced,  for  which  a  home  use,  or  an 
export  value,  has  to  be  found. 

The  researches  of  Ehrlich'  carried  on  since  1903 
ultimately  led  to  the  conclusion  that  the  production 
and  composition  of  fusel  oil  depend  on  the  character 
of  the  substance  fermented,  mainly  with  relation  to 
the  quantities  of  leucine  and  isoleucine  present.  As 
beet  molasses  mash  differs  very  widely  from  that  from 
potatoes  or  grain,  it  might  be  expected  that  a  corre- 
sponding difference  would  be  noted  in  the  quantities 
and  proportions  of  the  amyl  alcohols.  The  particular 
composition  of  beet  molasses  fusel  oil  is  hence  a  ques- 
tion of  considerable  technological  importance. 

The  fusel  oils  of  commerce  differ  very  widely  in 
their  general  characteristics,  such  as  color,  specific 
gravity  and  solubility  in  water,  being  influenced  not 
only  by  the  nature  of  the  material  operated  on,  but 
by  the  form  of  distilling  apparatus,  the  process  fol- 
lowed, and  the  care  of  the  operator.  The  excise 
authorities  generally  look  sharply  after  the  presence 
of  ethyl  alcohol,  and  their  requirements  regarding  this 
affect  the  presence  of  other  alcohols  soluble  in  water. 
In  the  United  States,  the  official  and  commercial 
regulations,  confine  the  term  "crude  fusel  oil"  to  that 
from  which  the  lower  alcohols  have  been  so  far  removed 
by  washing,  that  a  loss  of  not  more  than  10  per  cent. 
is  realized  by  agitation  with  an  equal  bulk  of  water. 

1  Summarized  in  Hardens  "Alcoholic  Fermentation."  1911,  75-82. 


The  term  is  thus  used  in  this  paper.  Hence  the  per- 
centage of  water-soluble  alcohols  in  fusel  oil  will  de- 
pend to  some  extent  on  whether  the  manufacturer 
has  found  it  necessary  to  wash  his  oil  in  order  to  meet 
the  excise  requirements  respecting  ethyl   alcohol. 

The  oil  examined  was  amber  in  color.  It  was 
found  that  the  substance  or  substances  causing  the 
color  were  soluble  on  shaking  in  dilute  caustic  soda. 
Traces  of  iron  and  copper  were  found,  due  probably 
to  contact  with  these  metals  in  the  process. 

The  specific  gravity  of  the  sample,  taken  by  the 
pyenometer,  at  1 5 °  C.  was  0.8370.  This  is  some- 
what higher  than  the  figures  given  for  fusel  oil  from 
corn,  which  differ  widely  as  stated  by  various  authori- 
ties. Worden1  gives  the  range  for  ordinary  samples 
of  washed  oil  as  between  o  810  and  0.835.  It  is  evi- 
dent that  this  character  will  be  largely  influenced  by 
the  amount  of  water  dissolved  in  the  oil,  and  also 
by  the  lower  alcohols  which  have  escaped  the  washing- 
out  process. 

In  the  fuse!  oil  examined,  the  lower  alcohols  (ethyl, 
propyl  and  bniy: '  were  roughly  estimated  by  agitat- 
ing eq  lal  volumes  of  oil  and  water  thoroughly  in  a 
meas'.i'  ng  tube,  and  noting  the  increase  in  volume 
of  tr  water  layer.  This  amounted  to  8  per  cent. 
In  a  -nilar  manner  the  amount  of  water  was  deter- 
mined approximately  by  agitating  10  cc.  of  the  oil 
with  100  cc.  of  petroleum  benzine  and  measuring  the 
water  1.  er  This  amounted  to  5  per  cent.  Then  500  cc. 
of  crude  n  washed  fusel  oil  was  thoroughly  dried  over 
anhydnr  •  sodium  sulphate  and  fractionated  re- 
peatedh  until  the  volumes  of  the  fractions  remained 
constan  .      The  result  was  as  follows: 


11. 


II! 


IV. 


105°-115c 
22  cc. 


I15°-12()c 
27  cc. 


75°-80°         80°-85°  85°-90°  .       90°-105c 

7  cc.  18  cc.  6.5  cc.  11  cc. 

VII.  VIII.  IX.  X.  XI. 

120°-125°    125°-128°      128°-130°      130°-133°       residue 
29  cc.  45  cc.    260  cc.    33  cc.     10  cc. 
Total.  473.5  cc.     Water,  20.0  cc.      Loss,  6.5  cc. 

A  sample  of  the  crude  oil  was  thoroughly  agitated 
with  water,  and  the  oil  separated  and  dried:  500  cc. 
of  this  on  fractionation  gave  the  following: 


11 


in. 


IV 


VI. 


75°-80°        80°-85°  85°-90°  90°-110°  1 1 0  °- 1 1 5  °  I15°-120° 

none  none  very  little  10  cc.  10  cc.  25  cc. 

VII.  VIII.  IX.  X.  XI. 

120°-125°    125°-128°      128°-130°  130°-133°  residue 

40  cc.  75  cc.  278  cc.  51  cc.  10  cc. 

Total,  499  cc.     Loss  1,  cc. 

On  comparing  the  results  of  the  two  fractionations 
it  will  be  noted  that  fractions  I,  II  and  III  have  prac- 
tically disappeared  from  the  washed  oil.  These  were 
identified,  as  will  be  shown  later,  as  lower  alcohols 
which  are  more  or  less  soluble  in  water. 

Although  the  boiling  points  indicated  the  particular 
alcohols  which  were  present  in  the  various  fractions 
it  was  decided  to  substantiate  this  by  transforming 
the  alcohols  into  esters.  On  examining  the  literature, 
it  was  found  that  the  esters  of  acetic  acid  were  more 
completely  described  than  those  of  any  other  acid, 
and  consequently  served  best  for  purposes  of  identifica- 
tion.    Action    with   acetyl   chloride   alone   was   found 

1   Worden,  Nitro-Celtulost  Industry.  1,  208. 
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to  be  unsatisfactory,  yielding  a  mixture  in  each  case 
difficull  i"  fractionate,  and  always  leaving  ;i  high 
boiling  residue,  indicating  thai  the  reaction  was  not 
one  ol  simple  esterification  alone 

The  method  of  Einhorn'  was  adopted  and  proved 
■,  i  rv  satisfactory. 

Accordingly  10  grams  of  each  fraction  were  dissolved 
in  about  (>o  grams  of  pyridine,  and  a  little  more  than 
the  theoretical  quantity  of  acetyl  chloride  was  added. 
Alter  standing  for  6  8  hours  the  mixture  was  poured 
into  cold  dilute  sulphuric  acid.  The  ester  which 
separated  as  an  oil  was  dried  over  anhydrous  sodium 
sulphate  and  fractionated. 

'The  following  were  the  results: 

Fraction  I  (750  80°). — Sec  tabic. — The  boiling  point  indica- 
ted ethyl  alcohol,  which  was  continued  by  the  iodoform  reac- 
tion. 

Fraction  11  (8o°  85 °). — The  b.  p.  indicated  the  presence 
of  isopropyl  alcohol — b.  p.  82. 8°.  The  ester  on  fractionation 
boiled  chiefly  at  90°  <)4°,  the  boiling  point  of  isopropyl  acetate. 
This  fraction  was  hence  largely  isopropyl  alcohol. 

The  boiling  points  of  fractions  HI  and  IV,  as  well  as  frac- 
tions \"  1 1  and  YIII  made  it  difficult  alone  to  decide  with  cer- 
tainty as  to  the  particular  alcohols  present.  However,  upon 
transformation  into  acetic  esters,  and  careful  fractionation,  it 
was  found  possible  to  identify  them. 

Fraction  III  (85°-go°). — As  this  fraction  was  very  small, 
it  was  esterified  and  added  to  the  ester  from  fraction  IV. 

Fraction  IV  (90°-i05°). — The  ester  distilled  chiefly  between 
no°-i20°.  It  was  hence  the  isobutyl  ester — b.  p.  ii5-°ii7°. 
A  little  isopropyl,  and  traces  of  amyl  esters,  were  also  detected. 
Fraction  V  (io5°-ii5°). — The  b.  p.  indicated  the  presence 
of  isobutyl  alcohol — b.  p.  108  °.  The  largest  portion  of  the  ester 
was  recovered  at  iio°-i2o0,  the  temperature  being  very  con- 
stant at  ii5°-ii7°,  indicating  isobutyl  ester.  A  very  small 
quantity  of  normal  butyl  ester,  with  a  boiling  point  of  1250, 
was  obtained.  This  fraction  hence  consisted  chiefly  of  isobutyl 
alcohol  with  some  normal  butyl  alcohol. 

Fraction  VI  (ii5°-i20°). — The  b.  p.  indicated  the  presence 
of  normal  butyl  alcohol — b.  p.  1 1 7  °.  The  main  portion  of  the 
ester  came  over  at  1200  to  1300;  mostly  at  125°,  the  boiling  point 
of  the  n.  butyl  ester.  Some  methyl  normal  propyl  carbinol 
ester,  with  a  boiling  point  of  133 "—135°,  was  recovered  also. 
This  fraction  hence  consisted  chiefly  of  n.  butyl  alcohol  with 
some  methyl  normal  propyl  carbinol. 

Fraction  VII  (i20°-i25°). — The  ester  of  this  fraction  on 
distillation  separated  very  sharply  into  two  fractions,  the  larger 
with  b.  p.  I33°-I36°  indicating  methyl  normal  propyl  carbinol 
ester,  and  the  smaller  with  b.  p.  i38°-i39°  indicating  isoamyl 
ester.  Hence,  this  fraction  consisted  chiefly  of  methyl  ».  propyl 
carbinol  with  some  isoamyl  alcohol. 

Fraction  VIII  (i25°-i28°). — A  small  portion  of  ester  came 
over  between  130°  and  137 °,  containing  some  methyl  n.  propyl 
carbinol  ester.  The  largest  fraction,  which  was  very  constant, 
distilling  between  137-1400,  represented  the  isoamyl  ester. 
This  fraction  was  chiefly  isoamyl  alcohol,  with  a  little  methyl 
n.  propyl  carbinol. 

Fraction  IX  (i28°-i3o°). — The  b.  p.  indicated  the  presence 
of  active  amyl  alcohol,  b.  p.  128.5°.  Practically  all  the  ester 
came  over  between  141  °  and  142  °,  being  the  boiling  point  of 
active  amyl  ester,  with  a  small  amount  of  the  isoamyl  ester, 
which  boils  at  i37°-i4o°.  This  fraction  was  hence  chiefly 
active  amyl  alcohol,  with  a  small  amount  of  isoamyl  alcohol. 
Fraction  X  (i30°-i33°). — The  b.  p.  indicated  the  presence 
of  isoamyl  alcohol,  b.  p.  131  .5°.  Practically  all  the  ester  came 
over  between  i38°-i4o°,  proving  it  to  be  the  isoamyl  ester, 
1  Liebig's  Annalen,  301,  95  (Einhorn). 


with  a  small  quantity  "i  active  amy]  ester,  This  fraction  hence 
consi  nil  "I  isoamyl  alcohol  with  some  active  amyl  alcohol 

/  In-  A',  tidut  (XI),   which  an  loan  ted   to   10  CC,  WBB  placed   in  a 

small  Mask  and  distilled  About  8  CC.  came  over  below  150"; 
a  vei  \  little  up  to  180";  and  about  1  '  CC.  was  left  in  the  flask. 
This  last   residue  appealed  to  ha\e  decomposed  with  the  prodUC 

lion  of  brownish  vapor.     The  8  cc.  that  came  over  was  csteri 

lied  and  llie  ester  fractionated,  and  found  for  the  greater  part, 
to  distil  between  [350  1  |u",  being  the  boiling  point  of  the  ISO- 
amyl  ester,      That    which    was   collected    at     1400    150°,   and    was 

fairly  constant  between  ip"  1420,  was  the  active  amyl  1   tea 
Very  little  came  over  above  150°,  but  if  a  sufficient  quantity 

had  been  available,  would  probably  have  been   found   to  consist 

oi  the  hexyl  and  heptyl  esters.  This  residue  hence  consisted 
of  isoamyl  alcohol  and  active  amyl  alcohol,  with  probably  small 
quantities  of  higher  alcohols. 

There  were  no  semi-solid  substances  observed  toward  the  end 
of  the  operation  as  has  sometimes  been  the  ease  with  fusel  oil 
from  coin 

Ten  grams  of  fusel  oil  were  titrated  against  a  standard  potash 
solution  using  phenolphthalein  as  the  indicator,  100  grams  of 
fusel  oil  contained  4.5  cc.  normal  acid.  This  is  equivalent  to 
0.5  per  cent,  free  acid  in  the  oil,  calculated  on  CjHu— COOH 
as  a  basis. 

Ten  grams  of  fusel  oil  were  boiled  with  75  cc.  of  0.5  N.KOH 
for  one  hour,  under  a  reflux  condenser.  After  cooling,  the  ex- 
cess of  alkali  was  titrated  against  standard  acid. 

One  hundred  grams  of  oil  contained  18.4  cc.  of  normal  free 
acid  and  acid  from  esters.  Of  this  quantity,  4.5  cc.  were  free 
fatty  acids,  while  the  balance  (13. 9  cc.)  represented  the  acids 
from  the  esters.  Using  C^HnCOOQH,,,  the  amyl  ester  of  cap- 
ronic  acid,  as  a  basis  for  calculation,  this  is  equivalent  to  2.5 
per  cent,  ester  in  the  oil. 

The  bases  present  in  the  oil  were  separated  in  the  usual 
manner.  The  amount  was  too  small  for  purification  and  esti- 
mation. However,  the  distinctive  odor  of  pyridine  was  recog- 
nized. 

Furfurol  could  not  be  detected. 

Consequently,  "the  composition  of  fusel  oil  from 
beet  molasses"  may  be  summarized  as  follows: 

Cc.  from  500  cc.  Per  cent. 

Ethyl  alcohol 5  I 

Isopropyl  alcohol 20  4 

Isobutyl  alcohol 30  6 

n   Butyl  alcohol 30  6 

i  Methyl  n.  propyl  carbinol  40  8 

Active  amyl  alcohol 
Isoamyl  alcohol 

Fatty  acids        

Esters  of  the  fatty  acids 

Pyridine  and  other  bases Present 

Hexyl  alcohols,  etc Traces 


210 

42 

130 

26 

2.5 

0  5 

12   3 

2.46 

Present 

Present 

Traces 

Traces 

479.8 

95   96 

20.0 

4   00 

Total 499.8  99  96 

This  composition  does  'not  present  any  marked 
difference  of  practical  importance  from  that  given  for 
corn  by  LeBel,1  and  largely  quoted,  which  is  as  fol- 
1<  iws : 

Per  cent. 

Normal  propyl  alcohol 3  .69 

Isobutyl  alcohol 15  .  76 

Amyl  alcohols 75  .85 

Hexyl  alcohols 0. 13 

Free  fatty  acids 0 .  16 

Fatty    acid  esters 0  30 

Terpines  and  terpine  hydrates      0.08 

Furfurol,  heptyl  alcohol  and  bases       0.02 


95.99 


1  Maercker's  "Spiritu  fabrication. "  p.  53. 
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The  amount  of  total  amyl  alcohols,  which,  in- 
dustrially, is  the  chief  point,  shows  a  difference  of 
only  0.15  per  cent.  The  respective  figures  for  butyl 
alcohols  differ  by  3.76  per  cent.,  though  the  propyl 
closely  corresponds.  This  is,  however,  of  little  im- 
portance, as  it  shows  only  that  one  sample  of  oil  was 
washed  more  than  the  other. 
Toronto,  Canada. 


DIFFICULTIES    IN    THE    COLORIMETRIC    ESTIMATION    OF 

VANILLIN.' 

By  W.  S.   Hubbard. 

Received  July  19,  1V12. 

Moerk,2  in  189 1,  found  in  testing  for  vanillin  that 
he  had  some  difficulty  in  always  obtaining  the  ferric 
chloride  color  reaction,  and  tried  using  a  ferrous  salt 
and  oxidizing  it  with  bromine  water.  In  the  latter 
case,  he  found  the  color  much  more  intense  than  with 
ferric  chloride  and  was  able  to  detect  1  :  100,000 
instead  of  1  :  2,000  as  before.  In  a  paper3  a  month 
later  he  proposed  a  colorimetric  estimation  of  vanillin 
in  vanilla  extracts  by  this  means  and  his  method  with 
a  few  modifications  was  later  adopted  by  the  Bureau 
of  Chemistry.1      The  procedure  is  as  follows: 

"Measure  2  cc.  of  the  vanilla  extract  into  a  test  tube 
and  add  about  5  cc.  of  lead  hydrate;  mix  thoroughly, 
pour  upon  a  small  wet  filter,  collect  filtrate  and  wash- 
ings in  a  50  cc.  graduated  Nessler  tube;  add  an  excess 
of  bromine  water  (3  or  4  drops)  and  sufficient  freshly 
prepared  10  per  cent,  ferrous  sulphate  solution  to 
produce  the  maximum  bluish-green  color  that  will 
result  if  vanillin  is  present,  and  fill  to  the  mark  with 
water." 

"Compare  with  solutions  containing  a  known  amount 
of  vanillin  treated  as  directed  above."  The  lead 
hydrate  is  prepared  as  follows: 

"Dissolve  200  grams  of  lead  acetate  in  850  cc.  of 
water,  filter  and  add  an  excess  of  potassium  hydroxide. 
Let  the  precipitate  settle  and  wash  thoroughly  by 
decantation  with  repeated  portions  of  water  until 
perfectly  neutral.  Keep  in  500  cc  of  water  in  the 
reagent  bottle,  and  shake  to  form  an  emulsion-like 
mixture  before  adding  to  decolorize." 

The  above  method  has  been  used  in  this  laboratory 
with  indifferent  success  for  the  past  two  years.  Not 
until  this  year  were  the  standards  put  through  the 
treatment  with  lead  hydrate  as  is  directed  in  the 
method:  then  the  troubles  quickly  multiplied.  It  was 
noticed  that  it  was  not  always  possible  to  match  two 
standards  containing  the  same  amount  of  vanillin  and 
treated  in  a  like  manner.  An  attempt  was  made  to 
locate  the  trouble  by  'means  of  a  number  of  experi- 
ments. 

Four  cc.  each  of  three  solutions  of  vanillin  standard 
made  up  according  to  the  directions  given  in  Bulletin 
107,  but  containing  0.05.  o.  10  and  0.20  gram  of  vanillin 
per  100  cc.  respectively,  were  treated  with  lead  cream, 
centrifuged  and   filtered,   ferrous  sulphate  and  bromine 

1  Read  at  tin-  February  meeting  of  University  of  Michigan  Section  of 

the  A.  C.  S._^  I  wish  to  thank  Dean  J.  o.  Schlotterbeck   lor  Ins    interest    111 
my  work. 

-  Am.  ./.  Ph.,,,,,..  63,  521. 

:1  Ibid.,  572. 

4  Hull.  107,  (revised    p.  157. 


added,  and  diluted  to  50  cc.  with  water.  No  differ- 
ence in  color  could  be  noticed  among  the  three  and  they 
showed  about  '  „  the  color  of  a  sample  of  four  cc.  of 
the  0.05  gram  in  100  cc.  sol.  not  treated  with  lead 
cream.  Inasmuch  as  lead  sulphate  was  precipitate*] 
out  when  the  ferrous  sulphate  and  bromine  were  added 
it  was  thought  possible  that  this  precipitate  mechani- 
cally carried  down  some  vanillin. 

Since  vanilla  contains  small  amounts  of  oxalic  acid 
and  phosphates,  4  cc.  of  vanillin  standard  (0.05  in  100) 
was  treated  with  5  drops  of  85  per  cent,  phosphoric- 
acid  and  then  with  lead  cream.  It  was  not  necessary 
to  centrifuge  as  the  lead  agglutinated  immediately,  and 
on  the  addition  of  the  ferrous  sulphate  and  bromine 
water  no  precipitate  was  formed.  The  solution 
matched  up  to  a  standard  untreated  with  lead  except 
that  it  was  of  a  purplish  color.  But  if  four  drops  of 
phosphoric  acid  were  used  instead  of  five,  a  precipitate 
was  formed  on  the  addition  of  bromine  water  and 
ferrous  sulphate  and  the  color  did  not  match  an  un- 
treated standard. 

A  series  of  experiments  were  carried  on  in  the  same 
manner  with  malic  acid  instead  of  phosphoric,  and  it 
was  found  that  0.5  cc.  of  a  10  per  cent  malic  acid  gave 
the  best  results;  the  solution  had  the  characteristic 
bluish  green  color  instead  of  being  purplish  as  with 
the  phosphoric  acid.  On  standing  four  weeks,  the 
samples  acquired  a  yellowish  tinge  in  comparison  to 
freshly  prepared  samples. 

In  the  original  method  of  Moerk1  a  few  drops  of  fer- 
rous sulphate  are  added  and  then  the  bromine  drop  by 
drop  to  a  maximum  color.  In  the  method  of  the 
government,  however,  an  excess  of  bromine  is  added 
and  sufficient  ferrous  sulphate  to  produce  the  maxi- 
mum color.  A  number  of  experiments  were  carried 
out  to  see  if  it  made  any  difference  which  way  it  was 
done  and  to  find  the  limit  in  amount  of  ferrous  sul- 
phate and  bromine  water  if  any.  One  cc.  of  standard 
vanillin  solution  (0.05  in  100)  was  used  in  all  cases. 

Table  I. 

Experiment  Number.     1.      2.      3.      4.      5.  6.  7.  8. 

Drops  FeS04  sol  12       3       4       5  6  7  8 

Drops  Br  sol.  22222,2  2  2 


One  more  drop  Ilr  i 
One  more  drop  Br  s 


Experiment  Number 

Drops  FeSOj  sol. 
Drops  Bt  sol. 

i  tne  additional  drop  lir 
Experiment  Number.  1 

Drops  lir  s,il 
Drops  l'YSo,  sol. 


Of  equal  intensity 
Increases  intensity 


Lighter  but  equal 
Intensity  same  as  3.  4  &  5 


Of  equal  intensity 


( )f  equal  intensity 


All  of  equal  intensity 
Tabi  e  111. 


\o  color  Darkest  and  equal  Lighter  and  equal 

It  was  found  that  after  obtaining  the  maximum  color 
in  the  above  tests  and  then  diluting  to  50  cc.  with  water, 
it  was  necessary  in  every  case  to  add  at  least  2  drops 
more  bromine  water  to  bring  the  color  up  to  a  maximum, 
and  this  could  not  be  accomplished  by  adding  the  extra 

'  .1,,,    ./    Pharm.,  63,  521. 
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a  drops  of  bromine  water  before  diluting.  When  the 
bromine  water  was  added  first  and  the  color  developed 
with  ferrous  sulphate  and  diluted,  a  deeper  color  could 
nol    be   obtained    by    the   addition   of    more    bromine 

water     (Table      III).        It      was    noted    too    that      those 

which  had  a  larger  proportion  ol  ferrous  sulphate 
gave  the  deeper  color,  a  fact  also  noted  by    Fluckiger 

and    Nagelwort.1       In   those   in    which   the   bromine   was 

added   first    (Table   III  i   the  color  was  not   nearly  as 

dee])  as  in  those  in  which  ferrous  sulphate  was  added 
first  (Tabic  1).  It  was  found  that  it  took  2.5  cc.  of 
the  vanillin  solution  (o  05  in  100)  when  bromine  water 
was  added  first,  to  equal  1  cc.  when  ferrous  sulphate 
was  added  first. 

One  cc.  of  pyrocatechuic  acid  (equivalent  to  the  one 
cc.  of  vanillin)  and  2  drops  of  ferric  chloride  added 
gave  the  same  depth  of  color  as  1  ce.  of  vanillin  when 
treated  with  ferrous  sulphate  and  bromine  water. 

Carles-  in  1872  and  Tiemann'  and  Haarmann  in 
1S74  showed  that  a  water  solution  of  vanillin  gave  a 
precipitate,  soluble  in  hot  water,  with  a  concentrated 
solution  of  lead  acetate.  The  lead  salt  has  the  formula 
(C8H7()j),Pb.  In  trying  lead  acetate  and  also  lead 
nitrate  solutions  we  were  unable  to  get  any  precipitate 
with  a  water  solution  of  vanillin  of  the  strength  usually 
met  with  in  extracts.  When,  however,  the  clear,  neutral 
filtrate  from  lead  cream  was  added  to  the  vanillin  solu- 
tion there  appeared  immediately  a  yellow  precipitate. 
This  precipitate  when  dissolved  gives  the  color  with 
ferrous  sulphate  and  bromine  water.  Some  of  the  yel- 
lowish precipitate  was  extracted  with  ether  and  the  ether 
evaporated,  leaving  a  crystalline  mass  which  responded 
to  the  vanillin  color  reaction.  On  standing  1 2-24  hours, 
colorless,  rosette  like  crystals  formed  in  the  filtrate 
from  which  the  yellow  precipitate  was  filtered  out. 
The  crystals  were  soluble  in  hot  water  and  when 
massed  together  in  some  quantity  had  a  yellow  color 
similar  to  the  first  precipitate. 

A  number  of  analyses  were  made  of  the  precipitate 
which  comes  down  immediately  and  were  as  follows: 
The  precipitate  was  dissolved  in  a  little  dilute  acetic 
acid  and  hydrogen  sulphide  passed  in,  the  lead  sul- 
phide washed,  dried  and  weighed  as  such. 

Results. 


Wt.  of  lead 

Wt.  of  PbS. 

Pb(CBH70a)2. 

vanillin.     Gram. 

Gram. 

Pb. 

The. 

>retical. 

0.357 

1  .724 

A 

0 . 09695 

0   0626 

1    771 

B 

0.1238 

0  0858 

1    666 

C 

0 .  0946 

0  0732 

1    48 

D 

0.1130 

0  0864 

1    50 

E 

F 

0  0642 

0.0370 

1    98 

Average.  1  .687 

The  filtrate  from  the  lead  showed  a  strong  color 
reaction  for  vanillin. 

CONCLUSION'. 

In  the  official  colorimetric  estimation  of  vanillin 
in  vanilla  extracts,  it  is  difficult  to  get  a  maximum 
color. 

The  original  method  of  adding  the  ferrous  sulphate 

1  "Reactions,"  p.  152,  by  Fliickiger. 
-  Hull.  toe.  chim.,  17,  2 
:  /;, ,    ( '/„  m    Geoi  .  7,  614. 


first    gives  a   deeper  color  than    thai    oi    the   present 

method   when   the  bromine  is  added   first. 

In  a  vanilla  extract  it  is  very  difficult  to  add  only 

enough  lead  cream  to  decolorize  the  solution  and  when 
different  amounts  of  lead  eream  are  used  dillerent 
depths  ol    color  are  obtained. 

Dilution  oi  tlie  sample  influences  the  color. 

It  is  shown  that  much  arger  amounts  of  ferrous 
sulphate  are  necessary  in  comparison  with  bromine 
water  to  produce  a  maximum  color. 

It  is  shown  that  the  lead  cream  forms  a  lead  vanillin 
compound  of  the  formula  (C,H70,),Pb  and  such  being 
the  case  a  quantitative  estimation  is  impossible  where 
lead  is  used. 

It  seems  quite  likely  that  the  vanillin  is  oxidized 
to  pyrocatechuic  acid. 

Department  of  Food  and  Drug  Analysis. 

SCHOOL  ok   Pharmacy.   University  OF  MICHIGAN, 

Ann  Arbor. 


A  NEW    COLORIMETRIC   METHOD    FOR   THE    DETERMIN- 
ATION OF  VANILLIN  IN  FLAVORING  EXTRACTS. 
By  Otto  Folin  and  W.   Denis. 
Received  July  1,  1912. 

As  the  Hess-Prescott  method  for  the  determination 
of  vanillin,  which  in  the  modified  form  proposed  by 
Winton  and  his  associates'  is  now  universally  used  in 
American  food  laboratories,  is  extremely  laborious, 
although  undoubtedly  accurate,  it  has  seemed  worth 
while  to  attempt  to  work  out  a  rapid  colorimetric 
method  for  use  in  this  determination. 

The  time  spent  at  present  by  the  food  analyst  on  the 
quantitative  determination  of  vanillin  in  flavoring 
extracts  is  out  of  all  proportion  to  the  value  of  the 
results  when  judged  by  the  weight  given  them  in 
passing  judgment  on  the  quality  of  commercial  ex- 
tracts. 

By  the  use  of  the  phosphotungstic-phosphomolybdic 
reagent  recently  described2  we  have  been  able  to  work 
out  a  colorimetric  method  for  the  determination  of 
vanillin  which  gives  theoretical  results  with  purely 
artificial  extracts  containing  known  amounts  of  the 
substance,  and  gives  with  authentic  extracts  values 
agreeing  closely  with  those  obtained  by  the  official 
method. 

Solutions  Required. — (i)  An  aqueous  solution  of 
pure  vanillin  to  be  used  as  a  standard.  This  should  be 
made  of  such'  a  strength  that  10  cc.  contains  one 
mg.  of  vanillin. 

(2)  The  phosphotungstic-phosphomolybdic  acid  re- 
agent, prepared  as  follows:  To  ioo  grams  pure 
sodium  tungstate  and  20  grams  phosphomolybdic  acid 
(free  from  nitrates  and  ammonium  salts)  add  100  grams 
syrupy  phosphoric  acid  (containing  85  per  cent. 
H3P04)  and  700  cc.  water;  boil  over  a  free  flame  for 
one  and  a  half  to  two  hours;  then  cool,  filter  if  neces- 
sarv,  and  make  up  with  water  to  a  volume  of  1  liter 
An  equivalent  amount  of  pure  molybdic  acid  may  be 
substituted  for  the  phosphomolybdic  acid. 

(3)  A  solution  of  pure  sodium  carbonate  saturated 
at  room  temperature. 

'  J.  Am.  Ckem.  Soc,   21,  256  U899(,  24,  1128  (1902);  27,  719  (1905). 
-J    Biol.  Chem.,   12,  239  (1912  i. 
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(4)  A  solution  containing  5  per  cent,  basic  and  5 
per  cent,   neutral  lead  acetate 

Vanillin  (and  also  other  mono-,  di-,  and  tri-hydric 
phenol  compounds)  when  treated  in  acid  solution  with 
the  phosphotungstic-phosphomolybdic  reagent  above 
described  gives  on  the  addition  of  an  excess  of  sodium 
carbonate  a  beautiful  deep  blue  color  admirably 
suited  for  quantitative  colorimetric  work. 

At  first  an  attempt  was  made  to  prepare  the  color 
directly  from  the  untreated  extract  it  was  found. 
however,  that  this  gave  too  high  results,  due  probably 
to  the  fact  that  the  tannin  and  tannic  acid  present  in 
all  true  vanilla  extracts  also  react  with  the  reagent. 

The  following  procedure  has  therefore  been  devised 
and  has  given  admirable  results  with  a  long  series  of 
extracts:  5  cc.  of  the  vanilla  extract  to  be  examined 
are  transferred  by  means  of  a  pipette  to  a  100  cc. 
volumetric  flask  and  about  75  cc.  cold  tap  water  are 
added:  4  cc.  of  the  lead  acetate  solution  are  then  poured 
in  and  the  mixture  made  up  to  volume  with  water. 

The  contents  of  the  flask  are  then  rapidly  filtered 
through  a  folded  filter  paper,  arid  5  cc.  of  the  filtrate 
are  transferred  by  means  of  a  pipette  to  a  50  cc.  volu- 
metric flask.  In  another  50  cc.  volumetric  flask  is 
placed  5  cc.  of  the  standard  vanillin  solution;  then  5 
cc.  of  the  phosphotungstic-phosphomolybdic  reagent 
is  added  to  each  flask,  the  reagent  being  allowed  to 
run  down  the  neck  of  the  flasks  in  order  that  any 
vanillin  adhering  thereto  may  be  washed  down. 
After  shaking,  the  flasks  are  allowed  to  stand  for  five 
minutes  and  are  then  filled  to  the  mark  with  saturated 
sodium  carbonate  solution.  After  inverting  the  flasks 
two  or  three  times,  in  order  that  the  contents  may 
become  thoroughly  mixed,  they  are  allowed  to  stand 
lor  10  minutes,  by  wihch  time  the  precipitation  of 
sodium  phosphate  is  complete.  The  contents  of  the 
flasks  are  then  rapidly  filtered  through  a  folded  filter 
paper  and  the  color  of  the  resulting  clear  deep  blue 
solutions  compared  by  means  of  a  Dubosc  colorimeter. 
The  standard  solution  is  best  placed  at  20  mm.  as 
experiment  has  shown  that  the  color  produced  by  the 
amount  of  vanillin  contained  therein  (1  mg.  in  100  cc.) 
is  most  accurately  and  easily  read  at  this  point. 

In  this,  as  in  all  other  colorimetric  methods,  a  slight 
cloudiness  of  the  solution  to  be  read,  by  cutting  off 
more  light  than  the  standard,  gives  a  reading  much 
too  low,  with  correspondingly  high  results ;  consequently 
no  solution  should  be  read  which  is  not  absolutely 
clear  after  filtration. 

The  calculat  on  of  the  results  is  not  complicated. 
When  5  cc.  of  the  solution  (previously  diluted  5  :  100) 
is  taken,  this  corresponds  to  0.25  cc.  of  the  original 
solution.  If  10  cc.  are  taken  they  correspond  to  0.5  cc. 
of  the  original.  Since  0.5  mg.  vanillin  is  used  as  a 
standard  and  with  the  standard  set  at  20  (mm.), 
0.5  X  20/R  =  X  where  R  is  the  colorimeter  reading 
of  he  unknown  and  X  is  the  amount  of  vanillin  in 
mgs.  present  in  the  volume  of  the  original  extract 
used  in  the  final  color  comparison:  100  X  divided  by 
the  volume  of  extract  taken  expressed  in  mgs.  gives 
the  result  in  per  cent. 

For    example,    if    5    CC.    of    the    diluted    and    filtered 


solution  gave  a  reading  of  iX  mm.  the  result  would  be 
0.5  X  20/18  =  0.555  mg- 1  55  5  "*"  25°  =  0.22.  Hence 
0.22  per  cent,  vanillin. 

As  outlined  above,  an  analyst  familiar  with  the 
method  can  in  one  hour  easily  make  vanillin  determina- 
tions in  from  ten  to  twelve  samples  of  vanilla  extract 

Another  point  in  favor  of  the  new  method  is  that 
by  its  use  the  amount  of  material  needed  for  a  vanillin 
determination  is  reduced  to  a  minimum,  2.5  cc.  of 
extract  being  sufficient  for  from  two  to  four  duplicate 
determinations. 

Besides  the  direct  determination  of  vanillin,  the 
colorimetric  method  may  also  be  used  as  a  check  on 
the  official  method. 

After  the  vanillin  has  been  extracted  with  ether, 
dried  to  constant  weight,  etc.,  in  the  usual  way,  a  more 
or  less  white  crystalline  substance  is  obtained  which 
is  usually  considered  pure  vanillin;  it  is  possible  by 
the  colorimetric  method  for  the  analyst  to  obtain  a 
check  on  his  results  which  will  at  once  indicate  to  him 
whether  the  substance  extracted  and  weighed  is  pure. 

This  determination  is  best  made  as  follows: 

Dissolve  the  residue  in  the  dish  in  the  smallest 
possible  quantity  of  25  per  cent,  ethyl  alcohol,  transfer 
to  a  volumetric  flask  and  make  up  with  water  to  such 
a  concentration  that  10  cc.  of  the  solution  shall  con- 
tain 1  mg.  of  the  residue.  To  5  cc.  of  this  solution 
add  5  cc.  of  the  phosphotungstic-phosphomolybdic 
reagent,  as  described  above,  and  compare  with  a 
similarly  treated  standard. 

For  successful  use  of  the  above  method  the  following 
precautions  should  be  noted; 

Before  beginning  a  series  of  determinations  the 
standard  solution  should  be  placed  in  both  cups  of  the 
colorimeter  and  the  operator  should  satisfy  himself 
that  with  the  available  light  he  can  read  the  standard 
to  within  at  least  0.2  mm.  We  have  found  that  satis- 
factory readings  can  be  made  at  night  by  the  use  of 
an  ordinary  incandescent  electric  light,  the  bulb  of 
which  is  covered  by  a  sheet  of  white  paper.  It  be- 
comes even  more  important,  however,  when  artificial 
light  is  used,  that  the  standard  solution  be  placed  in 
both  sides  of  the  colorimeter,  both  prisms  set  at  20  mm. 
and  the  instrument  moved  about  until  equal  illumina- 
tion of  both  fields  is  secured. 

We  have  satisfied  ourselves  by  numerous  experi- 
ments that  it  is  possible  by  this  method  to  read 
against  each  other  solutions  containing  widely  varying 
amounts  of  vanillin  (as  for  example,  a  solution  con- 
taining 1  mg.  vanillin  in  100  cc.  against  one  containing 
0.5  mg.  vanillin  in  the  same  vessel);  as,  however,  in 
all  colorimetric  work  it  is  a  recognized  fact  that  ac- 
curacy of  reading  is  increased  when  the  concentration 
of  standard  and  unknown  are  not  too  widely  divergent, 
it  is  suggested  that  with  the  standard  at  20  mm.  no 
reading  of  the  unknown  be  accepted  as  final  if  the 
reading  fall  much  above  15  mm.  or  below  30  mm. 
Should  the  reading  obtained  fall  outside  these  limits 
a  greater  or  less  amount  of  the  filtrate  from  the  lead 
precipitate  should  be  taken  and  the  determination 
repeated. 

A   new   portion   of   the  standard   must  be  prepared 
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for  each  batch  of  readings  made,  .is  the  color  darkens 
slowly  foraboul  an  hour  after  the  addition  of  the  alkali. 
It  will  usually  be  found  thai  twelve  samples  con- 
stitute the  maximum  number  that  can  be  satisfactorily 
manipulated  at  one  time. 

\  \mii  v    Extracts    Madi    in    mi     Laboratory    According    i 

Specifications  of    mi   U    s    Pharmacopoeia 

Pot  i>nt    vanillin  by 


i  aboratory  Kind  and  Quality  oi  beans 

number  from  which  prepared 

1  Mexican  first 

3  Mexican  second 

d  Mexican  third 

10  Mexican  fourth 

l!  Mexican  fifth 

14  Bourbon  first 

17  Bourbon  second 

21  Bourbon  third 

24  Bourbon  fourth 

29  Bourbon  fifth 

30  Seychelles    first 
.U  Seychelles   third 
37  Seychelles   fourth 
39  Madagascar  second 
4  2  Madagascar  third 
47  Madagascar  fourth 
4.x  "Comores  first 

51  Comores  third 

54  Comores  fourth 

59  Comores  second 

(>4  South   American  first 

65  South  American  second 

66  South  American  splits 
Java  fourth 

Tahiti 
Yanillons 


Official        Colorimetric 

method  method, 

0    17  (I    17 

0.17  O    1(> 

0   19  0   19 

o   19  o   19 

0.15  0   15 

0.20  0   20 

0    15  0    16 

0.20  o  21 

o   is  0   16 

0   16  0   16 

0.19  ii  20 

0.21  0.21 

0   18  0.18 

0.23  0  21 

0  21  0   20 

0    24  0    24 

0.19  0.19 

0   1<)  o   19 

0.12  0.13 

O   25  0   24 

0  2.?  0   25 

0    19  0.  19 

0.22  0.22 

0  23  0.22 

Oil  0.10 

0.06  0  07 


Through  the  kindness  of  Dr.  A.  L.  Winton  we  have 
been  able  to  secure  a  large  number  of  authentic  vanilla 
extracts  which  were  prepared  from  various  grades  of 
beans  in  the  U.  S.  Food  and  Drug  Inspection  Labora- 
torv  at  Chicago.  Dr.  Winton  has  also  allowed  us  to 
use  as  a  control  on  our  new  method  the  vanillin  figures 
obtained  in  his  laboratory  on  these  extracts  by  means 
of  the  official  method.1 

Through  the  kindness  of  Mr.  B.  H.  Smith,  of  the 
Boston  Laboratory,  and  of  Mr.  R.  S.  Hiltner,  of  the 
Denver  Laboratory  of  the  U.  S.  Food  and  Drug  In- 
spection Service,  we  have  also  been  able  to  secure 
samples  of  the  vanilla  extracts  sent  out  for  cooperative 
work  in  ign  by  the  referee  on  flavoring  extracts  of 
the  association  of  official  agricultural  chemists.  Mr. 
Hiltner  has  also  sent  us  the  average  vanillin  figures 
obtained  by  the  official  method  on  these  extracts  by 
the  chemists  cooperating  with  him.  In  all  somewhat 
more  than  a  hundred  samples  of  vanilla  extract  have 
been  assayed  for  vanillin  by  our  colorimetric  method 
and  in  no  case  has  there  been  any  marked  deviation 
from  the  values  obtained  bv  the  official  method. 


Above  are  given  a  number  ol  examples  of  the  values 
obtained  by  the  colorimetric  method.  These  repre- 
sent bu1  a  fraction  of  the  number  of  results  obtained, 

but  the  figures  agree  so  uniformly  with  those  given  by 
t hi-  official  method  that  it  seemed  useless  to  take  Up 
more  space  in   this  connection. 

Below  are  given  results  obtained  with  a  few  miscel- 
laneous extracts;  again  the  vanillin  figures  reported 
as  obtained  by  the  official  method  were  furnished  us 
in  part  by  Dr.  Winton  and  in  part  by  Mr.  Hiltner. 

Percentage  vanillin  by 


Official       Colorimetric 
No.  Prepared  from:  method  method 

I  Mexican  beans.  60' ,    alcohol  and  glycerine .  0  20  0.20 

II  Bourbon     beans.     OO',       alcohol       and      sonar 

if.  S     P.  I  0    19  0    19 

III1    Mexican  and  Tahiti  beans  and  maple  syrup, 

prune  juice,  synthetic  vanillin  and  caramel       0    IK  0    17 

IVs    25*;    tonka  extract.  75' ;    prune  juice,  0  I  5' , 

vanillin  and  caramel  coloring  0   15  0.16 

'  A.  U.  S.  I',  extract. 
-'  An  entirely  artificial  extract. 

It  is  a  well  known  fact  that  vanillin  even  in  fairly 
dilute  solution  may  be  precipitated  by  basic  lead 
acetate.  We  have  satisfied  ourselves,  however,  that 
in  the  very  high  dilutions  employed  in  our  method  no 
vanillin  is  precipitated  by  the  lead. 

Coumarin.  extract  of  tonka  bean  and  acetanilid 
give  no  color  with  the  phosphotungstic-phospho- 
molybdic  acid  reagent;  the  presence  of  sugar,  caramel, 
or  glycerine  does  not  in  any  way  interfere  with  or  alter 
the  color  formation. 

Biochemical  Laboratory, 

Harvard  Medical  School. 

Boston. 

METHOD     FOR    DETERMINING   FAT    IN    SUGARED 
EVAPORATED  MILK. 

By   F.   C.   Broeman. 
Received  June  8.  1912. 

Ten  grams  of  the  milk  are  mixed  with  ioo  cc.  of  hot 
water  and  5  cc.  CuS04  solution  (Feh.  St.)  added  and 
stirred.  The  ppt.  contains  the  fat  and  it  is  filtered 
at  once  and  washed  with  hot  water.  It  is  then  trans- 
ferred to  a  150  cc.  beaker  (after  a  little  experience  it 
can  be  thrown  out  without  a  particle  sticking  to  the 
paper)  and  10  cc.  cone.  HC1  added.  Heat  on  hot  plate 
until  solution  turns  to  chocolate  brown,  cool  and  then 
add  2-3  times  volume  of  alcohol  and  extract  4  times 
with  petroleum  ether  in  separatory  funnel.  The 
results  obtained  agree  with  those  obtained  by  the 
extraction  methods  when  carried  out  under  the  most 
exacting  conditions.  The  determination  can  be  com- 
pleted entirely  in  one  hour. 

Laboratories  of   F.   C.   Broeman  &  Co.. 
Cincinnati,  Ohio. 


LABORATORY  AND  PLANT 


A  NEW  TYPE  OF  INORGANIC  FILTER  FOR  LABORATORY 
PURPOSES. 

By  M    A.  Williamson  and  P.   A.   Boeck. 
Received  July  15.  1912. 

The  use  of  porous  inorganic  materials  for  filtration 

1  Bull.  107,  156  (Revised  i.  Bur   of  Chem. 


and  separation  of  liquids  and  solids  in  quantitative 
work  has  been  known  for  some  time.  A  variety  of 
materials  and  shapes  have  been  employed  for  this 
purpose  with  more  or  less  success.1 

1  See  Faraday's  "Chemical  Manipulation."  new  edition,  1830,  Section  9, 
page  230,  and  J.  Am.  Chem.  Soc  9,  22.  article  by  Lucius  Pitkins  on 
the   "Efficiency   of    Porcelain    Filters. 
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The  work  encountered  in  analytical  operations  is 
so  varied  in  character  and  is  subject  to  such  extremely 
severe  conditions,  that  most  of  the  materials  tried 
have  been  found  lacking  in  some  one  or  more  desirable 
characteristics,  such  as  resistance  tq  the  influence 
of  the  re-agents  employed,  with  the  results  that  their 
successful  application  to  quantitative  work  has  been 
seriously  curtailed.1 

There  are  two  general  methods  of  using  porous 
inorganic  filters. 

1.  A  finely  divided  material  which  is  placed  loosely 
on  a  perforated  or  porous  body,  permitting  the  passage 
of  the  liquids,  the  solid  matter  being  retained  by  the 
finer  voids  in  the  filtering  medium.2  Well  known 
examples  of  this  class  of  filter  which  are  used  for 
quantitative  analytical  work  are  sand,  glass,  wool, 
kaolin,  clay,  precipitated  alumina,  natural  porous 
stones  and  infusorial  earths,  which  may  be  used  either 
with   or  without  an   organic   material. 

2.  Bonding  together  these  finely  divided  materials 
by  means  of  some  agglutinant  which  is  insoluble  in 
the  solutions  filtered  and  which  does  not  occupy  all 
the  space  between  the  grains  or  voids  in  the  body. 
A  massive  but  porous  filtering  bed  is  obtained  which 
may  be  made  into  a  variety  of  shapes  whose  filtering 
capacity  can  be  varied  by  altering  the  size  and  number 
of  the  voids.  This  can  be  accomplished  in  several 
ways;  by  varying 

1st,  the  relative  sizes  of  the  particles  bonded  ; 

2nd,  the  proportion  of  the  various  sizes  of  grain  \ised  ; 

3rd,  the  percentage  of  bonding  material  used  ; 

4th,  the  shrinkage  of  the  bonding  material; 

5th,  the  addition  of  some  material  which  can  be 
subsequently  removed  by  ignition  or  solution,  leaving 
the  volume  occupied  by  it  as  a  void.3 

For  analytical  work  the  use  of  a  porous  diaphragm 
or  shape  offers  so  many  advantages  that  it  has  been 
the  subject  of  much  speculation  and  a  variety  of 
materials  have  been  tried  out.  The  advantage  is 
strongly  in  favor  of  the  bonded  articles,  as  they  are 
immediately  available  without  previous  preparation. 
The  asbestos  fiber  Gooch  crucible  and  Witte  plate 
are  good  examples  of  the  first  class  of  these  materials, 
but  with  the  exception  of  soluble  precipitates  it  has 
the  disadvantage  of  requiring  frequent  renewal  and 
preparation. 

In  carrying  out  the  investigation  on  refractory 
aluminous  bodies  for  high  temperature  work  it  was 
found  that  bodies  made  up  of  fused  alumina, bonded 
with  a  highly  resistant  bonding  material  of  porcelain 
nature,  were  very  advantageous. 

Tests  conducted  on  the  fused  alumina  alone  showed 
it  to  withstand  the  action  of  both  acids  and  alkalis 
in  solution,  quantitatively.  Similar  tests  on  the  bond- 
ing material  alone  indicated  that  it  was  affected  by 
only  the  strongest  acids  and  alkalis  and  even  then  to 

1  See  /.  .4m.  Chem.  Soc  3  4,  24X.  article  by  P.  Casamajor.  Also 
Client.  News,  32,  45,  article  P.  Casamajor,  <>n  "Implements  of  Filtration." 

-See  /.  Am.  Clnm.  Soc.,  8,  192,  article  by  J.  II.  Stebbins,  .lr.  "The 
Micromembrane  Filter"  Also  J.  Am.  Chem.  Soc.  27,  by  Mr.  Porter 
W.  Shinier  on  a  "New  Filter  " 

3  Article  appearing  in  the  German  Chemical  Society,  sixth  year,  No. 
8.  page  227,  by  W.  Pukall.  "Treatise  on  Clay  Filters,  their  Properties 
and  Application  in  Chemical  ami  Bacteriological  Laboratories." 


so   small   an   extent    that    with   the   proper  precautions 

it  could   be   used    for  quantitative  chemical   operations 
in  practically  any  solution. 

MANUFACTURE    of    CRUDE     MATERIAL     AM)      PROPERTIES 
of    FINISHED    PRODUCT. 

The  fused  alumina,  the  material  used  in  the  manu- 
facture of  the  filters  to  be  described,  has  been  used  for 
the  past  ten  years  in  the  manufacture  of  abrasive 
wheels  and  stones  under  the  trade  name  of  "Alundum." 
It  is  obtained  by  fusing  calcined  hydrated  oxide  of 
alumina  or  bauxite  in  a  water  cooled  electric  arc 
furnace,  from  which  it  comes  in  the  form  of  an  ingot 
weighing  some  three  tons.  The  impurities  contained 
in  the  bauxite  as  iron  oxide,  silica,  and  titanium 
oxide  are  reduced  to  a  certain  extent  and  segregated 
at  the  bottom  of  the  pig  as  a  low  grade'  ferro-silicon 
containing  some  titanium.  The  resulting  pig  or 
ingot  consists  essentially  of  pure  crystalline  alumina. 
The  physical  properties  of  this  material  adapt  it 
peculiarly  well  to  the  manufacture  of  refractory 
laboratory  articles.  On  being  crushed,  it  is  graded 
to  a  uniform  mesh  and  mixed  with  the  required  amount 
of  bonding  material,  the  character  of  which  is  de- 
termined by  the  uses  to  which  the  resulting  article 
is  to  be  put.  When  made  into  the  form  of  bonded 
shapes  these  materials  have  been  found  to  possess 
a  high  thermal  coefficient.  The  following  curves 
illustrate  graphically  the  relative  thermal  conductivity 
of  ordinary  fire-brick,  Seger  porcelain,  bonded  Alundum 
and  bonded  Crystolon  at  comparatively  low  tempera- 
tures.    The   finished  articles  also  possess  an  extremely 
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high  melting  point,  approximately  1900°  Centigrade,  or 
3500  °  Fahrenheit,  a  comparatively  low  coefficient 
of  expansion  0.0000071  per  degree  C,  and  are  non- 
conductors of  electricity.  This  dielectric  property 
was  determined  by  Dr.  Thompson,  of  the  .Massachusetts 
Institute  of  Technology,  and  is  found  to  be  greater  than 
that  of  porcelain,  even  at  high  temperatures.  The 
specific  resistance  of  centimeter  cubes  at  various  tem- 
peratures are  as  follows: 

Degrees  C.  Megohms. 

528  130 


892 

1(120 


The  maximum  crushing  strength  of  bonded  Alundum 
is  15.410  lbs.  or  7V2  tons  per  square  inch  while  its  1  ensile 
strength  is  1.700  lbs.  per  square  inch.  This  factor 
is  dependent  on  the  thermal  conductivity,  coefficient 
of  expansion  and  other  properties  desired 

These  articles  have  furthermore  been  found  re- 
markably resistant  to  the'  action  of  tluxes,  especially 
those   of  a  basic   nature   even   at    high    temperatures. 


'>:. 


THE   /ol  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


Sept 


BNTS       nl         LABOR  M'ul;  \        I   i  : 

The  general  requirements  of  a  filter  tor  laboratory 
work  are,  sufficienl  porosity  permitting  them  to  be 
useti  foi  .1  variety  oi  purposes,  rapid  cleansing  and 
subsequent  operations.  They  should 
possess  sufficient  strength  to  resist  a  high  degree  ol 
suction  and  withstand  the  moderately  high  tem- 
peratures encountered  in  the  ordinary  laboratory 
for  igniting  the  filter;  inactivity  towards  reagents 
and  materials  which  art'  ignited  in  them;  constancy 
in  weight  within  the  practical  limits  of  error  through 
ordinary    quantitative    treatment. 

In  the  platinum  Gooch  all  of  these  desirable  prop- 
perties  are  found.  It,  however,  possesses  the  dis- 
advantage of  requiring  careful  preliminary  preparation 
of  the  asbestos  mat.  The  eost  of  platinum,  unfortu- 
nately, places  it  beyond  the  reaeh  of  the  cverv-dav 
analyst,  also  the  precautions  to  be  exercised  in  the 
use  of  this  ware  handicap  the  operation. 

With  porcelain,  several  difficulties  are  encountered: 
(i)    the   time   and  trouble  necessary   in   preparing   the 


in  that  they  were  not  placed  in  the  carbon  tube  fai 
enough  to  bring  the  entire  filtering  ana  into  the  zone 

ol    suction        The   portion    which    projected    beyond    the 

zone  ol  suction  became  impregnated  with  the  soluble 

salts  m  the  solution  being  filtered  which  could  only 
be  removed  alter  prolonged  washing,  consuming  so 
much  time  that  in  many  operations  this  crucible  did 
not  offer  any  particular  advantages  over  the  Gooch. 
Several  methods  were  developed,  employed  and  found 

excellent,  only  they  required  more  time  and  apparatus 
than  the  ordinary  porcelain  Gooch. 

To  overcome  the  foregoing  objection,  glazing  the 
upper  portion  of  the  crucible  was  attempted.  The 
idea  was  to  obtain  a  crucible  of  fused  alumina  with 
impervious  walls  and  a  porous  bottom.  This  promised 
a  solution  of  the  difficulty  in  analytical  work,  but 
owing  to  the  fact  that  the  walls  were  impervious  to 
all  glazes,  it  was  found  that  the  gla/.e  simply  spread 
over  the  surface,  leaving  a  porous  strata  of  Alundum 
between  the  walls  of  glaze.  This  is  an  extremely 
unsatisfactory  condition  in  filtering  off  any  precipitate. 


Ta 

ble  I. — Absorption 

Properties 

of  Alundtjm  as  Com 

PARED   WITH 

I'OKCFLAI 

n  and  Platinum. 

Alundum  crucibles. 

Gooch 

porcelain 

1'latil 

1 

2 

3 

4 

crucible. 

crucible. 

Differ- 

Differ- 

Differ 

Differ- 

Differ- 

Differ 

Wt. 

ence. 

\\t 

ence. 

Wt. 

eoce. 

Wt 

ence. 

Wt.              ence. 

Wt. 

ence. 

Grams. 

Mg. 

Grams. 

Mg 

Grams 

Mg. 

(".rams 

Mg 

Grams.             Mg. 

Grams. 

Mg. 

A 

16   2072 

12    165.x 

22    1256 

15    4388 

19  0030 

24   4059 

* 

li 

16.2039 

—3  3 

12    1617 

— t.l 

22    1194 

<>   2 

15   4294 

—9.4 

19  0008          — 2.2 

24   4055 

-0   4 

C 

16  2018 

—2    1 

12    1605 

—  1.2 

22    1174 

—2.0 

15   4290 

—0  4 

19.0028          +2  0 

24  4055 

0   0 

II 

16.2028 

+  1  .0 

12    1628 

+  2.3 

22   1193 

+  1    9 

15   4315 

+  2   5 

19  0035           +0   7 

24.4056 

+  0    1 

E. 

16.2032 

+  0  4 

12.1628 

0.0 

22    1194 

+  0    1 

15.4316 

+  0    1 

19  0035               0  0 

24.4056 

0.0 

!•• 

16  2008 

—2.4 

12.1600 

—2.8 

22    1162 

—3.2 

15   4270 

-4   6 

19   0007           —2.8 

24  4049 

—0.7 

G  . 

16.2031 

+  2.3 

12    1623 

+  2.3 

22    1182 

+  2.0 

15   4325 

+  5.5 

19.0039           +3   2 

24  4059 

+  1.0 

H 

16.2031 

0  0 

12.1623 

0  0 

22.1188 

+  0.6 

15  4325 

0.0 

19    0039                0   0 

24.4059 

0  0 

I 

16.2007 

—2  4 

12    1596 

—2.7 

22    1160 

—2   8 

15  4286 

— 3.9 

19.0019          —2.0 

24.4054 

—0  5 

asbestos  mat  and  in  varying  the  thickness  in  order 
that  any  desired  degree  of  porosity  may  be  obtained ; 
(2)  the  comparatively  low  thermal  conductivity  of 
porcelain  is  a  militating  factor  in  several  ways,  as  in 
the  ashing  of  organic  compounds,  burning  off  precipi- 
tates, etc..  increasing  the  time  appreciably.  Porcelain 
can  be  used  at  onlv  relatively  low  temperatures  in  com- 
parison with  this  new  material. 

The  articles  made  from  fuse'd  alumina  or  Alundum 
will  be  found  to  possess  most  of  the  desired  advantages. 
They  are  rapid,  always  ready,  easily  cleansed,  with- 
stand any  temperatures  available  in  the  average 
laboratory ;  the  porosity  can  be  varied  to  meet  any 
requirement ;  they  will  withstand  the  action  of  prac- 
tically  all  reagents  and  materials  ignited  in  them. 
Thev  are  not  adapted  to  making  fusions  with  alkaline- 
carbonates  or  similar  material,  because  of  the  siliceous 
nature  of  the  bond.  Like  porcelain  they  are  fragile, 
and  will  withstand  but  moderately  sudden  temperature 
changes.  On  the  other  hand,  however,  they  possess 
a  high  thermal  conductivity  which  together  with  the 
porosity  makes  them  better  adapted  than  porcelain 
to  the  burning  off  of  organic  materials. 

OBJECTIONS    TO    ALUNDUM. 

( me  disadvantage  in  making  filtrations  with  the 
ordinary  shaped  crucibles  of  fused  alumina   was  found 


The  porous  strata  w^ould  become  impregnated  with  a 
solution  containing  salts  impossible  of  removal,  caus- 
ing an  increased  weight  in  the  crucible  and  the  possi- 
bility of  contaminating  any  solution  which  would  be 
passed  through  it  afterwards. 

The  idea  of  building  up  crucibles  of  two  parts, 
that  is,  glazing  the  upper  portion  and  cementing  it 
to  a  porous  bottom,  was  tried  out,  but  found  subject 
to  the  same  objections.  Accordingly  this  scheme  had 
to  be  abandoned. 

Another  difficulty  experienced  by  some  is  the  prop- 
erty of  Alundum  to  absorb  moisture  from  the  air. 
This  is  by  no  means  a  chemical  action  for  there  is 
nothing  in  the  bond  or  the  fused  alumina  which  will 
combine  with  water  at  ordinary  temperatures.  The 
moisture  of  the  air  is  simply  condensed  on  the  walls 
of  the  voids  or  pores,  which  action  can  continue  only 
up  to  the  point  of  saturation  ;  that  is,  when  a  crucible 
of  this  material  is  ignited  and  immediately  weighed 
it  will  be  found  to  gain  in  weight  when  exposed  to  the 
air.  Upon  again  igniting,  it  will  return  to  the  former 
weight.  This  variation,  however,  is  so  limited  that 
in  ordinary  determinations  it  becomes  a  negligible 
quantity.  The  action  can  be  observed  more  plainly 
by  reference  to  Table  I.  Four  Alundum  crucibles 
(marked    1,    2,   3   and   4),   one   30  cc.   porcelain   Gooch 


Sept.,  191  2 


THE    JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


<T: 


crucible  and  one   30  cc.   platinum   crucible   were   used 
for  these  tests. 

All  crucibles  were  carefully  weighed  before  making 
this  test.  They  were  then  ignited  in  the  electric 
furnace  at  iooo°  C,  cooled  in  a  desiccator,  and  weighed. 
They  were  then  washed  with  250  cc.  each  of  hot  and 
cold  water,  dried  in  the  electric  oven  at  ioo°  C,  ignited 
in  the  electric  furnace,  and  cooled  in  a  desiccator, 
before  weighing.  The  crucibles  were  then  allowed  to 
stand  on  the  scale  pan  in  the  balance  case  for  one, 
two  and  three  hours  respectively.  Weighings  were 
made  at  the  end  of  each  period  of  time.  The  crucibles 
were  then  ignited  in  the  electric  furnace,  permitted 
to  stand  in  the  atmosphere  as  before  and  again  ignited 
for  the  fourth  time.  Every  conceivable  precautionary 
measure  was  observed  in  this  test  in  order  that  the 
results  might  be  as  accurate  as  possible.  The  weights 
taken  of  these  crucibles  at  the  various  stages  of  the 
operation  are  marked  by   letters,  as  follows: 

A,  the  original  weight  of  the  crucible  when  received. 

B,  weight  of  the  crucible  after  igniting  in  an  electric 
furnace  at   iooo0  C.  and  cooling  in  a  desiccator. 

C,  weight  after  250  cc.  of  hot  water  had  been  run 
through  by  means  of  a  reverse  washer,  and  250  cc. 
run  through  as  in  direct  filtration,  and  the  crucible 
dried  and  ignited  in  the  electric  furnace  at  1000  °  C. 
and  cooled  in  a  desiccator. 

D,  weight  after  allowing  the  crucible  to  stand  in  the 
balance  case  one  hour  and  weighing  immediately. 

E,  weight  after  the  crucible  had  been  in  the  balance 
case  two  hours, 

F,  weight  after  the  crucible  had  been  ignited  in  the 
electric  furnace  at  1000°  C. 

G,  weight  after  the  crucible  had  been  in  the  balance 
case  one  hour. 

H,  weight  after  the  crucible  had  been  in  the  balance 
case  two  hours. 

I.  weight  after  the  crucible  had  been  in  the  electric 
furnace  and  cooled  in  a  desiccator. 

The  fused  alumina  is  crushed  to  grains  of  suitable 
size,  mixed  with  a  ceramic  bond,  moulded,  dried  and 
then  fired  in  an  ordinary  porcelain  kiln.  The  bond 
becomes  more  or  less  vitrified,  forming  a  hard  resistant 
body.  During  the  process  of  manufacture  small 
particles  of  the  grain  adhere  to  the  outside  of  the  article 
and  are  retained  in  the  pores.  Upon  washing,  these 
small  particles  are  dislodged  and  washed  out.  Unless 
this  preliminary7  precaution  is  observed  an  appreciable 
variation  in  weight  is  noted,  as  shown  by  the  following 
tables. 

Table  II. — Effect  of  Washing  on  Weight  of  Alundum. 
Wt    before  Wt.  after 

Crucible  washing.  cleaning.  Loss. 

No.  drains  Grams.  Mg. 

1 11  .6725  11    6708  1    7 

2 9.7492  9    7468  2.4 

3 11    2629  11    2602  1    7 

4 10.0136  10  0094  4.2 

Four  crucibles  were  employed.  They  were  weighed, 
washed  with  500  cc.  each  of  hot  and  cold  water,  dried 
in  an  electric  oven  at  105  °  C.  ignited  in  an  electric 
furnace  for  fifteen  minutes  at  10000  C,  and  cooled 
in  a  desiccator  before  weighing.  The  results  are 
shown  in  Table  II. 


After  treating  these  crucibles  as  above,  each  was 
washed  with  250  cc.  ol  both  hot  and  cold  sulphuric 
acid,  this  operation  being  repeated  with  hydrochloric 
acid,  10  per  cent,  solution  They  were  then  thoroughly 
washed  with  distilled  water,  ignited  and  weighed. 
The  results  of  this  investigation  are  summarized  in 
Table  III. 

Table  III. — Effect  01  Washing  with  Acids    after    Tkbatmeni    with 

Water. 

Wt.  of       ll,So,.        lljSo,.        IIC1.  HC1,      Total 

crucible,     cold  tot  cold.  hot.         loss. 

Crucible  No.  1...      11    6708    11    6702      II    6693      II    6682      II    6668 

Loss  0.6  MS       (i  9  Mg.      1    1  Mg.      1    4  Mg.    4  Mg 

Crucible  No.  2...        9   7468     9   74(,4        •(   7459        'i   7458        9   744.S 

Loss  0  4  Mg.      (i    i  Mg       0  8  Ma       0  3  Mg     2  Mg 

Crucible  No.  3...      11.2602    11.2598      11    2592      11    2587      11.2582 

Loss  0.4  Mg.     0  '>  Mg.     0   S  Ms      0  5  Ms     2  Mg 

Crucible  No.  4...      10  1058   10.1058     10  104.S     Crucible  broken. 

Loss  0  0  Mg.         1    0  Mg. 

Comparing  Table  Til  with  II.  the  necessity  of  pre- 
liminary preparation  is  demonstrated  by  the  difference 
in  losses  suffered  due  to  the  several  treatments. 

IMPROVED    TYPE    OF    FILTER. 

A  new  type  of  filter,  which  differs  from  the  crucible, 
principally  in  shape  and  bond,  has  been  recently 
developed,  giving  promise  of  better  adaption  to  an- 
alytical work  than  any  other.  It  differs  from  the  other 
t\Tpes  of  filters  mentioned  in  that  it  is  compact,  filters 
rapidly,  and  is  always  ready.  It  is  made  from  the 
same  materials  as  the  crucibles  but  is  somewhat 
more  resistant  to  action  of  the  reagents  used  in  or- 
dinary analysis.  This  new  filter  is  in  the  form  of  a 
cone  and  is  designed  to  fit  into  the  60 °  funnel.  One 
size  found  satisfactory  measures  i3/\"  in  diameter  by 
i1//'  high  and  weighs  about  ten  grams;  while  this  is 
the  most  convenient  size,  the  cones  can  be  made  up 
into  any  desirable  shape  or  size,  depending  on  the 
specific  requirements. 


Fig  2  Filter  Com  nv  Scai  1  Pan. 
This  type  of  filter  is  placed  in  operation  by  first 
stretching  over  a  large  end  ol  the  funnel  a  piece  of 
soft  rubber  tubing  about  i"  .,"  in  diameter  and  i1  ," 
long,  allowing  half  of  the  tube  to  project  over  the  top. 
The  funnel  is  then  connected  with  the  filter  bottle 
and  the  conical  filter  placed  in  the  aperture  formed 
by  the  rubber  ring.  When  suction  is  applied  and  the 
filter     moistened,     the     cone     is     drawn     down     against 
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■nil  .1  force  sufficient  to  make  a  gas-tighl 

joint.     The    efficiency    oi    this    joint    varies    directly 

with    the    suction    . » j >] >1  «*-«  1      This    type    oi    apparatus 

;es    all    the    advantages   outlined    for    the    best 


l'n.   3.     Method  of  Adjusting  Cone. 
laboratory    filters.      It    can    be    used    with    or    without 
filter   paper,    depending   on    the    manipulator   and    the 
degree   of  accuracy   required. 

When  using  an  ordinary  filter  paper  it  may  be 
t'ol< led  in  the  usual  manner  and  the  point  turned  back 
about  ■  s"  sn  that  the  paper  may  fit  snugly  into  the 
cone,  proceeding  then  as  in  the  ordinary  operation. 
Several  advantages  are  gained  by  this  method,  among 


CONSTANCY     IN     \\  LIGHT. 

The  constancy  in  weight  ol  the  cone  has  been  the 
subject  "i  considerable  speculation  and  discussion. 
With  the  idea  "i  determining  this  under  characteristic 
conditions,   the  following  test   was  made. 

Pour  curs.  <>i   different   mixtures,  were  chosen   for 

this  test,  namely.  RA-320,  321,  322,  327.  and  were 
compared  with  a  porcelain  Gooch  with  asbestos  mat 
and  an  ordinary  platinum  laboratory  crucible 

All  i>f  these  were  soaked  in  a  10  per  cent,  solution 
of  sulphuric  acid  at  ordinary  temperatures,  washed 
with  distilled  water  and  ignited.  They  were  then 
allowed  to  stand  on  the  scale  pan  tor  one,  two  and 
three  hours,  weighing  at  the  end  of  each  periodof  time. 
They  were  then  ignited  and  weighed,  the  results  being 
re©  irded   in  Table  IV. 

This  type  of  filter 
is  subject  to  the  same 
criticism  as  the  other 
form,  namely,  the  ap- 
parent inconstancy  of 
weight,  due  to  the  ab- 
sorption of  moisture 
from  the  air.  As  be- 
fore' stated,  this 
characteristic  is  in  no 
manner  detrimental, 
since  the  various 
articles      will      remain  '  ■'•<■■  *■ 

constant  when  used  under  the  same  conditions  each 
time.      This  fact  is  illustrated- in  Table  IV. 

The  question  to  be  determined  is  whether  they  are 
adapted  to  quantitative  analysis.  The  favorable 
results  obtained  in  further  tests  and  recorded  in  Table 
V  constitute  the  necessary  evidence. 

For  this  final  test  five  conical  filters  were  used  and 
an  ordinary  porcelain  Gooch  with  asbestos  mat. 
Cones  Xos.  1.  2  and  3  were  tested  without,  while  cones 
Xos.  4  and  5  were  provided  with  a  lining  of  filter  paper 
in  addition  to  these  a  test  was  made  with  a  filter  paper 


\t=CCT 


Porcelain 
Gooch 

crucible. 


Platinum 

crucible. 


Treatment. 

Soaked  in   10«J5  Weight 

1I><  ),  and  water.  Grants. 

then    ignited  9  4880 

Stood  1  hr.  in  case  .    9.4893 

Stood  2  hrs    in  case.  9  4893 

Stood  3  hrs.  in  case  9.4893 

Ignited  again   9  .4881 


Differ- 
ence. 
Mg 


0.0 
0.0 


.  Weight. 
Grams. 

8 . 0398 
8  0404 
S  0408 
8  0408 
8.0398 


Differ- 
ence. 
Mg. 

+  0  6 

^0  4 

0  0 

—  1  0 


Weight 
Grams. 
5  2539 
5.2552 
S.2SS2 
5  2552 
5    2542 


them  being  extremely  rapid  filtration,  depending 
on  the  fineness  and  nature  of  the  precipitate  to  be  fil- 
tered. In  very  accurate  work  the  weight  of  the  cone 
is  independent  of  the  weight  of  the  paper  and  the  cone 
acts  only  as  a  support.  It  permits  the  use  of  a  paper 
whose  porosity  is  suitable  for  the  work  in   hand. 

The  entire  filtering  area  of  the  cone  is  subjected  to 
the  suction  so  that  any  and  all  soluble  salts  which 
might  be  retained  bv  the  porous  material  can  be 
readily  removed  by  proper  washing.  The  advantages 
resulting  from  the  use  of  this  filter  are  obvious. 


0  0 
(i  0 
-1    0 


Weight. 
Grams. 
9  7204 
9  7216 
9.7216 
9  7215 
9   7205 


-  1    2 
0.0 

—0    1 
—  1    0 


15  6473 
15  6472 
15   6475 

IS  ,,47S 
15.6468 


—0.1 

+  0   3 

I)    0 


Grams. 
1 1    3 1 84 


11 .3184 
11   3184 


0.0 
0.0 
0  0 

-0.  1 


in  the  usual  manner.  The  3  precipitates  chosen  for  the 
test  were  aluminum  hydroxide,  barium  sulphate  and  sil- 
ver chloride,  because  they  are  more  or  less  representative 
of  the  various  classes  of  precipitates  encountered  in 
analytical  work.  The  aluminum  hydroxide,  barium 
sulphate  and  silver  chloride  were  prepared  in  such  a 
manner  as  to  make  standard  solutions.  100  cc.  of  which 
contained  0.1  gram  A1,03,  0.1329  gram  BaS04,  and 
0.1687  gramAgd,  respectively. 

The  cones  were  all  thoroughly  cleaned  and   ignited 
before  making  this  test. 
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From  Tabic  V  it  will  be  noted  that  the  first  cone 
was  found  the  most  satisfactory  for  all  purposes. 
The  time  factor  as  compared  with  the  Gooeh  and 
filter  paper  was  reduced  considerably  without  re- 
ducing   the    accuracy    to    any    appreciable  extent. 

The  cleansing  of  the  filter  may  be  readily  accom- 
plished by  inverting  it  on  a  rubber  cork  and  reversing 
the  flow,   as  is   illustrated   in    Fig.  4. 

On  the  whole  the  new  conical  filters  proved   to  be 
far   superior   to    those   ordinarily   used. 
Table  V.     in  1  bring  Proper nes 

AI2O3.  AgCl.  liaSO,. 


Differ 

Tunc 

I)i  Iter 

Differ 

Weight 

C11CC 

required 

Wt 

encc. 

W 

eight. 

encc. 

Amount  Found. 

('.rain. 

Mg, 

Mill. 

Gram. 

Mb. 

( 

Irani. 

Mg 

By  calculation, 

0  OSOO 

0    16H7 

0 

1349 

With  cone  320. . 

0  OS  10 

+  1  .0 

2.5 

0.1650 

3    7 

0 

1329 

—2.0 

With  cone  321.. 

0  OS  1(1 

+  1.0 

2.0 

0    1644 

4  3 

0 

1 33 1 

1    s 

With  cone  327. . 

0  0502 

+  0.2 

2   0 

0    1651 

—3.6 

0 

1331 

—  1  .8 

With  cone  321 

+    paper 

0  O.S22 

•  2   2 

45   0 

0    1647 

—4.0 

0 

1332 

1     7 

With  cone  322 

+    paper 

(1 1.0522 

+  2.2 

30.0 

0    1662 

—2.5 

0 

1327 

—2.2 

With     asbestos 

Gooeh 

0  0536 

+  3  6 

11   0 

0    1650 

—3.7 

0 

1328 

—2.1 

With  paper  filter 0.0519 

+  1    9 

9  0 

0.1642 

—4.5 

0 

1349 

0  0 

The  authors  have  endeavored  to  point  out  the  ad- 
vantages accruing  from  the  use  of  a  filter  of  this  im- 
proved type,  the  value  and  superiority  of  which  have 
already  been  fully  demonstrated  by  their  successful 
application,  under  varying  conditions,  in  general 
laboratory  operation. 

Research  Laboratories,  Norton  Company, 
Worcester,  Mass. 


CALCULATION  OF  SULPHURIC  ACID  STOCK  BY  APPROXI- 
MATE VS.  ACCURATE  METHODS.     A  SPECIAL  SLIDE 
RULE  FOR  THIS  PURPOSE. 
By  H.  C.  Moore. 

Received  May  25,  1912. 

When  taking  periodical  inventories  of  the  amount 
of  sulphuric  acid  stock  on  hand  in  the  numerous 
tanks  and  chambers  around  a  sulphuric  acid  plant 
it  is  customary  to  test  the  acid  in  each  tank  for  density, 
in  terms  of  degrees  Baume,  and  also  for  temperature. 
The  depth  of  the  acid  is  also  measured,  and  knowing 
the  dimensions  of  the  tanks  and  chambers  it  is  a  simple 
matter  to  calculate  the  number  of  eu.  ft.  of  acid  in 
each  container. 

The  next  step  is  to  calculate,  from  the  data  thus 
obtained,  the  acid  in  each  lot  to  the  same  basis,  as. 
for  instance,  to  the  basis  of  its  equivalent  in  terms  of 
50 °  B.,  60  °  B.  or  66°  B.  acid  at  6o°  F.  The  whole 
amount  of  acid  on.  hand  is  then  determined  in  terms 
of  one  grade. 

Among  fertilizer  factories  it  is  customary  to  calculate 
all  acid  in  terms  of  50°  B.  acid  at  60 °  F.  Tallies, 
which  are  available,  make  it  possible  to  determine 
the  number  of  pounds  of  50°  B.  acid  equivalent  to 
a  cu.  ft.  of  acid  of  any  density  and  temperature.  The 
tallies  as  adopted  by  the  Manufacturing  Chemists' 
Association  of  the  United  States  in  1004  are  generally 
used  as  a  basis  for  making  all  calculations. 

Now  it  is  no  short    task   for  the  superintendent    or 


the  chemist  of  a  sulphuric  acid  plant  to  take  a  long 
row  of  figures,  which  represent  the  density  and  tempera- 
ture of  the  acid  in  the  numerous  tanks  and  chambers, 
and  calculate  correctly  from  this  data  the  exact 
equivalent  in  terms  of  50  15.  acid,  unless  a  very 
voluminous  set  of  tables  has  been  especially  prepared 
lor  this  purpose.  By  calculating  correctly  the  writer 
means  that  exact  corrections  are  made  for  density  audi 
temperature  instead  of  the  rough  or  approximate 
corrections  ordinarily  made. 

If,  however,  one  is  content  when  taking  the  acid 
inventory,  to  record  the  density  reading  to  the  nearest 
even  degree  Baume  and  the  temperature  to  the  nearest 
ten  degrees  Fahrenheit,  then  the  problem  is  not  such 
a  long  task,  especially  if  one  also  assumes  that  one 
cu.  ft.  of  acid  testing,  say,  520  B.  at  a  temperature 
from  qo°  F.  to  1100  F.  is  equivalent  to  one  cu.  ft. 
of  acid  testing  530  15.  at  6o°  F.  If  all  of  these  assump- 
tions are  made  the  summary  of  the  acid  inventory 
becomes  very  simple  indeed,  and  if  a  few  simple  sets 
of  tables  have  been  compiled,  practically  no  calcula- 
tions are  necessary.  Such  a  method  of  figuring  is 
not  correct,  however,  and  the  error  will  vary,  being 
greater  lor  acid  at  higher  temperatures. 

Acid  testing,  say,  500  B.  at  1300  F.  when  cooled 
to  6o°  F.  would  have  a  density  of  53. q°  B.,  but  oik 
cu.  ft.  of  this  acid  at  1300  F.  would  have  a  volume  of 
less  than  one  cu.  ft.  if  cooled  to  60  °  F.  while  the  shrinkage- 
amounts  to  about  2.25  per  cent.,  or  an  error  too  great 
to  be  overlooked. 

By  mentioning  the  above  incorrect  methods  of  cal- 
culating sulphuric  acid  stock,  the  writer  docs  not  wish 
to  infer  that  such  methods  are  generally  used,  but 
has  simply  referred  to  some  methods  which  have 
come  to  his  knowledge  both  by  hearsay  and  observa- 
tion. He  has  also  heard  chemists  remark  that  they 
were  not  sure  they  were  making  their  claculations 
with  absolute  correctness. 

There  is  another  slight  error  which  the  writer  has 
often  observed,  which,  however,  is  scarcely  appreciable. 
In  the  tables  adopted  by  the  Manufacturing  Chemists" 
Association,  in  1904,  will  be  found  a  table  marked 
"Allowance  for  Temperature."  This  tabic  indicates 
the  correction  necessary  to  apply  to  Baum6  readings 
to  correct  from  one  temperature  basis  'to  another. 
The  allowance  for  temperature  for  500  B.  acid  is 
0.028  °  B.  and  for  60 °  B.  acid  is  0.020'  B.,  for  each  degree 
Fahrenheit.  Therefore,  acids  of  densities  between 
these  limits  probably  have  an  allowance-for-tempera- 
ture  value  proportionately  between  the  values  given. 
By  interpolation  the  allowance  for  520  B.  acid  would 
be  0.02760  B.  and  for  540  B.  would  be  0.02740  B. 
tor  ,°  F. 

Take  the  case  of  acid  testing  52.0'  15.  at  130°?. 
This  ac  d  when  cooled  to  60"  F.  would  be  about  540  B., 
and,  therefore,  the  value  0.02740  15.  for  i°  F.  should 
be  applied,  and  52.0  plus  (70  X  0.0274)  =  53. 90  B. 
at  6o°  F.  These  allowance-for-temperature  values 
were  determined,  as  the  writer  understands  from  the 
original  paper  on  this  work,  by  heating  the  acid. 
starting  at  (10  F.  and  noting  the  density  variation 
for    rise    in    temperature.      To    further    illustrate    this 
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poii  acid  testing  50.00°  B    at  60     I        Calcu 

l.ii  in;;    1 '"'   densit)    ol    this  acid   il    heated    to    ■■   .     I 
we  gel    54.00°  B      Now   suppose   we   starl    with   acid 
B    and    n        l     and  calculate  it  back  to  t he 
1     by  applying  the  temperature  allowance 
i     B    for  1  °  F.,  which,  as  above  mi  ntioni  d 
would  be  tin'  temperature  allowance  interpolated  for 
54     B     acid,   and    we   would   get    50.08°  li.   at    60 
Tile   discrepancy,    oi    course,    is   slight,    vet    it    simply 
points   oul    a    very   common    error   which    the    writer 
has  1  ibserved. 

To  indicate  the  error  in  assuming   that   one  cu.   ft. 
acid   at   a   temperature  above  6on  F.   is  equivalent 
to  one  cu.   ft.  of  the  acid  calculated  to  its  density  at 
the  following  table  has  been  prepared: 

Contraction 
error. 
50     H    a<   130     F         51  93     B.  at  60     F  2  03 

50  B.  :il   Uii     F      -    52.21°  B.  ;it  (>0°  F.  2.32 

51  B  at  100°  F.  =  52.10°  II.  at  wi"  F.  1.17 
.si  li  at  90°  F  51  83°  B  at  60  F  0  88 
49  B  at  17(1°  F.  =  52.04°  li.  at  60°  F.  3.16 
4.s  II  ;,t  200°  F.  =  51.86°  B.  at  60°  F.  3.98 
47°  B.  at  240°  F.    =   52.04°  I!,  at  (.0°  F.            S.14 

If  the  amount  of  acid  used  per  charge  when  making 

acid  phosphate  is  measured  and  the  proper  correc- 
tions arc  not  made  for  density  and  temperature,  the 
error  will  be  greatei  the  higher  the  temperature 
of  the  acid  used  in  mixing.  Further,  if  the  amount 
of  acid  used  per  week  is  computed  from  records  thus 
obtained  the  error  may  be  considerable  We  might 
assume  that  the  error  in  calculating  the  acid  in  the 
tanks  and  chambers  :'s  fairly  constant  from  one 
inventory  to  another,  which  assumption  would  be 
reasonably  correct  providing  the  stock  carried  in  the 
tanks  and  chambers  remains  about  constant  with  small 
variations  in  density  and  temperature. 

The  writer  wishes  to  state  at  this  point  that  he  is 
not  unmindful  of  the  great  difficulty,  rather  the  im- 
possibility, of  securing  a  sample  of  the  acid  in  the  tanks, 
and  especiallv  in  the  chambers,  which  is  exactly  repre- 
sentative of  all  the  acid  in  each  lot.  Therefore,  the 
density  and  temperature  of  each  lot  of  acid  can  be  only 
approximately  determined.  If,  however,  the  acid 
in  each  tank  and  chamber  is  tested  at  the  same  point 
and  in  the  same  manner  each  time  the  error  will  be 
reasonably  constant  and  the  appreciable  error,  there- 
to ire.  unless  the  proper  corrections  are  made  as  regarding 
densitv  and  temperature,  is  made  in  calculating  the 
amount  of  acid  used  per  week  or  similar  period. 

If  the  acid  used  at  the  mixer  (acid  phosphate) 
has  a  temperature  of  1300  F..  the  error,  resulting  by 
making  the  incorrect  allowance  for  density  and  tempera- 
ture as  before  described,  will  amount  to  about  2  per 
cent.  In  other  words,  the  acid  department  gets 
credit  for  2  per  cent,  more  acid  than  actually  made  and 
the  acid  phosphate  department  gets  the  loss,  which  is 
included  in  the  shrinkage  allowed. 

The  writer  has  known  of  cases  where  such  errors 
when  unearthed  have  helped  to  explain  why  some 
acid  plants  could  often  get  a  yield  of  from  4.95  to 
5.20  lbs.  of  50      B.  acid    per    pound  of  sulphur  burned. 

It  might  be  well  to  give  here  two  methods  by  which 
correct  results  may  be  obtained  when  calculating  acid. 


These  methods  will  not  be  new  to  man)  and  v  1  ma) 
!>e  ot   value  to  ot hers. 

Assume  that  we  have  one  cu  it.  ol  sulphuric  acid 
testing  51.0°  B.  at  100"  I'".  and  wish  to  find  its  equiva- 
lent  in  terms  of  50°   15.   acid   at   6o°  P.       First    by   n  f(  1 

ence  to  the  tables  and  making  the  calculations  befori 

described,  we  calculate  that  this  acid  would  have  a 
density  of  52. 1°  B.  at  60"  P.  From  this  point  the 
calculation   may  be   made  by   two   methods: 

Method  I : 

1    cu     It.   51. O0   15.  acid  weighs  96.21   lbs.   (from  table) 

1  cu.  It.  52. 1  °  B.  acid  weighs  cj 7 . 3 5  lbs.  (from  table) 

96.21  97.35  =  0.9883  cu.  ft.  =  volume  which  the 
cu.  ft.  of  51°  B.  acid  at  ioo°  F.  would  have  if  cooled 
to  60 °  F. 

1  cu.  ft.  52.1°  15.  acid  at  60°  F.  =  102.20  lbs. 
500  B.  acid  (interpolated  from  tables). 

Therefore,  0.9883  X  102.20  =  101.00  lbs.  500  B 
acid  at  60  °  F. 

Method  II : 

1   cu.  ft.   51  °  B.  acid  weighs  96.21   lbs. 

52. i°  B.  acid  at  6o°  F.  =  104.98  per  cent,  of  500  B. 
acid  at  60 °  F.  (interpolated  from  tables). 

104.98  per  cent,  of  96.21  =  101.00  lbs.  50°  B.  acid 
at  60 °  F. 

Method  I  though  longer  than  Method  II  is  interesting 
in  that  it  will  indicate  the  shrinkage  in  volume  which 
would  result  if  the  acid  were  cooled  to  60  °  F. 

The  writer  has  seen  private  sets  of  tables  which 
have  been  compiled  and  which  make  all  necessary 
corrections,  thus  greatly  shortening  the  time  required 
in  making  the  calculations  of  acid  of  different  densities 
and  temperature  to  one  basis.  At  one  time  he  also 
prepared  such  a  set  of  tables,  but  the  time  required 
was  about  three  weeks,  and  the  tables  then  were  not 
thoroughly  complete  but  fulfilled  practically  all  the 
requirements  of  the  plants  at  which  they  were  used. 

It  then  occurred  to  me  that  some  simple  means  might 
be  found  for  making  all  such  corrections  and  calcula- 
tions in  a  short  time,  so  my  efforts  were  directed 
to  the  problem  of  determining  if  it  were  possible  to 
design  a  special  slide  rule  by  means  of  which  all  calcu- 
lations might  be  made.  After  spending  considerable 
time  a  design  for  such  a  slide  rule  was  finally  devised 
and  after  making  many  hundred  calculations  the  full 
details  and  specifications  were  worked  out.  Models 
were  then  prepared,  which  proved  that  the  rule 
would  permit  accurate  calculations  to  be  made. 

By  use  of  this  slide  rule  corrections  may  be  applied 
to  Baume  readings  for  temperature,  thus  calculating 
acid  of  one  density  to  corresponding  density  at  any 
other  temperature.  This  requires  one  adjustment 
only  of  the  slide  rule.  Now  by  making  one  additional 
adjustment  the  final  result  may  be  read  from  the  rule 
directly;  that  is,  one  cu.  ft.  of  acid  of  any  density 
and  temperature  can  be  calculated  to  its  equivalent 
in  terms  of  50 °  B.  acid  at  60 °  F.  (or  in  terms  of  60 °  B. 
or  66°  B.  acid  if  desired,  or  in  fact  to  any  basis). 
Also,  if  desired,  100  lbs.  of  acid  of  ar>y  density 
and  temperature  can  be  calculated  to  its  equivalent 
of  50°  B.  acid  at  60 °  F.  (or  to  any  other  basis  desired) 
just  as  easily. 
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Each  case  can  be  worked  out  by  means  of  this  rule- 
in  less  than  ten  seconds,  which  surely  allows  a  wonder- 
ful sa\ing  of  time.  The  rule  is  based  entirely  on  the 
tables  of  the  Manufacturing  Chemists'  Association 
of  the  United  States,  adopted  [904,  and  no  tables  need 
be  used  in  connection  with  the  rule  to  give  final  re- 
sults. 


runner  to  division  60  on  Row  1)'.  Read  below  on 
Row  E  and  52.1  °  B.  is  indicated  as  the  corrected 
Baume  reading.  Now  adjust  the  slide  so  that  division 
50.  Row  A,  and  division  51,  Row  B,  are  in  alignment. 
Move  the  runner  over  the  52.1  division  on  Row  A 
and  read  under  the  runner  on  Row  (',  when  101.00 
is  indicated  as  the  correct  result. 


The  accompanying  cut  shows  one  of  these  slide 
rules,  submitted  by  the  manufacturers  as  a  sample, 
but  which  is  not  exactly  correct. 

The  divisions  on  the  slide  rule  are  marked  in  terms 
pf  degrees  Baume.  degrees  Fahrenheit  and  pounds 
per  cu.  ft.  Baume  divisions  are  to  tenths,  and  in 
some  cases  to  0.05°  B..  the  Fahrenheit  scale  to  1  ° 
and  the  pounds  per  cu.  ft.  scale  to  tenths  of  a  pound 
per  cu.  ft.  The  latter  scale  can  be  read  to  within 
0.0 1  to  0.02  lb.  per  cu.  ft.  and  the  Baume  scale  to 
o.oi°B.  In  other  words,  the  accuracy  of  results 
obtained  by  the  rule  are  within  the  limits  of  error  of 
reading  an  ordinary  hydrometer  divided  to  tenths  of 
a  degree  Baume.  The  scales  include  Baume  readings 
between  480  and  66°  B.  and  from  300  to  160°  F. 

Referring  to  the  rows  of  divisions  by  letters:  Row 
D"  and  E  are  used  together  to  correct  Baume  readings 
from  one  temperature  to  another. 

Row  B1  is  a  continuation  of  Row  C,  which  is  like- 
wise a  continuation  of  Row  D.  This  arrangement 
is  adopted  to  get  all  of  the  divisions  on  a  10"  rule 
and  yet  have  divisions  far  enough  apart  to  permit 
accurate  and  rapid  readings.  The  value  of  divisions 
in  these  rows  represents  pounds  per  cu.  ft. 

Row  B  is  divided  in  terms  of  weight  per  cu.  ft.  of 
acid  of  different  densities.  To  find  from  this  rule  the 
weight  per  cu.  ft.  of  acid  of  densities  between  the  limits 
included,  refer  to  the  division  on  Row  B  corresponding 
to  its  Baume  reading  and  project  on  to  Scale  C,  where 
the  value  for  its  weight  can  be  directly  read. 

Row  A  is  divided  in  terms  of  percentages.  (Attention 
is  hereby  called  to  the  error  on  this  row.  noticeable 
between  the  49  and  50  divisions.)  To  find  the  per 
cent,  of  one  acid  as  compared  to  50°  B.  acid,  adjust 
the  slide  so  that  the  50  division.  Scale  A.  is  in  vertical 
alignment  as  indicated  by  the  runner  with  100  on  Scale 
C.  Now  adjust  the  runner  over  the  division  on  Row 
A  corresponding  to  the  density  of  the  acid  which  it 
is  desired  to  refer  to  its  per  cent,  of  50°  B.  acid  and 
read  below  on  Scale  (\  To  find  the  corresponding 
per  cent,  of  6o°  B.  acid,  the  operation  is  similar. 

To  calculate,  for  example,  1  cu.  ft.  of  acid  testing 
5  1  .o°  B.  at  ioo°  F.  to  its  equivalent  in  terms  of  50 °  B. 
acid  at  6o°  F.  by  this  rule,  the  procedure  is  as  follows: 

Line  up.  by  means  of  the  runner,  division  100  on 
Row   D"   and  division     ;i.o   on    Row    E.     Now   move 


Such  a  slide  rule  would  be  of  very  great  value  to 
a  chemist  or  superintendent  who  has  to  calculate  sul- 
phuric acid  stock,  and  also  to  a  broker  who  buvs  and 
sells  acid. 


Armour  Fertilizer  Works. 
Atlanta.  G.\ 


A  SIMPLE  AND  INEXPENSIVE  CONDUCTIVITY  CELL. 
By  Carl  A.   Nowak. 
Received  June  8.  1912. 

Unable  to  obtain  a  standard  conductivity  cell  from 
any  of  the  chemical  supply  houses  in  town,  and  anx- 
ious to  complete  a  series  of  experiments,  the  author 
undertook  to  construct  a  cell  from  materials  available 
in  the  laboratory.  This  cell,  although  primarily 
intended  as  a  makeshift  until  a  standard  cell  could  be 
obtained,  gave  such  satisfaction,  that,  for  the  experi- 
ments in  hand,  it  proved  practically  equal  to  any  of 
the  standard  cells  now  on  the  market.  A  brief  de- 
scription of  the  manner  in  which  this  cell  was  con- 
structed may  possibly  be  of  assistance  to  others,  who, 
.like  the  author,  may  at  some  future  time  be  dependent 
upon  a  cell  of  their  own  construction. 

Before  going  into  details  it  may  be  well  to  point  out 
certain  of  the  advantages  possessed  by  this  cell:  First, 
It  requires  only  20  cc.  of  liquid.  Second,  On 
account  of  the  small  volume  of  liquid  the  same  is  more 
quickly  brought  to  the  temperature  of  the  thermostat. 
Third,  The  cost  is  considerably  lower  than  that  of  the 
cells  on  the  market  since  the  electrodes  are  made  of 
thin  platinum  foil,  but  being  concave  and  themselves 
fastened  directly  into  the  cork  cover,  are  rigid  and 
not  easily  bent  out  of  shape  or  otherwise  injured, 
thereby  causing  a  change  in  the  cell  constant.  Fourth, 
The  cell  constant  can  be  adjusted  to  suit  the  require- 
ments of  the  test,  either  by  varying  the  height  of  the 
liquid  or  by  reducing  the  electrode  surfaces.  The 
thermometer  is  directly  in  the  path  of  the  electrodes, 
and  the  two  loops  of  platinum  foil  make  it  very  easy 
to  connect  the  cell  to  the  circuit.  The  complete  ceil 
can  be  easily  constructed  in  about  one  hour  from 
materials  to  be  found  in  almost  every  laboratory,  and 
at  a  low  cost. 

Fig.  1  is  a  photograph  of  the  cell  and  Fig.  2.  diagrams 
giving  better  the  details  of  construction. 

A  wide  mouthed  glass  bottle  i'  ,  inches  in  diameter 
and    21    ,    inches   high    was    used    for    the   cell    body.       A 
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mewhat  greater  diameter  than  thai  ol 
the  bottle  and  about  ,  ol  an  inch  thick  was  next 
selected  and  a  < lisv  .1  little  less  than  1  inch  in  diameter 
in!  ou1  ''i  it  by  means  ol  a  sharp  penknife,  care  being 
to  rut  perpendicular  to  the  surface  ol  the  cork 
md  neither  to  injure-  the  < l ist-  nor  1  lu-  ring  which  >< 
mains  as  the  disc  must  be  replaced  in  the  cork  after 
the  electrodes  and  contacl  strips  are  inserted.  Two 
pieces  of  platinum  foil  0.00.'  inch  thick,  1  inch  w  de  and 

•  inches  long  were  cut.  as  well  as  two  strips  of  tin 
same  toil  two  inches  long  measuring  about  '  „  inch  in 
the  center  and   '    ,  inch  at  the  ends,  cut   in  the  manner 


T3.  ^/oxp  Vaaw. 


Fig.  1  Fig.  2. 

shown  in  Fig.  2,  D.  The  strips  were  each  folded  over 
in  the  middle  so  as  to  form  a  loop,  the  ends  being  then 
fastened  between  the  ring  and  the  disc  of  cork  to- 
gether with  the  two  electrodes  in  the  manner  shown 
in  the  illustrations. 

The  tops  of  the  electrodes  should  come  flush  with  the 
top  of  the  cork.  If  the  cork  has  been  properly  cut, 
the  electrodes,  owing  to  the  now  concave  shape,  will 
hold  firmly  in  the  cork  and  should  be  parallel  to  one 
another  (see  Fig.  2,  A).  Should  this,  however,  not 
be  the  case,  a  short  round  piece  of  cork  (Fig.  2,  C), 
previously  shaped  to  fit,  can  be  placed  between  the 
electrodes  and  cemented  to  the  cork  proper  with  the 
aid  of  a  little  plaster  of  Paris. 

The  cork  is  now  covered  with  sealing  wax  on  all 
sides  which  gives  excellent  insulation.  This  can  be 
made  smooth  by  passing  a  hot,  flat  piece  of  steel  over 
it.  A  knife  blade  answers  very  well.  For  safety's 
sake,  and  to  prevent  short  circuit,  should  any  liquid 
accidentally  get  on  the  stopper  between  the  electrodes, 
the  same  is  dipped  into  melted  parafflne,  the  loops 
being  again  scraped  free. 

A  more  finished  looking  cell  can  be  made  by  applying 
plaster  of  Paris  to  the  cork  after  inserting  the  elec- 
trodes, instead  of  the  sealing  wax.  The  plaster  can 
be  sandpapered  down  after  drying,  giving  a  perfectly 


smooth    surface    and    covering   all    imperfections    in    the 
cork.       It    the   same    is    then    coated    with    black    en. I 

"i    paint    tin    rnt  ire  cell  has  a  very  neat   appearance. 

(  )t    course    the    cork    must    be    subsequent  ly    dipped    in 

parafnne  lor  the  reasons  given  above, 

After  cleaning  the  electrodes  carefully,  the  same  are 
coated   with  platinum  black  in  the  usual  manner. 

The  opening  for  the  thermometer  is  most  easil) 
made  by  heating  the  point  of  a  round  file  to  redness  in 
the  Bunsen  (lame  and  then  applying  it  to  the  cork  with 
a  slight  pressure,  thereby  easily  penetrating  through 
the  sealing  wax  and  cork.  After  this  has  been  done, 
the  opening  in  the  cork  can  be  filed  out  by  means  ol 
the  same  file,  until  the  thermometer  exactly  fits  it. 
The  author  made  use  of  a  pyenometer  thermometer 
divided  into  tenths  of  a  degree  and  reading  from 
io°-30°  Centigrade. 

The  general  type  of  the  cell,  1.  ,-..  concave  electrodes, 
makes  it  especially  well  adapted  for  use  with  poorly 
conducting  fluids,  the  cell  constant  of  the  cell  illus- 
trated being  0.237  when  20  cc.  of  liquid  are  used. 

In  using  the  cell  and  for  determining  the  cell  con- 
stant. 20  cc.  of  liquid  are  measured  into  the  glass  from 
a  standard  pipette  (always  used  for  this  purpose). 
It  will  be  found  that  in  dealing  with  the  same  kind  of 
solution,  i.  <-.,  one  of  uniform  viscosity,  the  cell  con- 
stant will  remain  unchanged  within  the  permissible 
limits  of  error  allowed  in  technical  conductivity 
measurements,  provided  of  course  that  the  same 
pipette  is  always  used  for  delivery. 

Should  one  so  desire,  other  volumes  of  liquid  may 
be  used,  viz.,  30,  15  and  10  cc,  the  cell  constant  being 
determined  for  each  of  the  respective  heights  .of  liquid 
in  the  cell. 

The  cell  is  very  easily  cleaned,  simple  in  manipulation 
and  not  easily  damaged. 

2739  Mildred  Ave.. 
Chicago. 


APPARATUS    FOR    FUMELESS    KJELDAHL    NITROGEN 
DIGESTION. 

By  A.   P.  Sy. 
Received  June  4.  1912. 

A  digestion  writh  sulfuric  acid  for  the  Kjeldahl 
nitrogen  determination  is  practically  impossible  unless 
some  provision  is  made  for  taking  care  of  the  large 
volume  of  fumes  evolved.  Even  in  small  quantities 
these  fumes  are  so  objectionable  that  complete  re- 
moval is  necessary  Many  devices  and  arrangements 
are  known  and  in  use,  the  customary  practice  being 
to  conduct  the  digestion  in  a  good  hood  or  closet 
connected  with  an  efficient  natural  or  forced  draught. 
Such  an  arrangement  is  often  almost  impossible  and 
is  always  expensive,  necessitating  an  expenditure  of 
several  hundred  dollars  when  a  fan  and  motor  are  used. 
In  addition  to  the  expense,  this  arrangement  is  always 
very  noisy,  unless  the  fan  is  located  at  some  distance 
from  the  hood,  in  which  case  its  efficiency  is  decreased 
proportionately.  For  a  number  of  years  the  writer 
used  a  hood  with  natural  draught,  but  on  some  days 
it  was  necessary  to  open  all  windows  and  leave  the 
room.  Many  laboratories,  especially  those  of  hos- 
pitals and  physicians,  have  no  fume  closets  at  all  and  a 
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Kjeldahl  nitrogen  digestion  is  out  of  the  question.  Three 
years  ago  the  writer  began  using  an  arrangement 
similar  in  principle  to  the  one  here  described  and  shown. 


Fig.  1.    Front  view. 

It  has  been  in  constant  use  in  the  university  as  well 
as  the  writer's  laboratory,  and  in  its  present  form  seems 
to  answer  all  re- 
quirements for 
fume  absorption. 

A  brief  descrip- 
tion and  reference 
to  Figs.  1  and  2 
readily  explain  the 
apparatus.  The 
whole  is  mounted 
on  a  portable  iron 
stand,  occupies 
but  a  little  space 
and  is-  easily 
moved.  In  the 
apparatus  here 
shown,  four  ordi- 
nary long-necked 
500  cc.  Kjeldahl 
flasks,  suitable  for 
digestion  and  dis- 
tillation, are  used.  The  Kjeldahl  flasks  are  supported 
at  the  bottom  by  a  special  ring-clamp.  Into  the  neck 
of  each  flask  there  is  a  loosely  fitting  bulb-tube  with 
two  large  bulbs  and  an  elbow  bend.  These  bulb-tubes 
are  connected  with  a  large  glass  suction  pump  having 
four  branches.  Rubber  tubing  is  used  for  connecting 
the  bulb-tubes  and  pump,   in  order  to  give  flexibility 


to  the  apparatus,  allowing  the  flasks  to  be  shaken 
without  detaching  them.  The  rubber  tubing  lasts 
for  many  determinations  and  can  easily  be  replaced. 
The  bulb-tubes  are  held  in  position  by  a  special  support, 
allowing  their  easy  removal  when  shaking  is  necessary. 
The  bulbs  act  as  air  cooled  condensers  for  the  acid 
fumes,  and  prevent  the  materials  in  the  flasks  from  going 
dry  as  quickly  as  when  the  fumes  are  allowed  to  escape. 
The  lower  bulb  acts  as  a  loose  stopper  for  the  flask, 
while  the  upper  one  rests  on  the  support  when  the 
apparatus  is  not  in  use,  always  leaving  the  bulb  tubes 
in  position.  At  the  beginning  of  a  digestion,  water 
is  driven  off,  and  in  order  to  prevent  its  dropping  into 
the  hot  acid  and  causing  spurting,  the  supports  of  the 
Kjeldahl  flasks  are  so  arranged  as  to  give  the  latter  a 
slanting  position,  allowing  the  condensed  water  to  flow 
down  the  sides  gradually.  In  its  present  form  the  ap- 
paratus has  a  quadruple  burner  on  a  clamp  attached  to 
the  iron  stand,  as  shown  in  the  drawings.  To  operate,  con- 
nect the  pump  with  the  watersupplyand  drain,  andstart 
heating  the  flasks  with  a  low  flame.  The  operation 
and  advantages  of  this  arrangement  need  no  further 
explanation.  The  apparatus  may  be  obtained  from 
Eimer  and  Amend,  of  New  York  City. 

University  of  Buffalo, 
Buffalo,  N.  Y. 


A  SIMPLE   METHOD    FOR   PURIFYING  DRINKING  WATER. 

By  J.  L.  Sammis. 

Received  July  10,  1912. 

Water  for  drinking  purposes  is  commonly  purified  on 
the  small  scale  by  distillation.  Distilled  water  is 
flat  and  unpalatable  and  has  to  be  cooled  and  stored 
for  use. 

The  possibility  of  pasteurizing  water  for  drinking 
purposes,  as  it  flows  from  the  pipes,  seems  to  have 
attracted  little  attention.  For  this  purpose,  water 
flowing  through  a  small  pipe  can  be  momentarily 
heated  (in  a  steam  jacket  or  otherwise)  to  a  tempera- 
ture of  175-1800  F.  (79-82°C),  by  which  means 
disease  germs  such  as  those  producing  typhoid  fever, 
dysentery,  etc.,  are  destroyed,  while  the  water  under 
pressure  in  the  pipe  does  not  lose  its  dissolved  gases 
or  its  palatability. 

The  water  thus  heated  can  be  quickly  cooled  in  the 
pipe,  by  means  of  a  cold  water  jacket.  In  most 
buildings,  only  a  small  proportion  of  the  water  used 
would  require  to  be  heated  and  cooled  for  drinking 
purposes,  but  the  entire  quantity  used  for  all  purposes 
could  be  run  through  the  jacket,  to  aid  in  the  cooling. 

An  arrangement  of  pipes  for  this  purpose  can  be  set 
up  by  any  pipe  fitter  at  any  point  where  a  steam  pipe 
and  a  water  service  pipe  pass  near  each  other.  It  is 
desirable  that  the  steam  pressure  be  uninterrupted, 
and  that  the  pipe  be  drained  free  from  condensation. 
Also  the  water  pipe  should  be  one  through  which  more 
or  less  water  is  flowing  continually.  The  diagram 
shows  the  arrangement  of  the  parts. 

The  steam  main  is  cut  at  A  A',  the  water  main 
at  B  B',  and  the  cut  ends  are  reconnected  through 
by-passes  which  constitute  the  steam  jacket  C,  and 
the  water  jacket  D,  used  for  cooling  the  drinking  water. 
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drawn  from  the  main 
through  valv 
passing  through  1  he 
small  jackel  I' 
when'  it  pari lycools 
the  water  in  the 
interior  a ii1  M . 
Pri 'in  the  jackel  !'. 

the       water       SOWS 

through  V  and  up- 
wards through  K, 
within  the  steam 
jacket  C,  where  it 
is  heated  to  180- 
200  °F  The  heated 
water  flows  past 
the  thermometer  T, 
through  the  coil  M, 
and  finally  into  the 
cooling  coil  of  the 
water  jacket  D. 
The  water  thus 
heated  and  cooled 
flows  out  below, 
when  the  faucet  X 
is  opened,  either  into  a  cup  or  into  a  bubble  fountain. 

Very  efficient  cooling  can  be  secured  by  making 
coils  M  and  S  of  tin  lined  brass  pipe.  These  can  be  of 
thin  material,  since  the  water  pressure  inside  and 
outside  of  them  is  always  alike.  In  practice,  with 
such  an  arrangement,  no  difficulty  was  found  in  cooling 
the  water  for  drinking  to  within  2  °  of  the  temperature 
of  the  cooling  water  in  the  jacket  D.  For  some 
reason,  not  well  understood,  the  water  thus  heated  and 
cooled  under  pressure  is  more  palatable  to  some 
observers  than  the  untreated  water  supply. 

The  water  pressure  should  be  about  25  pounds 
greater  in  the  main  B,  than  the  steam  pressure  in  A, 
in  order  that  the  water  may  not  boil  in  the  pipe  K, 
which  may  be  made  of  '/«  or  3/s  inch  galvanized  or 
tinned  iron  pipe. 

In  cities  where  the  municipal  water  supply  is  known 
to  be  contaminated  with  sewage,  causing  typhoid 
fever,  the  pasteurization  of  water  as  it  flows  from  the 
pipes  for  drinking  purposes  appears  desirable. 

In  large  office  buildings,  factories,  schools,  etc., 
where  steam  pressure  is  maintained  throughout  the 
summer,  and  where  water  flows  continually  through 
the  mains  for  supplying  toilet  rooms,  work  rooms,  etc., 
such  an  arrangement  for  pasteurizing  water  for  drink- 
ing purposes  might  find  useful  application. 

The  amount  of  steam  used  in  such  an  apparatus  is 
small,  because  the  regenerative  cooler  P  prevents 
waste  of  heat. 

For  residences,  either  gas  or  electric  heat  might  be 
substituted  for  steam  in  such  an  arrangement  as  the 
one  described  above. 

University  of  Wisconsin, 
Madison. 


SAMPLING  CONE. 

ii \  i     w    B      ' 
Re.  ■  ived  m  n    !8,  1912. 

Every  one  who  does  ore  sampling  has  noticed  that 

the  lumps  always  roll   to  the  bottom   ol    the   pile,   when 

i:    piled  in  the  i< irm  "i  .1  cone  prepara I 
ring.     When    the   cone   is  built   up  by   placing 
shovelfuls  of  ore  on    thi     apes   ol    the   co 

unavoidable  and  segregation  of  lumps  and  fines 
always  results.  By  the  use  of  a  hopper  such  as  is 
shown  in  the  sketch,  this  condition  can  be  almost 
entirely  overcome.  The  ore  is  shoveled  into  the 
hopper,  and  allowed  to  run  through  the  hole  in  the 
bottom ;  each  piece  of  ore  remains  practically  where 
it  falls  and  when  the  pile  is  flattened  out  for  quartering 
there  is  no  segregation  of  coarse  and  fine  to  be  seen. 
The  sketch  shows  a  1  inch  hole  in  the  bottom  of  the 
hopper,  but  for  some  work  it  should  be  larger,  e.  g., 
for  coke,  which  has  a  tendency  to  choke  the  opening 
and  stop  operations.     For  general  work  I  find  a  hole 


,"/'6«»*''r" 


Fig.  1.    Cone  for  sampling  ore. 

of  i3/8"  diameter  most  satisfactory,  but  I  have  some 
funnels  with  smaller  openings,  which  I  can  drop  inside 
the  main  funnel,  and  obtain  any  size  of  opening 
desired. 

As  the  sample  comes  from  the  crusher,  the  largest 
piece  is  about  3/8  inch  and  is  mixed  with  considerable 
fines.  This  is  passed  through  the  hopper  three  times, 
which  gives  a  very  uniform  mix,  much  better  than  can 
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be  obtained  by  the  common  practice  of  piling  with  a 
shovel.  After  quartering,  the  portion  retained  is 
passed  through  the  cone  again,  and  so  on  till  the 
sample  weighs  from  8  to  10  pounds,  after  which  it  is 
passed  through  a  No.  8  sieve  and  finished  in  the  usual 


Shoenbercer  Steel  Works, 
Pittsburgh.   Pa. 


A  LABORATORY  GLASS-FURNACE. 

By  S.   R.   SCHOLBS. 
Received  June  17,  1912. 

Experimental  glass-making  has  always  been  at- 
tended by  the  difficulty  of  getting  the  necessary  tem- 
perature. We  have  installed  in  this  laboratory  a 
furnace  burning  natural  gas  and  using  the  regenerative 
principle  common  in  glass-factory  practice.  The 
designing  and  construction  of  this  furnace,  following 
our  rough  sketch,  were  undertaken  by  Messrs.  Arm- 
strong and  Lytil,  furnace  builders,  of  Pittsburgh. 


The  accompanying  photograph  gives  an  idea  of  the 
general  plan  of  this  furnace.  It  is  constructed  of 
standard  sizes  of  furnace  blocks.  An  arched  roof  of 
silica  brick  covers  a  crucible  bench  42  X  27  inches, 
at  the  ends  of  which  the  gases  enter  from  the  vertical 
regenerators,  through  openings  9X12  inches  There  is 
thus  a  space  accommodating  several  crucibles  of 
generous  size,  such  as  size  "M"  of  the  Battersea  make. 
The  regenerator  columns  enlarge  below  the  bench  to 
16V2  X  21  inches  and  are  4  feet  high.  They  are  filled 
with  the  usual  silica  checker  brick.  From  the  foot  of 
each  regenerator  a   horizontal   Hue   leads   to  the  stack 


and  connects  by  a  suitable  valve  with  an  air  inlet. 
A  twenty-five-foot  stack  is  used. 

Gas  is  supplied  through  one-inch  pipes,  under  a 
pressure  equal  to  eight  inches  of  water.  The  gas  is 
not  "regenerated"  but  enters,  through  a  three-eighths- 
inch  nozzle,  into  each  regenerator  column  just  below 
the  level  of  the  bench. 

The  furnace  can  be  brought  from  room  temperature 
to  its  full  heat  in  about  twelve  hours.  It  is  usually 
maintained  at  i35o°-i4oo°  C.  but  a  h  gher  tempera- 
ture can  easily  be  reached,  which  is  practically  limited 
by  the  softening  of  the  crucibles.  The  best  efficiency 
is  obtained  by  reversing  gas  and  air  supply  every 
twenty  minutes.  The  gas-consumption  is  about  250 
cubic  feet  per  hour. 

Much  of  the  credit  for  the  design  of  this  furnace  is 
due  Prof.  S.  L.  Goodale,  of  the  School  of  Mines. 

Industrial  Research  Laboratory, 
i'niversity  of  pittsburgh. 


THE  DETERMINATION  OF  CARBON  IN  STEEL  BY  DIRECT 
COMBUSTION  IN   THE  NEWEST  FORM  OF  SHIMER 
CRUCIBLE,  WITH  THE  AID  OF  A  PER- 
FORATED CLAY  DISC. 

By  Frank  O.   Kiciiline. 
Received  May  31,  1912. 

In  This  Journal,  for  October,  1909,  Dr.  P.  W. 
Shimer  described  a  simplified  form  of  his  crucible  for 
the  determination  of  carbon  in  steel  by  combustion. 
Two  improvements  have  been  made  in  the  use  of  this 
crucible  for  direct  combustion.  These  improvements 
are  (1)  an  increase  in  the  diameter  of  the  crucible,  and 
(2)  the  use  of  perforated  clay  discs  instead  of  asbestos 
for  covering  the  charge  of  drillings. 

It  has  been  the  practice,  in  the  direct  combustion 
of  carbon  in  steel,  to  place  the  drillings  in  a  No.  000 
Royal  Berlin  porcelain  crucible  two-thirds  full  of  silica 
sand,  placing  this  porcelain  crucible  inside  of  the 
Shimer  platinum  crucible  with  a  pair  of  forceps,  and 
covering  the  charge  with  a  layer  of  ignited  asbestos 
about  3/t  inch  thick.  The  asbestos  serves  to  keep  the 
drillings  in  place  and  prevents  heat  radiation  to  the 
water-cooled  stopper. 

A  slight  increase  in  the  diameter  of  the  Shimer 
platinum  crucible  made  it  possible  to  use  a  No.  00 
Royal  Berlin  crucible  instead  of  the  No.  000  size. 
The  No.  00  size  has  at  the  top  an  area  1.41  times  that 
of  the  No.  000  size,  and  is  filled  to  only  one-half  its 
depth  with  silica  sand.  This  has  the  obvious  ad- 
vantage of  permitting  the  use  of  a  heavier  charge,  full 
factor  weight  (2.7273  g.),  or  if  the  '/a  factor  weight  is 
preferred  it  will  be  less  crowded.  Dr.  Shimer  has 
recently  adopted  this  increased  diameter  for  his 
standard  size  crucible. 

Ignited  asbestos  as  a  covering  for  drillings  is  very 
efficient.  While  results  are  not  vitiated  by  the  presence 
of  ignited  asbestos,  it  is  obvious  that  the  packing  in  of 
a  layer  of  asbestos  before  each  burning,  and  its  removal 
after  burning,  are  both  time-consuming  and  incon- 
venient, and  the  source  of  much  dirt  around  the 
carbon  work  table. 

In  trying  to  obviate  the  use  of  asbestos,  the  writer 
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tried  various  materials  made  up  into  the  form  of  discs 
with  perforations  for  the  circulation  oi  oxygen,  The 
besl    results   were   obtained    with   a   disc,   about  »/„" 


CROSS  sccnon 


CLAY  DISC. 

thick,  of  such  diameter  as  to  completely  cover  the 
No.  00  Royal  Berlin  porcelain  crucible,  perforated 
with  slanted  holes,  leading  from  the  periphery  of  the 
upper  side  of  the  disc,  slanting  toward  the  center  on 
the  bottom  of  the  disc,  as  shown  in  the  illustration. 
They  are  best  made  of  china  clay.  The  clay  is  mixed 
with  water  to  the  proper  consistency,  moulded  into 
shape,  carefully  dried,  burned  and  annealed.  One  of 
these  discs  with  proper  care  will  last  for  100  determi- 
nations, which  is  also  the  average  life  of  the  porcelain 
crucible.  With  a  little  care  these  discs  can  be  made 
easily  in  the  laboratory. 

The  above  work  has  been  carried  on  by    the   writer 
in  conjunction  with  Dr.    Shimer. 

35  First  Avenue. 
Bethlehem.  Pa. 


is  preferable,  but  requiring  a  completely  idled,  fragile 
capsule,  is  somewhat  troublesome,  A  modification 
oi  this,  having  proved  successful  with  a  class  of  engi- 
neering students  in  this  laboratory,  seems  worthy  of 
more  general  use.  The  capsule  is  made  from  a  piece 
of  5  mm.  tube  sealed  ..11  .it  one  end  and  drawn  out  to 
a  capillary  at  the  other.  It  is  filled  to  the  neck  only, 
bent  as  shown,  and  sealed  at  the  tip  ol  the  capillary, 
It  is  hung  in  the  vaporizing  tube  instead  of  hein^ 
supported  in  the  usual  manner  from  below.      For  this 


A  MODIFIED    VICTOR    MEYER   APPARATUS. 

By  Harold  Canning  Chapin. 

Received  June  24,  1912. 

The  customary  way  of  introducing  a  liquid  to  be 
vaporized  in  a  Victor  Meyer  vapor  density  apparatus 
is  to  drop,  by  some  external  means  of  control,  a  capsule 
previously  supported  in  the  cool  upper  portion  of  the 
tube.  This  capsule  then  automatically  releases  its 
contents  by  bursting,  expulsion  of  a  glass  stopper, 
or  melting  of  a  Wood's  metal  plug.      The  first  method 


purpose  the  ordinary  form  of  tube  will  serve,  but  the 
right  angled  form  here  illustrated  is  preferable  because 
it  is  more  compact,  holds  the  capsule  more  securely, 
and  allows  this  to  be  placed  in  position  more  easily 
through  the  short  neck.  A  twist  of  the  rod  with  its 
flattened  end  breaks  the  capillary  and  drops  the 
capsule. 

Walker   Laboratory, 

Rensselaer  Polytechnic  Institute, 

Troy,  New  York. 
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THE  ANALYST  VERSUS  THE  CHEMIST.1 

By  J.  S.  Brogdon. 

Received  July  15,  1912. 

There  is  no  subject  of  greater  importance  in  the 
fertilizer  world  to-day  than  that  of  Chemical  Economy. 
The  chemical  units  of  phosphoric  acid,  nitrogen  and 
potash  in  the  fertilizer  factory  are  the  same  as  and 
are  equivalent  to  dollars  in  the  bank.  In  all  the 
nation  you  will  not  find  a  single  bank  which  for  one 
moment  would  think  of  doing  business  without  an 
efficient  and  adequate  method  of  keeping  account  of 
the  money,  or  without  a  banker  to  direct  the  policy 
of  the  bank.  Yet  in  fertilizer  factories,  systems  for 
keeping  account  of  the  income  and  the  outgo  of  chem- 
ical units  are  not  common,  and  many  factories  are  not 
under  the  direction  of  a  chemist.  As  a  result,  in  the 
average  fertilizer  factory,  there  is  a  most  wanton  waste 
of  phosphoric  acid  in  the  manufacture  of  acid  phos- 
phate and  in  the  manipulation  of  mixed  fertilizers  the 


1  Read  before  the  Convention  of  The  National   Fertili: 
at  Atlantic  City.  July,  1912 


Association 


losses  frequently  exceed  the  profits  To  a  large  extent 
these  losses  are  caused  by  improper  chemical  control 
or  the  lack  of  it. 

The  days  of  large  profits  and  splendid  dividends  in 
the  fertilizer  world  are  over.  A  new  era  has  dawned — 
a  time  of  keen  competition  and  close  margins — a  time 
when  it  is  necessary  that  the  smallest  savings  be 
effected.  The  wasteful  methods  of  the  past  cannot 
be  continued  and  the  standard  of  the  quality  of  the 
product  must  be  maintained.  There  is  no  greater 
avenue  to  prosperity  for  the  fertilizer  manufacturer 
than  that  of  applied  chemistry.  The  question  natur- 
ally arises,  who  shall  apply  the  principles  of  chemistry 
in  the  fertilizer  industry? 

Fertilizer  managers  are  occupied  with  the  matter 
of  sales  and  credits:  frequently  they  are  men  who  have 
risen  from  the  ranks  of  the  sales  force  and  their  training 
has  not  fitted  them  to  handle  the  intricate  chemical 
problems  of  the  factory.  On  account  of  this  they  are 
accustomed  to  rely  on  fertilizer  superintendents  to 
look   after   such    matters.     The    superintendent    most 
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frequently  is  a  man  who  has  been  promoted  from  the 
manufacturing  department  and  often  has  not  given  the 
subject  of  chemistry  as  careful  consideration  as  he  has 
the  matter  of  efficiency  of  machines  and  the  control 
of  labor.  It  matters  little  whether  this  knowledge 
which  we  call  chemistry  is  obtained  at  the  fountain 
head  in  the  factory  or  through  the  canned  source  of 
text  books.  It  is  very  important  that  if  a  man  possess 
this  information,  it  be  harmonized  and  organized. 
"Science  is  organized  knowledge."  The  science  of 
chemistry  offers  two  fields  for  investigation:  analytical 
chemistry,  which  takes  things  apart,  or  separates 
them  into  their  component  parts,  and  synthetic 
chemistry  which  takes  substances  and  puts  them  to- 
gether to  form  new  substances.  The  man  who  under- 
stands the  principles  of  analytical  chemistry  and 
synthetical  chemistry  and  has  the  ability  to  apply 
these  principles  in  a  fertilizer  factory  is  a  man  most 
worthy  of  the  name  of  chemist. 

The  trouble  in  the  application  of  chemical  principles 
in  the  fertilizer  industry  can  most  frequently  be 
attr  buted  to  the  fact  that  managers  and  superinten- 
dents confuse  the  services  of  an  analyst  with  those  of  a 
chemist.  A  man  who  possesses  certain  chemical 
information  and  who  is  skilled  in  the  manipulation  of 
fancy  pieces  of  glassware  and  who  can  perform  certain 
cook  book  operations,  as  furnished  him  by  the  govern- 
ment, is  an  analyst.  He  is  capable  of  disintegrating 
substances  and  can  express  the  relation  of  the  com- 
ponent parts  in  terms  of  percentages.  In  other  words, 
an  analyst  is  a  man  who  undoes  things;  a  chemist  is  a 
man  who  does  things.  It  would  be  well  if  all  chemists 
were  analysts  and  it  is  a  deplorable  fact  that  all  anal- 
ysts are  not  chemists.  If  you  have  samples  to  be 
analyzed,  send  them  to  an  analyst,  but  if  you  have 
chemical  problems  to  be  solved  or  dividends  to  be 
saved,  consult  a  chemist;  let  him  apply  the  principles 
of  chemistry. 

Under  the  head  of  Applied  Chemistry  perhaps  there 
is  no  question  of  greater  importance  in  the  fertilizer 
factory  than  the  manufacture  of  acid  phosphate,  and 
it  is  in  an  instance  like  this  where  the  chemist  does  not 
receive  credit  for  his  labors.  A  pile  of  acid  phosphate 
may  run  2  per  cent,  insoluble  and  look  exactly  like 
another  pile  which  runs  only  '/2  per  cent  insoluble. 
Yet  the  loss  in  this  case  would  be  i1/,  per  cent,  or 
something  like  75  cents  a  ton.  The  work  of  the 
chemical  engineer  is  not  appreciated  because  it  is 
intangible.  A  chemical  engineer  can  produce  profits 
which  frequently  are  not  audited. 

A  certain  fertilizer  factory  installed  a  chemist  in 
their  acid  phosphate  department  and  at  the  end  of  the 
first  year  he  effected  savings  which  amounted  to  $20,000 ; 
at  the  end  of  the  second  year  the  auditor  credited  this 
department  with  savings  of  $40,000  over  the  old 
system,  and  at  the  end  of  the  third  year  he  was  credited 
with  savings  of  $60,000  over  the  old  system.  In  the 
meantime,  the  quality  of  the  product  which  at  the 
first  had  been  none  too  good,  had  now  become  recog- 
nized as  the  best  on  the  market.  This  was  the  work 
of  a  chemist. 

A  careful  and  systematic  analysis  of  all  raw  materials 


and  mixed  goods  is  an  advantage  that  is  not  appreciated 
by  every  manager.  Again,  the  chemical  units  can  be 
compared  to  money.  Any  man  will  count  his  money 
regularly  and  systematically,  yet  the  same  man  docs 
not  think  it  necessary  to  count  or  audit  his  chemical 
units  systematically.  The  matter  of  25  cents  per  ton 
profit  is  not  to  be  scorned.  If  there  is  a  variation  in 
the  quality  of  the  materials,  it  is  usually  practical  and 
possible  to  vary  the  formulae  accordingly.  This  varying 
of  formulae,  however,  becomes  confusing  and  impossible 
if  the  materials  have  not  been  properly  stored  in  the  shed. 
Many  manufacturers  consider  that  all  that  is  neces- 
sary is  to  unload  the  material.  This  is,  indeed,  a  very 
poor  way  to  handle  the  matter.  Where  large  quanti- 
ties of  fertilizer  materials  are  being  handled,  some  one 
should  be  delegated  to  know  at  all  times  how  these 
materials  are  stored  in  order  that  they  can  be  used  to 
their  highest  chemical  efficiency. 

The  chemical  control  of  the  manipulation  of  mixed 
fertilizers  is  a  subject  which  has  been  sadly  neglected 
and  which  amounts  to  losses  of  many  thousands  of 
dollars  per  annum.  In  no  other  industry  is  the  custom 
prevalent  to  give  37  inches  for  a  yard  as  in  the  fertilizer 
world,  and  frequently  the  manufacturers  of  commercial 
fertilizers  are  not  satisfied  with  giving  away  their 
goods,  but  they  actually  throw  them  away.  A  loss  of 
$1.50  a  ton  in  averages  in  a  fertilizer  factory  in  the  city 
of  Atlanta  was  reduced  to  44  cents  per  ton  through  the 
agency  of  chemical  control.  This  saving  amounted 
to  about  $15,000  in  one  season.  This  was  the  work 
of  a  chemist. 

The  packers  and  the  large  interests  have  long  since 
realized  the  importance  of  chemical  economy  and  have 
delegated  these  responsibilities  to  a  chemist.  The 
independent  plants  frequently  employ  a  chemist,  or 
rather  they  maintain  a  laboratory  and  pay  a  man  a 
salary  to  make  chemical  analyses,  preferring  that  he 
occupy  his  time  in  this  way.  Unless  there  is  some  one 
in  the  factory  to  interpret  the  certificate  of  analysis 
and  apply  the  principles,  the  whole  procedure  becomes 
a  farce.  Frequently  fertilizer  managers  fail  to  con- 
sider their  chemist  in  the  light  of  a  professional  man  as 
they  do  their  lawyer,  and  superintendents  look  upon 
the  chemist  as  a  kind  of  necessary  nuisance  whom  they 
tolerate  rather  than  seek. 

From  the  early  days  of  Liebig  to  the  modern  times 
of  Cameron  and  Whitney,  the  devotees  of  the  pure 
science  of  chemistry  have  applied  themselves  to  the 
study  of  the  nutrition  of  plants.  The  chemical 
engineers  have  done  all  in  their  power  to  foster  the 
fertilizer  industry  and  have  met  conditions  nobly. 
I  refer  to  such  men  as  the  elder  Grasselli  who  con- 
ceived, built  and  operated  the  plants  of  the  firm  that 
bears  his  name.  The  splendid  results  of  Mr.  Herre- 
scholl  attest  to  his  interest  and  ability.  All  over  the 
South  are  modern  plants  which  were  designed  and 
built  by  Nathaniel  P.  Pratt,  and  at  all  times  the  chemi- 
cal profession  has  met  conditions  and  now  stands 
ready  to  meet  this  new  condition,  the  necessity  for 
chemical  economy. 

65V2  North  Broad  Street, 
Atlanta,  Georgia. 
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FACTORY  INSPECTION. 
I  In.-   Bhu    Booh  containing   the  annual   report   of   the  Chief 
Inspector  oi   Factories  and  Workshops  lor  1911  has  just  been 
issued  in  London,  and  it s  contents  should  prove  of  great  interest 
to  those  engaged  in  the  study  of  industrial  disi  ording 

to  the  Chemical  Trade  Journal,  51,  a-  the  points  of  special  in- 
terest to  the  chemical  trades  dealt  with  in  the  report  are  the 
following: — 

Regulations  for  Dangerous  Trades. — The  regulations  for  the 
smelting  of  lead  material,  etc.,  render  obsolete  the  special  rules 
for  lead  smelting  and  for  the  manufacture  of  red,  orange  and 
yellow  lead.  Subject  to  certain  exemptions  for  materials  con- 
taining negligible  quantities  of  lead,  the  code  requires  the  sup- 
pression or  removal  of  dangerous  dust  or  fumes;  the  provision 
of  overalls  and  respirators  in  certain  processes;  the  exclusion 
of  persons  under  16  years  of  age  and  females  from  lead  processes; 
the  exclusion  of  persons  from  furnaces,  etc.,  until  ventilated; 
the  restriction  of  the  duration  of  work  in  flues  and  condensing 
chambers;  the  provision  of  meal  rooms,  etc.;  and  the  periodical 
medical  examination  of  workers  in  lead  processes. 

Chemical  Works. — Hilditch  states  that  although  vats  and  pans 
containing  liquid  of  a  dangerous  character  are  being  fenced  in 
conformity  with  Rule  I,  yet  the  deleterious  action  of  acid  fumes 
upon  the  stanchions  and  rails  requires  careful  and  periodical 
examination.  Workmen  frequently  place  a  plank  across  a  full 
vat  to  save  themselves  the  trouble  of  going  around  or  between 
pots.  Dunolly,  owing  to  two  fatalities,  gave  special  attention 
to  the  fencing  of  the  waste  liquor  settling  tanks  of  ammonium 
sulphate  plants.  These  tanks  are  about  5  feet  deep,  and  are 
divided  into  two  sections  which  are  alternatively  filled  with  the 
boiling  waste  liquor  through  a  special  by-pass  channel.  He 
explains  that  only  one  section — the  one  containing  the  hot 
liquor — is  really  dangerous,  but  the  two  workmen  happened 
to  fall  into  that  tank. 

Benzene  Derivatives. — Last  year  one  case  of  dinitro-benzole 
poisoning  was  reported,  and  it  was  thought  that  by  the  careful 
selection  and  timely  suspension  of  workmen  by  appointed  sur- 
geons, the  cases  could  be  reduced  to  a  minimum.  This  year, 
however,  23  cases  were  reported.  These  were  due  to  an  ex- 
ceptionally warm  English  summer,  with  the  consequent  greater 
absorption  of  the  poison  by  the  more  open  pores.  The  method 
of  manufacture  is  said  to  be  still  primitive,  and  more  automatic 
working  in  places  laid  with  impervious  washable  floors  is  con- 
sidered essential.  An  improved  method  of  breaking  up  cake, 
enclosing  of  apparatus  as  much  as  possible,  and  provision 
of  much  stronger  exhaust,  are  urged  as  remedies.  There  were 
three  cases  of  skin  disease  reported  in  191 1  as  against  16  in  1910; 
one  ease  of  eczema  and  one  of  dermatitis  from  a  factory  in  which 
dinitrochlorbenzole  is  made;  and  two  cases  of  aniline  absorption 
among  workmen  in  a  factory  where  cotton  cloth  is  dyed. 


minute  for  each  machine  and  al  a  temperature  of  about  st' 
P.      The    manufacturers    guarantee     that     air     entering    at 

iid  containing  9.3  grains  of  water  to  the  cubic  loot 
will  be  cooled  to  780  P.  It  is  calculated  that  under  ilnv 
conditions  it  will  be  possible  to  keep  the  temperature  inside  the 
building  about  9  deg.  lower  than  the  outside,  changing  the  air 
four  times  an  hour. 


FACTORY  VENTILATION. 
It  is  stated  in  Popular  Mechanics,  18,  202,  that  the  heating 
and  ventilating  equipment  of  a  new  factory  building  in  Spring- 
field, Mass.,  includes  two  air-cooling  machines  of  the  water- 
spray  type.  The  air  is  taken  in  through  an  opening  in  the  pent 
house,  enters  the  cooling  machine,  is  drawn  through  the  water 
spray,  passes  a  number  of  baffle  plates,  continues  through  the 
fan  into  the  stair  well  and  passes  from  there  through  the  louvers 
into  the  workrooms.  After  it  has  circulated  through  a  work- 
room it  leaves  through  the  upper  louvers  in  the  center  parti- 
tions and  is  drawn  into  the  main  stair  well.  The  water  for  the 
machine  is  taken  from  the  well  at  a  rate  of  about  60  gallons  per 


MERCURY  POISONING. 

A  report  on  "Mercury  Poisoning  in  the  Industries  of  New  York 
City  and  Vicinity,"  by  Mrs.  L.  W.  Bates,  has  been  issued  by  the 
National  Civic  Federation.  Outside  of  felt  hat  manufacture, 
the  industries  using  mercury  are  not  extensive;  they  are  very 
limited  within  a  radius  of  fifty  miles  of  New  York  City.  In 
hatters'  fur  cutting,  a  solution  of  mercury  nitrate  is  employed 
in  carotting,  and  mercury  poisoning  is  likely  to  happen  in  the 
subsequent  process  of  cutting  and  brushing  by  inhalation  of 
particles  of  fur  impregnated  with  nitrate  of  mercury.  Neither 
mercury  nor  any  of  its  salts  is  used  in  hat  making  proper:  mer- 
curialism  results  from  the  earlier  treatment  in  carotting,  yet 
much  more  poisoning  occurs  in  the  hat  making  than  in  the  fur 
cutting  processes,  owing  to  the  mercurial  dust  disseminated 
in  certain  operations  of  hat  making  (blowing,  forming,  harden- 
ing, and  sizing).  Cases  are  cited  and  experiences  are  recorded 
to  show  that  mercury  is  manifestly  a  poison  which,  in  occupa- 
tions, is  inimical  to  health  and  calls  for  regulation.  Mrs."  Bates 
concludes  that  the  unhealthy  nature  of  the  trade  should  be 
placarded;  that  eating  and  drinking  should  be  forbidden  in  rooms 
where  mercurial  processes  are  conducted;  that  ample  washing 
facilities  should  be  installed;  that  proper  drinking  water  should 
be  supplied;  that  sweeping  should  be  superseded  by  vacuum 
cleaning;  that  the  mixing  of  mercury  and  acids  should  be  done 
after  working  hours;  that  rubber  gloves  and  respirators  should 
be  supplied;  that  the  hat  industry  should  be  regulated  by 
special  legislation,  requiring  the  elimination  from  the  atmosphere 
of  steam,  heat,  acid  fumes  and  mercury  vapor,  fur  and  dust, 
at  their  source  of  production;  that  regular  medical  inspection 
should  be  provided;  and  that  compensation  and  insurance  should 
be  supplied  for  the  men  working  in  these  processes. 

SPECIFICATIONS  FOR  REFRACTORIES. 

The  Refractory  Material  Committee  of  the  Institution  of 
Gas  Engineers  in  their  annual  report  deals  with  silica  bricks, 
blocks,  tiles,  etc.  (see  /.  Gas.  Ltg.,  118,  828).  The  materials 
covered  by  the  standard  specifications  are  divided  into  two 
classes,  namely: 

1.  That  containing  92  per  cent,  and  upwards  of  silica,  and 
termed  "silica"  material. 

2.  That  containing  80  to  92  per  cent,  of  silica,  and  called 
"siliceous." 

The  requirements  of  each  class  of  refractory  materials  follow. 

Refractoriness. — Test  pieces  of  the  material  shall  show  no  sign 
of  fusion  when  heated  to  the  following  temperatures:  "Silica" 
material — not  less  than  Seger  cone  32  (about  1710°  C).  "Sili- 
ceous" material — not  less  than  Seger  cone  29  (about  16500 
C).  It  is  required  that  the  test  shall  be  carried  out  in  an  ox- 
idizing atmosphere,  the  temperature  of  the  furnace  being  in- 
creased at  the  rate  of  about  500  C.  per  5  minutes. 

Surfaces  and  Texture. — The  materials  shall  be  evenly  burnt 
throughout  and  possess  a  regular  texture;  there  shall  be  no  holes 
or  flaws,  and  all  surfaces  shall  be  reasonably  true  and  free  from 
flaws  or  winding. 

Contraction  and  Expansion. — A  test  piece,  when  heated  in  a 
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gas-muffle  or  electric  furnace  to  a  temperature  of  Seger  cone 
12  for  2  hours,  shall  not  show,  on  cooling,  more  than  0.75  per 
cent,  linear  contraction  or  expansion. 

Variations  from  Measurements. — In  the  case  of  ordinary 
bricks,  9  in.  X  4'/2  in.  X  3  in.  or  21/,  in.  thick,  there  shall  not 
be  more  than  about  i'/2  per  cent,  variation  in  length,  nor  more 
than  about  2'/2  per  cent,  variation  in  width  or  thickness;  in 
all  cases  the  bricks  shall  work  out  their  own  bond. 

THE  UTILIZATION  OF  SULPHITE  LIQUOR. 

The  waste  liquor  from  sulphite  mills  contains  from  12  to  20 
per  cent,  of  highly  colored  organic  matter.  In  order  to  use 
this  liquor  in  the  textile  industry  as  a  finishing  material  or  in 
the  leather  industry  as  a  filling,  it  is  necessary  to  decolorize  it; 
according  to  Paper  (8,  29),  it  has  been  found  that  phosphoric 
acid  under  certain  conditions  possesses  the  property  of  separating 
a  red  coloring  substance  from  the  liquor  in  an  insoluble  form; 
a  recent  German  patent  covers  a  process  by  which  this  is  effected. 
To  carry  out  the  process,  all  the  free  acids  stronger  than  phos- 
phoric acid  are  first  removed  from  the  liquor :  insoluble  carbonates, 
such  as  calcium  carbonate,  are  added,  and  the  excess  is  removed 
by  filtration.  Such  an  amount  of  phosphoric  acid  is  then  added 
that  about  equal  parts  of  liquor  and  acid  are  present.  The 
mixture  is  concentrated,  and  the  organic  thio-compounds  in 
the  waste  sulphite  liquor  are  decomposed  by  the  phosphoric 
acid;  sulphurous  acid  separates,  while  the  phosphoric  acid 
combines  with  the  lime  present  as  "sulpholignate"  to  form  an 
insoluble  calcium  phosphate  which  may  be  employed  as  a 
fertilizer.  The  separation  of  the  red  coloring  matter  occurs 
after  the  elimination  of  the  sulphurous  acid. 


ITALIAN  SHIPMENTS  OF  CARBON  DISULPHIDE. 

According  to  The  Chemical  Engineer  (16,  41),  a  shipment  of 
50  tons  of  carbon  disulphide  has  recently  been  made  from 
Catania,  Italy,  to  the  United  States.  This  shipment,  it  is 
learned,  is  the  forerunner  of  a  monthly  consignment  of  like 
amount.  This  fact,  coupled  with  several  inquiries  received 
from  rubber  manufacturers,  induces  the  belief  that  a  shortage 
in  the  supply  of  that  product  exists  in  the  United  States.  When 
it  is  considered  that  there  is  a  duty  of  25  per  cent,  on  the  product, 
that  owing  to  its  highly  inflammable  nature  difficulties  are 
encountered  in  finding  vessels  which  will  carry  it,  that  the 
freight  is  $18.25  per  ton,  that  the  containers  (iron  drums)  are 
of  two- thirds  the  value  of  the  product  and  are  subject  to  a  duty 
of  45  per  cent.,  it  must  be  evident  that  the  seeking  of  this  product 
in  a  foreign  market  is  hardly  a  matter  of  price,  but  is  the  result 
of  inadequate  production  in  the  United  States.  There  is  one 
establishment  producing  carbon  disulphide  at  Catania,  a  sulphur 
center,  Sicily,  namely,  LTnsulare.  It  began  operations  some 
12  years  ago  to  supply  a  local  demand,  where  the  article  is  used 
in  extracting  the  oil  remaining  in  the  residuum  of  olive  oil  presses. 


THE  CONDITION  OF  THE  CHILEAN  SALTPETER  INDUSTRY. 
According  to  Die  Chemische  Industrie,  35,  No.  13,  420,  in  the 
period  from  May  1,  1911,  to  April  30,  1912,  the  world's  salt- 
peter consignment  was  increased  by  115,000  tons  as  compared 
with  a  similar  period  the  past  year.  The  total  consignments 
for  the  year  ending  April,  30,   1912,  were: 

Tons. 

In  Europe  and  Egypt 1 ,848,000 

In  the  United  States  and  remaining  countries 550,000 

Total  consignments 2 ,  398 ,  000 

In  1911,  the  total  consignments  were  2,285,000  tons,  1,661,000 
tons  of  which  went  to  Europe  and  Egypt. 

The  falling  off  in  America  is  explained  by  the  substitution  of 
cotton-seed  residue,  much  of  which  was  on  the  market  in  1911. 
This,  however,  is  looked  upon  as  a  matter  of  passing  importance. 


In  the  last  four  months,  tin-  Chilean  production  decreased  5,000 
tons,  owing  to  the  scarcity  of  laborers  and  to  the  low  price 
prevailing  for  saltpeter.  There  is  also  much  competition  in 
the  saltpeter  industry,  while  the  ammonium  sulphate  industry 
is  practically  in  one  hand.  It  is  stated  that  the  nitrogen  price 
varies  1.31  M.  per  kg  for  saltpeter  and  1.39  M.  per  kg.  in  the 
case  of  ammonium  sulphate. 


METHYL  CHLORIDE  AS  A  REFRIGERATING  AGENT. 
Methyl  chloride  has  been  used  to  some  extent  as  a  means  of 
producing  cold  and  its  use  has  been  suggested  in  refrigerating 
machines.  It  is  non-poisonous,  although  anaesthetic,  and  by 
its  evaporation  a  temperature  of  — 23 °  C.  is  produced,  while 
with  air-blowing  a  temperature  of  — 55  °  C.  may  be  reached. 
A  mixture  of  88  per  cent,  air  and  12  per  cent,  methyl  chloride 
by  volume  is  exploded  only  by  electric  sparks  or  a  powder  fuse, 
and  not  by  flames;  when  the  content  of  methyl  chloride  falls 
below  10  per  cent,  or  is  raised  above  15  per  cent.,  the  mixture 
does  not  ignite  (Z.  Ges.  Schiess-  u.  Sprengstoffw.,  6,  304).  Lach- 
mann  and  Heylandt  Ges.  m.  b.  H.  (French  Patent  438,727, 
19 12)  now  claim  methyl  fluoride  either  alone  or  mixed  with 
other  gases,  as  methyl  chloride,  for  use  as  a  refrigerating  agent. 
Considerable  quantities  of  methyl  chloride  are  wasted  in  the 
chlorination  of  denatured  spirit,  and  it  may  be  prepared,  if 
required  in  large  quantities,  by  the  chlorination  of  natural  gas. 


ACCELERATING  PAINT  DRYING  WITH  OZONIZED  AIR. 

A  method  of  hastening  the  drying  of  paint,  particularly 
freshly  applied  paint  on  automobile  bodies,  by  means  of  ozone, 
has  recently  been  tried  out.  The  ozone  was  carried  by  forced 
draft  into  the  drying  room,  where  it  came  into  contact  with 
"green"  paint  on  a  newly  painted  body  selected  for  the  test. 
Another  body,  having  an  equal  amount  of  paint  spread  over  the 
same  area,  was  placed  in  a  natural  atmosphere.  At  the  end 
of  an  hour  the  body  kept  in  the  ozonized  air  had  gained  1.67 
per  cent,  in  weight,  while  the  other  had  increased  only  1.13 
per  cent.  At  the  end  of  a  second  hour  the  respective  increases 
in  weight  were  3.34  per  cent,  and  1.51  per  cent.;  while  after  15 
hours  the  ozone-treated  body  had  gained  19.74  Per  cent.,  as 
against  a  total  increase  of  9.76  per  cent,  for  the  other.  The 
treatment  with  ozonized  air  thus  showed  an  advantage  of  more 
than  100  per  cent,  over  plain  air  drying. 


A  NEW  PROCESS  FOR  PRODUCING  STEARIC  ACID. 

Another  process  for  the  production  of  stearic  acid  from  oleic 
acid  is  claimed  in  a  recent  German  Patent  (No.  247,454).  Ac- 
cording to  the  specification,  oleic  acid  or  its  esters  is  treated 
with  concentrated  sulphuric  acid,  and  the  product,  after  washing 
free  from  sulphuric  acid,  is  reduced  to  stearic  acid  by  means  of 
an  electric  current.  In  more  detail,  the  process  is  as  follows: 
The  sulpho-acid  is  washed  with  cold  water  to  free  it  from  sul- 
phuric acid,  and  is  then  dissolved  in  boiling  water.  The  water 
solution  thus  obtained  is  made  the  catolyte  in  a  diaphragm  cell, 
a  30  per  cent,  sulphuric  acid  solution  serving  as  the  anolyte. 
Lead  electrodes  are  employed,  with  a  current  density  of  from 
2.5  to  10  amperes  per  sq.  ft.  After  the  passage  of  the  current 
for  about  one-fifth  of  the  time  indicated  theoretically — assuming 
100  per  cent,  current  efficiency — as  required  to  complete  the 
reduction,  the  fatty  acids  separate  out  and  are  again  treated 
with  sulphuric  acid  and  electrolyzed.  It  is  said  that  by  re- 
peating the  operation  several  times,  oleic  acid  may  be  almost 
quantitatively  converted  into  stearic  acid. 


THE  RAPID  PRODUCTION  OF  PURE  CREAM  OF  TARTAR. 
In  German  Patent   247,452,   recently  issued,   is  described  a 
simple  means  of  obtaining  cream  of  tartar  of  a  high  grade  of 
purity  by  a  single  operation.     The  discovery  was  made  that  the 
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presence  ■•!  chloride  01  nitrate  ol  aluminum  increases  the  solu 
bilirv  "i  potassium  bitartrate  in  lu>i  water  while  it  dei 
1 1  v,  solubility  in  cold  water,  Accordingly,  the  process  has  been 
patented  wherein  the  raw  material  is  extracted  with  a  hoi  solu 
tion  oi  -in  aluminum  sail  instead  of  with  water,  with  the  n  iult, 
it  is  claimed,  thai  a  very  large  crop  of  crystals  of  al  least  <ci 
per  cent.  purit\  are  recovered  on  the  first  crystallization.  The 
presence  of  aluminum  salts  in  the  liquors  is  said  to  have  the 

further  advantage  of  arresting  fermentation. 

"DURIRON." 

"Duriron"  is  a  new  acid,  alkali  and  rust-proof  metal  for  which 
there  has  been  considerable  demand  as  a  material  for  acid-cocks, 
concentrating  pans,  stirrers,  pipe  and  bowls.  It  possesses  a 
density  of  6.56,  a  melting-point  of  2550°  F.,  tensile  strength 
of  15,000  pounds  per  sq.  in.,  and  a  compression  strength  of 
70,000  pounds  per  sq.  in.  It  is  harder  than  cast  iron,  and  it 
must  be  ground  and  not  machined.  The  manufacturers  state 
that  the  following  tests  w-ere  made  in  cold  reagents  on  rough 
samples,  as  taken  from  the  sand: 

Percentage  losses. 

Period  of  immersion.  24  hrs.  48  hrs.  72  hrs. 

Sulphuric  acid,  cone none  none  none 

Sulphuric  acid.  10  per  cent 0.0142  0.0226  0  0309 

Nitric  acid,  strong 0.0002  0.0004  0  0005 

Nitric  acid,  25  per  cent 0.0004  0.0007  0.0008 

Hydrochloric  acid,  cone 0.0338  0.0641  0  0922 

Acetic  acid 0.0002  0  0002  0  0003 

Tartaric  acid,  25  per  cent 0.0006  0.0012  0  0012 

Chromic  acid,  10  per  cent 0.0002  0.0003  0.0005 

Oxalic  acid,  25  per  cent 0 .0013  

Moist  chlorine  gas 0 .0008  

Ammonium  chloride none  0  0001  0  0002 

Sodium  chloride none             none  none 

Calcium  chloride none              none  none 

Cyanide  solution none             none  none 

LEAD  FOR  CALKING  JOINTS. 
Lead  has  been  used  for  centuries  to  calk  pipe  joints,  the  pro- 
cess in  vogue  being  to  melt  the  lead,  pour  it  into  the  joint,  and 
then  calk  or  hammer  the  lead  to  expand  it.  Recently  two  new 
forms  of  lead  have  been  introduced  in  England  for  calking. 
"Ribbonite"  lead,  which  is  used  for  joint-calking,  consists  of 
shavings  of  lead  twisted  into  the  form  of  ropes,  which  are  calked 
into  water-pipe  joints  in  the  place  of  cast  lead.  Lead  wool 
is  also  used  for  pipe  joints  and  is  now  employed  by  many  London 
gas  companies;  it  was  lately  used  in  making  the  joints  in  7:/2 
miles  of  water-piping  at  Staines,  England.  It  is  announced 
that  an  American  company  has  brought  out  lead  wool  and  rope 
for  calking  purposes  (Pop.  Mech.,  18,  159).  Lead  rope  is  said 
to  be  made  of  especially  refined  metal,  very  finely  stranded, 
each  strand  measuring  0.007  inch,  and  the  rope  l/2  inch  in 
diameter.  When  hammered,  this  rope  becomes  very  -dense 
and  no  skill  is  said  to  be  required  to  pack  it  into  joints. 


"VANALIUM." 

"Vanalium"  is  an  aluminum  alloy,  about  3  per  cent,  heavier 
than  aluminum.  It  bears  rolling  into  sheets  and  drawing  into 
wire,  and  can  be  worked  very  much  like  brass.  It  takes  a 
high  polish  and  resembles  aluminum  in  color.  "Vanalium" 
is  said  to  be  unaffected  by  ordinary  atmospheric  conditions, 
and  by  hydrogen  sulphide,  carbonic  acid,  sulphurous  acid  and 
mineral  waters.  When  cast,  the  metal  has  a  tensile  strength 
of  over  n  tons  per  sq.  in.,  a  yield-point  of  8  tons  per  sq.  in., 
with  an  elongation  of  8  per  cent,  in  2  in.,  and  can  be  cast  in  either 
iron  or  sand  moulds.  By  rolling,  it  is  said  that  the  strength 
is  more  than  doubled,  and  by  drawing,  trebled.  The  alloy 
retains  its  hardness  after  being  subjected  to  heat  better  than  other 
aluminum  alloys,  and  it  melts  at  about  6500  C.  It  is  not  affected 
by  sea-water  and  can  be  readily  soldered. 


"ARGILITE." 
1  in.  new   alloy,  the  invention  of  ('..  Jacquier  (Med 

20,    757)i    is   intended    for    the   manufacture   of    pipes,    lubes   and 

armoi  plate.     It  contains  90  i"  1  cent    aluminum,  6  per  cent. 

copper,  1  per    cent,  silicon,  and  2  per  cent,  bismuth,  and  is    aid 
to  be  light,  hard  and   to  possess  great   resistance  to  pres  UT(    and 

corrosion. 

A  WATER  FLOW  RECORDER. 

The    I.ea    Water    Flow    Recorder.  d<    .crihed    111    I  h. 
and  Miimig  Journal  (Q3,  No:  22,   1089),  is  said  to  show  all  ir- 
regularities in  the  boiler  feed,  to  record  the  quantity  of  water 
evaporated  per  pound  of  coal,  and  to  thus  show  the  number 
of  heat  units  in  the  coal. 

The  apparatus  works  on  the  V-notch  weir  principle  and  is 
described  as  follows:  A  float  spindle  passes  through  the  bottom 
of  the  instrument  case,  gearing  into  a  small  pinion  upon  the 
axis  of  a  drum  revolving  between  centers.  Upon  the  body 
of  the  drum  is  a  screw  thread,  the  contour  of  which  is  the  curve 
of  flow  for  the  V-notch,  in  connection  with  which  the  recorder 
is  used.  The  spiral  drum  serves  a  double  purpose:  Its  screw 
thread  rectifies  the  motion  of  the  recording  pen,  so  that  it  moves 
equal  distances  for  equal  increments  in  the  rate  of  flow;  it 
provides  a  magnified  scale  for  making  an  accurate  observation 
of  the  rate  of  flow  at  any  moment. 

The  actual  depth  of  water  in  the  notch  can  always  be  observed, 
and  the  instantaneous  rate  of  flow  in  pounds  or  gallons  can  be 
seen  with  accuracy.  The  recording  pen  which  moves  in  direct 
proportion  to  the  rate  of  flow  produces  a  diagram,  the  area  of 
which  is  a  measure  of  the  total  quantity,  and  this  can  easily 
be  deduced  by  means  of  a  standard  planimeter. 

Heretofore,  the  Lea  recorder  was  made  on  the  open  or  at- 
mospheric principle,  but  recently  the  manufacturers  added  a 
new  type.  The  notched  tank  is  made  of  cast  iron,  similar  to 
the  standard  open-heater  construction.  The  tank  is  entirely 
closed  and  is  suitable  for  withstanding  any  pressure  or  vacuum 
up  to  10  lb.  The  operating  head  of  the  Lea  recorder  is  only 
about  18  in.  and  is  made  in  sizes  from  200  to  10,000  boiler- 
horsepower. 

Besides  being  used  for  the  measurement  of  boiler-feed  water, 
steam  consumption,  etc.,  the  Lea  recorder  can  also  be  used  for 
measuring  pump  discharges,  flow  of  streams,  acids,  etc.  For 
measuring  the  flow  of  acids  the  apparatus  is  provided  with 
wooden  tanks  lined  with  lead,  and  the  V-notch  plate  is  similarly 
made.     Hard  lead  or  glass,  however,  can  be  used. 

The  apparatus  is  guaranteed  to  produce  records  which  shaV 
be  within  iy2  per  cent,  of  absolute  accuracy  by  weight;  also 
that  the  average  error  due  to  variations  of  temperature  over 
a  range  of  50 °  F.  (*'.  e.,  25°  F.  on  either  side  of  the  normal)  shall 
not  exceed  0.5  per  cent. 

THE  MANUFACTURE  OF  SUCTION  HOSE. 
The  fabrication  of  suction  hose  is  described  in  the  India- 
Rubber  Journal,  44,  22,  73.  This  type  of  hose,  generally  used 
in  connection  with  pumping  operations  of  all  kinds,  is  armored 
either  inside  or  out,  or  both.  In  suction  hose  with  a  spiral 
wire  inside,  the  canvas  used  should  weigh  from  12  to  16  oz.  per 
yard  and  should  be  made  of  Egyptian  or  American  cotton; 
the  wire  should  be  galvanized.  For  2  inch  suction  hose,  the 
following  particulars  are  given: 

1  ply.     2  ply.     3  ply.     4  ply.         5  ply 

Wire 12G  12  12  12  12 

Inside  rubber 17G  17  17  17  17 

Width  canvas 7K  14  21  K         29  K         37 

Outside  rubber 23G  23  23  23  23 

For  suction  hose  up  to  i1/,,  in.  diameter  it  is  usual  to  run  the 
inside  lining  on  to  a  mandril  by  a  tubing  machine;  for  larger 
sizes,  it  is  considered  advisable  to  build  these  up  by  hand  in 
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the  usual  manner.  For  suction  purposes,  the  spiral  armoring 
wire  is  most  satisfactory  if  put  around  the  inside  rubber  lining, 
for  it  tends  then  to  prevent  the  drawing-in  of  the  canvas  when 
pumping  commences.  For  pressure  hose,  it  is  considered  ad- 
visable to  have  the  layer  of  canvas  rolled  on  to  the  inside  rubber 
coating,  the  wire  armoring  then  being  proceeded  with  on  the  top 
of  this.  There  are  three  general  forms  of  suction  hose:  round 
wire  suction,  flat  wire  suction,  and  internal  wire  suction.  Some 
times  the  hose  is  bound  with  cord  after  the  cloth  wrapping  is 
carried  out.  Outside  armoring  is  advised  only  where  there  is 
rough  usage. 

HEAT  TRANSMISSION  IN  VACUUM  EVAPORATOR  TUBES. 
M'Cormack,  Dormitzer  and  Roleson  conducted  a  series  of 
experiments  to  determine  the  efficiencies  of  a  Swenson  evaporator 
using  tubes  of  four  different  materials,  namely,  copper,  steel, 
lead  and  tin  (Chem.  Eng.,  16,  1).  Since  it  is  known  that  slight 
variations  in  the  composition  of  the  metal  exert  considerable 
influence  on  the  heat  conductivity,  the  tubes  tested  were  analyzed 
by  standard  methods.  The  results  show  that  the  efficiency 
is  highest  for  the  copper  tubes  and  next  highest  for  the  steel 
tubes;  this  is  as  one  would  expect,  as  copper  and  steel  possess 
a  higher  coefficient  of  heat  transmission  than  the  other  materials 
used,  and  also  owing  to  the  fact  that  the  copper  and  steel  tubes 
used  were  from  one-third  to  one-fourth  as  thick  as  the  other  two 
sets  of  tubes.  Although  the  coefficient  of  heat  transmission 
for  tin  is  greater  than  that  of  lead,  and  although  the  lead  tubes 
were  about  one-eighth  thicker,  the  efficiency  of  the  latter  was 
found  to  be  greater.  In  general,  it  may  be  said  that  there  was 
found  to  be  very  little  difference  in  the  efficiencies  for  the  various 
tubes,  the  maximum  difference  being  6.7  per  cent.  As  the  authors 
note,  this  is  doubtless  to  be  attributed  to  the  fact  that  with 
tubes  of  this  small  thickness  the  coefficient  of  heat  transmission 
does  not  materially  effect  the  efficiency. 

A  NEW  CRUDE  OIL  ENGINE. 
The  "Blackstone"  semi-Diesel  type  of  crude  oil  engine,  de- 
scribed in  Gas  and  Oil  Power,  7,  471,  is  said  to  be  capable  of 
working  on  all  kinds  of  crude  oils,  both  shale  and  petroleum, 
as  well  as  upon  petroleum  residues,  consuming  the  fuel  without 
leaving  any  residue  and  this  without  the  aid  of  an  abnormally 
high  compression.  The  fuel  is  injected  into  the  cylinder  by 
means  of  compressed  air  at  400  pounds,  the  main  air  compression 
in  the  cylinder  being  not  more  than  150  pounds.  The  fuel 
charge  is  ignited  by  a  flame  produced  by  the  combustion  of 
a  small  auxiliary  charge  of  oil  injected  at  every  cycle  into  a 
bulb  or  igniter  kept  hot  by  the  repeated  combustions.  The 
main  cylinder  fuel  spray  is  regulated  by  the  governor,  and  the 
engines  run  economically  on  any  load.  A  feature  of  these  engines 
is  the  prolonged  injection  of  the  main  spray  fuel,  which  main- 
tains the  initial  pressure  during  a  considerable  portion  of  the 
working  stroke,  thus  ensuring  a  maximum  amount  of  power 
with  a  minimum  of  cylinder  volume.  This  type  of  engine  is 
made  both  stationary  and  portable,  the  stationary  up  to  300 
B.  h.  p.  Vertical  multi-cylinder  engines  are  also  manufactured 
for  marine  purposes,  driving  dynamos,  etc. 


A  DOUBLE-OILING  SYSTEM  PUMP. 
The  "Sterling"  double-oiling  system  pump,  described  in 
Power,  36,  103,  is  designed  to  handle  clean  and  dirty  oil  at  the 
same  time.  The  main  casting  contains  a  steel  rack  plunger 
which  is  reciprocated  by  a  gear  segment  fastened  to  a  shaft 
extending  through  the  pump  and  having  at  its  outer  end  a  lever 
connected  to  some  moving  part  of  the  engine.  The  operating 
lever  has  eight  adjusting  holes  to  control  the  amount  of  oil 
pumped,  and  it  is  also  adjustable  on  the  shaft  which  it  drives 
so   that   it  may  be  set  at  any  angle.     It   is   therefore  possible 


to  arrange  the  movement  of  the  main  pumping  plunger  so  that 
it  will  travel  from  its  extreme  position  at  the  end  of  the  stroke 
inwardly  much  or  little  and  the  pump  may  just  comfortably 
handle  the  amount  of  dirty  oil  which  it  receives  without  drawing 
large  quantities  of  air  through  the  receiving  well  of  the  dirty- 
oil  system.  The  driving  rod  connecting  from  the  engine  to  the 
pump  is  '/,  in.  pipe.  The  pump  casting  has  a  hollow  portion 
in  the  top  which  acts  as  an  air  cushion  or  dome  for  the  discharge 
of  both  ends  and  the  steel  ball  valves  at  each  end  are  accessible 
without  disturbing  any  piping  or  removing  their  seats. 


AIR-JET  CHIMNEY  VENTILATOR. 
A  Philadelphia  firm  is  manufacturing  a  ventilator  system  in 
which  the  draft  is  created  by  an  air-jet  chimney  ventilator, 
the  operating  air  being  produced  by  a  rotary  blower  which 
creates  a  suction  or  negative  pressure  in  the  furnace.  On  the 
average,  the  blower  consumes  0.5  per  cent,  of  the  fuel  burned, 
and  at  the  heaviest  load  of  the  grate  1  per  cent.  The  com- 
bustion gases  do  not  pass  through  the  blower,  so  repairs  and 
replacements  are  not  expensive.  The  system  is  said  to  con- 
siderably increase  the  capacity,  efficiency,  and  advantages  of 
the  superheater  and  economizer,  as  but  a  small  quantity  of  gases 
of  high  temperature  are  utilized  in  them.  With  a  varying 
steam  consumption,  it  is  claimed  that  one  boiler  may  be  forced 
for  a  time  without  putting  extra  boilers  in  operation,  and, 
most  important  of  all  the  advantages,  it  is  possible  to  use  low- 
grade  fuels  such  as  lignite,  brown  coal,  etc..  in   the  furnace. 

THE  UTILIZATION  OF  PEAT. 

In  1907,  the  peat  industry  of  Europe  was  investigated  by  the 
Department  of  Mines  of  Canada,  and  later  a  report  was  pub- 
lished in  which  the  European  practice  was  discussed  in  detail. 
In  order  to  determine  the  possibilities  of  peat  fuel  for  industrial 
purposes,  the  Department  purchased  some  300  acres  of  peat  bog 
and  has  been  experimenting  with  the  foreign  systems.  In 
the  manufacture  of  air-dried  fuel  from  peat  bogs,  the  peat  has 
been  dug  by  hand,  transferred  by  an  elevator  into  a  mill,  the 
resulting  pulp  conveyed  by  cable  cars  to  the  drving  fields, 
rolled  into  a  sheet  about  4  in.  thick  by  a  press,  and  divided  by 
knives  into  blocks  which  are  then  dried  on  the  field.  Allowing 
140  days  for  a  season's  work,  the  cost  of  fuel  on  the  field  is  said 
to  be  $1.40  a  ton  and  when  stored  in  the  shed  Si. 65  per  ton. 
In  Sweden,  the  cost  of  a  plant  for  the  manufacture  of  20,000 
tons  of  peat  powder  by  the  Ekelund  system  is  S86.000,  and  the 
cost  of  producing  one  ton  is  S2.30;  in  Canada,  however,  the  cost 
per  ton  is  higher,  for  common  labor  in  Sweden  gets  a  wage  of 
but  Si. 00  to  $1.22  per  day  of  10  hours.  While  peat  powder 
has  been  found  to  be  satisfactory  as  a  fuel  in  Sweden,  because 
of  the  expense  of  production,  waste  of  available  nitrogen,  etc., 
Eugene  Haanel,  the  Director  of  the  Department  of  Mines  of 
Canada,  has  concluded,  after  considerable  experimentation, 
that  the  proper  method  is  to  gasify  the  peat  in  a  suitable  pro- 
ducer, along  the  lines  of  the  ideas  advocated  by  Frank  and 
Caro,  and  also  applied  in  Ziegler's  peat  gas-producer;  and  con- 
siders that  in  order  to  make  the  peat  industry  profitable,  a  20 
hour  day,  working  2  shifts,  must  be  adopted,  as  the  real  season 
for  working  a  Canadian  bog  is  not  over  1 10  working  days  a  year. 

Thackara  (The  Gas  Engine,  14,  318)  states  that  the  pro- 
duction of  gas  from  peat  having  a  water  content  up  to  20  per 
cent,  for  use  in  suction  gas  engines  has  met  with  considerable 
success  in  Germany,  but  for  a  number  of  years  efforts  have  been 
made  to  utilize  peat  with  a  water  content  as  high  as  50  to  60 
per  cent,  and  thus  eliminate  the  expensive  drying  process. 
It  is  now  found  that  peat  containing  40  per  cent,  of  water  and 
costing  So. 5 7  per  metric  ton,  may  be  used  with  the  Gorlitz 
engine,  the  consumption  per  kw.-hr.  being  3.43  pounds  for  one 
trial  and  5.31  pounds  for  another. 
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NOTES  AND  CORRESPONDENCE 


SEAWEED,  POTASH  AND  IODINE. 
in  Tins  Journal,  Vol  4,  No.  8,  page  623,  which  has  just 
come  to  hand,  there  is  a  aote  l>\  Hendrick  Knudsen,  entitled 
"Sea  Weed,  Potash  and  Iodine,  A  Criticism."  The  criticism  is 
preliminary  report  prepared  by  myself,  on  work  done  last 
yeai  under  my  direction  and  published  as  Senate  Document  [go, 
Sixtj  second  Congress,  Second  Session.  The  major  pan  of  the 
criticism  is  captious,  indefinite,  an  expression  of  personal 
opinions  and  calls  for  no  comment.  Some  of  the  statements, 
however,  may  prove  not  only  misleading  but  quite  mischievous. 
The  author  claims  to  be  an  expert  with  more  than  n>  years' ex- 
perience. But  Mr.  Kmulseu  has  not  studied  nor  had  any 
practical  experience  with  the  giant  kelps  of  the  Pacific  Coast 
and  totally  misapprehends  the  conditions  existing  there  in 
assuming  that  the  methods  formerly  employed  in  Norway  are 
applicable.  Moreover,  he  is  looking  at  the  matter  from  the 
point  of  view  of  iodine  production,  while  I  was  concerned  with  the 
possibility  of  utilizing  the  kelps  as  sources  of  potash.  This  is 
clearly  evident  from  a  reading  of  the  present  critique  as  it  was 
in  a  plan  for  the  investigation  which  Mr.  Knudsen  submitted 
for  my  consideration  before  the  work  was  undertaken.  I 
disagree  absolutely  with  Mr.  Knudsen's  conclusion  that  potash 
from  kelp  can  come  only  as  a  by-product  of  the  iodine  industry. 
Rather,  so  far  as  the  Pacific  kelps  are  concerned,  iodine  pro- 
duction is  a  possible  side  issue  to  a  very  probable  potash  in- 
dustry. 

It  would  appear  from  the  critique  that  Fucus  was  given 
special  consideration.  This  is  not  so,  as  it  is  discussed  only 
incidentally  in  a  general  consideration  of  the  algae.  Laminaria, 
the  species  of  especial  importance  as  iodine  gatherers,  are  not 
particularly  prominent  on  the  Pacific  Coast,  and  there  is  no 
great  promise  that  an  iodine  industry  per  se  may  be  looked 
for  there.  As  the  Senate  Document  clearly  shows,  the  im- 
portant "potash"  varieties  are  Nereocystis  teutkeana  in  northern 
waters,  and  Macrocystis  pyrifera,  south  of  Point  Sur.  These 
occur  in  large  beds  or  groves  of  practically  pure  stands.  Drift 
kelp  washed  ashore  is  gathered  and  sold  to  some  extent  now, 
but  is  not,  nor  is  ever  likely  to  be,  worthy  of  being  designated 
as  a  commercial  industry.1  It  is  appreciably  lower  in  potash 
content  than  the  growing  kelp. 

Mr.  Knudsen's  labored  calculations  to  prove  that  the  stand 
of  giant  kelps  is  not  sufficient  to  meet  this  country's  potash 
requirements  ignore  the  facts.  About  1,250,000  tons  of  potas- 
sium salts  are  imported,  varying  in  composition  from  8  to  65 
per  cent,  potash  content  but  far  more  of  the  lower  than  of  the 
high  grades,  so  that  the  average  composition  corresponds  to 
appreciably  less  than  25  per  cent,  potassium  chloride.  More 
than  this  quantity  of  potassium  chloride,  in  kelp,  is  shown  in 
the  maps  in  Senate  Document  No.  190,  and  vastly  more  will  be 
shown  when  our  entire  resources  are  mapped  and  estimated  as 
will  no  doubt  be  done  in  due  course  of  time.  Even  more  wide 
from  the  mark  are  Mr.  Knudsen's  calculations  of  the  cost  of 
harvesting.  If  one  man  had  to  row  out  to  the  beds,  cut  and 
drag  ashore  and  burn  enough  kelp  to  make  a  ton  of  ash,  it  might 
very  well  cost  S22  and  probably'  much  more.  It  will  not  be 
done  that  way,  however,  and  enough  has  already  been  done  to 
show  that  with  large  scale  mechanical  devices,  the  cost  of 
harvesting  and  drying  the  kelp  should  not  be  a  tenth  of  what 
Mr.  Knudsen  estimates. 

Knudsen's  estimates  of  cost  of  production  are  absurdly  wide 
of  the  mark.  I  cannot  give  any  figures  with  a  claim  for  accuracy, 
for  there  is  not  sufficient  existing  experience  on  which  to  base 
1  There  is  a  company  on  the  Southern  California  Coast,  whose  process 
is  to  cut  the  kelp  and  market  the  chopped  green  product  for  direct  appli- 
cation to  the  soil. 


accural!  calculations  Prom  what  I  have  een  doni  with  an 
experimental  plant.  1  estimate  thai  al  several  points  on  the 
California  coast  the  kelp  can  be  cut,  hauled  ashon  and  dried  al 

about  85  cents,  and  certainly  less  than  $2,  a  dry  ton  This 
dried  kelp  can  lie  ground  in  a  ball  mill  for  less  than  .11 1  ■ 
ton.  Besides  containing  organic  matter,  nitrogenous  materials 
and  appreciable  amounts  of  phosphates,  all  with  a  value  for 
fertilizer  purposes,  it  will  contain  25  per  cent  or  more  of  potas- 
sium chloride,  worth  more  than  70  cents  a  uni 
prices  go.  Consequently  I  should  revise  Knudsen's  estimates 
to  the  following: 

Value  per  ton  (2,000  lbs.)  of  dried  kelp $10.50 

Cost  of  harvesting $2.00 

Grinding 0  40 

Overhead  charges 0.15 

Selling  cost,  etc 0.10 

Depreciation 0.05 

$2.70  2 . 70 

Profit $  7  .  80 

This  estimate  does  not  include  the  item  of  containers  nor 
transportation  charges.  The  real  problem  is  whether  the  margin 
is  sufficient  to  meet  such  charges  to  points  of  present  demand 
for  potash  fertilizers.  It  is  expected  that  the  opening  of  the 
Panama  Canal  will  answer  this  question. 

This  ton  of  dried  kelp  will  contain  about  6  pounds  of  iodine, 
worth  (Knudsen's  figures)  $11.52.  What  it  would  cost  to  obtain 
this  iodine  cannot  yet  be  estimated  satisfactorily.  Undoubtedly 
oil  fuel  and  a  retort  would  be  used.  It  is  inconceivable  that 
the  archaic  kelp  ash  method  assumed  by  Knudsen  would  receive 
any  consideration  on  the  Pacific  coast.  While  disclaiming  any 
accuracy  for  the  following  figures,  I  regard  them  as  far  more 
reasonable  estimates  than  those  of  Mr.  Knudsen: 

Harvesting  and  drying  per  ton  of  dried  kelp $2  .00 

Fuel 1   50 

Labor 0.45 

Chemicals 1.10 

Overhead  charges 0.15 

Deterioration,  interest,  etc 0.10 

Selling  cost  for  potash 0.10 

Selling  cost  for  iodine 0.50 

$5.90 

800  lbs.  salts,  60  per  cent.  KC1.  at  75  cents  per  unit S10.60 

6  lbs.  iodine,  at  $1 .92  per  pound 11.52 

S22.12 
Expense 5  .90 

Profit S16.22 

Apparently  it  would  pay  better  to  recover  the  iodine  but, 
as  pointed  out  in  Senate  Document  No.  190,  the  market  does 
not  exist  for  all  that  could  be  produced  from  kelp.  Moreover, 
there  is  good  reason  to  believe  that  the  present  price  is  an 
artificial  one  and  that  iodine  from  the  mother  liquors  of  Chile 
saltpeter  could  and  possibly  would  be  put  on  the  American 
market  at  any  figure  at  which  iodine  from  kelp  could  be  pro- 
duced. Iodine  from  kelp,  therefore,  seems  to  be  largely  a 
question  of  finding  increased  uses  for  iodine,  but  potash  from  kelp 
seems  to  be  a  certainty,  either  when  our  western  states  come 
to  use  fertilizers  or  when  reasonable  transportation  charges  to 
the  East  have  been  established. 

Whether  or  not  it  would  be  profitable  to  prepare  from  the 
kelp  salts,  potash  salts  of  high  purity,  is  still  another  question. 
It  can  undoubtedly  be  done  since,  technically,  the  problem  is 
not  any  more,  if  as  difficult,  as  the  preparation  of  such  salts  from 
the  Stassfurt  materials.     The  labor  and  transportation   factors 
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on  the  Pacific  Coast  arc  too  uncertain  as  yet  t 1  justify  any  defi- 
nite estimates,  and  opinions  only  arc  hardly  worth  offering. 

Frank  K.  Cameron. 
Bureau  of  Soils. 
Department  of  Agriculture. 
Washington. 


ORDINARY    WRITING    FLUID    FOR    MARKING  PORCELAIN 

CRUCIBLES. 
Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  the  article  on  ".Marking  Porcelain  and  Silica  Crucibles, 
etc.,"  published  on  page  567  of  the  August  issue  of  This  Journal, 
I  note  the  author  has  experienced  a  great  deal  of  difficulty  in 
permanently  marking  glazed  crucibles  and  also  note  that  he 
has  gone  to  considerable  trouble  to  remedy  this  difficulty. 

While  I  was  employed  as  "helper"  in  the  LT.  S.  Food  and 
Drug  Inspection  Laboratory,  Portland,  Oregon,  the  same  trouble 
was  experienced  there,  as  it  is  no  doubt  in  most  laboratories. 
We  had  been  marking  the  crucibles  on  the  bottoms  with  a  piece 
of  magnetite  or  some  other  iron  ore,  but  this  was  impractical, 
as  each  crucible  had  to  be  lifted  up  to  read  the  number,  so  I 
tried  the  iron  in  the  form  of  ordinary  black  writing  fluid  from 
my  fountain  pen,  on  the  glazed  side  of  the  crucibles.  The 
method  is  as  follows: 

The  crucibles  are  washed  and  dried  with  a  clean  towel,  the 
numbers  put  on  with  the  pen  and  dried  carefully  so  as  not  to 
make  the  outlines  of  the  figures  ragged,  by  holding  them  about 
a  foot  above  the  Bunsen  burner.  The  ink  is  applied  two  or 
three  times,  drying  after  each  application  and  holding  in  a 
position  so  that  it  will  dry  in  a  uniform  mark.  After  the  ink 
is  well  set,  the  crucible  is  held  in  the  flame  and  heated  for  about 
two  minutes  after  it  has  become  red  hot.  This  oxidizes  the 
iron  in  the  ink  and  burns  it  into  the  porcelain,  thereby  marking 
it  with  a  beautiful  reddish  gold  numeral  which  cannot  come  off. 
If  difficulty  is  experienced  in  placing  a  neat  numeral  on  the 
crucible  it  may  be  outlined  in  dots,  which  gives  a  very  pretty 
effect. 

This  simple  method   furnishes  a  reagent  which  is  always  at 
hand  and  one  that  is  inexpensive,  quick  to  apply  and  permanent. 
After  three  years'  use,  marks  made  in  this  way  show  up  as  bright 
as  when  they  were  taken  out  of  the  flame. 
Wry  respectfully, 


Claude  D.  Mason. 


Idaho  State  Board  of  Health, 
Boise,  August  12,  1912. 


THE  NEED  OF  CHEMICAL  CONTROL  IN  FURNACE 
OPERATION. 

During  the  past  year  I  have  visited  several  hundred  power 
plants  in  this  section  of  the  country  and  as  a  chemist  have  been 
particularly  impressed  with  the  lack  of  instruments  for  deter- 
mining furnace  efficiency,  i.  e.,  automatic  C02  recorders  and 
continuous  gas  samplers  for  sampling  flue  gas  over  a  period  of  a 
number  of  hours;  even  the  familiar  Orsat  apparatus  is  notable 
by  its  absence.  Furthermore,  in  90  per  cent,  of  the  cases,  in 
the  few  plants  where  something  of  the  kind  was  found,  the  instru- 
ments had  been  consigned  to  the  scrap  heap  or  stored  and  were 
never  used. 

The  reason  seems  to  lie  in  the  thought  that  with  coal  at  Si  .50 
per  ton  the  possible  saving  would  not  be  worth  while.  But  it 
has  been  conclusively  proved  that  the  use  of  these  instruments 
will  result,  even  in  this  low-priced  fuel  district,  in  saving  both 
the  cost  of  instruments  and  of  operation  many  times  over. 
The  losses  which  take  place  in  furnaces  are  the  most  glaring 
of  modern  plant  operation,  yet  they  receive  the  least  attention. 

To  the  chemists  the  cause  for  this  is  not  far  to  seek.  Com- 
bustion is  essentially  a  chemical  process  and  it  is  easier  for  him 
to  comprehend  the  chances  for  loss  than  one  not  thoroughly 
versed  in  the  science.     Still  more  important  is    the  fact  that 


the  determination  of  furnace  efficiency  involves  analysis  of  the 
flue  gases,  a  chemical  process  involving  the  handling  of  the  deli- 
cate gas  analysis  apparatus,  an  operation  requiring  some  little 
skill  and  more  or  less  constant  attention  from  day  to  day.  This 
same  skill,  however,  is  not  greater  than  necessitated  by  many 
other  operations  carried  on  daily  by  the  stationary  engineer. 
Why,  then,  is  this  not  done?  Simply  because  the  man  who  has 
charge  of  the  boiler  room  has  not  been  trained  in  these  lines 
as  he  has  in  others. 

Right  here  lies  the  opportunity  for  the  chemist,  if  there  be 
one  connected  with  the  plant,  to  make  a  great  saving  in  opera- 
ting expenses,  with  a  minimum  amount  of  effort  and  time  on 
his  part.  In  those  plants  where  I  found  furnace  efficiency  at 
the  highest  and  the  instruments  for  its  determination  in  suc- 
cessful operation,  this  part  of  the  work  was  in  charge  of  the 
chemist.  It  took  very  little  of  his  time  for  a  reliable  labora- 
tory boy  had  been  trained  to  do  most  of  the  work  and  make 
the  necessary  reports.  R.  C.  Bennkr. 

Department  of  Industrial  Research. 
University  of  Pittsburgh. 


THE    ESTIMATION  OF  OXYGEN   AND  OCCLUDED  GASES  IN 
COPPER,  ETC.— AUTHORS  NOTE. 

The  methods  of  analysis  given  in  my  article  under  the  above 
title  (This  Journal,  4,  402),  may  be  simplified  by  the  following: 

In  the  purification  of  Carbon  Dioxide  (p.  403),  for  tube  (A), 
substitute:  "A  bulb  tube  of  Cr03  +  HjSO,  (sp.  gr.  1.84)  heated 
by  1  foot  of  resistance  wire  wound  over  asbestos;  then  omit 
(D),  the  tube  of  dry  chromous  chloride." 

In  the  purification  of  hydrogen  (p.  403),  for  A,  B  and  C, 
substitute  the  heated  bulb  tube  of  Cr03  4-  H2SO,  described  above. 

If  it  is  not  convenient  to  use  resistance  wire  for  heating 
these  bulbs,  a  lamp  will  answer  the  purpose. 

George  L.  Heath. 

Hubbell,  Mich. 


CHEMICAL  INDUSTRIES  OF  NORWAY. 
By  Consul  Thomas  H.  Norton. 

Numerous  factors  have  combined  to  retard  the  industrial 
progress  of  Norway.  The  climate  is  severe,  coal  is  lacking, 
the  mineral  deposits  are  not  easily  accessible,  the  area  of  tilla- 
ble land  is  very  limited,  and  the  industrial  education  of  the  peo- 
ple is  not  advanced. 

Less  than  3  per  cent,  of  the  land  is  under  cultivation,  about 
25  per  cent,  is  covered  by  forests,  and  the  reminder  consists 
essentially  of  moors,  mountain  pastures,  lakes,  and  marshes. 
The  conditions  of  life  have  been  comparatively  hard  and  emigra- 
tion extensive.  Exports  to  other  countries  have  been  limited 
chiefly  to  timber  and  the  products  of  the  extensive  fisheries. 

There  is,  however,  now  a  marked  change  for  the  better.  Nor- 
way bids  fair  to  develop  into  an  industrial  state  of  considerable 
importance,  and  the  chemical  industries  are  the  ones  coming 
most  prominently  to  the  fore  in  the  movement.  The  first  step 
forward  was  taken  in  the  development  of  the  wood-pulp  indus- 
try. The  second,  and  most  important  for  Norway's  future, 
was  the  utilization  of  the  country's  magnificent  water  power 
for  the  establishment  of  clcctrotechnical  and,  more  especially, 
of  electrochemical  industries  on  a  scale  impossible  in  any  other 
European  land. 

The  general  movement  forward  in  the  manufacturing  indus- 
tries of  the  Kingdom,  and  more  specifically  in  the  various  branches 
of  applied  chemistry,  may  be  measured  by  the  growth  during 
the  decade  1897-1908.  It  should  be  stated,  in  this  connec- 
tion, however,  that  a  very  noticeable  increase  in  the  establish- 
ment of  new  factories,  mills,  etc.,  began  in  1890.  It  reached  its 
maximum  in  189c).  There  was  a  decline  in  the  rate  until  1904, 
when  a  new  period  of  activity  set  in,  and  has  continued  uninter- 
ruptedly until  the  present  time. 
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l>ium  1   ending  (908,  there  was  in  Norwegian  in 

ease  of  45  pa  cent    in  the  number  of  " 

he  total  number  of  days  of  work  in  a  year  divided 

rhis  in<  rease  is  five  ti  ttei   than  the  i 

of  population      During  the  same  period  there  waa  an  increase 
of  159  per  cent,  in  chemical  manufacturing  branches.    There 
\n.i*  an  absolute  increase  of  $21,440,000  in  the  amount  of  wages 
paid  to  operatives,  representing  an  advance  of   82   pei 
This  advance  in  chemical  industries  amounted  to  333  per  cent. 

The  average  annual  wage  for  all  operatives,  in  all  industries. 
was  $210  38  in  is.>;,in  1908  $264.52,  an  increase  of  26  p 
In   chemical   industries  the  average  annual   wage  advanced  67 
per  Cent,  during   the  period.     The  average  daily  wage  of  adult 
operatives  in  all  industries  was  $0.82  in  1900,  and  $0.92  in  1908. 

Statistics  of  the  Chemical  and  Allied  Industries.— la  1897  there 
was,  on  an  average,  i'.  horse  power  employed  per  operative 
in  Norwegian  factories.  In  1908  it  had  increased  to  2  !  _■  horse 
power.  The  average  establishment  employed  45  horse  power 
in  1897  and  76  in  1908. 

A  verage 

opera-  daily  Horse- 

Industries.  Factories,   tives.  wage.  power. 
Chemical  industries  proper. 

Bone  grinding 4                 10  5.072  95 

Calcmm  carbide 7          1,158            1   20  59,350 

Chemicals: 

Heavy 13              429            0 .94  729 

Minor  (ink.   blacking,  etc.).  19                80            0.61  61 

Colors 8                66            0 .84  108 

Electrochemicals 9              675            1.18  40.045 

Explosives 8              133            0  90  235 

Fertilizers 13              132            0.69  638 

Glue 2                57            0  76  142 

Insulating  material 3                 11            1.36  12 

Matches 5              918            0.73  464 

Pharmaceutical  products 10                52            0.60  23 

Tar  paper 2                  8            0.72               

Varnishes 3                 12            0.79               

Total 106         3,741  101,902 

Candles,  oils,  power,  etc. 

Candles 2  25  $0.47  8 

Electric  power,  centrals 53  459  1.10          137,167 

Gas  works 6  57  1 .  00  34 

Oils  and  by-products 17  376  0 .88  896 

Perfumes 1  6  0.77  

Petroleum : 

Briquetting 1  4  0 .  78  3 

Refining 2  56  1 .  06  37 

Soap 39  338  0.72  158 

Steam  power  houses 3  5  1  .01  367 

Train  oil: 

Refining 36  160  0.76  33 

Rendering 15  87  0.80  73 

Above  combined 9  32  0.85               

Total 184  1,605            138,777 

Allied  industries. 

Cement 1  160  $0.96  1,360 

Copper  smelting 4  232  1.00  1,100 

Glass 9  1,143  0.84  214 

Ironworks 4  58  0.89  320 

Mining  of  apatite,  minerals,  etc.  66  511  0.86  65 

Ore  mining Ill  4,877  1.13  16,016 

Paper 33  3,492  0  91  19,006 

Tanneries 78  567  0.87  860 

Treatment  of  minerals 6  168  0.73  531 

Wood  pulp: 

Chemical 23  4,563  1.00  27,307 

Mechanical 66  3,475  0.94  108,188 

Total 401        19,255  174,967 

Grand  total 691  24.601  415,646 

The  above  table  has  been  compiled  to  show  the  exact 
status  of  the  Norwegian  chemical  industry  in  1908,  giving  data 
on  each  separate  branch.  The  classification  of  the  Norwegian 
census  is  followed. 


Importation  of  Heavy  <  hemi  in  regard  i tsl  chemical 

produi  1  di  in  uili  ut  upon  othei  coun 

\part  from  bei    electrochemical   industries,   there  is  a 

(air    development    of    the    manufacture    of    matches,     cellulose, 
fertilizers,  Oils,  candles,  iodine,  and  oxalic  acids. 

The  heavy  chemicals  an-  imported  chii  11  from  ' 
and  Great  Britain.  Sulphuric  acid  is  manufactured  cheaply, 
as  the  Norwegian  pyrites  is  of  excellent  quality  and  is  shipped 
in  large  quantities  to  othei  countrie  Tin  product  <■!  the  three 
acid  works  in  active  operation  i  used  chiefrj  i"i  the  manufac- 
ture "i  superphosphate  and  is  inadequate  to  cover  the  needs 
of  domestic  industry.  There  is  an  annual  import,  valued  at 
$42,000.  Five  small  establishments  furnish  washing  soda  in 
crystals,  but  the  main  supply  of  soda  ash,  caustic  soda,  Glauber's 
salt,  and  bleaching  powder  is  secured  from  Germany  and  else- 
where, as  the  country  is  dependent  upon  imported  salt. 

The  utilization  of  kelp  as  a  source  of  iodine  and  potash  salts 
continues  to  be  a  prominent  industry  on  the  shores  of  Norway. 
As  in  the  ease  of  Scotland,  Normandy  and  Japan,  conditions 
seem  to  enable  this  time-honored  branch  still  to  maintain  the 
competition  with  Chile  iodine.  In  view  of  the  exhaustion, 
within  a  measurable  time,  of  the  Chile  nitrate  deposits,  it  is 
well  that  the  kelp  industry  is  kept  alive,  and  that  studies  are 
made  to  perfect  its  processes.  There  are  nine  establishments 
along  the  Norwegian  coast  occupied  with  this  branch.  Besides 
supplying  the  home  demand,  they  exported  in  1910  iodine  to 
the  value  of  $53,000  and  2,318  metric  tons  of  kelp  ash,  valued 
at  $64,000  (metric  ton  =  2,204.6  pounds).  The  current  price 
of  the  latter  is  $27  .34  per  metric  ton.  Less  is  done  in  Norway 
than  in  Scotland  to  extract  potash  salts  in  a  commercial  form 
from  this  ash,  although  all  of  the  kelp  works  furnish  potash 
fertilizers.  There  is,  however,  a  process  in  use  for  extracting 
from  the  kelp,  before  incineration,  a  highly  mucilaginous  sub- 
stance that  is  a  combination  of  potash  with  an  acid  present  in 
seaweed.  It  is  used  to  some  extent  in  finishing  textiles  and  is 
brought  into  commerce  under  the  name  of  "norgine." 

Manufacture  of  Oxalic  Acid — Copper  Pigments — Matches. — 
One  large  lumber  firm  at  Frederiksstad  carries  on  very  success- 
fully the  manufacture  of  oxalic  acid.  It  is  made  by  fusing  saw- 
dust with  a  mixture  of  the  caustic  alkalies.  Sodium  oxalate 
is  separated  by  crystallization  from  the  solution  of  the  fused 
product  and  transformed  into  calcium  oxalate  by  treatment  with 
milk  of  lime.  The  pure  acid  is  secured  from  the  calcium  salt 
by  the  usual  treatment  with  sulphuric  acid.  The  export  of 
oxalic  acid,  amounting  to  $37,000  in  1910,  goes  chiefly  to  the 
United  States.  The  firm  in  question  manufactures  also  such 
oxalates  as  are  demanded  in  commerce. 

The  manufacture  of  copper  pigments  for  use  on  the  hulls  of 
both  wooden  and  steel  vessels  is  highly  developed  in  Norway, 
as  is  to  be  expected  in  a  country  possessing  so  extensive  a  mer- 
cantile marine.  Nine  establishments  make  a  specialty  of  this 
product,  and  there  is  an  annual  export  valued  at  $58,000. 

Electrochemical  Industries. — It  is  in  the  recent  establishment 
of  electrochemical  industries  upon  a  grand  scale  that  Norway- 
has  disclosed  her  latent  power  as  a  coming  factor  in  the  field  of 
applied  chemistry.  The  vast,  hitherto  almost  neglected  water 
power  is  now  being  harnessed,  one  factory  after  another  is  com- 
ing into  existence,  and  soon  the  Kingdom  will  present  a  remark- 
able exhibit  of  varied  chemical  industries,  contributing  largely 
to  the  world's  markets  and  rapidly  enriching  the  land. 

This  change  began  in  1899,  when  the  first  calcium  carbide 
factory  was  built.  The  number  of  works  has  steadily  increased 
until  now  there  are  seven  in  operation.  In  1905  the  first  air- 
nitrate  works  began  operation.  Now  a  second  on  a  much  larger 
scale  is  about  to  open,  and  others  are  planned.  In  addition, 
there  is  a  factory  for  cyanamide,  one  for  sodium,  one  for  alum- 
inum, one  for  nickel,  one  for  ferrosilicon,  and  one  for  electro 
steel.     There    are    also    several    smaller    experimental    plants. 
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The  products  of  these  factories  exported  in  1910  had  the  follow- 
ing values:  Calcium  carbide,  81,627,000;  calcium  cyanamide, 
$184,000;  calcium  nitrate,  $507,000;  sodium  nitrate,  $58,000; 
sodium  nitrite,  $309,000;  aluminum,  $437,000;  sodium,  $63,000; 
fcrrosilicon,  $192,000;  total,  $3,377,000. 

The  exported  products  in  the  above  categories  were  valued 
at  $2,717,000  in  1909.  The  annual  increase  at  present  in  the 
value  of  electrochemical  products,  as  far  as  it  can  be  measured 
by  export  statistics,  is  thus  $660,000. 

Manufacture  of  Calcium  Carbide — Calcium  Cyanamide. — -The 
manufacture  of  calcium  carbide  was  the  pioneer  electrical 
industry  in  Norway,  and  considerable  English  capital  has  been 
invested  in  this  branch.  A  French  company  operates  one 
plant  at  Hafslund.  The  Kellner  Partington  Paper  Pulp  Co.,  at 
Borregaard,  is  a  good  example  of  foreign  investment  in  Norway. 
The  company  utilizes  24,000  horse  power,  and  employs  3,000 
workmen  in  its  carbide  factory,  ferrosilieon  works,  and  large 
pulp  mill.  It  is  the  largest  industrial  establishment  in  the  King- 
dom. The  Albion  Products  Co.,  at  Notodden,  and  the  Alby 
United  Carbide  Factories  at  Odda,  are  two  other  large  English 
undertakings.  At  Trondhjem,  the  Meraker  Carbide  &  Smelting 
Works  have  added  to  their  extensive  works  plants  for  pro- 
ducing ferroehrome  and  ferrotitanium.  The  seven  carbide 
works  employ  a  total  of  60,000  horse  power.  They  are  all 
located  on  the  coast  or  on  navigable  rivers,  and  manufacture 
almost  exclusively  for  exportation.  In  1910  they  shipped 
50,579  metric  tons  at  an  average  price  of  $32 .  16  per  ton.  The 
average  daily  yield  per  horse  power  is  roughly  estimated  at  2'/3 
kilos,  or  843  kilos  in  the  year.  In  German  factories  the  yield 
ranges  from  3  to  5  kilos,  as  compared  with  a  theoretical  max- 
imum of  8  kilos.  The  equipment  of  the  carbide  factories  in 
Norway  is  essentially  the  same  as  that  of  the  American  fac- 
tories. 

An  English  company,  the  Northwestern  Cyanamide  Co.,  has 
built  large  works  at  Odda,  on  the  Hardanger  Fjord,  and  estab- 
lished on  a  successful  basis  the  manufacture  from  atmospheric 
nitrogen  of  calcium  cyanamide,  which  is  competing  with  Nor- 
wegian calcium  nitrate  for  recognition  as  the  most  economic 
form  in  which  the  air  can  furnish  nitrogenous  compounds  for 
the  needs  of  agriculture.  The  firm  shipped  752  metric  tons 
in  1909  and  4,281  tons  in  1910.  The  price  is  $42.88  per  metric 
ton.  The  industry  is  evidently  on  a  firm  footing  and  finds  a 
market  for  its  products,  as  do  the  similar  works  in  Germany. 

Air  Nitrates — Sodium. — At  Notodden,  in  1905,  the  first  fac- 
tory for  manufacturing  nitric  acid  directly  from  the  elementary 
gases  of  the  atmosphere  was  erected.  In  an  enlarged  form 
it  now  gives  occupation  to  500  workmen,  and  is  daily  demon- 
strating the  remarkable  possibilities  of  this  new  factor  in  chem- 
ical industry  and  in  economic  evolution.  The  factory  furnishes 
all  the  nitrates  required  for  Norway  in  agriculture  and  the  arts, 
and  is  shipping  constantly  increasing  quantities  to  foreign  coun- 
tries. The  exports  for  two  years  were  as  follows:  1909,  calcium 
nitrate,  9,422  tons;  sodium  nitrite,  2,577  tons;  sodium  nitrite, 
592  tons;  1910,  calcium  nitrate,  13,531  tons;  sodium  nitrite, 
3,200  tons;  sodium  nitrate,   1,074  tons. 

During  191 1  the  manufacture  of  ammonium  nitrate  for  use 
in  making  explosives  has  been  introduced  upon  a  large  scale, 
as  it  is  profitable  at  present  prices.  Ammonia  is  imported  from 
England,  and  after  conversion  into  the  nitrate  is  shipped  back. 
A  much  larger  factory  is  nearing  completion  at  Saaheim  and 
will  be  put  in  active  operation  before  the  close  of  19  r  1. 

A  single  factory  at  Vadheim,  on  the  west  coast,  is  manufac- 
turing sodium  very  successfully.  The  export  in  1909  was  179 
tons.  The  price  is  $0,536  per  kilo,  or  $0,243  per  pound.  The 
process  employed  is  that  of  the  direct  electrolysis  of  fused  an- 
hydrous caustic  soda.  Fusion  vessels  and  cathode  are  of  iron, 
and  the  anode  is  of  nickel  iron.  The  success  of  the  operation 
depends  largely  upon  the  pains  taken  to  keep  the  temperature 


of  the  bath  within  the  narrow  limits  of  3100  to  3300  C.  and  the 
rapid  removal  from  the  cathode  of  the  liberated  metal.  There 
is  an  increasing  demand  for  sodium  for  use  in  making  sodium 
cyanide,  sodium  amide,  and  especially  sodium  peroxide. 

Production  oj  [luminum  and  Ferrosilieon. — One  large  fac- 
tory at  Christianssand  is  devoted  to  the  electrolytic  production 
of  aluminum.  The  process  is  practically  identical  with  that 
employed  in  the  large  American  works.  The  export  of  the  metal 
was  486  metric  tons  in  1909  and  1,019  tons  in  1910.  This  is 
equivalent  to  one-ninth  of  the  annual  American  production. 
The  Norwegain  aluminum  is  sold  at  So. 43  per  kilo.  A  con- 
siderable amount  is  employed  in  equipping  the  air  nitrate  works, 
as  the  large  conduits  for  acid  gases  and  the  pipings  for  nitric 
acid  are  all  made  of  this  metal. 

The  demand  for  ferrosilieon,  so  indispensable  in  the  modern 
metallurgy  of  iron,  is  rapidly  growing,  as  shown  by  the  ex- 
ports from  both  Norway  and  Sweden  to  other  countries.  In 
1909  Norway  shipped  2,645  metric  tons  abroad;  in  1910  the  ex- 
port reached  5,121  tons.  Much  of  the  output  is  made  in  the 
electric  furnaces  at  Borregaard. 

Decreased  Output  of  Nickel — Electrolytic  Refining. — Norway 
possesses  extensive  deposits  of  nickel  ores,  much  of  it  contain- 
ing as  high  as  2  per  cent,  of  the  metal.  In  former  years  nickel 
mining  was  of  some  importance,  but  competition  with  the  richer 
ores  of  Canada  and  the  United  States  could  not  be  maintained, 
and  most  of  the  mines  ceased  operation.  During  the  closing 
decade  of  the  last  century  the  annual  production  of  nickel  sand 
amounted  to  7  tons.  Since  1900  the  industry  has  revived,  and 
there  is  an  annual  output  now  of  70  tons,  nearly  all  of  which  is 
used  in  the  Kingdom.  In  1909  the  only  mine  worked,  that  of  Eije, 
yielded  5,770  tons  of  ore  containing  1 . 1  per  cent,  of  nickel. 
In  the  smelting  works  2  .77  tons  of  matte  are  obtained  from  100 
tons  of  ore.  This  matte  contains  40  per  cent,  of  nickel  and  25 
per  cent,  of  copper.  It  is  refined  in  the  new  electrolytic  works 
at  Christianssand,  which  are  equipped  for  an  annual  produc- 
tion of  400  tons  of  the  metal.  The  production  of  electrolytic 
nickel  is  a  much  more  complicated  operation  than  are  those 
yielding  aluminum  or  sodium.  The  copper-nickel  matte  is 
used  as  anode  in  a  weak  acid  bath.  Both  metals  are  dissolved 
and  pure  copper  is  deposited  on  the  cathode.  At  a  certain 
point,  when  the  electrolyte  contains  in  solution  a  relatively 
large  percentage  of  nickel,  the  current  is  interrupted.  The  re- 
maining copper  is  first  removed  from  the  solution  (by  hydrogen 
sulphide)  and  then  the  iron  is  removed  with  the  customary 
precipitants.  From  this  purified  and  heated  solution  nickel  is 
deposited  electrolytically,  insoluble  anodes  being  used.  The 
ele?trolytic  nickel  has  a  high  degree  of  purity  and  is  fairly  com- 
pact. The  total  consumption  of  electricity  is  relatively  large 
and  the  process  can  be  employed  with  advantage  only  where 
the  cost  of  the  current  is  exceptionally  low,  as  is  the  case  in 
Norway. 

Electric  Smelling. — The  success  which  has  followed  the  expert 
mental  trials  of  the  Gronwall  furnace  for  the  electric  smelting 
of  iron  ores,  first  at  Domnarfvet,  in  central  Sweden,  and  later 
on  a  larger  scale  at  Trollhattan,  near  Gothenburg  (see  Daily 
Consular  and  Trade  Reports  for  May  6,  July  19,  and  Oct.  14, 
1911),  has  demonstrated  beyond  question  the  economic  and 
technical  advantages  of  this  new  process.  The  Norsk  E)lec- 
trometal  Co.  has  promptly  secured  patent  rights  for  Norway, 
and  two  companies  are  now  constructing  electric  iron-smelting 
works  under  their  licenses.  The  Hardanger  Electriske,  of 
Staalwerk,  is  erecting  two  furnaces  at  Odda  that  will  use  5,800 
horse  power  from  the  Tysse  fall.  The  company  controls  in  all' 
15,000  horse  power  at  this  point.  At  Arendal  the  Arendals 
Fossc-Compagni  is  building  furnaces  that  will  utilize  6,000 
horse  power,  and  is  able  to  increase  it  to  30,000. 

A  somewhat  different  type  of  smelter  is  under  construction 
near    Notodden    by    the   Tinfoss   Jernoers    Akticselskab,    which 
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k  10  horse  power  and  can  i It,  If  aeces 

s.n\.  to  i  1,000  1  nquestlonably  within  ■  low  months  th<  elei 
trie  manufacture  "l  an  excellenl  grade  oi  iron  will  be  estab 
li  bed  in  Norwaj  on  a  good  working  basis. 

Tin  electric  smelting  industry  promises  much  foi  the  countrj 
in  earliei  years  Norway  possesses  a  flourishing  iron  industry, 
but  saw  it  gradually  decline  as  the  fuel  became  more  and  more 
expensive.  The  land  is  rich  in  iron  deposits,  most  of  which 
are  too  remote  to  permit  of  advantageous  mining  at  present, 
The  Norwegian  magnetite  is  not  rich  enough  to  warrant  its  ex 
port,  and  it  is  too  hard  for  English  smelters,  II  exported  at  all, 
it  must  usually  be  previously  concentrated  and  briquetted,  in 
vo\\  iug  considerable  expense.  This  magnetic  iron  ore,  bowevei , 
frequently  contains  sufficient  lime  to  be  self-fluxing.  When 
adequate  and  cheap  water  powei  is  near  the  mines,  not  only  the 
magnetic  ore,  but  the  low-grade  ores  not  worked  at  all  now  can 
easily  be  turned  into  first-class  steel  billets  and  offer  a  large 
margin  of  profit  at  present  prices.  It  may  be  that  Norway  will 
rank  eventually  among  the  prominent  iron-producing  countries 
of  Europe,  as  but  little  is  known  about  the  full  extent  of  its 
mineral  wealth,  especially  in  the  northern  less-accessible  regions 
Electric  Steel  Furnace. — Active  steps  are  also  being  taken  to 
introduce  the  electric  steel  furnace.  The  Hardangcr  Company 
is  installing  one  requiring  800  horse  power,  and  other  plans  are 
on  foot.  The  fine  grade  of  iron  obtained  by  an  electric  smelter 
with  the  use  of  charcoal  is  almost  free  from  manganese  and 
silicon.  If  brought  into  a  mixer  heated  with  gas,  and  then  re- 
fined in  an  electric  furnace,  the  steel  produced  should  be  of  an 
exceptional  quality. 

All  of  these  plants  and  projects  are  dependent  upon  the  con- 
tinuance of  the  cheap  rate  for  water  power  in  Norway.  In 
Sweden  the  cost  per  annual  horsepower  is  apt  to  range  above 
50  crowns,  or  $13.40.  In  Norway,  rates  vary  usually  between 
$5.40  and  $10.70.  There  are  some  cases  where  the  cost  is  even 
as  low  as  $4. 

In  addition  to  the  foregoing  enterprises,  Norwegian  capital- 
ists are  discussing  the  establishment  of  electric  works  for  zinc 
smelting,  for  nickel  smelting  and  for  the  combined  electric  smelt- 
ing of  copper  ores  and  the  electric  refining  of  the  metal. 

Statistics  of  the  Mines  and  Metallurgical  Plants. — The  follow- 
ing table  shows  the  condition  of  the  mines  and  metallurgical 
plants  in  1909.  Comparative  figures  of  production  for  1896  are 
added : 

Miners 
Metric  tons.  and  oper- 

. .  Value  in  atives  in 

Ores.  1896.  1909.  1909.  1909. 

Apatite 1,485  1,364  $        18,000  

Copper 36,956  42,612  450,000         2,243 

Feldspar 15,568  36,489  127,000  

Gold 2,000  47 

Iron 6,510  40,389  79,000  681 

Lead  and  zinc 452  983  6,000  262 

Molybdenum 1  30  12,000  46 

Nickel 422  5,770  27,000  78 

Pyrites: 

Arsenical 160  2,000  4 

Iron  and  copper ..      87,867  282,806  1,638,000  1,867 

Rutile 33  83  19,000  

Silver 400  2,729  .150,000  264 

Metals  smelted. 

Cobalt  compounds  ....  1  .... 

Copper 1.112  1,594  445,000  116 

Nickel 7  70  29,000  57 

Pig  iron 366  

Silver 4.8  7.8  134,000  11 

In  1910  Norway  purchased  iron  and  steel  to  the  amount  of 
$4,581,000  and  manufacturers  of  iron  and  steel  valued  at  $4,832, 
000.  Imports  of  other  metals  reached  $1,397,000,  and  other 
metal  manufactures,  $6,243,000. 

Striking  Features  of  Norway's  Chemical  Industries. — In  sur- 
veying the  chemical   industries  of   Norway  there   are    several 
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ad  foremost  1    thi  systematv  ami  exhaustive  manner  in 

Which    the  abundant    wain    pOWO    "I    tin-   COUntT)    1      now    being 

regulated,  Btored  up,  and  pressed  into  service  b,  in.     1.    ,h 

asing  group  oi  electrochemical  industries.     The  best  talent 

in  tin   nation  is  enlisted  in  tin.  cause,  and  the  way  is  rapidly 

being    0| I     I'"     Norway    to    assume    an     industrial    position 

commensurate  with  its  geographical  size  and  admirable  facili 
tic  for  maritime  transportation. 

In  another  field   Norway  has  shown  her  ability  to  develop 

an  industry,  lilting  in  well  with  her  enormous  lumber  interi  1 
and  that  is  in  the  manufacture  of  oxalic  acid,  It  is  a  source  ol 
that  no  attempt  has  yet  been  made  to  organi/,  tin 
branch  of  manufacture  in  the  vicinity  of  some  of  the  great 
American  lumber  centers,  where  sawdust,  the  primary  law 
material,  is  without  value  except  as  fuel.  The  United  States 
buys  annually  oxalic  acid  from  Norway  to  the  value  of  $43,000, 
and  from  Germany  to  the  value  of  $65,000.  The  American  mar 
ket  should  not  be  dependent  upon  European  manufacturers 
for  a  chemical,  the  preparation  of  which  is  so  comparatively 
simple. 

As  a  market  for  American  chemicals,  Norway  offers  less  of  a 
field  than  the  neighboring  Scandinavian  States,  on  account  of 
the  limited  extent  to  which  many  industries  consuming  such 
products  arc  developed  at  present.  The  character  of  the  de- 
mand is  much  the  same  as  in  Denmark  and  Sweden.  The 
quantity  is  relatively  less. 

CEMENT  PRODUCTION  AND  TRADE  OF  THE  FAR  EAST. 

According  to  Consul  General  George  E.  Anderson,  of  Hong- 
kong, the  cement  industry  of  Hongkong  and  vicinity,  which  is 
the  enterprise  of  one  corporation  but  includes  works  in  various 
portions  of  the  colony  and  at  Macao  and  Canton  as  well,  has 
long  dominated  the  cement  trade  of  Southeast  Asia  and  at 
times  has  had  a  not  unimportant  share  in  the  import  cement 
trade  of  the  Pacific  coast  of  the  United  States. 

At  the  last  general  meeting  of  this  company  attention  was 
called  to  the  growing  competition  in  cement  making  in  the  far 
East.  In  the  course  of  his  discussion  of  the  situation  the  pre- 
siding officer  at  the  company  meeting  said: 

"Competition  continues  unabated  but  has  somewhat  changed 
in  form.  European  shipments  to  the  far  East  have  decreased 
and  in  the  main  can  be  ignored.  The  establishment  of  new  fac- 
tories in  near-by  territory  is  what  interferes  with  us  most, 
and  some  of  these  are  gradually  improving  the  quality  of  their 
product  and  increasing  their  output.  There  are  probably  more 
factories  in  the  East  than  the  average  man  realizes;  for,  besides, 
the  numerous  Japanese  establishments,  including  Manehurian, 
we  have  those  at  Tongshan  (Tientsin) ,  in  Hupeh  on  the  Yangtze 
at  Haifong,  at  Kuala  Lumpur,  and  a  new  one  at  Padang  in  Su- 
matra, and  there  may  some  day  be  one  at  Manila.  To  offset  the 
rise  of  these  establishments  we  have  the  ever-increasing  call  for 
cement.  And  if  this  increase  continues  in  years  of  stagnation 
and  troubled  trade  such  as  we  have  experienced  lately,  what 
may  it  be  when  China  settles  to  a  steady  course  and  the  inevitable 
railway  building  comes  into  full  swing?" 

No  mention  was  made  of  the  plant  under  the  control  of  the 
Chinese  Government  at  Canton,  which  is  not  in  operation  for 
the  time  being.  The  chief  competition  for  Hongkong  at  pres- 
ent is  coming  from  Haifong.  The  Manila  enterprise  referred 
to  is  under  the  control  of  a  Philippine  corporation  organized 
for  the  purpose  and  is  reported  as  well  under  way. 

The  total  ordinary  maximum  output  of  the  plants  mentioned, 
which  are  now  serving  to  a  great  extent  much  of  China,  par- 
ticularly south  of  the  Yangtze,  the  Philippines,  Indo-China, 
the  Malay  States,  and  Siam,  as  well  as  other  countries  in  lesser 
degree,  probably  aggregates  more  than  2,000,000  barrels  an- 
nually.    The  maximum  output,  according  to  the  best  informa- 
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tion  available,  consists  of  the  following,  in  barrels  of  375  pounds 
each: 

Barrels 

Green  Island  Cement  Co.  (Hongkong) 780,000 

Ciments  P.  A.  de  l'lndo-Chine  (Haifong) 300,000 

Chee-Hsin  Cement  Co.  (Tongshan,  Tientsin) 300,000 

Hupeh  Cement  Co 288 ,  000 

Others 300,000 


Maximum  output 2,028,000 

Competition  with  each  other  has  prevented  any  one  of  the  es- 
tablish^ ents  concerned  in  this  eastern  trade  from  running  at 
maximum  capacity,  and  this  is  likely  to  be  the  case  for  sometime 
in  the  future.  But,  while  competition  has  been  and  is  likely 
to  continue  to  be  exceedingly  keen,  there  appears  to  be  no 
sound  reason  why  all  these  plants  shall  not  remain  in  the  field. 
Each  of  these  has  more  or  less  difficulties  to  overcome,  but  each 
has  notable  advantage  either  in  the  way  of  convenient  and  abun- 
dant supplies  or  unusually  good  shipping  facilities,  and  all  have 
cheap  labor,  fuel,  and  other  supplies,  and  a  constantly  increasing 
demand  for  their  product. 

It  seems  quite  likely,  therefore,  that  the  prospective  increased 
demand  for  cement  in  China  will  be  met  with  a  complete  and 
satisfactory  supply  in  or  near  China. 

Consul  Stuart  K.  Lupton,  of  Karachi,  India,  states  that  the 
cement  trade  of  northwestern  India  is  comparatively  small, 
as  may  be  seen  from  the  accompanying  table  of  imports  for  the 
past  five  years,  which  means  practically  the  entire  consumption 
in  a  district  with  a  population  of  some  45 ,000,000  people: 

Year.  Casks.  Value. 


1906-7 15,591 

1907-8 20,107 

1908-9 22,729 

1909-10 36,497 

1910-11 33,095 


S38.126 
51,934 
59,181 
83,390 
75,579 


Most  of  the  cement  imported  is  of  British  manufacture. 
The  brands  chiefly  used  are  Victor,  Rhinoceros,  Gillingham, 
Peters,  Elephant,  Red  Cross,  and  Pyramid  among  the  English 
marks,  with  Gladiator  as  the  principal  German  brand. 

British  cement  is  quoted  by  the  manufacturers  for  March  23rd 
at  $1 .95  per  cask,  c.  i.  f.  Karachi,  and  after  paying  a  duty  and 
handling  charges  is  sold  in  smaller  quantities  to  the  consumer 
at  $2  .09  to  $2  .  13  per  cask.  As  freight  rates  from  Great  Britain 
are  20  to  25  shillings  ($4.87  to  $6.08)  per  ton,  this  means  that 
cement  must  be  produced  at  the  shipping  point  for  50  or  60  cents 
a  cask  to  realize  a  profit. 

At  the  present  time  the  Port  Trust  and  the  Karachi  munici- 
pality are  using  about  1,200  casks  of  400  pounds  each  every 
month;  but  this  extraordinary  work  will  soon  close,  and  I  am 
credibly  informed  that  the  average  monthly  consumption  of 
cement  for  all  purposes  will  be  about  200  casks  for  the  next 
eight  months  or  a  year. 


SULPHUR,  PYRITE,  AND  SULPHURIC  ACID. 

Mineral  Resources  of  the  United  States,  issued  by  the  Geo- 
logical Survey,  states  that  the  production  of  sulphur  in  the 
United  States  in  191 1  amounted  to  265,664  long  tons,  valued  at 
$4,787,049,  as  compared  .with  255,534  tons,  valued  at  $4,605,1 12, 
in  1910.  In  determining  the  value  of  most  of  the  sulphur  pro- 
duced in  191 1  the  current  market  prices  in  New  York  were 
taken,  from  which  the  value  at  the  mine  was  then  computed. 
It  is  estimated  that  the  production  for  the  year  191 1  is  very 
close  to  the  present  rate  of  consumption. 

Prices  remained  fairly  constant  throughout  the  year  at  ap- 
proximately $22  per  long  ton  at  New  York  for  prime  Louisiana 
sulphur,  and  at  $22.50  at  Boston,  Philadelphia,  and  Baltimore. 
Quotations  on  roll  sulphur  were  from  $1.85  to  $2.15  per  100 
pounds;  for  flowers  of  sulphur  the  range  was  from  $2  to  $2.40 
per   100  pounds;  and  for  sublimed  sulphur  it  was.  from  $2.20 


to  S2.60  per  100  pounds.  Sicilian  sulphur  was  held  at  the  same 
figure. 

In  191 1  there  were  imported  for  consumption  into  the  United 
States  29,144  long  tons  of  sulphur,  including  crude,  refined, 
flowers  of  sulphur,  and  other  kinds.  This  sulphur  was  valued 
at  $552,836.  In  1910  the  imports  amounted  to  30,833  long 
tons  valued  at  £558,611.  The  great  bulk  of  the  sulphur  im- 
ported comes  from  Japan. 

In  1909  the  United  States  exported  37, 142  long  tons  of  sulphur, 
valued  at  $736,928;  in  19 10  the  exportation  amounted  to  30,742- 
tons,  valued  at  $552,941;  in  191 1  the  exports  totaled  28,103 
tons,  wordi  $545,420. 

The  production  of  pyrite  in  the  United  States  in  191 1  amounted 
to  299,904  iong  tons,  valued  at  $1,162,261.  This  was  an  in- 
crease in  quantity  of  58,292  long  tons  and  in  value  of  $184,283, 
as  compared  with  the  production  of  1910.  The  figures  are  also 
the  maximum  ever  recorded  by  the  survey  for  the  pyrite  indus- 
try. Though  low-grade  sulphide  ores  of  copper  containing 
considerable  quantities  of  pyrite  and  pyrrhotite  and  zinc  sul- 
phide concentrates  have  been  used  in  recent  years  in  the  manu- 
facture of  sulphuric  acid,  this  condition  of  affairs  does  not  seem 
to  have  curtailed  the  output  of  pyrite,  as  it  was  feared  it  might. 
As  a  matter  of  fact,  the  output  of  pyrite  has  shown  a  great  in- 
creased ring  the  last  five  years,  notwithstanding  this  was  a  period 
of  rapid  development  by  the  by-product  sulphuric-acid  industry. 
It  is  estimated  that  the  quantity  of  sulphides  other  than  straight 
pyrite  used  in  the  manufacture  of  sulphuric  acid  in  191 1  was 
equivalent  to  200,000  long  tons  of  pyrite,  which  would  bring 
the  tonnage  of  this  mineral  theoretically  produced  in  191 1  up 
to  nearly  500,000  long  tons.  This  does  not  include  copper- 
bearing  Spanish  pyrite  used  in  making  sulphuric  acid. 

The  importation  of  pyrite  still  greatly  exceeds  the  domestic 
supply,  as  appears  from  the  following  statement  of  imports  for 
consumption  for  the  last  three  years:  1909,  688,843  long  tons, 
value  $2,428,580;  1910,  803,551  tons,  value  $2,748,647;  191 1, 
1,006,310  tons,  value  $3,788,803. 

For  the  first  time  in  the  history  of  the  volume,  Mineral  Re- 
sources, published  by  the  Geological  Survey,  a  brief  statistical 
statement  is  made  by  the  sulphuric-acid  industry.  One  of  the 
reasons  for  adding  the  subject  of  sulphuric  acid  is  that,  owing  to 
the  fact  that  so  large  a  percentage  of  the  output  of  sulphur  and 
pyrite  is  converted  into  acid  for  use  in  the  industries,  the  acid 
production  becomes  in  a  way  a  check  on  the  statistics  of  sulphur 
and  pyrite,  especially  of  pyrite,  which  is  practically  all  used  in 
the  acid  industry. 

The  191 1  production  of  sulphuric  acid  in  the  United  States 
aggregated  2,210,330  short  tons,  valued  at  $17,369,871,  as  fol- 
lows: 500  Baume,  1,026,896  tons,  value  $5,447,958;  6o°  Baume 
421,165  tons,  value  $2,624,042;  66°  Baume,  751,541  tons,  value 
$9,176,297;  other  grades,  10,728  tons,  value  $121,575. 


CHEMICAL  INDUSTRY  OF  GERMANY. 

Consul  General  A.  M.  Thackara,  of  Berlin,  reports  that  with 
but  few  exceptions,  conditions  in  the  various  branches  of  the 
German  chemical  industry  during  the  year  191 1  were  most 
favorable.  Heavy  orders  were  received  both  for  home  and 
foreign  consumption,  and  in  many  lines  the  prices  for  natural 
and  artficial  preparations  were  higher.  The  demands  for  drugs 
and  chemicals  were  so  large  that  the  manufacturers  of  raw  ma- 
terials, such  as  acids,  ammonia,  etc.,  experienced  great  diffi- 
culty in  filling  their  orders.  There  were  especially  notable  in- 
creases in  the  demands  for  medicinal  preparations  on  account 
of  the  numerous  eases  of  illness,  such  as  influenza,  scarlet  fever, 
diphtheria,  and  other  ailments  due  to  the  heat  of  last  summer. 
Many  orders  were  received  by  the  German  manufacturers  for 
disinfecting  and  other  materials  which  were  used  in  stamping 
out  the  plague  in  the  far  Fast. 

Luftsaltpeter  or  air  saltpeter  manufactured  from  nitrogen  ex- 
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tractedfrcm  the  air  by  the  Norwegian  and  Swedish  plants  is  slowly  $8,400,077  i):ii<l  in  salaries  and  wages,     Below  is  bui arized 

finding  its  way  to  the  markel      It  is  expected  that,  in  the  near  fa-  the  production  foi  these  two 

hire,  the  Norwegian  saltpeter  can  be  shipped  in  large  quantities  to         Among  numerous  references  to  the  German  potash  industry 

the  centers  of  consumption      lis  success  as  a  competitor  with  thai  nave  appeared  in  Consular  and  Trade  Reports  wen 

the  Chile  product  will  naturally  depend  upon  the  price.     At  pics-  articles  published  on  Sepl    18,  [909;  June  15,  Aug.  30,  Nov.  25, 

ent  the  artificial  saltpeter  is  selling  at  8  to  9  pfennigs  (i  9  to  3   1  and  Decembo  12,  [910;  Jan.  26,  July  25,  and  Nov    u,  1911. 

cents)  more  per  kilo  (2.2  pounds)  than  Chile  saltpeter,  hut   it   is 

thoughl    that    the  priees   uill   soon  he  equalized.       In    I <> I  I    there  THE  WIDE  USE  OF  ARSENIC. 

were  only  W3.3  metric  tons  of  soda  saltpetei  (natron  saltpeter)  T,R.  production  of  white  arsenic  in  the  United  States  in  1911 

imported  from  Norway,  as  againsl  730,939  tons  received  from  was   ,  ,  ,2    tonS|  vahlC(1  at  Sy, ,,,,„,  agaill9,  ,    ,,,7  tonS|  valued 

UuK'  In  '""  ,,u,r  were  als"  ""I""ted  473.4  tons  of  nitrate  a,  $52,305,  m  ,9IO)  according  t<>  a  report  on  arsenic  by  Frank 
..1  ammonia  from  Norwaj  and  139  a  tons  from  Sweden,  and  .4,-  L  HesS|  jlist  issued  by  thc  Unill.(i  States  Geological  Survey. 
404  tons  01  nitrate  ol  lime  (Saltpetersaures  Kalk)  from  Norway  Tht  arscnic  was  obtained  as  a  by-product  of  smelting  oper- 
and [,033  6  tons  from  Sweden.  Not  only  in  Sweden  and  Nor-  tions  This  output  is  much  lhc  largcst  cvcr  made  in  this  cnun. 
way  arc  new  plants  in  course  of  construction  for  extracting  try,  but  owing  to  the  low  price  and  the  distance  of  the  smelters 
nitrogen  from  the  air,  but  also  in  Upper  Bavaria,  in  the  Tyrol,  fmnl  Ncw  York_  the  {reight  charges  absorbed  a  large  propor- 
in  Switzerland,  and  in  the  Valley  of  the  Rhine.  t;on  OI  tnc  profit 

The  favorable  business  year  of  thc  German  chemical  industry  nuring  the  year  4>oo6  tons  of  white  arSenic,  metallic  arsenic, 

is  reflected  in  the  increased  dividends  declared  by  many  of  the  and  arsenic  sulphides,  valued  at  $247,323,  were  imported.    Of  this 

chemical  companies,  in  the  amount  of  capital  invested  in  new  aln()Unt  , _„_,,  tons  was  white  arsenic,  with  a  value  of  Si  16,948. 

companies,  and  in  thc  capital  used  in  extending  existing  indus  In  additiorl|  I26?IOI  pounds  of    Paris  green  and  London  purple, 

tries.     The  total  amount  of  new  capital  invested  in  the  chem-  vallK<d  at  $4i9J2)   WCre  imported.     The  total  production  and 

ical  industry  last  year  was  $16,226,840,  compared  with  $6,333,-  importation    in    1911    of    arsenic   and   all    arsenic   compounds 

180  for  1910.     For  last  year  $10,010,280  was  employed  for  the  amounted  to  16,256,000  pounds. 

creation   of   new   companies   and   $6,216,560   for    the   extension  „.          .      .      ,              ,             .                   ,              ,  . 

J  The  principal  uses  of  arsenic  are  in  glass  making,  in  pigments, 

of  existing  industries.  ,   •      •        !■  -j          tm_                r  t,     •                 /       .             .          . 

_,,..,                              ,                      _              ,  and   in  insecticides.     The  use  of  Pans  green   (acetoarsenite  of 

The  drought  of  last  summer  unfavorably  affected  the  crops  .   .          .    ..                 ,     .  ,.     ..    .                            .  . 

,.  .     ,               ,                   ,         ,      .                                        ,  .  ,  copper)  in  paint  is  somewhat  limited  on  account  of  its  poison- 

of  medicinal  roots,  leaves,  and  seeds,  in    consequence    ol  which  ...          .            .         ..  . ,     ..  .           ,  ,         .     .             , 

,    ,  .  ,           _,  ous  quality.     As  an  insecticide  it  is  used  largelv  bv  gardeners, 

the  prices  ot  these  raw  materials  were  much  higher.     The  prices  ,       ,.               .    .                   „               ...                     /.     ,     . 

.     ,     ,,              ,                   °.  .               r  orchardists,   and  farmers.     If  pure,   it  is  comparatively  harm- 

of  certain  bulky  products    used  in  the  chemical  industry  were  ,                ,      .   ...                   .     ..     .       ,  .  ....       .     .    . .               ... 

„         .         .               ,       ,.„     ,  less  to  plant  life,  owing  to  its  insolubility,  but  the  trioxide  is 

also  affected,  owing  to  the  difficulty  of  securing  water  trans-  -.                   .  .                          ...           .  .,  n    .                .     .,               , 

J                     °  often  present  in  some  quantity  and  if  Pans  green  is  then  used 

it  is  fatal  to  plants,  especially^  in  dry  climates,  where  it  is  not 
soon  washed  off  by  rains.     Experiments  conducted  by  a  num- 
GERMAN  POTASH  AND  SALT  STATISTICS.  ber  of  the  State  Agricultural  experiment  stations  have  demon- 

Consular  Assistant    Louis  G.  Dreyfus,  Jr.,  of   Berlin,  reports      strated  the  value  of  arsenic  when  combined  with  lime  as  an  ef- 
that    statistics  recently  published  by  the  Ministry  of  the  In-       fective  spray  against  insect  pests. 

terior  giving  the  production  of  potash  and  salt  mines  in  Ger-  A  number  of  arsenic  salts  and  oxides  are  used  medicinally, 

many,  show  that  in  1910  there  were  82  works,  employing  among  them  the  bromide,  iodide,  trisulphide,  trioxide,  sodium 
27,790  persons,  to  whom  was  paid  $8,869,678  in  salaries  and  arsenate,  and  potassium  arsenate.  Disulphide  of  arsenic,  both 
wages.  Each  of  these  figures  was  an  advance  over  1909,  the  natural  and  artificial,  is  used  as  a  paint  pigment;  in  calico 
record  for  that  year  being  78  works,   27,445  employees,   and      printing  and  dyeing;  in  tanning;  and,  as  it  burns  with  an  in- 

1909.  1910. 

Potash  and  salts.  Metric  tons.  Value.  Metric  tons.  Value. 
Raw  salts: 

Rock  salt 1,103,562  $   1,296,045  1,136,776  $1,344,269 

Potash  salts: 

Carnallite.  inclusing  kieserite 3,502,658  7,541,709  3,729,409  7,644,105 

Kainite.  sylvanite  (sylvite) 3,570,286  11,508,021  4,610,152  13,862,702 

Boracite 144  5,587  166  6,704 

Salts  to  be  used  in  further  manufacture: 

Carnallite 3,353,993  7,262,482  3,569,937  7,382,753 

Kainite,  sylvanite 926,556  2,873,156  1,329,523  3,808,893 

Products  ready  for  sale: 

Stonesalt 1,097,491  1,312,191  1,112,562  1,346.673 

Carnallite  with  9  to  12  per  cent.  K20 328,386  734,627  402,476  908,250 

Crude  salt  with  12  to  15  per  cent.  KoO 2,594,179  8,386,873  2,924,709  8,756,404 

Salt  with  15  to  19  per  cent.  K20 33,543  151,088  1"53,297  437,472 

Fertilizer  salts: 

With  20  to  22  per  cent.  K20 84,585  610,868  136,233  850,184 

With  30  to  32  per  cent.  K20 43,713  505,370  55,556  626,330 

With  40  to  42  per  cent.  K20 265,706  4,214,486  335,671  5,196,046 

Potassium  chloride: 

With  50  to  60  per  cent.  K20 266,911  8,295,233  304,145  8,673,969 

With  over  60  per  cent.  K20 107,537  3,662,667  130,767  4.336,013 

Potassium  sulphate  of  over  42  per  cent.  K^ 69,730  2,608,336  90,389  3,239.079 

Potassium  magnesium  sulphate 40,105  729,654  39,011  688,366 

Magnesium  sulphate 65,771  217,908  68,862  224.623 

Magnesium  chloride :....  28,983  84,848  31,012  92,911 

Sodium  bisulphite 4,445  34,452  2,540  19,078 

Boracite 102  3,990  135  5,412 

Bromine,  etc 11,390  501,623  14,293  472.496 

Total 17,499,776  62,541,214  20,177,621  69,922.723 
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tense  white  light,  in  fireworks.  Orpiment,  the  bisulphide, 
called  also  king's  yellow,  is  used  as  a  paint  pigment  and  as  a 
reducing  agent  in  chemical  work.  The  trioxide  is  used  in  paints; 
for  preserving  hides,  both  for  taxidermists  and  in  the  leather 
industry;  as  an  antiseptic;  and  in  killing  animal  pests.  Sodium 
arsenate  is  used  in  dyeing  with  turkey-red  oil  and  in  printing 
fabrics;  the  arsenite  in  making  soaps  for  use  on  skins  and  hides. 
Potassium  arsenite  is  used  as  a  reducer  for  silver  in  the  manu- 
facture of  mirrors. 

A  copy  of  the  report  on  arsenic  may  be  obtained  free  on  ap- 
plication to  the  Director  of  the  United  States  Geological  Sur- 
vey at  Washington,  D.  C. 

SWISS  FACTORY  STATISTICS. 

The  following  statistics,  reported,  by  Commercial  Agent 
Archibald  J.  Wolfe,  show  the  preliminary  results  of  the  Swiss 
Federal  census  of    191 1   regarding  Swiss  factory  enterprises: 

Employees. 

Trades.                                     Factories.  Male.  Female.  Total. 

Cotton  trades 326  11,617  17,932  29,549 

Silk  industry 215  7,735  23,802  31,537 

Woolen  industry 67  2,190  3,135  5,325 

Linen  industry 24  440  567  1,007 

Embroidery 866  11,787  16,822  28,609 

Other  textile  trades 112  1,517  2,633  4,150 

Clothing  and  outfitting 660  8,789  16,061  24,850 

Provisions  and  alimentary  trades.  694  13,440  12,604  26,044 

Chemical   industry 198  6,967  1,725  8,692 

Centrals  for  power,  gas,  and  water  263  4,254  1  4,255 

Paper  and  graphic  trades 625  13,227  4,930  18,157 

Woodworking  trades 1 ,  268  23 ,  333  432  23 ,  765 

Metal  working 623  21,865  1,460  23,325 

Machinery,  apparatus,  etc 640  45,313  1,122  46,435 

Jewelry  and  watchmaking 856  21,445  13,538  34,983 

Clay  and  stone  trades 441  17,160  1,000  18,160 


TITANIUM  AND  ALLOYS  OF  STEEL. 

Much  experimenting  with  various  alloys  of  steel  has  been 
carried  on  by  railroads  and  rolling-mill  operators  to  produce 
a  rail  that  will  give  more  satisfactory  service  than  the  ordinary 
rail  now  in  use.  One  of  the  principal  metals  used  in  these  ex- 
periments, according  to  the  United  States  Geological  Surveys, 
is  titanium.  More  than  250,000  long  tons  of  rails  were  rolled 
in  1910  from  steel  to  which  ferrotitanium  had  been  added. 
More  than  150,000  tons  of  steel  rails  in  which  nickel  or  nickel 
and  chromium  were  used  as  alloy  were  also  made  during  19 10, 
and  experiments  were  made  with  about  80,000  tons  of  steel 
rails  in  which  chromium,  manganese,  vanadium,  and  other  metals 
were  used.  Certain  steel  makers,  according  to  the  Survey,  are 
now  advertising  titanium  steel,  claiming  that  although  no  tita- 
nium is  left  in  the  steel,  the  removal  of  gases  and  impurities 
effected  by  it  greatly  increases  the  good  quality  of  the  steel. 


GOOD  INCREASE  IN  PLATINUM  PRODUCTION. 

California  and  Oregon  produced  all  the  platinum  mined  in 
the  United  States  in  191 1;  this,  as  shown  by  Waldemar  Lind- 
gren,  of  the  United  States  Geological  Survey,  in  an  advance 
chapter  from  "Mineral  Resources"  for  191 1,  was  $8,631  greater 
in  value  than  the  output  for  1910.  The  following  is  a  state- 
ment of  production  in  Troy  ounces  and  the  values  for  the  two 
years : 

1910.  1911. 

Ounces.        Value. 

California 337  S8.386 

Oregon 53  1.121 

390  9,507  628  18.138 

The  average  price  paid  for  platinum  in  191 1  was  S28.87  an 
ounce,  compared  with  $24.38  in  1910,  the  higher  price  un- 
doubtedly resulting  in  an  increased  production. 


Ounces. 

V'alue. 

511 

$14,873 

117 

3,265 

Importations  in  191 1  of  crude  platinum  sands  resulted  in  an 
estimated  refined  product  of  27,500  ounces,  nearly  four  times 
the  domestic  production.  An  additional  amount  was  derived 
from  imported  ores  and  mattes,  so  that  the  total  quantity  of 
refined  platinum  produced  in  domestic  refineries  is  estimated 
by  Mr.  Lindgrcn  at  approximately  29,14"  fine  ounces,  of  which 
about  940  ounces,  valued  at  $40,890,  was  derived  from  domestic 
sources  of  various  kinds — platinum  sands,  copper  and  gold 
bullion,  etc.  The  corresponding  estimate  for  19 10  was  773 
ounces,  valued  at  $25,277. 

The  platinum  imported  and  entered  for  consumption  in  the 
United  States  in  191 1,  including  ores  and  manufactured  prod- 
ucts, was  valued  at  $4,866,207,  an  increase  over  the  1910  figures 
of  $1,212,543.     The  exports  amounted  to  only  $8,139. 

The  world's  production  of  platinum  in  1911  was  314,323 
troy  ounces,  compared  with  288,952  ounces  in  19 10. 

Mr.  Lindgren's  report  of  platinum  contains  an  interesting  dis- 
cussion of  the  platinum-bearing  minerals,  the  uses  of  the  metal, 
its  sources  in  the  United  States,  and  the  possibility  of  new  dis- 
coveries. It  also  contains  notes  on  the  other  platinum  metals 
such  as  iridium  and  palladium. 


PAINT  PRODUCTION  IN  191 1. 

In  191 1,  according  to  the  United  States  Geological  Survey, 
the  value  of  the  paint  produced  from  all  sources  was  S3 1,822, - 
827.  Paints  are  divided  by  the  Survey  into  three  groups — 
natural  mineral  pigments,  pigments  made  directly  from  ores, 
and  chemically  manufactured  pigments.  Of  the  total  produc- 
tion of  paint  in  191 1  $498,821  is  to  be  credited  to  natural  mineral 
pigments,  $7,343,762  to  pigments  made  directly  from  ores, 
and  $23,780,244  to  chemically  manufactured  pigments.  The 
production  of  natural  pigments  was  less  than  in  19 10;  that  of 
pigments  made  from  ores  increased;  that  of  chemically  manu- 
factured pigments  decreased.  There  was  a  total  decrease  in 
value,  compared  with  the  value  for  19 10,  of  $241,495. 

The  report  on  mineral  paints,  by  W.  C.  Phalen,  of  the  .Survey, 
has  been  issued  as  an  advance  chapter  of  the  volume  "  Mineral 
Resources"  for  191 1.  It  contains  tables  showing  imports  of 
the  pigments  of  different  classes,  thus  giving  an  idea  of  the  mag- 
nitude of  their  consumption  in  the  United  States;  descriptions 
of  the  characters  of  the  natural  mineral  pigments,  and  brief 
data  on  the  methods  of  preparation  of  the  prepared  pigments. 
The  report  also  contains  a  summary  of  the  results  of  paint 
tests  recently  published  by  the  American  Society  for  Testing 
Materials. 

WASTE  IN  COKE  MAKING. 

If  the  27,703,644  short  tons  of  coke  manufactured  in  191 1 
in  ovens  of  the  beehive  type  had  been  made  in  by-product 
ovens  the  value  of  the  by-products  thus  recovered,  which  were 
wasted  in  the  beehive  ovens,  would  have  been  between  $35,000,- 
000  and  $40,000,000.  This  interesting  statement  is  made  by 
Edward  W.  Parker,  of  the  United  States  Geological  Survey, 
in  an  advance  chapter  on  coke  from  the  volume  "Mineral  Re- 
sources" for  191 1.  This  estimate  is  based  on  the  value  of  the 
by-products  resulting  from  the  7,847,845  tons  of  coke  made  in 
by-product  ovens  in  191 1.  The  value  of  these  by-products  re- 
covered in  191 1  was  equal  to  the  value  at  the  mines  of  the  coal 
used  in  making  the  coke. 

From  information  received  by  the  Survey  from  the  superin- 
tendent of  motive  power  of  the  Pennsylvania  Railroad  Com- 
pany. Mr.  Parker  estimates  that  the  quantity  of  power  which 
might  be  obtained  from  the  coking  operations  in  the  Connells- 
ville  and  Lower  Conncllsville  districts  by  substituting  non-re- 
covery retort  ovens  for  beehive  ovens  and  using  the  heat  which 
is  now  wasted  would  be  more  than  twice  the  quantity  of  power 
necessary  to  move  every  train  on  the  Pennsylvania  Railroad  be- 
tween Pittsburgh  and  Harrisburg.     The  amount  of  boiler  norse- 
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powci  obtainable  11  < >m  these  coking  districts  Is  estimated  i>\ 
Mi.  Parkei  al  aboul  joo.ooo  horsepowei  pa  hour  feu  ever)  daj 
in  the  j  eai 

COAL  EXPORTS  IN   iqii. 
The  exports  oi  coal  from  the    United  Staes  during  [911,  ac 
cording  to  the  United  Stati  ;  Geolo  ical  Survey,  wen    1; 
long   Unix   valued  .u    $52,593,274,   compared    with    13,805,866 
long  tons,  valued  at  $41,470,792,^1  1910.     The  exports  in  1911 


1  ompi  1  '-I  199  long  ti  ins  ol  anthracite,  valued  at  . 

1,1    131878,754  tang  tons  oi   bituminoi  ilued  at 

$34,499,989     The  bituminous  coal  increased  over 

00  tons,  "i   aboul  30  per  cent.     Anthradti        porl     In 

1  aboul   half  a  million  Ions. 

The  imports  ol  anthracite  amounted  in   1911   to  only  2,463 

long   ion.,   valued   al    $12,550,  and   those  ol   bituminous  coal 

ed  from   1,497,709  long  ions,  valued  at   $3,975,561,  in 

1,  to   (,234,998  tons,  valued  at  S3, 604, 797. 
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CORRECTION. 
Review  of  Thorpe's  Dictionary  of  Applied  Chemistry.      Vol.  I. 

'Pius  JOURNAL,  4,  550. 

The  price  of  $50.00  quoted  in  our  review  for  the  5  volumes 
of  the  above  work  was  a  mistake.  The  price  given  by  the  pub- 
lishers, Longmans,  Green  &  Co.,  for  the  complete  set  of  the 
second  edition  of  this  dictionary  is  $67.50. 

A  Dictionary  of  Applied  Chemistry.  Second  Edition.  By  Sir 
Edward  Thorpe  and  other  eminent  contributors.  To  be 
issued  in  five  volumes.  Revised  and  enlarged,  Volume  II., 
7S6  pages.  Price,  when  complete,  $67.50  per  set  and  $13.50 
per  volume.  Longmans,  Green  &  Co.  1912,  London  and  New- 
York. 

The  issue  of  the  first  volume,  reviewed  in  This  Jourxal,  July, 
p.  550,  has  been  followed  with  gratifying  promptness  by  Volume 
II.  This  completes  the  treatment  of  subjects  in  alphabetical 
order  up  to  and  through  Gold.  A  large  number  of  new  names 
has  been  added  to  the  list  of  special  contributors  to  this  work 
and  the  same  general  policy  of  treating  each  subject  by  well 
known  experts  has  been  followed. 

A  comparison  with  the  individual  subjects  treated  in  the  first 
edition  shows  careful  revision  and  enlargement  of  many  arti- 
cles. For  example,  the  treatment  of  Chlorine  has  been  enlarged 
to  include  the  electrolytic  production  of  this  now  important 
industrial  product  and  includes  reference  to  the  eommerical 
production  of  liquid  chlorine. 

New  chapters  have  been  added  on  Chromophores  and  Chromo- 
gens;  Coke  and  its  by-products  and  appliances  used;  Colloids; 
Condensers,  laboratory;  Corrosion  of  Iron;  Crops;  Desiccation 
and  Drying;  Diazo  Compounds;  Diffusion;  Edible  Oils  and  Fats; 
Egg;  Esterification ;  Factis;  Feeding  Stuffs;  Fertilizers  and  Ma- 
nures; Fire  Extinction  and  Prevention;  Flame;  Frits  and  Glazes. 
The  additions  of  new  material  together  with  the  revision  and 
modernizing  of  the  chapters  carried  over  from  the  previous  edi- 
tion bring  this  volume  up  to  the  high  standard  set  by  Volume  I 
in  both  material  and  workmanship  M.  C.  Whitaker. 

Portland  Cement.  By  Richard  K.  Meade.  Second  Edition. 
8vo.  Pages  viii  +  385;  100  illustrations.  Easton,  Pa.: 
Chemical  Publishing  Co.  191 1.  Price,  $3.50. 
This  excellent  treatise,  which  was  much  sought  after  in  the 
first  edition,  has  been  greatly  improved  in  the  second.  The 
classification  of  cements  is  good,  as  is  also  the  historical  review, 
particularly  that  dealing  with  the  development  of  the  industry 
in  America.  The  theories  of  composition  are  prudently  dealt 
with  mostly  in  the  language  of  the  chief  investigators,  such  as 
Le  Chatelier,  Newberry,  Richardson,  Ttirnebohm  and  Day  and 
Shepherd,  who  are  all  given  the  full  credit  due  them.  The 
chapter  on  raw  materials  is  one  of  the  best  on  that  subject  in 
any  language.  That  on  proportioning  could  well  be  cut  down. 
The  descriptions  of  the  stages  of  manufacture  are  replete  with 
detail.  The  review-  of  the  development  of  kilns,  grinders  and 
general  mechanical  appliances  leaves  nothing  to  be  desired, 
at  least  as  regards  American  practice.  The  author  is  strangely 
brief  in  speaking  of  the  Universal  Company's  manufacture  from 


slag  and  limestone.  This  is  hardly  fair,  since  such  an  enormous 
proportion  of  our  American  output  is  now  made  thus.  The 
latter  half  of  the  book  is  taken  up  with  treatises  on  analysis 
and  physical  testing  of  cement.  In  volume-constancy  tests 
all  are  mentioned  except  high  pressure  steam  tests. 

This  work  on  Portland  Cement  will  always  remain  a  monument 
to  the  industry  and  ability  of  the  author.  It  is  a  pity  that  such 
flimsy  paper  should  have  been  used  in  the  embodiment  of  it. 

Charles  F.  McKenna. 

The  Cement  Industry  in  1911.  Published  as  an  advance  chap- 
ter from  Mineral  Resources,  191 1,  and  may  be  obtained  free 
by  application  to  the  Director,  U.  S.  Geological  Survey, 
Washington,  D.  C. 

The  statistics  of  cement  production  in  191 1,  prepared  by 
Ernest  F.  Burchard,  of  the  United  States  Geological  Survey, 
show  an  increase  over  19 10  of  only  about  a  million  and  a  half 
barrels.  The  increase  in  quantity  is  the  smallest  recorded 
within  the  last   13  years. 

The  total  quantity  of  Portland,  natural,  and  puzzolan  cements 
produced  in  the  United  States  during  191 1  was  79,547,958  bar- 
rels, valued  at  $66,705,136.  The  year  191 1  showed  an  in- 
crease of  2.27  per  cent,  in  quantity,  but  a  decrease  of  1.48 
per  cent,  in  value. 

The  total  production  of  Portland  cement  in  the  United  States 
in  191 1  as  reported  to  the  United  States  Geological  Survey 
was  78,528,637  barrels,  valued  at  $66,248,817. 

This  output  represents  an  increase  in  quantity  of  2.58  per 
cent,  and  a  decrease  in  value  of  2.87  per  cent. 

The   United   States   has  been  divided   into    11    subdivisions 
based  on  the  grouping  of  plants  in  direct  relation  to  the  trade 
territory  covered  by  each  group.     This  grouping  is  also  logical 
when  the  raw  materials  are  considered. 
Production  of  Portland  Cement  in  1911  by  Commercial  Districts. 

Per        Average 
Production    cent.       factory 
Active  1911.       change,       price 

District.  plants.         Barrels.      1911.      per  bbl. 

New  Jersey  and  Eastern  Penn- 
sylvania (Lehigh  District)  ..  .  24  25,972,108     —1.30       0.715 

New  York 7     3,314,217      +0.54       0.805 

Ohio  and  Western  Pennsylvania.  9     6,756,313      +11.25       0.766 
Michigan  and  Northeastern  In- 
diana            13      4,519,726     —0.11        0.827 

Kentucky  and  Southern  Indiana  3      2,818,820     —  0.21        0.793 
Illinois    and    Northwestern    In- 
diana   6     8,617,341      +    2.88       0.791 

Southeastern  States  (Maryland, 
Virginia.  West  Virginia,  Ten- 
nessee, Georgia  and  Alabama)  11      4,049.063      +31.85       0.793 

Iowa  and  Missouri 7     6,067,449      +    6.02       0.862 

Great    Plains    States     (Kansas, 

Oklahoma  and  Central  Texas)  17      7,010,396     —  9.23       0.834 

Rocky  Mountain  States  (Colo- 
rado, Utah,  Montana,  Arizona 

and  Western  Texas) 7      2,124,930     —  4.99        1.186 

Pacific  Coast  States   (California 

and  Washington) 11      7,278,274      +13.98        1.406 

Total 115   78,528,637      +2.58       0.844 

Lehigh  district  produces  Jeighteen  million  dollars  worth. 
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The  Lehigh  District  of  Eastern  Pennsylvania-New  Jersey 
has,  with  three  exceptions,  shown  a  steady  increase  in  produc- 
tion each  year  from  1890  to  the  present  time.  The  years  in 
which  slight  decreases  arc  recorded  are  1893,  1908,  and  191 1. 
The  first  two  decreases  were  coincident  with  years  of  general 
business  depression,  but  the  decrease  in  191 1  may  perhaps  be 
in  large  part  attributed  to  an  over-production  in  1910.  The 
production  for  191 1  was  25,972,108,  valued  at  $18,568,670,  or 
71.5  cents  per  barrel.  This  production  represented  a  decrease 
in  quantity  of  343,251  barrels,  and  in  value  of  §619,845  as  com- 
pared with  the  production  of  19 10,  an  average  decrease  in  price 
of  1 .4  cents  a  barrel.  There  was  no  net  gain  or  loss  in  the  num- 
ber of  producing  plants  in  the  Lehigh  district,  but  the  starting 
of  new  plants  in  the  South  and  West  resulted  in  lowering  once 
more  the  Lehigh  district's  proportion  of  the  total  output  of 
cement  in  the  United  States. 

The  year  opened  with  the  prices  on  the  downward  grade, 
and  there  were  only  temporary  revivals.  Taken  as  a  whole 
and  judged  by  the  personal  testimony  of  representative  cement 
manufacturers  from  all  States  east  of  the  Rocky  Mountains, 
prices  appear  to  have  been  very  unsatisfactory. 

In  191 1,  115  plants  reported  a  production  of  Portland  cement 
as  compared  with  in  plants  in  1910.  The  total  number  of 
rotary  kilns  in  the  producing  plants  was  916  as  compared  with 
902  in  1910.  These  kilns  ranged  in  length  from  40  to  240  feet. 
The  kiln  lengths  were  as  follows:  40  to  60  feet,  208  kilns;  60  to 
90  feet,  149  kilns;  100  feet,  84  kilns;  no  feet,  140  kilns;  120 
feet,  86  kilns;  125  feet,  163  kilns;  125  to  140  feet,  60  kilns;  150 
feet  or  more,  26  kilns. 

The  gains  were  all  in  kilns  100  feet  or  more  in  length  and 
these  gains  more  than  balanced  numerically  the  smaller  kilns 
which  were  shut  down,  giving  a  total  of  559  kilns  100  feet  or 
more  in  length  in  191 1  as  against  473  kilns  in  1910.  The  125- 
foot  kiln  is  apparently  still  the  most  common  length  for  modern 
kilns.  From  the  reports  received,  it  is  apparent  that  the  total 
annual  capacity  of  the  country  in  1911,  allowing  for  reasonable 
loss  of  time  for  repairs,  should  have  been  about  112,500,000 
barrels,  and  that  the  total  production  of  78,528,637  barrels 
represented  about  70  per  cent,  of  the  total  capacity.  The  capac- 
ity in  191 1  increased  14,830,000  barrels,  or  far  in  excess  of  the 
actual  increase  in  production.  The  apparent  average  output 
per  kiln  in  191 1  was  about  85,730  barrels,  as  compared  with 
84,867  barrels  in  1910.  This  increase  is  explained  by  the 
greater  average  size  of  the  kilns  operated  during  191 1.  Ac- 
cording to  the  mill  reports  all  but  about  30  of  the  producing 
plants  in  the  United  States  were  shut  down  part  of  the  time 
for  causes  other  than  repairs,  for  periods  ranging  from  2  to  10 
months.  Shutdowns  for  repairs  ranged  from  2  to  6  weeks. 
The  following  9  new  plants  reported  their  first  commercial  out- 
put in  191 1 :  Golden  State  Portland  Cement  Co.,  Oro  Grande, 
Cal.;  Piedmont  Portland  Cement  Co.,  Portland,  Ga.;  Lehigh 
Portland  Cement  Co.,  Mason  City,  Iowa;  Chanute  Cement  Co., 
Chanute,  Kans.;  Tidewater  Portland  Cement  Co.,  Union  Bridge, 
Md.;  Michigan  Portland  Cement  Co.,  Chelsea,  Mich.;  Knicker- 
bocker Portland  Cement  Co.,  Hudson,  N.  Y.;  Clinchfield  Port- 
land Cement  Corporation,  Kingsport,  Tenn. ;  and  Inland  Port- 
land Cement  Co.,  Metaline  Falls,  Wash.  In  addition,  one  plant 
in  the  Lehigh  district,  which  was  idle  in  1910,  reported  a  pro- 
duction in  1911.  Against  these  there  were  6  plants  idle  in  1911 
that  produced  cement  in  19 10,  distributed  as  follows:  One 
each  in  Arizona  and  Pennsylvania,  2  in  Michigan,  and  2  in  New 
York. 

A  committee  composed  of  Government  engineers  and  repre- 
sentative consumers  and  manufacturers,  and  of  the  national 
engineering  societies,  has  recently  formulated  a  set  of  specifica- 
tions for  Portland  cement  to  be'Used  by  all  departments  of  the 
Government.  These  specifications  are  described  in  the  advance 
ehapter  from  Mineral  Resources  on  cement  production  for  191 1. 


The  importance  of  testing  cement  just  before  using  it  is  gen- 
erally recognized  by  large  consumers,  but  it  is  entirely  overlooked 
by  the  great  majority  of  those  who  employ  cement  on  a  small 
scale,  as  in  building  sidewalks  and  small  houses,  cementing 
cellars,  etc.  These  suggestions  are  therefore  addressed  only 
to  consumers  who  have  ever  looked  into  the  matter  of  having 
tests  made.  A  few  important  reasons  why  tests  are  essential 
are  as  follows:  On  account  of  the  nature  of  the  manufacture 
of  cement  from  raw  materials  which  are  rarely  constant  in  com- 
position, the  resulting  product  can  hardly  be  expected  to  be  in- 
variably uniform.  Manufacturers  generally  take  precautions 
to  prevent  the  shipment  of  defective  cement,  but  the  tests  made 
at  the  mill  cannot  always  reveal  imperfections  in  manufacture. 
The  properties  in  cement  are  subject  to  alteration  after  leav- 
ing the  mill.  Cement  that  is  found  slightly  inferior  when  tested 
at  the  mill  may  be  sold  where  it  is  not  likely  to  be  tested.  Cement 
that  is  tested  by  large  purchasers  at  the  mills  and  rejected  by 
them  may  be  sold  to  smaller  consumers. 

In  order  best  to  ascertain  the  quality  of  cement  shipped  the 
tests  should  be  made  after  the  cement  arrives  on  the  work,  and 
they  should  be  made  with  the  greatest  care  and  only  by  responsi- 
ble and  trained  men  in  laboratories  where  the  instruments 
have  been  properly  standardized. 

For  the  purpose  of  correcting  any  misapprehensions  that  may 
arise  it  should  be  stated  that  the  United  States  Geological  Sur- 
vey maintains  no  testing  laboratories  and  does  not  make  any 
kind  of  tests  of  cement  or  of  any  other  structural  materials 
either  free  or  for  compensation.  Such  work  should  be  in- 
trusted to  private  commercial  laboratories,  such  as  are  in  opera- 
tion in  all  the  large  cities  of  the  United  States. 

In  response  to  a  demand  for  a  way  in  which  to  render  cement 
mortar  and  concrete  water-tight,  a  series  of  tests  were  carried  on 
at  the  Structural  Materials  Laboratories  of  the  United  States 
Geological  Survey  at  St.  Louis,  Mo.  This  work  has  since  been 
transferred  to  the  Bureau  of  Standards  and  the  unpublished 
data  delivered  to  that  bureau.  These  data,  which  have  re- 
cently been  made  public,  have  received  attention  in  this  paper. 
Tests  of  iron  ore  cements  and  of  various  Portland  cements, 
both  in  sea  water  and  in  fresh  water,  which  extended  over  52 
weeks,  were  made  at  the  Atlantic  City  Structural  Materials 
Laboratories,  organized  by  the  United  States  Geological  Survey, 
but  recently  part  of  the  Bureau  of  Standards.  These  tests  are 
discussed  in  the  chapter  on  cement. 

Practical  Chemistry  for  Engineering  Students.  By  Arthur  J. 
Hale.  B.Sc,  Lecturer  and  Demonstrator  in  Chemistry  at  the 
City  and  Guilds  Technical  College,  Finsbury,  with  an  Intro- 
ductory Note  by  Professor  R.  Meldola,  D.Sc.,  LL.D.,  F.R.S. 
London:  1912.  Longmans,  Green  &  Co.  pp.  xix  +  192. 
Price,  Si  net. 

This  book  purports  to  offer  a  course  in  chemistry  which  is 
specially  adapted  to  the  needs  of  the  prospective  chemical 
engineer  or  of  the  student  of  engineering  who  would  add  some 
knowledge  of  chemistry  to  his  equipment.  The  distinctive 
feature  claimed  for  it  is,  "The  teaching  of  the  subject  with  a 
bias  towards  the  use  of  materials  familiar  in  constructive  in- 
dustry-— a  bias  becoming  more  and  more  pronounced  as  the 
student  progresses,  and  leading  finally  to  actual  specialization." 
The  course,  as  laid  down,  is  designed  to  cover  one  hundred  and 
eight  two-hour  periods,  of  which  forty-five  to  fifty  are  to  be 
given  to  general  inorganic  chemistry,  twenty-two  to  twenty- 
seven  to  simple  qualitative  analysis  and  volumetric  analysis, 
and  thirty-six  to  "quantitative  analysis  for  engineers,"  which 
includes  the  examination  of  such  materials  as  iron  ores,  coals, 
cements,  alloys,  and  water.  An  appendix  contains  some 
twenty-five  useful  tables. 

In  his  introductory  note,  Professor  Meldola  commends  the 
principle  upon  which  the  above  course  is  constructed,  namely, 
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thai  "i  d  i"  ilding  the  inters  il  ol  the  student  by  the 

use  ,.1  materials  win.  1 1  are  selected  because  of  ilu-ir  "engineer 
nice,  as  pedagogically  sound,  but  he  also  warns 
against  the  dangei  of  losing  sight  of  "the  educational,  .is  dis 
bed  from  the  technical  value  <>f  the  subject,  ol  its  <lis 
cipline  as  mental  equipment  quite  irrespective  of  immediate 
utilitj  " 

In  the  opinion  of  the  reviewer,  the  course  offered  by  Dr,  Hale 
is  verj  much  of  the  sort  to  which  these  words  of  warning; should 
;i|>|il\  1 1  is  apt,  as  it  stands,  a  course  which  will  lead  to  the 
mental  development  of  the  student,  because  he  is  not  required 
to  develop  ability  to  observe  independently  (he  is,  in  general, 
told  what  to  look  lor  or  what  will  happen)  or  to  reason  from  one 
observation  to  another.  The  attempt  to  cover  the  ground 
which  should  demand  two  college  years  in  two  hundred  and 
sixteen  hours  must  obviously  lead  to  a  superficial  treatment 
of  the  subject,  and  it  may  fairly  be  questioned  if,  at  the  end, 
the  engineering  student  has  gained  "practical  chemistry."  It 
is  certain  that  this  procedure  will  not  train  him  as  an  engineer 
of  any  sort  should  lie  trained  in  an  important  field,  and  it  is 
much  to  be  regretted  that  the  endorsement  of  this  course  by 
Professor  Meldola  seems  to  make  it  apply  to  "chemical  engi- 
neers" who  above  all  else  should  have  a  thorough  grounding 
in  all  the  main  branches  of  chemistry,  especially  with  respect 
to  underlying  principles  and  theories.  In  the  absence  of  a 
statement  by  the  author,  it  is  always  difficult  to  determine  how- 
far  reliance  is  placed  upon  supplementary  class-room  instruc- 
tion to  round  out  the  course,  but  in  this  instance  the  time 
allotted  by  the  author  (two  hundred  and  sixteen  hours)  leaves 
little  opportunity  for  class-room  exercises. 

The  experiments  in  general  inorganic  chemistry  are  mostly 
quantitative,  or  semi-quantitative,  in  character.  The  direc- 
tions for  qualitative  and  quantitative  analysis  are  brief,  but 
generally  well-chosen.  The  general  statements  of  fact  are  often 
too  brief  and  isolated  to  be  of  value  taken  bv  themselves. 


The  bo  >  .1  asanothei  conscientious  attempt  tomei  I 

ademand  which  is  very  insistent  just   now  lor  a  course  which  will 

afford  adequate   instruction   for  students  of  engineering  with 
whom  chemistry  is  a  side  issue,  with  the  I'  ■<  it  po    ibli  expendi 
tun    "i  time.     Thoughtful  teachers,  especially  those  concerned 
with  earning  01  trade  schools,  will  find  many  helpful  suggestions 
whethei  they  adopt  the  course  as  a  whole  01  nol 

11    P,  Talbot. 

Snap  Commercial  Analysis.     By  Fred  W.  Babington.     Ottawa. 

Thorburn  and  Abbott,  1 9 1 2 ,   68  pp.     Price,  $1.50. 

From  the  preface  it  appears  that  the  author  is  Analyst  in 
the  Custom   Service   at  Ottawa,   Canada.      With   the  exception 

of  urine,  the  topics  considered  are  commercial  articles  of  a  varied 
nature.  The  title  of  the  booklet  leaves  the  reader  somewhat 
in  the  dark  as  to  its  meaning,  but  illumination  is  afforded  by 
the  statement  that  the  methods  outlined  or  referred  to  "are- 
notes  from  a  rough  notebook."  This  tells  the  talc  but  partly. 
The  composition  is  bad,  gross  errors  of  spelling,  punctuation 
and  of  formula  abound,  and  typographical  mistakes  arc  frequent. 
Proof  reading  has  evidently  not  been  attempted.  The  author 
knows  "of  no  general  taste  for  the  analine  dyes"  in  essences, 
"but  as  a  rule  an  ignition  will  reveal  the  characteristic  napthol 
odour."  The  following  directions  will,  no  doubt,  interest  coal 
analysts.  "Results  depend  largely  on  sampling,  a  small  piece 
about  the  size  of  a  hazel  nut  being  broken  off  each  lump  and  about 
100  grams  roughly  ground.  This  is  sieved  through  three  sieves 
the  first  (coarse)  rejected;  second,  medium,  kept  for  moisture; 
the  third  used  for  volatile  and  fixed  carbon  and  ash." 

One's  first  thought  is  that  the  booklet  was  written  irt  jest. 
However  this  may  be,  it  is  one  for  the  serious  analyst  to  let 
alone  unless  he  seeks  mild  entertainment  for  a  leisure  moment 
or  an  additional  argument  for  a  censorship  of  chemical  literature. 

W.    F.    HlLLEBRAND. 
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By  D.  D.  Berolzheimer.  Librarian,  Chemists'  Club,  tfew  York 
Analysis  of  Metallurgical  and  Engineering  Materials.     By  Henry 

WySOR.      L.    8vo.,    pp.     82.      Price,    $2.00.     Chemical     Publishing    Co. 

Easton,  Pa. 
Analysis;  Methods  of  Volumetric — Part  II.     By  H.  Beckerts  and 

O.  Luening.     8th  Edition.      L.  8vo..  pp.  360.      Price.  $2.50.      F.  Vieweg 

&   Sohn.    Braunschweig.      (German.) 
Arsenic;    The  Estimation  of  Minute  Amounts  of — in  Foods.     By 

Edmund  Clark   and  A.   G.    Woodman.      8vo.,   pp     7.      TJ.   S.    Dept.   of 

Agriculture.  Bureau  of  Chemistry.  Circular  99. 
Carbon;  Lexicon  of  the —  Compounds.     By  H    If.  Richter.     Vol.  4- 

3d  edition.    Lex  8vo,  pp.  4751 .      Price.  $50.00.    L.  Voss,  Leipzig.      (Ger- 
man) 
Celluloid  and  its  Substitutes.     By  W.  Main.     Svo.,  pp    163.     Price, 

$0.75.     Gauthier-Villars,    Paris.      (French.) 
Chlorids;  The  Electrolytic  Decomposition  of  Alkali —  by  Means  of 

Immovable  Cathodes.  Parti.     By  J    Billiter.     8vo.     Price  $4.00 

Wilhelm  Knapp,  Halle. 
Dyeing;  The  Significance  of  Oxygen  in — .     By  G.  Unna  and  L.  Golo- 

detz.      8vo.,  pp.  128.      Leopold  Voss.   Leipzig.      (German.) 
Engineers;  Transactions  American  Institute  of  Chemical — .  IV. 

By  John  C.  Olsen.      8vo..  pp.  505.      D.  Van  Xostrand  Co..  New  York 
Explosives;  Magazines  and  Thaw  Houses  for.      By  Clarence  Hall 

and  S.  P.  Howell,      pp.  32  and  1  pi.      TJ.  S.  Bureau  of   Mines  Technical 

Paper  18. 
Explosives;  The  Effect  of  Stemming  on  the  Efficiency  of.     By  W. 

O.  Snelling  and   Clarence  Hall.     pp.  20.       U.    S.    Bureau  of   Mines, 

Technical  Paper  17. 
Foods;  The  Manufacture  of  Preserved      and  Sweetmeats.     By  A. 

Hausner.      Cr.  8vo ..  pp    246.      Price,  $2.00.      Scott.  Greenwood   &   Co  . 

London. 
Furnace;    Chemical  Arithmetic  and  Calculation  of — Charges.     By 

Regis    Chauvenet.      8vo.       Price,    $4.00.        J.     B.    Lippincott    X:    Co. 

Philadelphia. 
Glass  and  Glass  Painting.     By  C.  J    Stahl.     8vo.     Price.   $1.25      A. 

Hartleben.   Vienna 


8vo. 


$1.50.      Ferdi 


Ketenes;  The — .     By  H    Staudinger. 
nand  Enke.  Stuttgart       (German.) 

Metallurgy;  Text-book  of  Chemical  Technology  and — .  By  Bern- 
hard    Neumann.      8vo.,    pp.    900.      Price.    $4.75.     S.    Hirzel,    Leipzig. 

(German  ) 

Mine  Explosions;  The  Prevention  of—;  Report  and  Recom- 
mendations.    By   Victor   Watteyne,   Carl  Meissner  and  Arthur 

Desborough.      TJ.  S.  Bureau  of  Mines.  Technical  Paper  21. 
Mine  Gas;   Ignition  of—  by  Miniature  Electric  Lamps.     By  H.  H. 

Clark,     pp.  5.      TJ.  S.  Bureau  of  Mines,  Technical  Paper  23. 
Organic;  Text-book  of —  Chemistry.     By  F.   holleman.     10th  edi 

tion.      8vo.      Price,  $2.50.      Veit   &  Co..   Leipzig.      (German.) 
Organic;    Text-book    of     Pharmaceutical —     Chemistry.     By     M. 

Scholtz.     8vo..     pp.     513.      Price,     $4.50.      Carl     Winter,     Heidelberg. 

(German.) 
Paints;  White   Zinc.     By   Paul   Fleury      Cr.   8vo.,   pp.   280.     Price. 

$1.75.      Oil  and  Color  Trades  Journal,   London.      (Translation.) 
Paper;   The   Treatment   of —  for   Special  Purposes.     By  Louis  E. 

Andes.     Cr.  8vo.,  pp.  250.      Price,    $1.75.     Scott.    Greenwood    &    Son. 

(Translation.) 
Perfumery;  The  Manufacture  of  Modern — .     By  H.  Mann,     l   8vo., 

pp.   370.      Price,  $2.50.      Verlag     fuer    Chemische    Industrie.     Ausburg. 

(German.) 
Photochemistry;  Text-book  of — .     By  A.  Benrath.     L.  8vo.,  pp  287. 

Price.  $1.75.     Carl  Winter,   Heidelberg.      (German.) 
Producer  Gas.     By  J.  Emerson  Dowson  and  A.  T.  Larter.     3d  edition. 

8vo  .  pp.  319.      Price.  $3.00.     Longmans,  Green  &  Co..  New  York. 
Proteins:  The  Chemical  Constitution  of  the — .     By  R.  H.  Aders 

Pli.mmer.      8vo     pp.  188.      Price,  $1.50.     Longmans.  Green  &  Co..   New 

York 

Quantitative;  An  Introduction  to —  Analysis.  By  S.  J.  M.  Auld. 
Cr    8vc  ,  pp.  228       Price.  $1.25.     Methuen  &  Co..  London. 

Rubber;  The  Synthesis  of—.  By  R.  Ditmar.  8vo.  Price,  $0.75. 
Theodor  Steinkopff,  Dresden.      (German.) 

Sewage  Disposal.  By  George  W.  Fuller  8vo  .  pp  767.  McGraw- 
Hill  Book  Co..  New  York. 
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Smokeless  Combustion;  The      of  Coal  in  Boiler  Furnaces;  with  a 

Chapter  on  Central  Heating  Plants.     By  l>.  T.  Randall  and  h.  W. 

Weeks,     pp.  188.     U.  S.  Bureau  of  Mines,  Bulletin  40. 
Steam  Boilers,  The  Transmission  of  Heat  Into     .     is>  Henry  Kreis- 

inger  and  W.  T.  Ray.      pp.   ISO.      V.  S.  Bureau  of  Mines.  Bulletin  18. 
Steel;  Its  Metallurgy  and  Mechanical  Treatment.     By  F.  w.  Har- 

board   and   J.    W.    Hall.     3d   edition.      Svo  .    pp.    758        Price.    $9.00. 

J.  B.  Lippincott  Co..  Philadelphia. 
Sugar;  The —Industry.     By  R.  Teyssiec.     8vo.,  pp.  183.     Price.  $0.75. 

Gauthier-Villars.   Paris.     (French.) 
Tanning:  The  Puerlng,  Bating  and  Drenching  of  Skins.     By  Joseph 

T.  Wood.      8vo..    pp.  293.      Price.  $3.25.      E.  &  N.  Spon,  Ltd  .  London. 
Theoretical  and  Physical   Chemistry.     By   S.   Lawrence   Bigelow. 

8vo  .  pp.  544.      Price.  $3.00.      The  Century  Co.,  New  York. 

RECENT  JOURNAL  ARTICLES. 

Analytic  Separation  and  Determination  of  Pyridine  and  Ammonia. 
By  Alexander  Bayer.     Fuer  Gasbeleuchtung.   1912.  June  1. 

Arsenic;  The  Quantitative  Determination  of-.  By  E.  Rupp  and 
F.  Lehmann.      Archiv  der  Pharmazie.  Vol  250.  1912.  No,  5,  pp.  382-389. 

Asphalt;  Differentiation  of  Natural  and  Petroleum  -.  By  J  Mar- 
cusson.     Chemikcr  Zeitung.     Vol..  36,  1912,  No.  84,  pp.  801-803. 

Bismuth;  Extraction  of —  from  Carbonaceous  Ores.  By  F.  W- 
Frerichs.  Transactions  American  Institute  of  Chemical  Engineers. 
Vol.  4.  1912,  pp.  90-111. 

Cellulose;  Comparative  Acety ligation  of — ,  Hydrocelluiose  and 
Alkaline  Cellulose.  By  H.  Ost  and  T.  Katayama.  Zeitschrift  fuer 
angewandte  Chemie.  Vol.  25,   1912,  No.  29,  pp,    1467-1470. 

Coal;  The  Determination  of  Ash  in — .  By  Franz  Weisser.  Chemiker 
Zeitung,  Vol.  36.  1912.  No.  80.  pp.  757-759. 

Coal;  Practical  Value  of  the  Determination  of  British  Thermal 
Units  in  Testing  Anthracite — .  By  s.  F.  Peckham.  Transactions 
A  merican  Institute  of  Chemical  Engineers.  Vol.  4,  1912,  pp   284-296. 

Explosives  Used  in  Engineering  and  Mining  Operations.  By  Clar- 
ence Hall.  Transactions  American  Institute  of  Chemical  Engineers. 
Vol.   4,    1912,   pp.   304-330. 

Furnaces;  An  Improved  Method  of  Drying  Air  for  Blast — .  By 
Bruce  Walter.  Proceedings  of  the  Engineers'  Society  of  Western  Penn- 
sylvania. Vol.  28,  1912.  No   4,  pp.  277-310. 

Gelatine;  The  Action  of  Water  Vapor  on — .     By  Wilder  D.  Ban- 


croft.    Journal    of   Physical    Chemistry.    Vol.     16,     1912,    No.    5.    pp 
395-406. 

Health;  Public  -  Chemistry  and  Bacteriology.  By  D.  McKail. 
8vo  ,  pp.  409.      Price,  81.75.     John  Wright  &  Sons    Ltd..  London. 

Inorganic;  The  Compounds.  By  A.  L.  Voce.  L.  8vo.  Price,  $12.00. 
Orel!  Fuessli,  Zuerich. 

Lamps;  A  Laboratory  System  for  Testing  Electric  Incandescent  — . 
By  W.  M.  Skiff.      Transactions  of  the  Illuminating  Engineering  S 
Vol.  7.  1912,  No.  5.  pp.  212-228 

Nitrates;  Manufacture  of —  from  the  Nitrogen  of  the  Air.  By 
Krnest  K.  Scott.     Chemiker  Zeitung.  Vol.  36.  1912.  No.  82.  pp.  784. 

Patents;  Symposium  on  the  U  S.  —  System.  By  Wm.  M.  Gros- 
venor.  E.  B.  Moore,  Walter  D.  Edmonds.  Robert  N.  Kenyon  Trans- 
actions American  Institute  of  Clienucal  Engineers,  Vol.  4.  1912.  pp. 
417-505. 

Physical;  Problems  in —  Chemistry  with  Practical  Applications. 

By   E.   B.   R.    Pkideaux.     8vo       Price.  $2.00.     Constable   &   Co.,    Lon- 
don. 
Rubber;  Artificial —  from  the  Scientific  Standpoint.     By  C.  Har- 
ries.    Zeitschrift     fuer  angewandte   Chemie.    Vol.  25,  1912.  No.  29.  pp. 

1457-1462. 

Rubber;  Artificial—  from  the  Technical  Standpoint.  By  Fritz 
Hofmann.  Zeitschrift  fuer  angewandte  Chemie,  Vol.  25.  1912,  No.  29. 
pp.    1462-1467. 

Rubber;  The  Production  and  Polymerization  of  Butadiene,  Iso- 
prene,  and  their  Homologs.  By  W.  H.  Perkin.  Jr.  Journal  of  the 
Society  of  Chemical  Industry,  Vol.  31.  1912,  No.  13.  pp.  616-624. 

Soils;  The  Determination  of  Humus,  Especially  In  Heavy  Clay—. 
By  William  Beam.  Cairo  Scientific  Journal.  Vol.  6.  1912.  No.  68.  pp. 
93-103. 

Sulphuric;  Volumetric  Determination  of —  Acid.  By  George 
Finch       Chemiker  Zeitung.  Vol.  36.  1912.  No.  82,  pp.  782-783. 

Textile;  New  Methods  in  the  Chemistry  of  the  — Fibres.  By  Rich- 
ard Loewenthal.  Chemiker  Zeitung.  Vol.  36,  1912,  No.  82,  pp  777- 
779. 

Water;  Boiler —  Purification  and  the  Permutite  Process.  By  E.  E. 
Basch.     Chemiker  Zeitung,  Vol.  36,   1912,  No.  81.  pp.  769-770. 

Water ;  The  Treatment  of — .with  Chlorine.  By  Joseph  Race  Jour- 
nal of  the  Society  of  Chemical  Industry.  Vol.  31.  1912.  No.  13   pp.  611-616. 

Yarn ;  Woodpulp — ;  —  Its  Manufacture  and  Uses.  By  w.  P.  Dreaper. 
Journal  of  the  Society  of  Dyes  and  Colourists,  1912.  No.  5. 


RECENT  INVENTIONS 


Reported  by  C.  L.  Parker,  Solicitor  of  Chemical  Patents.  McGill  Building.  Washington,  D.  C. 


ATTACHING  RUBBER  TO  METALS. 
English  Patent  No.  2,306  (1012),  to  E.  R.  Royston. 
The  claim  is  made  that  it  has  been  found  that  alloys  contain- 
ing antimony  are  best  adapted  to  the  production  of  a  "chem- 
ical" bond  between  rubber  and  metal  on  vulcanization.  The 
most  suitable  alloy  is  said  to  consist  of  copper,  3'/4  oz.;  zinc, 
i3/t  oz. ;  and  antimony,  3  oz.  The  proportion  of  antimony 
should,  it  is  found,  be  decreased  when  the  rubber  contains  a 
relatively  large  amount  of  antimony  sulphide.  When  the  me- 
tallic base  to  which  the  rubber  is  to  be  fastened  cannot  be 
conveniently  made  of  this  alloy,  another  metal  may  be  plated 
with  a  coating  of  the  alloy. 

ALKALI  SILICATES  IN  POWDER  FORM. 
English  Patent  No.  23,391  (1912),  to  Justice. 

The  patentee  observes  that  an  industrial  need  has  long 
existed  for  a  readily  soluble  alkali  silicate  (waterglass)  in  pow- 
der form,  this  being  more  convenient  than  the  usual  solutions, 
the  use  of  which  is  precluded  for  such  purposes  as  colors,  etc. 

The  preparation  of  a  water  glass  in  powder  form  on  a  large 
scale  has,  however,  been  hitherto  attended  with  serious  diffi- 
culties. The  water  glass  solution  cannot  be  directly  trans- 
formed into  the  dry  state,  because  in  the  process  of  concentra- 
tion a  skin  that  is  impenetrable  by  water  forms  on  the  surface 
at  once;  at  best,  only  a  more  or  less  solid  jelly  is  obtained. 

The  present  invention  relates  to  a  method  of  manufacturing 


fine-grained,  readily  soluble  alkali  silicates,  by  which  the  disad- 
vantages specified  are  avoided  and  a  product  is  obtained  that 
is  soluble  even  in  cold  water.  The  method  consists  essentially 
in  bringing  a  hot,  highly  concentrated,  thick  solution  of  water 
glass  (c.  g.,  solution  of  soda  or  potash  water  glass)  under  heavy 
pressure  (for  example,  out  of  a  pressure  vessel,  and  through  fine 
openings  or  spraying  nozzles)  into  contact  with  cold  air  under 
relieved  pressure.  Under  the  heavy  pressure  the  water  glass 
assumes  the  form  of  spray,  and  after  being  suitably  cooled,  falls 
down  as  a  dry  dust. 

The  anhydride  of  sodium  silicate  is  dissolved  in  water  in  an 
ordinary  water  glass  autoclave  in  which  a  heavy  pressure  (about 
6  to  8  atmospheres)  is  produced.  The  anhydride,  being  a  fusion 
product,  is  a  vitreous  mass,  which  dissolves  with  difficulty; 
and  therefore  the  dissolving  process  is  preferably  performed 
in  a  rotary  apparatus  under  heavy  pressure  and  at  a  high  tem- 
perature, until  the  thick  solution  has  a  specific  gravity  of  about 
1.44.  The  resulting  solution  is  thick  while  hot,  and  assumes, 
on  cooling,  the  condition  of  a  tough,  set  jelly.  The  hot  solution 
is  next  forced  out  of  the  autoclave,  under  a  heavy  and  constant 
pressure  of  about  8  atmospheres,  through  a  spraying  nozzle 
with  orifices  about  i}4  mm.  in  diameter.  The  atomized  solu- 
tion is  immediately  transformed — under  the  influence  of  cold 
air — into  a  dry,  solid  condition.  This  operation  is  assisted  by 
causing  the  dusty  material  to  ascend  through  a  shaft,  for  in- 
stance by  means  of  a  fan,  and  then  allowing  it  to  fall  gradually 
to  the  ground  as  a  perfectly  dry  powder. 
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PROCESS  OF  BINDING  AND  UTILIZING  ATMOSPHERIC 

NITROGEN. 

U.  S.  Patent  No.  1,031,477,  to  Alf  Sinding-Larsen,   Assignor  to 

Messrs.  Storm,  Bull  &  Co.,  of  Christiania,  Norway. 

In   ih.    practice  of   this  process  to  produce  silicon  nitrogen 

inds  of   varying   nitrogen   content,   a   mixture 

and  quartz  is  heated  to  a  white  heat  in  a  Mast  furnace.     Souk 

what  above  the  bottom  of  this  furnace,  a  mixture  of  nitrogen 

and  chlorine  is  first  introduced.    Tetrachloride  of  silicon  is  formed 

which  then  reacts  with  the  excess  of  quartz  and  coke  to  form 

silicon  trichloride.     At   the  high  temperature  present  this  m 

chloride   will   he   acted   upon   by   the   nitrogen,   so   that   silicon- 

nitrogen    compounds   are    formed,    then    silicon    tetrachloride    is 

again  formed,  and  so  on.     A  part  of  the  volatile  silicon   chlorine 

compounds  is  liable  to  escape,  together  with  the  carbon  mon- 
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oxide  which  is  formed,  and  which  has  to  be  removed.  In  order 
to  keep  these  back,  the  current  of  carbon  monoxide  is  conducted 
through  a  suitable  cooler,  where  the  volatile  compounds  will  be 
condensed  and  thereupon  led  back  to  the  furnace. 

HYDROGENATING  FATTY  MATERIALS. 

U.  S.  Patent  No.  1,026,156  to  Carleton  Ellis,  Assignor  to  New 
Jersey  Testing  Laboratories,  of  Montclair,  New  Jersey. 

This  is  a  continuous  process  of  treating  unsaturated  fats  and 
the  like  by  means  of  hydrogen  or  hydrogen  adding  substances 
for  the  purpose  of  saturating,  to  a  greater  or  less  extent,  such 
unsaturated  bodies,  in  order  to  raise  their  melting  point  or 
otherwise  improve  their  qualitv. 

The  addition  of  hydrogen  to  unsaturated  organic  compounds 
as  brought  about  by  the  catalytic  agents  has  been  the  subject 
of  mam-  investigations,  which  embrace  the  work  of  Sabatier 
and  Senderens,  Mailhe,  Henle,  Willstatter  and  Mayer,  Paal 
and  Amberger,  Paal  and  Gerum,  Paal  and  Roth,  Paal  and 
Hartmann,  Ipatiew  and  Philipow,  Jakowlew,  Rakitin  and  others. 

In  the  practice  of  this  process  unsaturated  fat  is  placed  in 
the  tank  1  and  is  allowed  to  flow  slowly  into  the  conduit  6  or 
6a,  respectively.  Hydrogen  gas  or  water  gas  is  admitted 
through  the  pipe  18  as  a  counter-current,  the  hydrogen  travel- 
ing in  a  direction  contrary  to  the  traveling  liquid  stream  of  oil. 
The  conduit  is  inclined  from  the  horizontal  to  secure  any  desired 
rate  of  travel  of  the  oil  stream.     The  latter  flows  past  the  sta- 


material  7  while  contacting  with  the 
counter  current  of  hydrogen.  The  heating  jackets  may  In- 
filled with  paraffin  wax  or  a  fusible  allo\  maintained  at  the 
requisite  temperature.     The  treated  oil  discharges  at  the  lower 

end  "I    the  Conduit   through  the  pipe  30,  and   tin    spent  or  excess 
gas  is  removed  by  tin    pipe  22.      When  using  a  nickel  catalyzer 


and  differentially  heating  the  conduit,  the  temperature  in  6a 
may,  for  example,  be  1500  C;  in  66,  165  °  C. ;  and  in  6c,  1800 
C,  when  converting  oleic  acid  or  olein  into  stearic  acid  or  stearin, 
respectively. 

METHOD  OF  TREATING  CARBON. 
U.  S.  Patent  No.  1,032,246,  to  William  Acheson  Smith,   As- 
signor to  International  Acheson  Graphite  Company, 
of  Niagara  Falls,  New  York. 
This  is  a  process  of  treating  carbon  or  carbonaceous  material 
for  the  purpose  of  converting  it   in   a    pro-  jb!&.x. 

gressive  or  substantially  continuous  manner 
into  a  homogeneous,  uniform,  commercial 
product.  As  between  the  several  forms  of 
carbon  which  may  result  from  the  applica- 
tion of  heat  to  commercial  carbonaceous 
materials,  no  mechanical  separation  is 
practicable,  and  it  is  essential  in  order  that 
a  given  raw  material  may  be  converted 
throughout  its  mass  into  a  commercial 
product  of  the  desired  density  and  electrical 
conductivity  that  the  conditions  as  regards 
time  and  temperature  of  heating  should  be 
susceptible  of  accurate  control  and  close 
adjustment,  and  that  the  heat  should  be 
so  applied  as  to  result  in  a  practically 
uniform  treatment  of  all  particles  travers- 
ing the  furnace.  According  to  this  inven- 
tion, the  body  of  carbon  or  carbonaceous 
material  to  be  treated  is  moved  progres- 
sively through  a  heating  zone  located  be- 
tween terminals  connected  to  a  source  of 
polyphase  current,  the  arrangement  of  the 
terminals  and  the  construction  of  the  fur- 
nace being  such  as  to  secure  a  practically 
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uniform  heating  of  the  entire  cross  section  of  the  charge.  One 
or  more  heating  zones  may  be  provided  according  to  the  results 
desired. 

UTILIZING    ACID   SLUDGE   FROM   REFINING  PETROLEUM. 

U.  S.  Patent  No.  1,031,413,  to  John  C.  Black  and  Marvin  L. 

Chappell,  of  Richmond,  California,  Assignors  to 

Standard  Oil  Company,  of  Richmond, 

California. 

This  is  a  process  for  utilizing  the  sulphur  content  of  acid  sludge 

for  the  production  of  sulphuric  anhydride.     The  sludge  is  first 

heated  in  the  presence  of  a  solvent   of   hydrocarbons  to  effect 

a  partial   decomposition   of   the   sludge.     The  solvent  with   the 


hydrocarbons  in  solution  is  then  withdrawn  and  the  residual 
sludge  subjected  to  a  decomposing  temperature  (not  above 
425 °    F.).     The   aeriform   products    from   both   decompositions 


are  purified  by  contact  with  a  solvent  of  hydrocarbons,  the  re- 
sulting aeriform  products  being  passed  over  catalytic  material 
for  {converting  their  sulphur  dioxide  content  into  sulphuric 
anhydride. 

PRODUCTION  OF  LEAD  COMPOUNDS. 

U.  S.  Patent  No.  1,033,405,  to  Louis  S.  Hughes,  of  Chicago, 
Illinois,  Assignor  to  Picher  Lead  Company, 
of  Joplin  Missouri. 

A  process  of  producing  lead  compounds  such  as  lead  hydrate, 
litharge,  minium,  lead  carbonate,  arsenate,  nitrate,  chromate 
and  similar  lead  salts  from  lead  sulphate.  Lead  sulphate  is 
converted  into  lead  hydroxide  which  in  some  cases  is  the  ulti- 
mate product  of  the  process  and  in  other  cases  is  an  interme- 
diate product  thereafter  converted  into  other  compounds. 
In  practice  lead  suphatc  and  an  alkaline  base  are  placed  in  a 
grinding  mill,  a  small  quantity  of  water  is  added  to  the  mix- 
ture, and  the  mass  is  thoroughly  triturated.  By  triturating 
the  wet  mixture  of  lead  sulphate  and  the  alkaline  base  a  thor- 
ough and  rapid  conversion  of  the  lead  sulphate  is  obtained. 
The  trituration  is  effected  in  a  double  cone  ball  mill  of  well- 
known  type,  employing  pebbles  or  metal  balls.  Crusts  or  coat- 
ings of  lead  hydrate  are  successively  formed  on  and  rubbed  off 


of  each  kernel  of  the  lead  sulphate  until  finally  the  entire  kernel 
is  converted.  After  the  conversion  isV-ompletcd  the  mixture 
of  lead  hydroxide  and  sulphate  of  the  alkaline  base  is  run  out  of 
the  mill  and  the  lead  hydrate  separated. 

REFRACTORY  ARTICLE  AND  METHOD  OF  MAKING  IT. 

U.  S.  Patent  No.  1,030,999,  to  Samuel  F.  Hall,  of  Niagara  Falls, 

New  York,  Assignor  to  Norton  Company,  of  Worcester,  Mass. 

Attempts  have  been  made  to  cast  molten  alumina  or  other 
refractory  oxides  or  combinations  of  these  in  molds,  but  such 
efforts  have  not  proved  wholly  successful.  According  to  the 
patentee's  process  articles  con- 
sisting of  such  refractory  oxides 
are  produced  by  heating  the 
oxide,  for  example  alumina,  to  a 
state  of  quiet  fusion  in  an  elec- 
tric furnace,  then  dipping  or  im- 
mersing in  the  fused  mass  a  mold 
or  form,  usually  of  carbon  or 
graphite,  withdrawing  the  mold 
together  with  the  adhering  or  contained  oxide,  and  separating 
or  detaching  the  solidified  oxide  from  the  mold.  By  proceed- 
ing in  this  manner  the  patentee  has  found  it  practicable  to 
produce  a  variety  of  articles,  such  as  rods,  tubes,  vessels  or  the 
like,  without  flaws,  cracks  or  objectionable  irregularities,  and, 
in  the  case  of  tubes  or  hollow  articles,  with  any  desired  thick- 
ness of  wall. 

PROCESS  OF  MANUFACTURING  ALUMINIUM  NITRIDE. 

U.  S.  Patent  No.  1,030,929,  to  Ottokar  Serpek,  Assignor  to 

SociSte"  Generale  Des  Nitrures,  of  Paris,  France. 

It  is  well  known  that  if  alumina  be  heated  to  a  high  tempera- 
ture, for  example  in  the  neighborhood  of  1800°  C,  in  the  pres- 
ence of  carbon  and  nitrogen  it  will  combine  with  nitrogen  to 
form  aluminium  nitride. 

Heretofore  it  has  been  customary  to  pass  an  electric  current 
through  a  mass  of  comminuted  and  intimately  mixed  carbon 
and  alumina  in  an  electric  arc  furnace  through  which  nitroge- 
nous gas  is  simultaneously  blown.  This  is  in  a  measure  un- 
satisfactory, the  heat  beng  too  high  in  certain  zones  and  too 
low  in  others.     The  patentee  has  discovered  that  this  disadvan- 


tage may  be  overcome  if  the  mass  is  heated  by  being  brought 
into  contact  with  resistance  elements  through  which  alone  the 
current  passes.  The  resistance  elements  are  preferably  com- 
posed of  a  mixture  of  carbon  and  aluminium  nitride  and  these, 
during  the  reaction,  arc  set  in  motion  so  as  to  form  stirrers  which 
agitate  the  finely  divided  mixture  of  carbon  and  alumina  and  thus 
not  only  serve  t<>  evenly  heat  the  mixture  but  to  subject  it  more 
thoroughly  to  the  action  of  the  nitrogen  which  is  blown  through 
the  reaction  chamber. 


MARKET  REPORT. 


wm;  \..i:    WHOLESALE  PRIC8S 
ORGANIC    CHEMICALS. 

Vcctanilid                                                Lb.  20'/, 

\. .  i,.m  (drums)                                     Lb,  17 

Alcohol,  grain  1  t88  proof  I                       Gal.  ->  55 

Alcohol,  wood  (95  pel  cenl  1                  Gal.  50 

Alcohol,  denatured  (180  proof),             <-,al  4" 
Amj  i  Acetate                                         Gal 

\,  ui     18  pei  cent.  1  C. 

Aniline  Oil.                                             Lb.  io'A 

Benzoic  Acid                                           Lb.  23 

Carbon  Tetrachloride  (drums) Lb.  1 1 

Carbon  Bisulphide                                  Lb.  io1  /., 

Chloroform                                                      Lb.  20 

Carbolic  Acid  (drums)                             Lb.  15      @ 

Citric  Acid  (domestic),  crystals Lb.  38'/,  @ 

Camphor  (refined  in  bulk) Lb.  44      @ 

Dextrine  (imported  potato) Lb.  6      @ 

Dextrine  (corn). . .                        C.  3.20       @ 

Ether  (U.  S.  P.,  1900).                 Lb.  14      fa 

Formaldehyde..                                Lb.  8'/2  @ 

Glycerine  (dynamite).                  Lb.  17'/,  @ 

( >xalic  Acid Lb.  7'/,  @ 

Pyrogallic  Acid  (bulk) Lb.  1 .  35       (5 

Salicylic  Acid Lb.  32        @ 

Starch  (corn) C.  2  .43       @ 

Starch  (potato) Lb.  5 'A  @ 

Tannic  Acid  (commercial) Lb.  35       @ 

Tartaric  Acid  crystals Lb.  3o'/2  @ 

INORGANIC   CHEMICALS. 

Acetate  of  Lime  (gray) C.  2  .  50       @ 

Acetate  of  Lead  (brown,  broken) Lb.  73/4  @ 

Alum  (lump) C.  1 .  75 

Ammonium  Carbonate,  domestic Lb.  8'A 

Ammonium  Chloride,  gray Lb.  61  8 

Aluminum  Sulphate C.  90 

Aqua  Ammonia  (drums)  160 Lb.  2 'A 

Arsenic,  white Lb.  47,'s 

Brimstone  (crude,  domestic) Ton  22  .00 


Ot   STANDARD   I  nnih   \i.  MONTH    OV    ' 
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1-45 
34 
2-54 

-3/ 

5  /  * 
35 'A 
3i 

2.60 


40 

43/, 
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Barium  Chloride C. 

Barium  Nitrate Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Bromine,  bulk Lb. 

Bleaching  Powder  (35  per  cent.) C. 

Barytes  (prime  white,  foreign) Ton  18.50 

Blue  Vitriol Lb.  5  A 

Calcium  Chloride C.  65 

Chalk  (light  precipitated) Lb.  4 A 

China  Clay  (imported) Ton  11 .50 

Feldspar Ton    7.00 

Fuller's  Earth,  powdered C. 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (180) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Lithium  Carbonate Lb. 

Magnesite  (raw) Ton 

Nitric  Acid,  360 Lb. 

Phosphorus Lb. 

Phosphoric  Acid,  sp.gr.  1.75 Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bromide Lb. 

Potassium  Permanganate  (bulk) Lb. 

Potassium  Cyanide  (bulk)  98-99%.  .  .   Lb. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Chlorate,  crystals Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Bichromate,  500 Lb. 
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6'/, 
1-75 

2 'A 
5 'A 
22.50 

1-55 

5 
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7  A 
30 
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22.50 
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6 

18.00 

9.00 
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3.10 

8'A 
70 
8.50 
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90 
26 

1 .  70 
34 
9'A 

21 
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Quicksilver,  Flask  42 

Sali  Cake  (glasa  makers') ( 

Silva  Nitrate  ...  Oz 

Soapstone  in  bags  . . .     Ton  ro 

Sodium  Acetati  Lb. 

Sodium  Chlorate  Lb. 

Sodium  Bicarbonate  (Knglish) Lb. 

s, ulium  Bichromate  , . . .     Lb. 

Sodium  Hydroxide,  60  per  cent C.       1 

Sodium  Hyposulfite C       1 

Sodium  Nitrate.  95  per  cent.,  spot C. 

Sodium  Silicate  1  liquid) C. 

Strontium  Nitrate Lb 

Sulphur,  Roll. . .. .  C.       1 

Sulphur,  Flowers  (sublimed) C.       2 

Sulphuric  Acid,  6o°  If C. 

Talc  I  American) Ton  15 

Terra  Alba  1  American),  No.  1 C. 

Tin  Bichloride  (50 °) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C.       5 

Cottonseed  Oil  (crude),  f.  o.  b.  mill. . .  .Gal. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (double-boiled) Gal. 

Paraffine  Oil  (high  viscosity) Gal. 

Paraffine  (crude  120  &  122  m.  p.) Lb. 

Rosin  Oil  (first  run) Gal. 

Spindle  Oil,  No.  1 Gal. 

Sperm  Oil  (bleached  winter),  380 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

METALS. 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb.     2  . 

Copper  (electrolytic) Lb. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Oz.   46. 

Silver Oz. 

Tin Lb. 

Zinc Lb.     6. 

FERTILIZER  MATERIALS. 

Ammonium  Sulphate C.       3.20       @     3.30 

Fish  Scrap,  domestic,  dried Unit  2  .  45       &    10 

Blood,  dried Unit  2  .  72  A  @     2 .  75 

Tankage,  high  grade Unit  2.55       &    10 

Bone,  4'A  and  50,  ground,  raw Ton  27  .00       @        — 

Potassium,  "muriate,"  basis  80% Ton  38.55 

Phosphate,  acid,  16  per  cent Ton    7  .00 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton    3 .  70       @    3 

Tennessee,  68-72  per  cent Ton    4.25       @    4 

Pyrites,  furnace  size,  imported Unit  o.  13V,,  @     ° 

Castor  meal Unit  nominal 

Mowrah  meal Ton    8 .  50       @    9 
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I  III:    JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


<  in. 


INTERNATIONAL  CONGRESS  OF  APPLIED  CHEMISTRY 


The  quesl  of  knowledge  has  always  developed 
friendships  among  men  of  differenl  countries,  and  the 
mutual  interest  which  exists  among  scientists  has 
given  rise  to  stronger  bonds  oi  cooperation  than  those 
produced  by  even  the  languages  or  political  policies. 
In  the  last  thirty  years  a  movement,  the  direct  result 
of  the  progress  which  the  nineteenth  century  made  in 
science,  unparalleled  in  the  history  of  the  world,  has 
eventuated  in  the  organization  of  various  International 
Congresses.  This  movement,  really  an  endeavor  to 
ascertain  the  most  practical  and  efficient  methods  of 
scientific  procedure,  has  fostered  a  uniform  mental 
attitude  which  seems  to  have  developed  rapidly 
throughout  the  civilized  world,  and  an  intellectual 
union  has  been  the  consequence.  The  natural  de- 
velopment of  these  organizations  constitutes  in  itself 
a  guarantee  of  solidity  and  efficacy. 


William    H.   Nichols.   President. 


There  is  to-day  no  German  chemistry,  no  Russian 
chemistry,  no  Japanese  chemistry,  no  American 
chemistry;  there  is  one  Universal  chemistry,  and  in 
this  respect  our  science  differs  from  sciences  in  which 
the  spirit  is  strictly  national,  as  botany,  seismology, 
etc.  The  psychology  of  the  Orient  and  Levant  may 
differ  materially  from  that  of  the  Occident,  owing  to 
the  intellectual  and  moral  differences  in  the  peoples; 
but  the  chemistry  of  India  and  that  of  the  United 
States  are  identical,  because  they  are  based  upon 
uniform  natural  laws. 

To  the  chemist  belongs  the  honor  of  having  first 
effected  this  great  International  movement — the 
convention  of  scientific  men  of  varied  nationalities. 
The  initial  international  congress  of  chemistry  was 
held  at  Carlsruhe  in  i860;  the  meeting  was  attended 


by  140  chemists  !n>m  all  parts  oi  Europe  and  lasted 
3  days.  At  the  Eighth  International  Congress  of 
Applied  Chemistry,  2500  chemists  were  present  and 
the  proceedings  were  of  ten  days'  duration.  The  pur- 
pose of  the  Carlsruhe  congress  was  the  establishment 
of  an  international  nomenclature.  Although  this 
congress  was  a  success,  yet  more  than  a  quarter 
century  elapsed  before  the  realization  of  the  necessity 
of  a  similar  convention  was  expressed.  From  1889  on, 
the  periods  passing  between  the  congresses  of  chemistry 
were  of  much  shorter  duration,  thus,  1893,  1894, 
1896,  1898,  1900,  1903,  1906,  1909,  and  1912. 

The  first  International  Congress  of  Applied  Chem- 
istry was  held  at  Brussels  in  1894,  and  was  the  out- 
come of  a  suggestion  of  Doctor  H.  W.  Wiley.  This 
Congress  was  divided  into  four  sections,  viz.,  sugar 
chemistry,  agricultural  chemistry,  food  and  public 
hygiene,  and  biological  chemistry.  The  Second  Inter- 
national Congress  of  Applied  Chemistry  convened  in 
Paris  in  1896.  Committees  had  been  organized  in 
various  countries,  and  through  the  French  Foreign 
Office  all  the  principal  governments  were  invited  to 
send  delegates;  nearly  2,000  members  were  present, 
and  the  necessity  of  a  close  alliance  between  pure  and 
applied  science  was  shown.  The  Third  International 
Congress  of  Applied  Chemistry,  held  in  Vienna  in 
1898,  was  divided  into  twelve  sections;  one  of  the 
principal  questions  before  this  Congress  was  the 
adoption  of  uniform  methods  of  analysis  for  com- 
mercial products  and  raw  materials.  The  Fourth 
Congress  was  held  in  Paris  in  1900  at  the  time  of  the 
Grand  Exposition;  the  work  was  divided  into  ten 
sections.  At  the  Fifth  Congress,  in  Berlin,  1903,  of 
which  there  were  2,533  members  representing  38 
countries,  about  500  papers  were  presented  for  dis- 
cussion. Several  German  societies  held  their  meetings 
in  conjunction  with  this  Congress,  which  was  the  most 
important  and  successful  of  all  held  up  to  that  time. 
The  Sixth  International  Congress  of  Applied  Chemis- 
try (Rome,  1906)  was  divided  into  eleven  sections; 
the  members  numbered  2,375  and  658  papers  were 
presented.  The  Seventh  Congress  (London,  1909),  of 
which  there  were  4,100  members,  was  a  worthy  suc- 
cessor to  the  six  preceding;  985  papers  were  presented 
in  eleven  sections  and  six  subsections,  and  several 
innovations  were  arranged  and  carried  out.  A  charac- 
teristic feature  of  the  London  Congress  was  the  ex- 
tension of  the  idea  of  the  establishment  of  International 
commissions  to  recommend  uniform  standards  of 
materials  and  methods  of  determining  them. 

The  Eighth  International  Congress  of  Applied 
Chemistry,  the  most  brilliant  assemblage  of  men 
eminent  in  pure  and  applied  chemistry  ever  brought 
together  on  this  continent  and  a  worthy  successor  of 
the  preceding  Congresses,  officially  closed  its  sessions 
on  September  13,  191 2,  after  ten  days  of  scientific 
and  social  enjoyment — days  which  were  replete  with 
opportunities  for  affording  direct  interchange  of 
views    and    during    which    Americans    had    the    great 
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satisfaction  of  playing  the  part  of  host  to  those  chem- 
ists who  gathered  from  all  parts  of  the  civilized  world. 

This  Congress,  of  which  there  were  4500  members, 
2500  of  whom  attended  the  New  York  sectional  ses- 
sions, had  been  an  enormous  undertaking  and  the 
immense  amount  of  work  which  its  preparation  en- 
tailed devolved  largely  upon  the  President,  Secretary 
and  Executive  Committee.  It  is  to  the  President, 
Dr.  W.  H.  Nichols,  and  to  the  Secretary,  Dr.  B.  C. 
Hesse,  however,  that  the  greatest  amount  of  credit 
is  due  for  the  splendid  organization,  elaborate  ar- 
rangements and  successful  administration  of  the 
plans. 

The  Eighth  Congress  had  been  repeatedly  brought 
to  the  attention  of  the  chemical  world  during  the  past 
three  years,  and  the  plans  of  the  organizers,  both 
tentative  and  final,  had  been  distributed  throughout 
the  world  in  a  most  thorough  manner.  The  various 
Committees  in  charge  of  the  many  arrangements 
necessary  did  their  work  systematically,  and  earnest 
cooperation  early  marked  the  development  of  the 
many  fixed  rules  and  novel  ideas  introduced.  It  was 
only  to  be  expected,  therefore,  that  the  Congress  would 
have  a  number  of  features.  One  of  the  most  important 
and  valuable  of  these  was  that  the  bulk  of  the  ac- 
cepted papers  was  printed  in  advance  in  twenty-four 
carefully  prepared,  well-printed  volumes,  each  de- 
voted to  a  section.  In  this  manner  the  greater  amount 
of  the  papers  presented  were  available  for  perusal  and 
criticism  prior  to  the  sectional  session  openings,   and 


Edward  \V.  Morlev.  Honorary  President. 

this  arrangement  not  only  encouraged  attendance  but 
also  provided  for  more  thorough  discussion. 

It  has  been  said  that  the  consciousness  of  a  duty 
performed  gives  music  at  midnight,  and  it  is  agreed 
by  all  that  the  men  and  women  who  have  worked  and 
cooperated  to  make  this  Congress  a  success  are  entitled 


to  unbounded  credit  and  all  the  peace  of  mind  which 
goes  with  a  work  well  done.  The  success  of  the 
Eighth  International  Congress  is  a  crowning  event 
in  the  history  of  Applied  Chemistry  in  America. 

THE  INAUGURAL  MEETING  AT  WASHINGTON. 

The    official    opening    of    the    Eighth    International 


Bernhard  C.   Hesse.  Secretary. 

Congress  of  Applied  Chemistry  took  place  at  Memorial 
Continental  Hall,  Washington,  D.  O,  on  September 
4,  1912,  at  11.00  a.m.  The  Patron,  President  W.  H, 
Taft,  was  unable  to  open  the  Congress  personally  on 
account  of  a  sprained  ankle,  although  he  had  made 
the  trip  from  his  summer  home  in  Beverly,  Mass., 
for  the  purpose;  his  regrets  were  presented  by  the 
President  of  the  Congress,  Dr.  William  H.  Nichols. 
Dr.  Nichols  introduced  the  Honorary  President,  Dr. 
E.  W.  Morley,  who  made  the  following  address: 

"The  Eighth  International  Congress  of  Applied 
Chemistry,  assembled  according  to  the  invitation  of 
the  President  of  the  United  States  of  America,  and  by 
the  authority  of  the  Congress  of  the  United  States, 
desires  to  express  its  gratitude  for  this  invitation,  and 
further,  its  especial  gratitude  for,  and  high  appreciation 
of,  the  honor  done  us,  Mr.  President,  by  your  consent 
to  open  the  deliberations  of  this  Congress. 

"It  is  my  privilege,  fellow  members  of  the  Congress, 
to  express  to  you  the  cordial  welcome  with  which  the 
chemists  of  the  United  States  receive  you  to  their 
country.  This  cordial  welcome  we  gladly  offer  to 
visiting  chemists  from  every  country  of  the  whole 
world.  Moreover,  both  the  representatives  in  this 
country  of  applied  chemistry,  and  also  the  lovers  and 
followers  of  pure  chemistry,  take  a  special  pleasure  in 
welcoming  chemists  from  the  four  nations  whose 
languages  are  the  official  languages  of  this  Congress. 
It   was   among   these    nations   that,    something   like   a 
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century  ago,  chemistry  as  we  now  understand  it  had 
■in  Lavoisier  established  an  anti-phlogistic 
chemistry,  Dalton  founded  the  atomic  theory,  Liebig 
furnished  organic  chemistry  with  methods,  and 
Iro  helped  us  to  an  insight  into  molecular 
weights.  During  the  century  since  these  magnificent 
beginnings,  the  progress  of  chemistry  in  these  foul 
nations  lias  been  well  worthy  of  the  beginnings. 

"A1  the  time  of  these  brilliant  beginnings  the  United 
States  of  America  were  but  just  become  an  indepen- 
dent nation.  The  work  of  the  hour  on  this  continent 
was  to  organize  the  mechanism  of  civilization  in  the 
wilderness  which  then  covered  much  of  our  area. 
Pure  chemistry  had  to  wait  while  roads  and  bridges 
were  built  and  the  forest  was  cleared.  Our  studies 
and  energies  had  to  be  expended  upon  the  difficult 
problems  of  conducting  a  popular  government — prob- 
lems which  we  are  optimistic  enough  to  regard  as  not 
incapable  of  solution.  The  organization  of  universities 
by  private  initiative  and  expense,  and  the  organization 
of  elementary  schools  at  public  expense  over  almost  half 
a  continent,  diverted  able  men  from  research  in  pure 
science.  The  necessities  of  mine  and  furnace  and  factory 
led  men  who  might  have  stood  high  as  investigators,  to 
use  their  energy  and  insight  in  applying  chemistry  to  in- 
dustry, and  adding  to  the  wealth  of  the  country  and 
the  comforts  of  life. 

"Accordingly,  the  chemists  of  this  country  are  de- 
lighted to  welcome  chemists  from  the  nations  who 
have  been  our  masters  and  teachers  in  pure  chemistry. 
The  debt  which  we  owe  to  the  chemists  of  these  nations 
is  incapable  of  repayment.  But  if  any  courtesies  which 
we  can  show  you,  any  provision  for  the  pleasure  of 
your  visit  which  we  can  make,  any  solicitude  for  the 
success  of  your  deliberations  which  we  can  feel, 
should  suggest  that  such  repayment  would  be  to  us 
a  privilege  and  a  pleasure,  and  a  great  delight,  we 
should  but  feebly  express  the  warmth  of  the  welcome 
with  which  we  receive  you  to  the  sessions  of  the 
Eighth  International  Congress  of  Applied  Chemistry." 

President  Nichols  then  made  his  formal  address  of 
welcome,  which  follows  in  full: 

"On  behalf  of  the  great  army  of  American  chemists, 
more  than  six  thousand  in  number,  and  representing ' 
all  branches  of  the  profession,  and  in  the  name  of  the 
great  industrial  organizations  depending  on  their 
services,  and  also  of  the  Universities,  Colleges  and 
Technical  Schools,  where  many  are  devoting  their 
lives  to  instruction,  it  is  my  privilege  also  to  extend 
a  hearty  welcome  to  our  guests  from  all  the  corners 
of  the  earth. 

"We  are  gathered  together  to  compare  notes  and 
to  add  to  what  has  been  done  before,  thus  contributing 
to  the  great  structure  of  the  future  something  of 
perhaps  vital  importance  to  its  growth  and  symmetry. 
We  realize  that  this  is  an  age  of  cooperation  rather 
than  of  destructive  competition,  and  we  therefore 
unite  our  efforts  that  the  resultant  may  be  worthy 
of  us.  We  are  here  to  give,  that  we  may  receive,  and 
thus  pass  on  to  the  world  something  more  than  our 
isolated  efforts  could  make  possible.  The  alchemist 
of  the  middle  ages  worked  alone,  seeking  the  philoso- 


pher's stone,  or  perhaps  the  elixir  of  life,  vainly  hoping 
to  transmute  baser  things  into  gold,  or  indefinitely 
prolong  the  joys  of  youth.  We  work  together,  and 
mui  li  has  come  to  pass  in  the  transmutation  not  of 
the  elements,  it  is  true,  but  of  useless  into  useful  things, 
and  much  has  been  accomplished  in  the  betterment 
of  the  whole  span  of  life.  It  is  true  we  cannot  see  the 
goal  and  cannot  even  imagine  what  it  will  be  when 
discovered  in  the  distant  future,  but  we  are  trying 
to  do  our  share  of  the  onward  work,  so  that  those  who 
succeed  us  will  be  better  prepared  to  take  their  part 
because  of  what  we  have  done. 

"Cooperation  such  as  ours  becomes  not  only  a  delight 
but  a  moral  quality.  To  this  symposium  we,  of  the 
new  world,  cordially  welcome  those  who  from  other 
lands  and  other  experiences  come  to  add  their  assist- 
ance and  sympathy. 

"To  this  word  of  welcome  to  our  guests  I  am  sure 
you  would  have  me  add  one  of  appreciation  of  our 
Chairman,  President  Taft,  who  has  torn  himself  away 
from  a  well  earned  and  needed  rest  to  come  here  to 
preside  at  this  opening  meeting  of  our  Congress — a 
worthy  successor  of  the  kings  and  princes  who  have 
similarly  honored  those  which  preceded  it.  While 
his  genial  nature  leads  him  to  do  this  freely,  we  none 
the  less  appreciate  that  the  chemists  of  the  world, 
whether  present  with  us  or  not,  are  under  obligations 
to  him  which  they  can  never  repay.  I  am  sure  that  I 
speak  for  you  all  when  I  tender  to  him  our  united 
thanks  for  the  honor  he  has  conferred  upon  us  and  on 
the  science  which  we  love. 

"Since  our  last  Congress,  held  in  London  in  1909, 
no  past  officials  of  the  congresses  have  died.  Sir 
Henry  Roscoe,  Hon.  President  of  the  Seventh  Con- 
gress, has  met  with  great  affliction  in  the  loss  of  his 
dear  wife,  but  with  that  exception  death  has  not 
entered  into  the  homes  of  those  who  have  presided 
over  former  congresses.  We  extend  to  him  to-day  our 
heartfelt  sympathy,  added  to  our  regret  that  advanc- 
ing age  has  prevented  him  from  being  present  with 
us  to-day.     I  am  sure  he  is  with  us  in  the  spirit. 

"The  President  of  the  Fifth  or  Berlin  Congress, 
Prof.  Otto  N.  Witt,  of  Charlottenburg,  has  also  been 
prevented  from  attending.  I  am  sure  that  any  one 
who  has  met  him,  or  who  has  known  of  his  great 
works,  will  join  me  in  the  expression  of  deepest  regret 
that  one  of  the  most  brilliant  lights  of  the  chemical 
world  cannot  be  with  us.  Those  of  you  who  had 
the  good  fortune  to  hear  his  scholarly  address  at  the 
Seventh  Congress  will,  to  some  extent,  appreciate 
what  he  could  have  added  to  this  Congress  had  he 
been  present. 

"Prof.  Emanuele  Paterno,  President  of  the  Sixth 
or  Roman  Congress,  finds  himself  at  the  last  moment 
unable  to  attend.  Up  to  a  few  days  ago  I  felt  sure 
of  his  presence,  and  was  therefore  all  the  more  disap- 
pointed at  his  change  of  plans.  We  shall  miss  him 
greatly,  although  there  are  worthy  representatives 
of  his  country  here. 

"We  are  very  fortunate  in  having  with  us  Professor 
Lindet,  President  of  the  Second  Congress;  Sir  William 
Ramsay,  President  of  the  Seventh  Congress;  and  Dr. 
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Friedrich  Strohmer,  of  the  Vienna  Congress.  These, 
with  those  I  have  named,  are  the  only  living  members 
of  the  International  Commission  of  Congresses  of 
Applied  Chemistry,  and  we  are  happy  to  welcome 
them  and  to  know  that  we  are  to  have  the  benefit  of 
their  great  wisdom  and  experience  during  the  conduct 
of  the  affairs  of  this  Congress. 

"I  am  pleased  to  report  that  a  very  large  proportion 
of  the  original  communications  to  this  Congress  has 
already  been  printed  and  bound,  twenty-four  volumes 
in  all,  and  will  be  distributed  to  members  on  registration 


been  perfected  to  make  them  available  for  large  numbers. 
"The  past  fifty  years  have  seen  marvelous  improve- 
ments in  all  branches  of  science.  This  is  not  the  time 
or  place  to  discuss  details,  but  I  feel  justified  in  saying 
that  the  science  of  chemistry  during  the  great  evolu- 
tionary period  has  not  been  outstripped  by  any  of  the 
others.  While  its  work  has  been  more  quiet,  and  has 
not  been  so  obvious  to  the  general  public,  it  has  been 
none  the  less  of  supreme  importance.  I  believe  it  is 
gradually  being  realized  that  the  world  of  the  future 
will  depend  more  upon  the  science  of  chemistry  than 


Sir  William  Ramsay. 


CONGRESS     GROUP. 
Dr.  Rudolph  Messel. 


Photo  by  Harris  c?  Eiving. 
Pres.  W.   H.    Nichols. 


at  Columbia  University  on  their  return  to  New  York. 
I  think  this  is  worthy  of  mention,  as  I  believe  it  is  a 
result  which  has  never  been  accomplished  before,  and 
which  could  not  have  been  accomplished  now  but  for 
the  magnificent  and  untiring  work  of  our  Secretary, 
and  the  cooperation  with  him  of  the  officers  and  mem- 
bers of  the  Sectional  Committees  and  the  Committee 
on  Papers  and  Publications.  It  is  hoped  that  with 
these  transactions  in  hand  the  discussions  of  the  papers 
will  be  of  great  value.  Thanks  to  the  effective  assist- 
ance of  Mr.  Edison  and  his  staff,  arrangements  have 
been  made  to  record  these  discussions  on  the  phono- 
graph in  the  official  language  employed,  and  this  in 
itself  will  represent  an  added  novelty  in  our  Congress, 
and,  at  the  same  time,  insure  an  accurate  report. 

"We  are  also  fortunate  in  having  some  of  the  fore- 
most chemists  of  Europe  as  lecturers  on  subjects  of 
great  importance;  and,  anticipating  the  public  interest 
which   these  lectures  will  arouse,   arrangements  have 


upon  any  other,  and  may  even  have  to  look  to  it  for 
its  continued  life.  As  its  mines  become  more  and 
more  exhausted,  and  its  lands  more  and  more  depleted 
of  power  to  grow  crops,  it  must  turn  to  chemistry  for 
instruction  as  to  prevention  of  wastes  and  uses  of 
power  and  materials,  which,  without  its  ministrations 
would  be  useless. 

"With  this  thought  in  our  minds  we  welcome  with 
more  than  ordinary  cordiality  our  foreign  guests- 
some  of  them  from  the  antipodes.  We  invite  them  to 
aid  us  in  the  solution  of  the  great  physical  problems 
which  confront  us  as  a  nation.  We  have  had,  and 
still  possess,  magnificent  natural  resources;  we  have 
perhaps  done  with  them  the  best  that  we  could,  but 
we  are  becoming  more  and  more  alive  to  the  fact  that 
the  problems  are  vast  and  complex.  These  natural 
resources  must  be  exploited,  but  I  conceive  it  to  be  of 
much  more  importance  that  they  be  intelligently 
conserved.     The    assistance    of    those    who    have    of 
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necessity  had  these  problems  in  conservation  always 
before  them  will  be  doubly  welcomed  by  us  who  have 
U'l'ii  s.i  prodigal  in  the  expenditure  of  ourgreal  wealth. 
"The  development  of  our  country  has  been  extremely 
rapid,  but  the  thoughtful  ones  among  us  realize  that 
tile  time  is  at  hand  when  lavish  expenditure  must  be 
succeeded  by  prudent  conservation  in  order  thai  we 
may  not  only  pass  down  to  posterity  a  record  of  won- 
derful evolution,  but  insure  that  we  have  not  robbed 
our  children's  children  of  the  materials  necessary  for 
their  own  progress. 

"With  these  ideas  we  will  proceed  to  our  labors  at 
Xew  York  with  light  hearts,  believing  that  great  good 
will  come  to  our  country  and  to  the  world  as  a  result 
of  those  labors,  not  only  in  the  immediate  future,  but 
more  particularly  in  the  more  distant  future  which 
it  is  our  bounden  duty  to  carefully  and  religiously 
protect." 

After  President  Nichols'  address  followed  the  official 
responses  of  the  representatives  of  various  countries: 
Prof.  Dr.  Rudolf  Wegschneider  spoke  for  Austria, 
Prof.  L.  Lindet  for  France,  Prof.  Dr.  von  Buchka  for 
Germany,  Sir  William  Ramsay  for  Great  Britain,  Dr. 
Jokichiro  Lemori  for  Japan,  Commanditore  Giacomo 
Ciamician  for  Italy,  Prof.  Paul  Walden  for  Russia, 
and  Dr.  Samuel  Eyde  for  the  other  countries.  Fol- 
lowing these  addresses,  two  resolutions  were  presented. 
Dr.  H.  W.  Wiley  presented  a  resolution  of  thanks  to 
the  D.  A.  R.  for  their  permission  to  use  the  Continental 
Hall;  Dr.  D.  T.  Day  moved  that  one  copy  of  the 
official  Congress  badge  be  struck  in  pure  gold,  for 
presentation  to  the  President,  Dr.  Nichols. 

In  the  afternoon  of  September  4,  there  was  a  re- 
ception at  the  White  House,  and  the  delegates  and 
their  wives  repaired  thereto  in  large  numbers,  as- 
sembling in  the  East  Room,  where,  after  being  intro- 
duced to  the  visitors,  President  Taft,  seated  in  a  wicker 
chair,  said: 

"Ladies  and  Gentlemen  of  the  International  Congress 
of  Applied  Chemistry: 

"I  have  much  pleasure  in  welcoming  you,  on  behalf 
of  the  Government  and  people  of  the  United  States, 
to  Washington.  I  sincerely  hope  that  your  stay  in 
this  Capital  may  be  an  agreeable  one. 

"Yours  is  one  of  those  important  International 
Congresses  that  mark  the  great  progress  which  has 
been  made  in  research  and  application  of  newdy 
discovered  principles  in  a  most  important  science  and 
art.  If  there  be  any  science  that  goes  to  the  heart 
of  the  matter,  it  is  chemistry.  Dealing  with  atoms 
and  molecules  and  their  association,  and  the  mani- 
festations of  their  action  upon  each  other,  chemistry 
seems  at  one  time  the  most  abstruse  of  sciences,  and 
then  when  we  see  it  applied  in  the  great  modern 
factories  in  the  manufacture  of  those  elements  which 
are  essential  to  the  success  of  the  industrial  arts,  we 
are  made  to  know  that  the  extent  of  the  science  from 
the  theoretical  to  the  practical  is  wider  than  that  of 
any  other. 

"I  observe  that  in  your  various  divisions  you  discuss 
many  different  questions  not  peculiarly  chemical.  I 
note  a  consideration  of  the  question  of  patents,  what 


patents  oughl  to  include,  and  what  kind  ot  a  patent 
system   ought   to  be  adopted  by   each    Governmi  n1 

Patents  have  played  a  very  great  part  in  the  develop- 
ment of  the  United  States,  and  we  have  given  to 
patentees  a  very  valuable  monopoly  for  the  purpose 
of  discovering  by  their  industries,  new  methods  of 
accomplishing  useful  results.  Whether  we  have  made 
this  monopoly  too  great  or  not  is  now  the  subject  of 
consideration  by  a  Commission  provided  for  by  Con- 
gress. There  is  certainly  great  room  for  improvement 
in  the  machinery  of  our  Patent  Office,  and  it  would 
be  well  if  more  value  could  inhere  in  the  issuing  of  a 
patent  as  an  evidence  of  real  property.  Now,  however, 
until  a  patent  has  been  fought  through  the  courts, 
people  do  not  seem  to  regard  it  as  of  a  great  deal  of 
monopoly  value. 

"I  may  add  that  one  of  the  great  opportunities  for 
reform,  in  my  judgment,  is  in  the  shortening  of  patent 
litigation  and  the  reducing  of  its  expenditure.  I 
know  very  little  about  chemistry,  but  I  know  a  good 
deal  about  patent  litigation.  I  know  that  the  amount 
of  money  that  has  been  unnecessarily  wasted,  and  the 
inequality  that  has  been  produced  between  the  rich 
litigant  and  the  poor  litigant,  by  reason  of  the  un- 
necessary expense  of  that  litigation,  is  one  of  the  things 
that  calls  for  remedy  and  immediate  remedy.  It  is 
not  essential  that  we  should  make  a  record  of  10,000 
printed  pages  at  $50  a  day  for  experts  and  Sioo  a  day 
for  patent  lawyers.  I  have  no  objection  to  experts; 
I  have  no  objection  to  patent  lawyers:  but  I  think  we 
can  have  too  much  of  both  of  them.  What  ought 
to  happen  is  that  the  expert  should  be  called  into 
open  court,  should  there  be  examined  on  the  principal 
points  of  the  case,  and  then  dismissed,  and  not  have 
that  interminable  system  of  records,  which  every 
Judge  who  has  had  any  experience  in  respect  to  patent 
law  must  condemn,  on  the  one  hand,  because  of  its 
uselessness,  and  on  the  other  hand  because  of  its  ex- 
pense. YTou  observe  that  I  am  willing  to  make  a 
diversion  in  the  direction  of  which  I  know  something. 
But  it  is  not  for  me  to  discuss  a  subject  that  is  only 
distantly  related  to  the  main  purpose  of  your  coming. 
"I  regret  exceedingly  that  the  weather  is  such  as  not 
to  permit  you  to  enjoy  the  beautiful  grounds  of  the 
White  House  as  fully  as  you  could  on  a  sunny  day. 
I  have  come  a  long  distance  to  meet  you,  in  order  to 
emphasize  as  much  as  I  can  the  importance  which  the 
American  Government  and  the  American  people 
attach  to  your  deliberations  and  the  subject  matter 
of  your  consideration,  and- the  anxiety  and  concern 
they  have  in  promoting  every  International  Congress 
which  makes,  as  this  does,  for  'team-work'  in  the 
world's  progress." 

Upon  the  conclusion  of  this  address,  the  party 
adjourned  to  the  White  House  grounds,  where  the 
members  were  received  by  Mr.  Taft,  the  introduction 
being  made  by  Major  Rhoads.  This  lawn  party  was 
a  very  pleasant  affair  and  lasted  from  5.00  to  6.30  p.m. 
The  Marine  Band,  under  the  direction  of  Lieut.  Santel- 
mann,  and  assisted  by  Miss  Agnes  Hope  Pillsbury  at 
the  piano,  gave  a  most  excellent  musical  programme. 
Refreshments   w-ere   served   in   special   tents,    and    the- 
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terraces    were    crowded    with    friends   and   guests    at- 
tending the  Congress. 

There  were  various  private  dinners  in  the  evening, 
notably  a  "chemistry  dinner"  at  the  Raleigh  by  Dr. 
H.  W.  Wiley,  but  the  principal  social  function  was  a 
reception  by  the  Regents  and  Secretary  of  the  Smith- 
sonian Institution,  held  at  the  New  National  Museum. 
The  latter,  with  its  wealth  of  collections,  including 
paintings,  added  interest  to  the  function,  which  was 
in  every  respect  a  brilliant  success.  The  Marine 
Band  furnished  a  musical  programme  to  which  Mrs. 
Bertha  Lincoln  Heustis  contributed  a  number  of  vocal 
selections.  Dancing  followed,  in  which  the  younger 
element  participated. 


work  being  greatly  facilitated  by  having  everything 
on  one  floor  and  in  one  room.  Appropriate  booths, 
properly  numbered  and  named,  were  provided  for 
registration,  for  general  information  in  the  four  official 
languages,  for  United  States  branch  post  office,  tele- 
graph and  telephone  offices,  railroad  information 
bureaus,  treasurer's  office,  factory  inspection  bureau, 
facilities  for  distributing  printed  proceedings,  check- 
room, express  office,  stenographers,  etc.  Official 
marshals  were  on  hand  to  act  as  interpreters  and  assist 
the  foreign  members  in  registering  and  arranging  their 
residence  while  at  the  Congress.  The  Columbia 
University  Dormitory  facilities  were  placed  at  the 
disposal  of  the  visiting  members  by  the  Trustees,  and 


ENTRANCE  TO   COLUMBIA   UNIVERSITY  GROUNDS. 


The  following  day  many  of  the  visitors  went  on  a 
sight-seeing  tour  of  Washington,  and  visits  were  paid 
to  the  various  Government  buildings  and  bureaus.  In 
the  evening  of  September  5,  the  Washington  visitors  left 
for  New  York  to  continue  the  formal  work  of  the  Congress. 
THE  NEW  YORK  MEETING. 

The  formal  opening  of  the  Congress  in  Washington 
was  followed  by  the  final  registration  and  organization 
in  New  York  City  on  September  6th.  The  work  was 
centralized  in  the  buildings  at  Columbia  University 
on  Morningside  Heights,  and  at  the  College  of  the  City 
of  New  York  on  Washington  Heights.  The  Gymna- 
sium in  University  Hall,  the  central  building  in  the 
Columbia  group,  was  converted  into  a  series  of  offices 
for  the  administration  of  the  Congress  business,   the 


the  students  dining  room  in  University  Hall  was 
opened  up  to  accommodate  the  visitors.  Each  section 
of  the  Congress  was  assigned  a  commodious  meeting 
room  in  some  of  the  buildings  of  the  University  group; 
the  International  public  lectures,  organ  recitals  and 
general  meetings  were  held  in  the  Great  Hall  at  the 
College  of  the  City  of  New  York. 

A  daily  Journal  was  published  and  distributed  by 
the  Congress  and  every  detail  of  the  administrative 
feature  was  carefully  worked  out  for  the  comfort  and 
convenience  of  the  visiting  members.  The  hospitality 
of  the  two  great  educational  centers  in  New  York — 
Columbia  University  and  the  College  of  the  City  of 
New  York — contributed  in  a  great  measure  to  the 
success  of  this  undertaking. 
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THE  INTERNATIONAL  LECTURES. 

The  importanl  lectures  which  followed  the  sectional 
meetings  on  September  6,  9,  10,  and  ti,  and  which 
wen-  open  to  the  public,  were  delivered  in  the  Great 
Hall  "i  the  College  of  the  City  of  New  York,  by  eminenl 
members  61  the  chemical  profession  from  each  nation 
represented  in  the  four  official  languages,  French, 
German,  Italian,  and  English. 

M.  Gabriel  Bertrand,  Professor  of  Biological 
Chemistry  at  the  Sorbonne  and  the  Pasteur  Institute, 
Paris,  France:  "The  Part  Played  by  Infinitely 
Small  Quantities  of  Chemicals  in  Biological 
Chemistry."  This  lecture  was  delivered  on  Septem- 
ber 6th  in  French,  and  embodied  a  scholarly  summary 
of  the  results  of  years  of  study  and  experimental 
research  conducted  by  the  speaker. 

Geheimer  Regierungsrat Prof.  Dr.  C.  Duisberg, 
Managing  Director  of  the  Farbenfabriken  of  Elbcrfeld, 
Germany:  "The  Latest  Achievements  and  Prob- 
lems of  the  Chemical  Industry."  This  lecture, 
delivered  in  German,  was  illustrated  by  lantern  slides 
and  extensive  exhibits;  it  dealt  most  impressively 
and  eloquently  with  the  enormous  strides  which 
Germany  has  taken  in  the  development  of  certain 
chemical  industries,  and  was  highly  enjoyed  by  an 
audience  of  about  1500  persons.  A  full  translation  of 
Prof.  Duisberg's  lecture  appears  in  this  issue  of  This 
Journal. 

Professor  William  Henry  Perkin,  of  Man- 
chester, England:  "The  Permanent  Fireproofing 
of  Cotton  Goods."  Professor  Perkin,  who  spoke, 
of  course,  in  English,  illustrated  very  forcibly  the 
research  chemist's  services  to  the  cause  of  humanity; 
his  lecture  which  will  be  published  in  the  next  issue  of 
This  Journal  pertained  to  his  discovery  of  a  process 
for  the  permanent  fireproofing  of  all  kinds  of  cotton 
goods,  and  included  a  practical  demonstration  of  its 
success. 

Professor  Giacomo  Ciamician,  of  Bologna,  Italy: 
"The  Photochemistry  of  the  Future."  This  lec- 
ture, delivered  in  Italian,  was  of  great  practical  im- 
portance on  account  of  the  suggestions  it  contained 
in  regard  to  the  better  utilization  of  radiant  energy. 

All  of  the  above  general  lectures,  which  were  com- 
prehensive and  of  great  interest,  were  preceded  by 
organ  recitals  and  every  facility  had  been  provided  by 
The  Honorable  Board  of  Trustees,  President  J.  G. 
Finley,  Professor  Charles  Baskerville,  and  Dr.  W.  L. 
Estabrooke  of  the  College  of  the  City  of  New  York 
for  the  convenience  of  the  lecturers  and  the  reception 
of  the  audience.  Each  of  the  lectures  was  followed  by 
a  tea  served  on  the  College  campus. 

THE  SECTIONAL  ADDRESSES. 

One  of  the  interesting  features  of  the  Eighth  Congress 
was  the  holding  of  joint  sessions  of  various  sections; 
at  several  of  these  joint  meetings  symposiums  were 
held,  while  at  three,  important  addresses  were  deliv- 
ered by  distinguished  chemists. 

Doctor  Samuel  Eyde,  the  eminent  chemical  engineer 
of  Kristiania,  Norway,  addressed  the  joint  meeting  of 


the  Sections  on  [norganii   Chemistry,  Physical  Chemis- 

Blectrochemistry,    and    Agricultural    Chemistry, 

on  September  7th  in  the  Auditorium  ol  the  American 

.Museum    ol     Natural    History.       His   subject    was    "Tin; 

Oxidation  0  pheric  Nitrogen  ami  Develop- 

ed ling  Industries  in  Norway."     This 

meeting  was  attended  by  the  most,  prominent   chemists 
at     the    Congress,    as    well    as    by    many    manut.i. 
and    engineers,    and    will    always    be    remembered    by 
those   present.      An   extended   abstract  of   the   address 
by   Dr.   Eyde  appears  in  tins  issue. 

Herb  Hofrat  Prof.  Dr.  Heinrich  August 
BERNTHSEN,  Managing  Director  of  the  Bailische  Anitin 
und  Soda-Fabrik,  Ludwigshafen,  delivered  an  ad- 
dress before  the  joint  meeting  of  the  Sections  on 
Inorganic  Chemistry,  Physical  Chemistry,  Electro- 
chemistry, and  Agricultural  Chemistry,  at  the 
Horace    Mann    Auditorium    on    September    nth,    on 


Courtesy  of  American  Druggist. 
Heinrich  August  Bernthsen,  Pres.  Bunsen  Gesellschaft. 

"Synthetic  Ammonia."  This  lecture  was  one  of  the 
most  novel  delivered  before  the  Congress,  and  included 
a  demonstration  of  the  Haber  process.  The  thanks 
of  the  meeting  were  voted  to  Professor  Bernthsen  for 
his  brilliant  lecture,  the  motion  being  made  by  Dr. 
Eyde  and  seconded  by  Professor  Duisberg.  Professor 
Bernthsen's  lecture  is  reprinted  in  full  in  this  number 
of  This  Journal. 

Professor  William  Henry  Perkin  delivered  a  lec- 
ture on  "The  Polymerization  of  Butadine  and 
Isoprene,"  before  the  Sections  on  Organic  Chemistry 
and  India  Rubber,  on  September  n.  A  large  audience 
was  present. 

Prof.  Perkin  outlined  the  method  of  making  syn- 
thetic rubber,  which  he  recently  described  in  a  paper- 
before  the  Society  of  Chemical  Industry  and  then, 
described   a   new  method   which   he   said  looked   very- 
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promising.      Since  this  new  method  has  not  yet  been 
described  we  give  its  outline  here: 

Take  ethyl  alcohol,  which  may  be  easily  oxidized 
to  acetaldehyde.  This  is  condensed  by  means  of  po- 
tassium carbonate  to  aldol  and  the  aldol  can  be  quan- 
titatively converted  into  butylidine  glycol.  All  the 
yields  of  these  reactions  are  practically  quantitative. 
The  butylidine  glycol  is  then  converted  into  a  chloride 
and  passed  over  soda  lime  when  practically  the  same 
product  is  produced  as  the  isoprene  from  the  isoamyl 
chloride  and  when  treated  with  sodium  gives  even 
better  rubber  than  isoprene. 

Prof.  Perkin  exhibited  samples  of  what  he  called 
the  first  synthetic  rubber  ever  made  (the  product  of 
Tilden). 

THE  SECTIONAL  MEETINGS. 

The  scientific  work  of  the  Congress  was  organized 
in  twenty-four  sections.  Each  section  was  adminis- 
tered by  a  complete  organization  consisting  of  Presi- 
dent, Vice-president,  Secretary  and  Sectional  Com- 
mittee. 

All  papers  offered  to  the  Congress,  after  being  passed 
upon  by  the  proper  Sectional  officers,  were  submitted 
for  final  action  to  the  Committee  on  Papers  and  Pub- 
lications. 

The  greater  portion  of  the  Proceedings  of  the  Eighth 
International  Congress  was  printed  in  advance  of  the 
meeting,  and  issued  to  members  on  and  after  the  morn- 
ing of  September  3rd.  The  Proceedings  contained 
all  accepted  papers  presented  by  June  30,  19 12,  and 
consisted  of  twenty-four  volumes,  including  over  600 
papers  and  over  5000  pages  with  illustrations. 

The  many  additional  papers  read  at  the  Sectional 
meetings  but  not  submitted  before  June  30th,  will  be 
included  with  discussions  of  all  papers  in  the  Supple- 
ment to  the  Proceedings,  to  be  issued  before  December 
31,  1912. 

Each  volume  of  the  Proceedings  was  devoted  to  a 
section.  Thus  authors  were  able  to  present  their 
papers  in  abstract  before  the  section  and  bring  out  a 
most  complete  and  full  discussion. 

SECTIONAL    DIVISIONS    AND    THEIR    PRESIDENTS. 

Analytical  Chemistry:  W.  F.  Hillebrand,  Ph.D., 
Bureau  of  Standards,  Washington,  D.  C. 

Inorganic  Chemistry:  Charles  L.  Parsons,  B.S., 
Technical  Expert  of  Bureau  of  Mines,  Washington,  D.  C. 

Metallurgy  and  Mining:  Joseph  W.  Richards,  Ph.D., 
Lehigh  University,  South  Bethlehem,  Pa. 

Explosives:  Charles  E.  Munroe,  Ph.D.,  George 
Washington  University,  Washington,  D.  C. 

Silicate  Industries:  Allerton  S.  Cushman,  Ph.D., 
The  Institute  of  Industrial  Research,  Washington,  D.  C. 

Organic  Chemistry:  Marston  T.  Bogert,  LL.D., 
Columbia  University,  New  York. 

Coal  Tar  Colors  and  Dyestuffs:  Herman  A.  Metz, 
122  Hudson  Street,  New  York. 

Industry  and  Chemistry  of  Sugar:  W.  D.  Home, 
Ph.D.,  National  Sugar  Refining  Co.,  Yonkers,  New 
York. 

India  Rubber  and  Other  Plastics:  L.  H.  Baekeland, 
Sc.D.,  Yonkers,  New  York. 


Fuels  and  Asphalt:  David  T.  Day,  Ph.D..  United 
States  Geological  Survey,  Washington,  D.  C. 

Fats,  Fatty  Oils  and  Soaps:  David  Wesson,  B.S., 
24  Broad  Street,  New  York. 

Paints,  Drying  Oils  and  Varnishes:  Maximilian 
Toch,  320  Fifth  Avenue,  New  York. 

Starch,  Celhdose  and  Paper:  Arthur  D.  Little.  93 
Broad  Street,  Boston,  Mass. 

Fermentation:  Francis  Wyatt,  Ph.D.,  402  West  23rd 
Street,  New  York. 

Agricultural  Chemistry:  Frank  K.  Cameron,  Ph.D., 
Department  of  Agriculture,  Washington. 

Hygiene:  W.  P.  Mason,  M.D.,  LL.D.,  Rensselaer 
Polytechnic  Institute,  Troy,  New  York. 

Pharmaceutical  Chemistry:  Joseph  P.  Remington, 
Ph.M.,  1832  Pine  Street,  Philadelphia,  Pa. 

Bromatology:  W.  D.  Bigelow,  Ph.D.,  Department 
of  Agriculture,  Washington. 

Physiological  Chemistry  and  Pharmacology:  John 
J.  Abel,  M.D.,  Johns  Hopkins  University,  Baltimore. 

Photochemistry:  W.  D.  Bancroft,  7  East  Avenue, 
Ithaca,  New  York. 

Electrochemistry:  William  H.  Walker,  Ph.D.,  Massa- 
chusetts Institute  of  Technology,  Boston. 

Physical  Chemistry:  W.  R.  Whitney,  Ph.D.,  General 
Electric  Co.,  Schenectady,  New  York. 

Law  and  Legislation  Affecting  Chemical  Industry. 
The  Honorable  Edward  D.  White,  Chief  Justice  of  the 
Supreme  Court  of  the  United  States,  Washington. 

Political  Economy  and  Conservation  of  Natural 
Resources:  J.  A.  Holmes,  Bureau  of  Mines,  Washington. 

A  prominent  feature  of  the  Congress  was  a  number 
of  joint  sessions  held  for  the  purpose  of  a  more  general 
interchange  of  ideas  and  views  on  interrelated  subjects. 
These  joint  sessions  also  gave  excellent  opportunities 
for  the  presentation  of  some  of  the  most  interesting 
and  valuable  lectures  delivered  during  the  Congress, 
notably  those  on  "Oxidation  of  Atmospheric  Nitrogen 
and  Development  of  Resulting  Industries  in  Norway," 
by  Samuel  Eyde;  "Synthetic  Ammonia,"  by  Prof. 
Bernthsen;  "Synthetic  Rubber,"  by  Prof.  Perkin. 

A  list  of  the  articles  published  in  the  proceedings 
and  of  especial  interest  to  our  readers  can  be  found 
in  the  New  Publications  column  of  this  issue.  Many 
of  the  papers  of  industrial  and  engineering  importance 
will  appear  in  the  current  or  subsequent  issues  of  This 
Journal. 

THE  SOCIAL  FEATURES  OF  THE  CONGRESS.1 

One  of  the  great  advantages  of  an  international 
congress  is  the  opportunity  offered  for  social  inter- 
course; accordingly,  the  encouragement  of  frequent 
association  among  the  members  was  carefully  carried 
out  by  the  Officers  and  Committees  of  the  Eighth 
International  Congress  of  Applied  Chemistry,2  and  the 
entertainment  of  the  visiting  members  was  fully  pro- 
vided for.  In  fact,  the  social  features  of  the  Congress 
were  almost  equal  in  importance  to  the  sectional 
meetings,  for  they  gave  every  chance  for  intimate 
exchange  of  ideas  and  views. 

1  Exclusive^of  the  entertainments  and  functions  attending  the  Opening 
of  the  Congress  in  Washington,  reported  elsewhere. 

2  The  Marshals,    it   may    be    mentioned    here,    did    much    to  promote 
cordial  acquaintances  among  the  foreign  guests  and  the  home  members. 
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ion  ''i  the  American  Chemical  Society  to 
iers   of    the   Congress   at    the    Metropolitan 

Museum    oi     Art,   from  X.oo   P.M.   to    10.00    P.M.    on    the 

evening  ol  Saturday,  September  7,  wa  1  largely  at- 
tended, highly  enjoyed  function.  The  Receiving 
Line,  composed  of  twenty-eight  Past  Presidents  and 
Officers  of  the  Society  and  Officers  ol  the  Metropolitan 

Museum  of  Art,  with  their  wives,  and  under  the  chair- 
manship of  Dr.  Arthur  I).  Little,  formed  at  8.30  P.M. 
in  the  ('.rand  Foyer  of  the  Museum,  and  from  y.oo  to 
10.00  p.m.  a  collation  was  served  in  the  Trustees  Room 
on  the  second  tloor.  Members  of  the  International 
Association  for  Testing  Materials  were  also  welcome 
with  their  guests.  Through  the  courtesy  of  the 
Museum,  a  special  illustrated  program  advising  as 
to  how  best  to  see  the  collections  and  where  they  were 
located  was  distributed  at  the  entrance.  The  Recep- 
tion Committee,  also  under  the  chairmanship  of  Dr. 
Little,  was  made  up  of  one  hundred  prominent  Ameri- 
can  chemists;   the   Ladies'    Reception   Committee   was 


Great  Hall  of  the  College  of  the  City  of  New  York 

constituted  of  sixty-five  ladies;  and  the  Executive 
Committee  on  Arrangements,  of  which  Dr.  George  F. 
Kunz  was  chairman  and  Dr.  E.  F.  Roeber  secretary, 
was  made  up  of  seventeen  ladies  and  gentlemen. 

Those  members  of  the  Congress  holding  entertain- 
ment coupons  enjoyed  a  Boat  Excursion  up  the 
Hudson  River  on  Sunday,  September  8;  an  Enter- 
tainment at  the  New  York  Hippodrome  on  September 
1 1 ;  a  Baseball  Game  at  the  New  York  Polo  Grounds 
on  September  13.  The  Boat  Excursion  was  attended 
by  a  large  number  of  members  and  lady  guests,  the 
party  leaving  41st  Street  and  North  River  at  9.30 
a.m.  and  returning  late  in  the  afternoon;  the  boat 
proceeded  as  far  as  Newburgh  and  during  the  trip 
refreshments  were  provided.  The  members  who 
attended  the  production  at  the  Hippodrome  in 
the  evening  of  September  1 1 ,  which,  like  the  base- 
ball    game     on    the     13th,     attracted     in     particular 


many     foreign     visitors,     were    enjoyably     I 

Among  other  social  functions  and  nmenl 

all  •>!  which  were  free  t"  the  members  ol  the  Congress, 

were  the  following:  The  inspection  "I  the  American 
Museum  ol  .Natural  History  on  Saturday  afternoon, 
September  7;  the  reception  and  i  1. 1 1  ri  ,-i  umient  by  the 
Chemists'  Club  on  the  evening  of  September  10;  the 
the  Afternoon  Tea  and  Exhibition  of  Photographs 
at  the  Camera  Club  after  the  joint  meeting  of  the 
Section  on  Coal  Tar  Colors  and  Dyestuffs  with  the 
Sections  on  Paints,  Drying  Oils  and  Varnishes,  and  on 
Photochemistry;  the  Organ  Recitals  by  Mr.  Mark 
Andrews,  of  Montclair,  X.  J.,  on  September  6  and  9, 
and  the  organ  recitals  by  Professor  Samuel  A  Baldwin 
on  September  10  and  11,  all  in  the  Great  Hall  of  the 
College  of  the  City  of  New  York;  the  Informal  Teas 
at  the  College  of  the  City  of  New  York  on  September 
6,  9,  10  and  11 ;  and  the  Afternoon  Tea  on  the  lawn  at 
Columbia  University  on  September  12.  There  were 
in  addition  certain  other  functions  taking  place  in 
connection  with  other  organizations; 
on  the  evening  of  September  6,  a  num- 
ber of  receptions  to  foreign  members 
in  attendance  and  sectional  smokers 
occurred.  Throughout  the  Congress 
the  Chemists'  Club  was  the  center  of 
social  activities;  here  many  informal 
meetings  and  social  gatherings  took 
place.  The  reception  and  entertain- 
ment by  the  Officers  and  Trustees 
of  this  club  to  the  members  of  the  Con- 
gress, on  September  10,  was  largely 
attended  and  highly  successful.  Dr. 
and  Mrs.  Morris  Loeb  gave  a  recep- 
tion at  the  Chemists'  Club  for  the 
Latin-speaking  visitors,  and,  on  the 
afternoon  of  September  11,  the  Italian 
delegation  and  their  friends  were  enter- 
tained by  the  Italian  Chamber  of 
Commerce. 

Among  the  private  functions  were 
the  delightful  lawn  parties  of  Dr.  and 
Mrs.  Morris  Loeb  on  September  8  and 
Mr.  and  Mrs.  William  James  Evans  on 
September  12.  The  charming  garden-party  of  Mr.  and 
Mrs.  Evans  was  at  Yattonhurst,  Dobbs  Ferry;  the 
invited  guests  were  conveyed  to  and  from  the  reception 
in  a  special  train.  During  the  New  York  sessions  a 
number  of  private  dinners  were  given  in  honor  of 
visiting  chemists,  the  most  notable  of  these  being  the 
ones  of  Dr.  Hugo  Schweitzer  in  honor  of  the  Official 
Delegates  of  the  English,  German,  French,  Austrian 
and  Italian  Governments,  at  his  residence  on  Sep- 
tember 6;  Professor  Charles  Baskerville,  in  honor  of 
Sir  William  Ramsay,  at  the  Century  Association  on 
September  6;  and  the  several  dinners  of  President 
W.  H.  Nichols,  especially  those  on  September  8  and  9. 
The  Grand  Banquet  of  the  Congress  occurred  on 
the  evening  of  Thursday,  September  12,  at  the  Hotel 
Waldorf-Astoria.  This  dinner  was  attended  by  more 
than  1,000  members  and  ladies,  and  the  Mayor  of  New 
York  City,  Hon.  W.  J.  Gaynor,  was  the  guest  of  honor 
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and  principal  speaker;  addresses  were  also  delivered 
by  various  American  chemists,  in  which  a  welcome 
was  bestowed  upon  the  guests,  and  by  English,  French, 
German  and  Italian  chemists,  who  referred  apprecia- 
tively to  the  United  States  and  Americans. 

Mayor  Gaynor,  referred  to  by  the  toastmaster, 
President  Nichols,  as  "the  man  who  has  the  hardest 
job  in  all  the  world,"  regretted  that  he  could  not  do 
justice  to  all  the  languages  represented,  hence  his 
address  was  delivered  in  English.  His  remarks  were 
partly  on  the  public  press,  in  the  course  of  which  he 
said  that  the  newspapers  had,  during  the  Congressional 
week,  given  more  space  to  stories  of  crime  than  to  the 
proceedings  of  the  world's  great  chemists.  He  also 
referred  to  socialism  and  requested  the  foreign  rep- 
resentatives in  his  audience  to  take  some  of  his  state- 
ments on  this  subject  over  the  seas  with  them  for 
reflection. 

Dr.  John  Huston  Finley,  President  of  the  College 
of  the  City  of  New  York,  delivered  an  address  on 
behalf  of  Governor  Dix,  of  New  York,  in  which  he 
spoke  in  chemical  metaphors.  Dr.  Finley's  remarks 
were  very  entertaining  and  amused  the  audience 
immensely. 

An  unusual  innovation  for  such  an  occasion  was  a 
speech  by  a  lady.  Mrs.  L.  H.  Baekeland,  Chairman 
of  the  Women's  Committee  of  the  Congress,  spoke  in 
a  delightfully  entertaining  manner  and  was  warmly 
applauded. 

The  list  of  speakers  included:  W.  P.  Wilkinson, 
representing  Australia ;  Dr.  Rudolph  Wegscheider  of 
Austria;  B.  Setlik  of  Bohemia;  Paul  Hagamans, 
Consul  General  of  Belgium  at  Philadelphia;  Dr. 
Anthony  McGill  of  Canada;  Prof.  Belisario  Diaz-Ossa 
of  Chili;  Mr.  Yung  Kwai  of  China;  Dr.  Don  Guillermo 
Wills  of  Colombia;  Dr.  Einar  Billman  of  Denmark; 
Prof.  Leon  Lindet  of  France;  Prof.  Dr.  von  Buchka 
of  Germany;  Rudolph  Hofmann  of  Prussia;  Prof. 
Gilbert  T.  Morgan  of  Ireland;  Prof.  G.  Bruni  of  Italy; 
Prof.  Adolfo  P.  Castanares  of  Mexico;  Dr.  Alfred 
Sinding-Larson  of  Norway;  Mirza  AH  Kuli  Kahn  of 
Persia;  Dr.  Paul  Walden  of  Russia;  Prof.  Dr.  Knut 
Wilhelm  Palmaer  of  Sweden;  Dr.  F.  P.  Treadwell  of 
Switzerland;  Dr.  James  Moir  of  the  Union  of  South 
Africa;  and  Sir  William  Ramsay  of  England. 

The  bearers  of  tickets  for  ladies  accompanying 
members  were  welcome  at  all  social  functions,  and  the 
receptions,  teas,  organ  recitals,  general  lectures,  etc., 
were  graced  by  the  presence  of  many  lady  guests. 
A  number  of  New  York  Ladies'  Committees  and  Sub- 
Committees  had  been  organized  for  the  reception  of 
the  lady  guests  of  the  Congress,  an  enjoyable  program 
had  been  prepared  for  the  entertainment  of  these, 
and  the  Ladies'  Committees  did  everything  for  the 
comfort  and  pleasure  of  the  visiting  ladies. 

On  Friday,  Sept.  6,  the  General  Meeting  of  all  the 
Ladies'  Committees  (except  the  Reception  Committee) 
took  place  at  10.00  a.m.  at  Columbia  University;  this 
was  followed,  in  the  morning,  by  an  informal  reception 
and  welcome  to  the  guests  at  Columbia  University, 
and,  in  the  afternoon,  by  a  lecture  on  "Communal 
Work    of    Woman    in    America"    in    Rumford    Hall, 


Chemists'  Club.  On  Monday,  Sept.  9,  the  lady  guests 
enjoyed  automobile  trips  in  the  morning,  a  luncheon 
at  the  "Claremont"  at  1.00  p.m.,  and  the  informal  tea 
at  the  College  of  the  City  of  New  York  at  5.00  p.m. 
The  following  day,  Sept.  10,  the  visiting  ladies  had, 
in  the  morning,  the  choice  of  one  of  the  following 
two  automobile  trips,  starting  from  the  Chemists' 
Club:  (1)  Public  Library,  Tiffany's  and  the  Metro- 
politan Tower;  (2)  Aquarium,  Down-town  Section, 
and  the  Stock  Exchange.  At  noon  the  ladies  and 
their  gentlemen  escorts  visited  Gimbel's  Depart- 
ment Store;  after  this  inspection  a  luncheon  was 
served  by  Gimbel's  in  their  Tea  Room.  Later  in 
the  afternoon  a  number  of  the  ladies  repaired  to  the 
College  of  the  City  of  New  York  to  attend  the  informal 
tea.  On  September  11,  there  were  automobile  trips 
in  the  morning  and  a  concert  in  Rumford  Hall, 
Chemists'  Club,  and  an  informal  tea  in  the  afternoon; 
the  next  morning  an  enjoyable  boat  excursion  about 
New  York  Harbor,  starting  from  42nd  St.  and  the  North 
River. 

THE  CLOSING  SESSION. 

The  Eighth  International  Congress  of  Applied  Chem- 
istry which  had  been  in  session  in  Washington  and 
New  York  since  September  4,  officially  closed  with 
a  business  meeting  at  noon,  September  13  in  the 
Great  Hall  at  City  College.  Dr.  Nichols,  the  Presi- 
dent, presided  and  a  number  of  important  business 
matters  were  considered. 

A  resolution  to  adopt  Esperanto  as  the  official 
language  for  the  Congress  was  referred  to  the  Ninth 
Congress  for  consideration  and  decision.  The  reso- 
lution to  fix  the  periods  for  the  meetings  of  the  Con- 
gress five  years  apart  instead  of  three  was  defeated 
and  the  meeting  of  the  Ninth  Congress  was  definitely 
fixed  for  19 15.  The  plan  to  standardize  atomic 
weights  for  periods  of  five  years  instead  of  the  present 
annual  revision  was  changed  to  three  years. 

St.  Petersburg  was  selected  as  the  meeting  place 
for  the  Ninth  Congress  and  Professor  Dr.  Paul  Walden, 
Professor  of  Chemistry,  Polytechnical  School  of  Riga, 
was  elected  President,  and  Professor  Dr.  Demetrius 
P.  Konovaroff,  Emeritus  Professor  of  Chemistry  in 
the  University  of  St.  Petersburg,  and  now  Assistant 
Minister  of  the  Department  of  Commerce  and  Industry 
in  Russia,  was  elected  Honorary  President. 

The  gavel  was  formally  passed  by  President  Nichols 
to  the  newly  elected  President,  Professor  Walden,  and 
the  Eighth  International  Congress  of  Applied  Chem- 
istry, which  was  the  most  successful  ever  held,  was 
officially  closed. 

FACTORY  VISITS  AND  EXCURSIONS. 

Great  interest  was  shown  by  the  visitors  to  the- 
Congress  in  the  facilities  offered  to  inspect  manu- 
facturing plants.  There  was  little  time  available  for 
factory  excursions  during  the  meetings,  but  a  number 
of  very  interesting  trips  were  arranged  for  Saturday, 
September  14. 

About  one  hundred  and  fifty  members  visited  the 
Consolidated  Gas  Works  at  Astoria,  L.  I.  This  ex- 
cursion was  under  the  personal  direction  of  Dr.  Arthur 
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II.  Elliott,  the  company's  consulting  chemical  engin<  1  1  . 
he  we  able  to  sho'w  the  largest  gas  works  in  the  world, 
producing  both  coal  gas  and  water  gas,  in  full  operation 
Tin-  Consolidated  Gas  Company  furnished  a  special 
boat  which  transferred  the  visitors  frtim  the  Eas1  21st 

Street    pier  to  Astoria  and  return. 

The  Corn  Products  Refining  Company  took  a  party 
of  one  hundred  members  under  the  guidance  of  their 
Chief  Chemist.  Dr.  EL  C.  Humphreys,  to  their  plant 
at  Edgewater,  N.  J. 

Dr.  W.  H.  Nichols  extended  an  invitation  to  about 
one  hundred  and  fifty  foreign  guests  to  join  a  special 
boat  trip  to  visit  the  works  of  the  Nichols  Copper 
Company  at  Laurel  Hill,  L.  I.  After  inspecting  the 
plant  which  has  a  daily  output  of  1,000,000  lbs.  of 
refined  copper,  the  party  was  entertained  at  lunch  on 
board  the  boat  during  a  short  trip  up  Long  Island 
Sound. 

The  Standard  Oil  Company  conveyed  a  party  of 
about  two  hundred  visitors  by  special  boat  to  their 
Queens  County  Works  in  Brooklyn.  This  excursion 
was  under  the  direction  of  Mr.  Gail  Mersereau,  for- 
merly chemist  for  the  Standard  Oil  Company,  and 
Dr.  Otto  Kress,  of  Columbia  University.  The  guests 
spent  several  hours  in  the  plant  and  were  keenly 
interested  in  the  work. 

One  of  the  most  interesting  excursions  in  and  about 
New  York  was  the  visit  of  a  large  party  to  the  plant 
of  the  Bush  Terminal  Company  in  Brooklyn.  This 
unique  enterprise  which  constitutes  probably  the 
largest  group  of  buildings  in  the  world,  planned  for 
and  devoted  exclusively  to  various  lines  of  manufac- 
ture, is  located  on  the  water  front  and  is  provided  with 
every  facility  for  the  in  and  out  transportation  of  goods. 

On  Monday,  September  16,  the  excursions  through 
the  west  left  New  York,  via  Pennsylvania  Railroad. 
These  excursions  were  organized  by  the  Inland  Trans- 
portation Committee  under  two  heads  to  meet  the 
convenience  of  the  guests. ' 

The  Short  Trip  visits  Philadelphia,  Pittsburgh, 
Niagara  Falls,  Detroit,  Chicago,  Cleveland  and  Boston. 

The  Long  Trip  will  extend  to  the  Pacific  Coast  and 
will  visit  Philadelphia,  Pittsburgh,  Niagara  Falls, 
Detroit,  Chicago,  Omaha,  Denver,  Glenwood  Springs, 
Salt  Lake  City,  Bakersfield,  San  Francisco,  Los  Ange- 
les, Grand  Canyon  of  the  Colorado,  Shreveport,  New 
Orleans,  Birmingham,  Atlanta,  Ducktown  and  various 
other  points  of  interest  in  the  south,  returning  to  New 
York  on  October  22. 

The  Congress  has  organized  along  the  entire  route 
of  these  excursions,  local  committees  for  the  enter- 
tainments of  the  guests,  and  much  of  the  time  will  be 
devoted  to  the  inspection  of  the  principal  industries 
of  the  localities  visited.  The  two  excursions  are  under 
the  management  of  Dr.  Geo.  D.  Rosengarten  and  Dr. 
David  T.  Day,  both  of  whom  will  accompany  the  party 
throughout  the  trips. 

THE  SOCIETIES  AT  THE  CONGRESS. 

SOCIETY    OF    CHEMICAL    INDUSTRY. 

An  informal  reception  was  given  at  the  Chemists' 
Club  on  Saturday,  August  31,  by  the  New  York 
Section  of  the  Society  of  Chemical  Industry  to  visiting 


guests.       This      reception      was      very      well      attended. 

Refreshments  and    music   helped   to  make  the  event 
enjoyable. 

Th<;   Annual    General    Meeting   of   the   Society  was 


Rudolph  Messel.  Pres.  Society  of  Chemical  Industry. 

held  on  September  3,  at  10  a.m.,  at  the  Chemists' 
Club.  The  address  by  the  Retiring  President,  Dr. 
Rudolph  Messel,  is  printed  elsewhere  in  this  issue. 

The  following  are  interesting  abstracts  from  the 
Report  of  the  Council: 

"The  number  of  members  of  the  Society  is  now  4273 
as  compared  with  4300  at  the  last  Annual  Meeting. 
During  the  year  225  new  members  have  been  elected  as 
compared  with  245  last  year;  and  the  losses  have  been 
253  as  compared  with  244  last  year. 

"The  Journal  in  191 1  numbered  1478  pages  of  text 
besides  supplement  and  advertisements,  as  against 
1482  pages  in  1910.  On  the  recommendation  of  the 
Publication  Committee,  the  list  of  British  patent 
applications  has  been  placed  in  the  Supplement  in 
such  a  way  that  it  can  be  bound  with  the  Journal  if 
desired. 

"The  Council  has  appointed  the  President,  Dr.  Messel, 
F.R.S.,  to  represent  the  Society  on  the  Governing  Body 
of  the  Imperial  College  of  Science  and  Technology  in 
the  place  of  the  late  Dr.  Divers,  F.R.S.  The  Council 
will  be  glad  to  receive  suggestions  in  connection  with 
the  establishment  of  an  efficient  system  of  education 
in  Chemical  Technology. 

"Mr.  Thos.  Tyrer  has  been  elected  a  representative 
of  the  Society,  on  the  Board  of  the  National  Physical 
Laboratory.  A  special  Committee  of  the  Laboratory 
has  just  commenced  an  investigation  into  the  prop- 
erties of  glass  for  optical  and  other  scientific  purposes. 

"The  Society  is  taking  part  with  other  institutions 
in  several  inquiries  of  common  interest;  with  the 
Textile  Institute  as  to  the  dyeing  of  textiles  with  indigo, 
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with  the  Chemical  Society  into  the  possibility  of  so 
preparing  abstracts  as  to  avoid  duplication,  and  with 
the  Institute  of  Metals  in  considering  the  nomenclature 
of  non-ferrous  alloys.  It  has  also  taken  part  in  a 
recent  conference  on  the  International  Interchange 
of  Students. 

"The  Royal  Commissioners  for  the  Exhibition  of 
1851,  who  have  recently  established  a/'system  of 
Industrial  Bursaries,  and  are  subsidizing  young  grad- 
uates in  science  who  propose  to  take  up  industrial 
positions,  have  invited  the  Society  to  express  its 
opinion  thereon.  Great  diversity  of  opinion  on  the  sub- 
ject was  expressed  by  the  Sections,  and  the  Council  sent 
to  the  Commissioners  a  synopsis  of  the  various  views 
expressed.  The  Royal  Commissioners  have  expressed 
their  indebtedness  to  the  Society  for  its  assistance. 

"The  Society's  medal,  founded  in  1896,  and  awarded 
once  in  every  two  years  for  conspicuous  service  ren- 
dered to  Applied  Chemistry  by  research,  discovery, 
invention  or  improvements  in  processes,  has  this  year 
been  awarded  to  Sir  William  Crookes,  O.M.,  F.R.S., 
for  his  epoch-making  discoveries  in  physical  chemistry 
and  the  rare  metals. 

"At  the  celebration  of  the  250th  Anniversary  of  the 
foundation  of  the  Royal  Society,  the  Council  was 
represented  by  the  President  of  the  Society  who  pre- 
sented an  address.  A  copy  of  this  address  appeared 
in  the  Journal  for  July  31. 

"An  International  Exhibition  will  be  held  in  San 
Francisco  in  19 15  to  mark  the  opening  of  the  Panama 
Canal,  and  the  Board  of  Trade  has  expressed  the 
opinion  that  Great  Britain  should  take  part  in  it. 
The  Council  of  the  Society  is  of  the  same  opinion  and 
trusts  that  the  Exhibition  will  be  supported  by  the 
Chemical  Industry." 

The  President-elect  of  the  Society  is  Marston  Taylor 
Bogert,  LL.D.,  Professor  of  Organic  Chemistry  in 
Columbia  University. 

The  next  annual  meeting  of  the  Society  will  be  held 
in  Liverpool,  England. 

The  Annual  Banquet  of  the  Society  of  Chemical 
Industry,  the  most  important  social  event  of  the  an- 
nual meeting,  took  place  on  September  13th,  at  the 
Waldorf-Astoria  Hotel.  This  banquet  was  attended 
by  about  two  hundred  and  fifty  persons,  including 
many  distinguished  foreign  guests. 

The  President,  Rudolph  Messel,  Ph.D.,  F.R.S., 
occupied  the  chair,  and  the  President-elect,  Marston 
Taylor  Bogert,  acted  as  Toastmaster.  The  Toasts 
of  the  evening  were: 

"The  President  of 'the  United  States," 

"The  King  of  Great  Britain  and  Ireland," 

"The  Society  of  Chemical  Industry,"  by  Rudolph 
Messel,  Ph.D.,  F.R.S. 

"New  York,"  by  Chas.  F.  Chandler,  D.Sc,  M.D., 
Ph.D.,  LL.D. 

"The  Eighth  International  Congress  of  Applied 
Chemistry,"  by  William  H.  Nichols,  M.S.,  LL.D.,  D.Sc. 

"Our  Guests,"  by  J.  Joyce  Broderick,  Esq.,  Acting 
British  Consul. 

"The  Ladies,"  by  Mr.  Lewis  Sayre  Burchard. 


"Science,"  by  Sir  William  Ramsay,  K.C.B.,  D.Sc, 
F.R.S. 

VEREIN    DEUTSCHER    CHEMIKER. 

After  sight-seeing  trips  to  Coney  Island  on  Saturday, 
and  in  New  York  City  on  Sunday  afternoon,  the 
Verein  met  in  Havemeyer  Hall,  Columbia  University, 
on  Monday,  September  2,  for  a  business  meeting 
and  lectures.  The  President,  Geheimrat  Prof.  Dr.  Carl 
Duisberg,  occupied  the  Chair  and  made  the  opening 
speech,  sketching  the  progress  of  the  Verein  from  its 
foundation  in  Frankfort  in  1887  by  twelve  German 
chemists,  to    the  present  growing  membership  of  five 


Carl  Duisberg,  Pres.  Verein  Deutscher  Chemiker. 

thousand.  This  meeting  was  a  continuation  of  the 
25th  anniversary  of  the  Verein  held  in  Freiburg  last 
Spring,  and  was  largely  attended,  about  three  hundred 
and  fifty  people  being  present. 

The  Mayor  of  New  York,  represented  by  Mr.  Speer, 
President  of  the  Borough  of  Brooklyn,  welcomed  the 
Verein  to  New  York. 

Dr.  Charles  F.  Chandler  made  the  address  of  welcome 
(in  German)  for  the  American  chemists.  The  Austrian 
chemists  were  represented  by  Prof.  Dr.  Rudolph 
Wegscheider,  of  Vienna.  Official  telegrams  of  welcome 
were  sent  to  President  Taft  and  the  German  Emperor. 

Two  lectures  followed: 

First:  "The  Scientific  and  Technical  Importance  of 
Tar-phenols."  Dr.  F.  Raschig,  Ludwigshafen  am 
Rhein. 

Second:  "Thirty-two  Years  in  the  United  States  as 
Chemist  and  Manufacturer:"  Dr.  F.  W.  Frerichs,  of 
St.  Louis. 

The  Verein  took  dinner  at  1  p.m.  at  the  Claremont 
Inn. 

The  ladies  of  the  party  spent  the  evening  at  the 
Knickerbocker    Theatre,    going    to    the    Ritz-Carlton 
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Hotel  for  .■  collation  alter  the  performance. 
The  gentlemen  attended  a   Kommers  held  by  the 

Yen-in  at  Arion  Hall.  Dr.  Hugo  Schweitzer  presided. 
The  many  addresses  were  well  received.  There  were 
many  salamanders  and  a  "Ricrspiel"  full  of  typical 
German  fun.  The  whole  affair  was  one  of  considerable 
vivacity;  the  hall  was  crowded  and  the  Kommers  will 
remain  in  the  memories  of  those  present  as  a  successful 
and  enjoyable  event. 

AMERICAN    CHEMICAL    SOCIETY. 

The  Annual  Meeting  of  the  Council  of  the  Society, 
presided  over  by  President  Arthur  D.  Little,  took  up 
the  question  of  changing  the  dates  of  the  annual 
meetings  from  July  and  December  to  the  Spring  and 
Fall  months;  this  was  discussed  and  is  to  be  referred 
to   a    mail    vote   of   the   Society.     Important   changes 


Mr.  G.  W  Thompson,  Chairman.  After  a  few  minor 
amendments,  the  report  was  adopted  by  the  council 
and  will  now  be  submitted  to  the  membership  for 
approval,  after  which  it  will  be  published. 


Arthur  D.  Little.  Pres.  American  Chemical  Society. 

in  the  Constitution  were  passed  and  recommended  for 
adoption  by  the  membership.  A  number  of  other 
business  matters  were  disposed  of  and  will  be  duly 
reported  in  the  Proceedings  of  the  Society. 

The  Regular  Annual  Meeting  was  held  at  the  College 
of  the  City  of  New  York,  and  took  up  only  routine 
business.  All  of  the  scientific  and  social  features 
which  usually  accompany  the  annual  meeting  were 
incorporated  in  the  various  functions  of  the  Inter- 
national Congress. 

The  Society  officially  entertained  the  International 
Congress  by  a  very  successful  reception  at  the  Metro- 
politan Museum  of  Art. 

AMERICAN    INSTITUTE    OF    CHEMICAL    ENGINEERS. 

The  annual  business  meeting  of  the  Institute  was 
held  in  Rumford  Hall,  Chemists'  Club,  Thursday, 
September  5,  with  Dr.  L.  H.  Baekeland  presiding. 
The  greater  portion  of  the  time  was  given  over  to  a 
discussion  of  the  report  of  the  Committee  on  Ethics, 


Leo.  H.  Baekeland,  Pres.  American  Institute 
of  Chemical  Engineers. 

The  Institute  banquet,  which  was  very  well  attended 
by  members  and  guests,  was  held  in  the  dining-room 
of  the  Chemists'  Club  following  the  meeting.  Dr.  C. 
F.  McKenna  presided  as  toastmaster  and  responses 
were  given  by  Dr.  L.  H.  Baekeland,  Mr.  G.  W.  Thomp- 
son, Prof.  Wm.  P.  Mason,  Prof.  C.  F.  Chandler,  and 
Dr.  Samuel  Rideal  of  London. 

Members  of  the  Institute  contributed  a  number  of 
important  papers  at  the  sectional  meetings  and  par- 
ticipated in  all  of  the  social  events  of  the  Congress. 
chemists'  club. 

The  members  of  the  Club  constituted  the  reception 
wing  of  the  Congress.     They  met  the  steamers,  pro- 


Morris  Loeb,  Pres.  Chemists'  Club. 

vided  for  the  clearing  and  transportation  of  baggage, 
arranged  hotel  accommodations,  and  rendered  invalua- 
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ble  services  in  attending  to  the  comforts  of  the  visitors. 
The  Club  was  a  center  of  activity  both  in  and  out  of 
season  and  its  popularity  as  a  meeting  place  and  social 
center  milst  have  been  a  source  of  great  pride  to  its 
officers  and  founders. 

A  number  of  brilliant  receptions  and  entertainments 
were  given  at  the  Club,  notably  the  reception  to  the 
visiting  members  of  the  Society  of  Chemical  Industry 
on  August  31,  the  luncheon  to  the  members  of  the 
Society  of  Chemical  Industry  on  September  3,  the 
reception  by  Dr.  and  Mrs.  Loeb  to  the  Latin-speaking 
visitors  to  the  Congress  on  September  2  and  the 
Club  reception  to  Congress  visitors  on  September  10. 

AMERICAN     ELECTROCHEMICAL    SOCIETY. 

The  twenty-second  general  meeting  of  the  Society 
was  held  in  joint  session  with  the  "Electrochemistry" 
section  of  the  Eighth  International  Congress.  In 
addition  to  the  scheduled  papers  belonging  jointly  to 
the  Society  and  the  Congress,  the  following  special 
papers  were  presented: 

"On  the  Electrolytic  Refining  of  Silver-Bismuth 
Alloys,"  by  William  N.  Lacey. 

"The  Electrical  Resistivity  0}  Fire-bricks  at  High 
Temperatures,"  by  A.  Stansfield,  D.  L.  McLeod  and 
J.  W.  McMahon. 

"Fixation  of  Nitrogen  by  Alumina  and  Carbon,"  by 
S.  A.  Tucker  and  Henry  L.  Read. 

To  avoid  confliction  with  the  special  arrangements 
made  by   the   different   Committees   of  the   Congress, 


no  excursions  or  other  special  forms  of  entertainment 
were  planned  by  this  Society.     The  excursions  of  the 


W.  Lash  Miller.  Pres.  American  Electrochemical  Society. 

Congress,  however,  were  open  to  those  members  who 
were  also  members  of  the  Congress. 


ORIGINAL  PAPERS 


CONTROL  OF  DUST   IN   PORTLAND    CEMENT   MANU- 
FACTURE BY  THE  COTTRELL  PRECIPITATION 
PROCESSES.1 

By  Walter  A.  Schmidt. 

The  control  of  the  dust  arising  from  the  rotary 
kilns  in  the  manufacture  of  Portland  cement  is  con- 
tinually becoming  a  more  serious  problem.  This  is 
partly  the  result  of  the  enormous  growth  of  the  Port- 
land cement  industry  which  now  demands  factories 
of  such  magnitude  that  the  large  volumes  of  gases 
leaving  the  stacks  carry  enormous  quantities  of  dust 
into  the  atmosphere,  but  is  probably  more  directly 
attributable  to  the  present  trend  of  public  opinion, 
which  continually  demands  a  more  thorough  control 
of  fumes  and  smokes. 

The  question  of  the  proper  relationships  which 
should  exist  between  the  factory  and  the  surrounding 
inhabitants  has  become  a  very  important  social  prob- 
lem. At  the  present'  time  a  large  amount  of  hardship 
is  being  caused  by  improper  action  on  one  side  or  the 
other,  often  substantiated  by  our  courts  on  the  ground 
of  mere  technicalities.  This  is  a  problem  which  should 
receive  the  closest  and  most  thorough  study  by  a 
competent  body  in  an  endeavor  to  establish  such  laws 
as  will  draw  a  line  of  equity  between  the  different 
parties  coming  into  contact  through  the  development 
of  our  modern  industries. 

1  Paper  presented   at   the   Eighth   Internationa]   Congress  of  Applied 
Chemistry.  New  York,  September.  1912. 


Should  every  smelter,  refinery  and  like  industry 
emit  poisonous  and  noxious  fumes  from  its  stacks  and 
all  other  factories  permit  smokes  and  dusts  to  escape 
in  unrestricted  quantities,  life  in  any  large  industrial 
center  would  be  unbearable.  On  the  other  hand, 
however,  most  industrial  furnace  processes  cannot  be 
conducted  without  the  production  of  large  volumes 
of  gases  which  usually  carry  from  the  furnaces  volatil- 
ized materials  and  solid  particles,  these  solids  being 
swept  along  by  the  heavy  rush  of  the  gases.  As  the 
factories  grow  in  size  and  number  the  damage  and 
"nuisance"  caused  by  the  fumes  and  dusts  usually 
assume  most  aggravating  magnitudes  and,  after  a 
certain  mark  is  reached,  control  of  the  annoying 
material  in  the  stack  gases  becomes  a  necessity.  At 
the  outset  we  are,  therefore,  confronted  with  two 
conflicting  factors,  first,  the  one  from  within  the 
factory,  which  in  many  instances  makes  it  utterly 
impossible  to  prevent  the  formation  of  dusts,  fumes 
and  smokes  in  the  manufacturing  processes;  and, 
second,  the  one  from  without,  which  makes  it  equally 
impossible  to  permit  these  materials  to  escape  into  the 
air,  due  to  the  damage  to  the  surrounding  country. 
A  further  complexity  arises  from  the  fact  that  the 
surrounding  country  very  often  demands  the  main- 
tenance of  the  factory  for  its  own  continued  prosperity. 

It  is  readily  seen,  that  to  permit  a  problem  of  such 
conflicting  interests  to  take  its  course  without  thorough 
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study  and  guidance,  is  hound  to  work  hardship  upon 

one  party  Or  the  other,  and.  t<i  necessity,  will  result 
in  Such  unjust  proceedings  as  have  at  times  closed 
!  our  most  important  industrial  establishments 
or  permitted  other  factories  to  continue  causing 
to  the  territory  surrounding  them.  A  vital 
question  confronts  the  people  to-day  in  this  regard, 


in  the  establishment  of  a  rational  relationship  between 
the  different  parties,  taking  into  consideration  the 
various  questions  entering  into  the  rapid  changes  of 
our  present-day  industrial  development. 

The  problem  of  relationships  between  factory  and 
farmer  has  become  extremely  critical  in  Southern 
California  with  the  cement  industry,  where  the  dust 
arising  from  the  two  large  factories,  the  Riverside 
Portland  Cement  Company  at  Riverside,  California, 
and  the  California  Portland  Cement  Company  at 
Colton,  California,  settled  upon  the  orange  and  lemon 
groves  in  the  vicinity,  causing  some  damage. 
It  would  be  out  of  place  in  this  paper  to 
comment  upon  the  actual  damage  done,  as 
all  of  the  court  testimony  presented  has 
so  far  thrown  little  light  upon  actual  re- 
sults. Whether  the  dust  really  does  cause 
any  injury7  to  the  trees  is  a  question  of 
minor  importance  in  this  particular  locality, 
as  the  dust  makes  the  groves  unsightly 
and  the  farmers  are  convinced  that  actual 
damage  has  been  done. 

The  Riverside  Portland  Cement  Company 
experimented  with  numerous  methods  in 
an  endeavor  to  control  the  dust  arising  from 
their  factory,  with  little  encouraging  results, 
and  two  years  ago  the  writer  undertook 
the  work  of  applying  the  Cottrell  electrical 
precipitation  processes  to  this  new  problem. 

The  Cottrell  processes  were  invented  and  developed 
by  Dr.  F.  G.  Cottrell,  now  of  the  United  States  Bureau 
of  Mines,  but  until  recently  of  the  Chemistry  Depart- 
ment of  the  University  of  California.  These  processes 
were  first  developed  in  connection  with  the  problems 


arising  in  the  manufacture  of  sulphuric  acid  by  the 
contact  process.  After  the  successful  control  of  these 
and  mists,  the  processes  were  applied  to  smelter 
fumes,  aiming  directly  at  the  control  of  the  sulphuric 
acid  in  these  gases.  The  first  plant  has  now  been  in 
steady  operation  for  over  five  years,  operating  upon 
the  parting  flue  in  the  refinery  of  the  Selby  Smelter 
.  on  San  Francisco  Bay.  The  processes 
were  later  applied  to  the  larger  problem  of 
general  smelter  fume  control.  No  attempt 
will  here  be  made  to  go  into  detail  regarding 
the  work  with  these  processes  in  this  field,  as 
the  early  history  of  the  processes  was  quite 
thoroughly  discussed  in  an  article  published 
a  year  ago  in  This  Journal*  and  has  since 
been  extensively  abstracted  in  other 
journals.2  Further,  Mr.  Linn  Bradley  is 
presenting  a  paper  to  the  Metallurgical  Sec- 
tion of  the  Congress  upon  the  recent  work 
done  in  this  field  of  application. 

In  undertaking  the  application  of  the 
Cottrell  processes  to  the  problem  of  collect- 
ing the  dust  in  cement  mills,  a  large  num- 
ber of  new  factors  had  to  be  dealt  with,  as 
all  work  done  previously  had  been  conduc- 
ted upon  cool  moist  gases  either  containing 
large  quantities  of  water  vapor,  acid  fumes 
or  similar  materials,  all  of  which '  gave 
electrical  characteristics  to  the  gases. 
The  primary  factors  in  cement  work  are  dry 
non-conducting  gases,  non-conducting  dust  particles, 
intense  temperatures,  large  volumes  of  gases  and  large 
quantities  of  solid  material  carried  by  the  gases.  It 
is  a  fair  estimate  to  assume  as  an  average  figure  that 
a  rotary  kiln  100  feet  long  and  7  feet  in  diameter,  oil- 
fired  as  on  the  Pacific  Coast,  has  a  volume  of  stack 
gases  of  50,000  cubic  feet  per  minute;  the  gases  above 
the  combustion  zone  in  the  stack  have  a  temperature 
of  about  450°  C.  and  carry  dust  aggregating  between 


distinct 


four  and  five  tons  per  day  of  twenty-four  hours. 

1  "The  Electrical  Precipitation  of  Suspended  Particles,"  This  Journal, 
Aug..  1911. 

2  Mining  and  Scientific  Press,  Aug.  26,  1911;  Scientific  American  Sup- 
plement, Sept.  30,  1911;  Engineering  and  Mining  Journal,  Oct.  14,  1911; 
Engineering  News,  Oct.  26,  1911;  Metallurgical  and  Chemical  Engineering, 
March.  1912;  Cement  and  Engineering  News,  April.  1912;  Rauch  and  Staub, 
April.  1912. 
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The  plan  which  was  first  suggested  for  handling 
these  gases  was  to  turn  all  gases  from  the  entire  factory 
into  one  general  flue  and  conduct  them  to  such  a  point 
as  would  bring  the  temperature  within  the  region  of 
our  past  experiences.  It  was  soon  found,  however, 
in  our  first  tests,  that  the  dry  gases  presented  entirely 
different  electrical  characteristics  than  were  encoun- 
tered in  treating  the  gases  from  smelter  stacks,  and  it 
was  later  found  that  the  high  temperature  facilitated 
the  uniformity  of  the  electrical  discharge.  The  plan 
adopted  therefore  was  to  treat  the  gases  at  as  high  a 
temperature  as  was  permitted  by  the  properties  of  the 
structural  material  used  in  the  treating  apparatus.  ■ 
By  using  ordinary  steel,  it  is  quite  possible  to  work 
at  the  average  temperature  of  the  stack  gases,  namely 
450°  C,  provided  however  that  the  abnormal  tempo- 
rary rises  in  the  temperature  in  these  gases  are  pre- 
vented. The  question  necessarily  arose  regarding  the 
possibility  of  maintaining  satisfactory  factory  operation 
if  we  attempted  to  regulate  the  stack  temperature  too 
closely ;  extensive  tests  were  undertaken  in  pyrometric 
control  of  the  same.  Work  done  during  the  past 
year  has  shown  that  by  installing  recording  pyrometers 
in  the  proper  place  in  the  stacks  and  placing  the  in- 
struments so  that  the  "burners"  can  keep  close  watch 
upon  them,  it  is  an  easy  matter  to  regulate  the  fires 
in  such  a  way  as  to  give  practically  a  uniform  tem- 
perature in  the  stacks. 

It  was  the  first  plan  at  the  Riverside  Portland  Ce- 
ment Company  to  connect  all  ten  stacks  by  a  common 
flue  which  should  conduct  the  gases  into  a  general 
treating  apparatus,  but  the  factory  engineers  decided 
that  it  would  be  preferable  to  maintain  individual 
control  of  the  kilns.  As  the  factory  design  was  such  as 
to  prevent  installing  this  form  of  apparatus  upon  the 
ground,  it  was  decided  to  allow  the  entire  stack  structure 
to  remain  intact  and  treat  the  gases  after  they  left  the 
existing    stacks.     These    stacks   are    eighty   feet    high 


the  gases.     Sensitive   recording  radiation  pyrometers 

failed  to  indicate  any  effect,  either  in  the  temperature 

of  the  stack  gases  or  of  the  burning  zone  in  the  kiln. 

It  might  be  well  here  to  say  a  few  words  regarding 


and  at  this  level  has  been  constructed  a  platform  upon 
which  the  entire  apparatus  has  been  placed.  In  order 
to  test  out  what  effect  the  apparatus  has  upon  the 
kiln  conditions,  we  passed  the  gases  through  the 
treater  and  directly  into  the  air  alternately  without 
having  the    "burners"   know   the   direction   of  flow  of 


the    underlying    principle    of    the    Cottrell    electrical 
precipitation  processes,  for  those  who  are  not  acquainted 
with  them  or   who    have    not    the    time    to   read    the 
references  cited.     The  principle  consists 
of   bringing   the  dust-laden   gases   under 
the    influence    of    a    series  of  electrodes, 
some   of   which   maintain   a   "silent"    or 
"glow"     discharge.      By    virtue    of    the 
discharge,    the  space  between   the   elec- 
trodes  becomes  filled  with   gaseous  ions 
and  the   dust  particles  passing   through 
this    space    become    charged  by  having 
these  ions  impinge  upon  them,   impart- 
ing their  ionic  charges  to  the  particles. 
The   charged   particles    are  then   passed 
through    an    intense  electric  field  which 
causes  them  to  migrate  in  the  direction 
of  the    field,    which    in    the    commercial 
apparatus  is  arranged  transverse  to  the 
direction  of  the  flow  of  the  gases.     The 
dust  particles  are   by   this  action  drawn 
out  of  the   gases  and  deposited   upon    the    electrodes, 
the  gases  being  permitted  to  go  their  way  unaffected 
and   emerge   from   the   treating   apparatus  freed  from 
the  solid  particles  which  had  been  held  in  suspension. 
The  distinct  advantage  which  this  process  has  over 
mechanical   processes   arises    from    the    fact   that   the 
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gases  themselves  play  no  part  in  Che  action  in  the 
treater,  excepl  as  carriers  of  electricity.  In  all  me- 
!  processes  the  entire  volume  of  gas  must  be 
acted  upon  in  such  a  way  as  to  take  advantage  of  the 
differences  in  specific  gravity  between  the  suspended 
particles  ami    the  gases   themselves,  or  some  similar 


action.  In  electrical  processes  the  gases  are  permitted 
to  pass  through  the  apparatus  unaffected  while  the 
particles  themselves  are  taken  hold  of  individually  by  the 
electrical  field  and  acted  upon  in  such  a  manner  as  to 
draw  them  out  of  the  current  of  advancing  gases  and 
precipitate  them  upon  the  collecting  electrodes. 
In  order  to  maintain  a  definite  direction  of  migration 
of  the  dust  particles,  the  electrodes  must  be  given  a 
unidirectional  electrostatic  charge  which,  in 
the  commercial  apparatus,  is  generated  by 
rectifying  a  high  tension  alternating  cur- 
rent. In  the  commercial  apparatus  the 
potential  varies  under  different  conditions 
from  20,000  to  40,000  volts. 

The  electrode  system  consists  of  two 
forms  of  electrodes:  first,  the  discharge  elec- 
trodes, which  are  made  in  various  forms, 
depending  upon  conditions,  but  are  always 
of  a  light  construction  and  are  so  chosen 
as  to  maintain  a  heavy  electrical  discharge 
from  them;  second,  the  collecting  electrodes 
upon  which  the  solids  are  precipitated. 
These  are  usually  of  a  heavy  construction 
and  the  form  and  arrangement  are  so  chosen 
that  no  discharge  takes  place  from  their  sur- 
face. The  two  forms  of  electrodes  are 
alternated  across  the  apparatus  w7ith  an 
electrode  spacing  of  from  two  to  six  inches, 
this  distance  varying  with  the  conditions 
to  be  met.  A  series  of  these  rows  of  electrodes  is 
placed  in  the  treater  so  that  the  dust  particles  are 
brought  under  the  successive  action  of  this  series  of 
electrodes.  The  length  of  the  treater  is  so  chosen  as 
to  affect  the  desired  cleaning  of  the  gases.  The  cross 
section  of  the  apparatus  is  made  such  as  to  bring  a 


balance  between  the  two  forces  acting  upon  thi 

pended  particles,  namely,  the  frictional  force  tending 
to  carry  the  solid  particles  along  with  the  gases  and 
the  electrical  force  tending  to  draw  the  suspended 
particles  out  ot   the  advancing  current  of  gases. 

In  the  installation  at  the  Riverside  Portland  Cement 
Company  the  treater  has  a  cross  section  of 
12   X    16   feet,   and  an  over-all  length  of  20 
feet.      As   stated   above,    the    apparatus  is 
placed  upon  a  platform  constructed    at    a 
height    corresponding    to    the    top    of    the 
original     stacks,     namely,     80     feet    above 
ground.     Upon    this    platform  is  placed    a 
short  stack  extension  which  extends  through 
the  roof  of  the  building    structure    and     is 
supplied    with    a   damper  of  special   design. 
Upon  either  side  of  the    stack    is   placed   a 
complete  electrical  treater  separated    from 
the  stack  extension  by  a  large  louvre  dam- 
per.      By   means  of  these   three   dampers, 
the  gases  can  either  be  conducted  through 
one  or  the  other  or  both  treating  chambers 
or  emitted  directly  into  the  atmosphere  as 
occasion     may    warrant.     Each     stack     is 
equipped  with  two  treaters  so  as  to  have  an 
auxiliary  apparatus  for  each  kiln.      In  case 
one  treater  should  be  shut  down  for  repairs, 
cleaning    or    the    like,    the   other  treater  will  be  able 
to  take  care   of   the    gases    with   moderate   efficiency. 
Under     normal     conditions     the    gases    are     passed 
through  both  treaters,   insuring    a    thorough     clean- 
ing   of    the    gases.     The    electrode    spacing     is    here 
chosen   at   6    inches    and    there    are    twenty    rows   of 
discharge   electrodes   in   series.     The   dust   is   precipi- 
tated    upon    the     collecting     electrodes     which     are 


cleaned  once  every  three  or  four  hours  by  being  given 
a  mechanical  rapping,  this  action  being  made  auto- 
matic to  the  extent  that  the  operator  merely  puts  an 
electric  motor  into  operation.  The  dust  falls  into 
hopper  bottoms  from  which  it  is  again  conducted  into 
the   bins   feeding   the   rotary   kilns.     Each   treater   is 
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supplied  with  a  small  outlet  stack  20  feet  high  which 
is  sufficient  to  compensate  for  the  resistance  offered 
to  the  gases  by  the  treater.  As  stated  above,  sensi- 
tive pyrometers  do  not  indicate  any  change  of  tem- 
perature in  the  kilns  or  stacks  when  the  gases  are 
permitted  to  escape  directly  into  the  atmosphere  or 
are  passed  through  the  treater. 

The  operating  costs  of  the  apparatus  are  low.  A 
complete  treater  of  the  size  described  consumes  ap- 
proximately 7V2  kilowatt  hours.  This  includes  elec- 
trical energy  for  all  motors.  A  5,000  barrel  mill  will, 
therefore,  consume  approximately  75  kilowatt  hours 
in  an  entire  installation.  The  manual  labor  required 
consists  of  one  man  per  shift,  of  the  character  ol  men 
ordinarily  employed  to  run  electrical  mill  machinery. 
It  is,  however,  usually  advisable  to  have  an  extra  man 
on  duty.  There  is  no  deterioration  in  the  apparatus 
under  steady  running  and  the  machinery  is  subject  to 
exactly  the  same  wear  as  any  other  piece  of  electrical 
machinery. 

In  the  series  of  photographs  shown.  Fig.  1  shows 
the  factory  as  it  appeared  in  19 10  with  the 
experimental  flue  No.  1  and  laboratory  on  the  ground 
in  front  of  the  building.  Fig.  2  gives  a  closer  view 
and  shows  the  initial  experimental  installation  of  two 
small  precipitating  units  on  the  roof  of  the  kiln  room 
and  just  above  the  middle  of  the  picture.  The  first 
full  sized  treater  is  at  the  right  or  opposite  end  of  the 
row  of  stacks;  Figs.  2  and  3  represent  pictures  taken 
1  minute  apart  and  show  very  plainly  the  effect  of 
turning  on  the  electrical  current  in  the  treater.  In 
Fig.  3  the  solid  particles  are  all  retained  in  the  treater; 
the  smoke  from  the  other  nine  kilns  is,  of  course, 
unaffected.  Figs.  4  and  5  are  views  of  experimental 
treaters  built  on  the  top  of  the  stack.  Fig.  6  is  the 
first  part  of  the  permanent  installation. 

One  important  question  which  has  grown  out  of 
the  present  work  at  the  Riverside  Portland  Cement 
Company  lies  in  the  possible  utilization  of  the  collected 
material  as  a  source  of  potash  for  fertilizer  purposes. 
This  factory  does  not  use  clay  in  its  raw  mix  but 
a  decomposing  feldspar  which  has  a  considerable 
potash  content.  In  the  burning  of  the  cement  the 
potash  is  volatilized  and  condenses  again  in  passing 
up  the  stack.  The  greater  part  is  caught  in  the  elec- 
trical treater  along  with  the  dust  which  gives  a  dust 
containing  considerable  potash  value.  Experiments 
have  been  conducted  for  some  little  time  in  the  en- 
deavor of  utilizing  this  material  either  directly  as  a 
fertilizer  "filler"  or  extracting  the  potash  from  the 
material  with  the  aim  of  obtaining  a  concentrated 
potash  salt.  This  work  is  not  sufficiently  far  advanced 
to  permit  publishing  definite  figures. 

Dr.  F.  G.  Cottrell,  inventor  of  the  process,  is  pre- 
senting a  paper  to  this  Congress  before  the  Section  of 
Conservation  and  Political  Economy  upon  what  he 
has  termed  "An  Experiment  in  Public  Administration 
of  Patent  Rights."  This  deals  with  the  recently 
organized  "Research  Corporation"  to  which  Dr. 
Cottrell  and  his  associates  have  given  the  Patent 
Rights  to  the  processes  for  all  of  the  United  States 
except  the  six  western  states  and  the  application  of 


the  processes  to  the  Portland  cement  industry.  These 
latter  rights,  along  with  the  foreign  holdings,  are 
retained  by  the  parent  companies,  the  Western  Pre- 
cipitation Company  and  the  International  Precipitation 
Company,  with  offices  at  Los  Angeles,  California. 

Los  Angeles.  California. 


CONTACT  SULPHURIC  ACID  FROM  BRIMSTONE.1 
By  O.  VV.  Patterson  and  L.  B.  Cheney. 
The  plant  we  purpose  to  describe  was  erected  in 
1907  at  the  U.  S.  Naval  Proving  Ground,  Indian  Head, 
Md.,  for  the  manufacture  of  acid  used  in  making 
smokeless  powder.  It  was  designed  by  the  New 
Jersey  Zinc  Co.,  which  controls  the  Schroeder  patents 
in  this  country. 

With  a  rated  capacity  of  six  tons,  it  was  operated 
successfully  for  three  years,  burning  pyrites  from  New 
York  and  Virginia  in  O'Brien  burners.  During  the 
last  two  years,  Louisiana  brimstone  has  been  used 
entirely.  The  reason  for  changing  raw  materials  was 
primarily  to  increase  capacity  without  enlarging  the 
plant,  and  it  was  hoped  incidentally  to  reduce  costs, 
notwithstanding  the  large  increase  in  price  per  unit  of 
sulphur.  Our  expectations  have  been  fully  realized 
in  both  respects. 

The  installation  will  be  described  under  four  heads: 
burner  and  gas  cooling  system,  gas  purifiers,  conversion 
system,  and  absorbing  system.  The  burner  is  housed 
in  a  detached  frame  building,  19  ft.  X  32  ft.,  with 
sulphur  store  sheds  adjacent.  A  frame  building, 
52  ft.  X  60  ft.,  contains  the  conversion  and  absorbing 
systems.  The  gas  cooling  and  purifying  systems  are 
in  the  open  at  the  rear  of  the  two  buildings,  in  part 
protected  by  an  open  shed. 

The  burner  is  known  as  the  Tromblee  and  Paull 
burner  and  has  been  most  satisfactory.  It  consists 
of  a  horizontal  cylindrical  iron  shell  8  feet  long  and 
3  feet  in  diameter  with  conical  ends,  revolving  on  its 
axis  once  in  two  minutes.  At  one  end  is  a  hopper 
and  worm  feed  with  sliding  dampers.  The  other  end 
connects  with  a  rectangular  cast  iron  box  of  37  cu.  ft. 
capacity,  provided  with  sliding  damper  and  vertical 
cast  iron  uptake  pipe.  This  pipe  leads  to  a  brick  dust 
catcher  such  as  is  ordinarily  used  with  pyrites  burners. 
The  dust  catcher  merely  cools  the  gas,  as  no  appreciable 
amount  of  sulphur  is  carried  beyond  the  combustion 
box. 

The  burner  is  rated  at  5500  lbs.  per  day,  but  there 
has  been  no  difficulty  in  burning  6000  lbs.  per  day. 
Before  feeding  to  the  hopper,  the  sulphur  needs  no 
other  preparation  than  breaking  up  large  lumps  with 
a  shovel.  When  forced  along  by  the  worm,  the  sulphur 
melts  just  before  it  drops  into  the  body  of  the  burner, 
and  a  sufficient  amount  of  melted  sulphur  is  always 
present  to  form  a  complete  liquid  coating  on  the  inside 
of  the  shell  as  it  revolves.  The  combustion  box  and 
vertical  uptake  complete  perfectly  the  combustion 
of  any  sulphur  which  is  volatilized  from  the  cylinder. 
The  special  advantages  of  this  burner  are  ease  in 
controlling  composition  of  gas,  low  cost  of  upkeep  and 

'Taper   presented    at    the    Eighth    International    Congress    of  Applied 
Chemistry,  New  York,  September.  1912. 
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freedom  from  losses.  Once  in  aboul  two  months  it  is 
necessarj  to  clean  out  the  dross  which  collects  in  the 
cylinder.  To  do  tins,  or  to  prepare  for  a  shut-down 
i.ii  repairs  in  any  other  part  of  the  plant,  the  sulphur 
is  allowed  to  burn  out  complete)  residue 

in  the  cj  tinder  is  then  easily  removed  l>y  a  hoe.     Start- 
ing the  burner  after  cleaning,  or  even  when  it.  is  cold, 

is  a  simple  operation  and  no  losses  OCCUT. 

At  the  exit  from  the  dust  catcher  the  gas  has  cooled 
to  a  temperature  of  about  2300  C.  At  this  point  it 
enters  the  purifying  system,  consisting  first,  of  250 
linear  feet  of  horizontal  lead  pipe  arranged  in  tiers  in  a 
wooden  rack.  All  gas  passes  through  this  total  length 
of  pipe.  This  pipe  is  cooled  by  a  water  spray,  and 
here  is  deposited  a  small  quantity  of  weak  sulphuric 
acid  formed  in  burning  the  sulphur.  The  acid  de- 
posited is,  however,  slight  in  comparison  with  the 
amount  collected  at  the  same  point  when  pyrites  was 
burned.  The  lead  pipe  connects  with  a  large  lead- 
lined  box  containing  coke  and  here  a  further  deposit 
of  weak  acid  is  obtained.  Up  to  this  point  also  is 
formed  a  slight  deposit  of  carbonaceous  matter  from 
the  asphaltic  material  which  Louisiana  brimstone 
always  carries  in  small  quantities. 

From  the  coke  box  the  gas  passes  to  two  wet  scrub- 
bers in  tandem.  Each  scrubber  outfit  consists  of  a 
vertical  lead  cylinder  with  conical  top,  about  4  ft. 
high,  a  lead  pot  provided  with  lead  cooling  coils  for 
water,  and  an  air  lift  for  circulating  constantly  a 
stream  of  sulphuric  acid  from  the  pot  to  the  scrubber. 
The  scrubber  is  divided  horizontally  by  perforated 
diaphragms.  The  acid  washes  and  dries  the  gas 
thoroughly  and  flows  out  through  trapped  pipes  in  a 
weakened  condition  to  the  pot.  A  pot  holds  2500  lbs. 
of  acid  and  is  constantly  strengthened  to  a  gravity  of 
1.75  by  the  addition  of  strong  acid.  The  excess  acid 
formed  at  this  point  is  collected  in  an  egg  and  can  be 
forced  by  air  pressure  to  the  weak  acid  supply  used  in 
the  absorbing  system.  The  air  lift  was  designed  by 
one  of  us  (Patterson)  to  replace  the  ordinary  bubbler 
formerly  used.  Only  5  lbs.  air  pressure  is  used,  raising 
80  lbs.  of  acid  per  minute,  and  the  top  of  the  lift  is 
gas-tight,  the  air  being  piped  to  the  gas  system  pre- 
venting any  loss  of  S02  at  this  point. 

From  the  scrubbers  the  gas  passes  to  a  second  lead- 
lined  coke  box  exactly  like  the  first  one  and  thence  to 
a  pair  of  dry  filters  in  parallel.  Each  dry  filter  consists 
of  three  superimposed  lead-lined  iron  trays  luted 
together.  Each  tray  contains  a  mat  of  dry  asbestos 
fiber  supporting  a  quantity  of  slag  wool.  A  reserve 
set  of  these  filters  is  kept  ready  for  use  as  they  require 
to  be  renewed  about  once  in  four  weeks.  The  entire 
charge  for  two  filters  is  30  lbs.  of  asbestos  and  400  lbs. 
of  slag  wool.  The  dry  filters  complete  the  purification 
process  and  the  gas  is  then  carried  into  the  main  build- 
ing. Throughout  the  purification  process  the  gas 
comes  in  contact  with  no  other  metal  than  lead,  but 
beyond  this  point  either  cast  iron  or  wrought  iron  is 
used  entirely. 

Within  the  house,  the  gas  first  passes  through  a 
positive  pressure  blower,  by  regulating  the  speed  of 
which    the   composition   of  the   entrance  gas   is  con- 


trolled,  and  the  movement  >•!  gas  through  the  whole 
system  is  completed      Manometers  on  either 

this   blower  shov  []    <■!     1.5"  of   mercury   and   a 

pressure    of    0.7s"    oi     mercury.      Just    forward    of    the 

blower  is  the  sampling  pipe  where  the  composition  of 

entrance  gas  is  tested  by  the  usual   iodine  solution. 

The  next  step  in  the  process  is  the  conversion  system 
which  includes  a  preheater  and  converter.  The-  prc- 
lii  ater  is  a  series  of  vertical  iron  U  pipes  and  h 

I  in  a  furnace  heated  by  soft  coal  to  give  to  the 
gas  an  initial  temperature  of  380  °C,  this  being  re- 
quired for  proper  catalytic  action  by  the  contact  mass. 

The  converter  is  placed  close  to  the  preheater  and 
is  a  vertical  cast  iron  cylinder  6  ft.  in  diameter  and 
8'/2  ft-  high,  composed  of  5  horizontal  sections.  Each 
section  contains  a  wire  mesh  tray  for  supporting  the 
contact  mass  and  a  baffle  to  properly  spread  the  gas. 
The  contact  mass  is  anhydrous  magnesium  sulphate 
carrying  two-tenths  of  one  per  cent,  metallic  platinum 
in  finely  divided  condition.  A  total  quantity  of  5900 
lbs.  of  mass  which  is  in  coarse  granules  is  spread  on 
the  trays  to  a  depth  of  14-16  inches,  leaving  a  space 
of  about  6  inches  between  mass  sections.  The  gas 
enters  the  bottom  of  the  converter  and  leaves  at  the 
top,  pyrometer  tubes  being  provided  to  read  the  gas 
temperature  before  entrance  and  in  each  section. 
From  the  converter  the  gas  passes  through  180  feet  of 
iron  pipe  to  the  absorber.  This  pipe  is  air-cooled  in 
order  that  the  temperature  of  the  gas  may  be  suffi- 
ciently low  for  good  absorption. 

The  absorbing  system  consists  of  a  tower  absorber, 
an  acid-cooling  pipe,  a  weak  acid  mixer  and  reservoir, 
a  head  tank  for  strong  acid,  an  acid  pump,  and  collect- 
ing tank.  The  tower  is  a  vertical  cast  iron  cylinder 
15V2  ft.  high  resting  on  a  cast  iron  base,  the  top  being 
covered  by  a  perforated  plate  from  the  center  of  which 
rises  the  exit  pipe  for  waste  gases.  The  tower  is  lined 
with  acid  tile  and  packed  with  quartz  rock.  The  gas 
enters  on  one  side  near  the  bottom.  A  constant 
stream  of  acid  is  supplied  by  the  pump  to  the  top 
plate,  percolates  through  the  mass  of  quartz  and  passes 
out  at  the  bottom  of  the  tower  to  the  cooling  pipe. 
This  is  a  horizontal  water-cooled  U  pipe,  one  leg  of 
which  carries  an  overflow  pipe  connecting  with  the 
pump  and  the  collector.  The  acid  supplied  to  the 
top  of  the  tower  is  kept  at  a  temperature  of  70  °  C. 
and  has  a  strength  of  99.5  per  cent.  H2S04.  The 
strength  of  the  acid  leaving  the  bottom  of  the  tower  is 
reduced  by  the  constant  addition  of  a  small  stream  of 
75  per  cent.  H2S04  just  before  it  enters  the  cooler. 

The  reservoir  of  this  weak  acid,  the  mixer  and  strong 
acid  head  tank  are  mounted  on  a  platform  in  the  center 
of  the  building  at  a  sufficient  elevation  for  the  acid 
to  flow  by  gravity.  The  reservoir  is  an  open  lead- 
lined  box  holding  1000  gallons.  The  mixer  is  a  lead 
pot  provided  with  lead  coils  for  cooling  water  and  a 
special  mixing  pipe  designed  by  one  of  us  (Cheney)  in 
which  water  and  strong  acid  are  brought  in  contact. 
The  mixing  pipe  consists  of  two  heavy  i  j  "  lead  pipes 
set  at  an  angle  of  30 °  and  held  together  by  a  heavy 
lead  sheath  burned  onto  a  short  length  of  il/2"  lead 
pipe.     One  of  the  3/t"  pipes  carries  strong  acid  from 
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the  head  tank,  and  the  other  ordinary  cold  water 
from  the  mains.  The  i1//'  pipe  serves  to  carry  the 
hot  mixture  to  the  pot  without  spatter.  This  type 
has  the  advantage  of  minimum  repair  and  mixes 
about  5000  lbs.  of  75  per  cent,  acid  per  hour.  The 
head  tank  has  a  capacity  of  18,000  lbs.  of  strong  acid. 

The  product  of  the  plant  passes  through  a  scale 
tank  and  is  delivered  to  the  nitric  acid  plant  where 
in  winter  weather  it  is  mixed  with  2  per  cent,  of  nitric 
acid  to  prevent  freezing.  The  entire  product  can  be 
delivered  as  99.5  per  cent.  H2S04,  but  for  use  in  making 
nitric  acid  a  portion  of  it  is  reduced  to  94  per  cent. 
H2S04. 

This  being  a  government  plant  the  hours  of  labor 
for  any  one  shift  of  men  can  not  exceed  eight.  The 
plant  is  run  continuously  with  three  shifts  and  in 
addition  to  the  men  directly  employed  in  the  operation 
of  the  plant  there  is  a  superintendent  who  devotes 
about  half  of  his  time  to  it. 

The  successful  operation  of  a  contact  plant,  of  course, 
depends  largely  upon  the  efficiency  of  the  contact 
mass.  This  efficiency  is  easily  influenced  by  arsenic 
in  the  raw  materials.  Should  arseniuretted  hydrogen 
be  present  in  the  gas  entering  the  converter,  arsenic 
is  deposited  on  the  platinum  and  is  said  to  "poison"  it. 
The  result  of  "poisoning"  is  immediately  noticeable 
in  the  temperature  produced  by.  the  catalytic  action 
and  in  the  quantity  of  S02  unconverted.  Fortunately, 
this  effect  may  in  part  be  counteracted  by  raising  the 
temperature  of  the  gases  entering  the  converter,  and 
for  this  reason  hardly  any  two  plants  burning  pyrites 
will  be  found  using  the  same  initial  temperature.  In 
different  plants  we  have  noted  temperatures  of  en- 
trance gas  varying  from  420 °  C.  to  480 °  C.  The 
catalytic  properties  of  "poisoned"  mass  may  be  im- 
proved by  sprinkling  it  with  aqua  regia  and  expelling 
the  arsenic  by  the  heat  of  the  converter,  or  they  may 
be  entirely  restored  by  heating  the  mass  in  a  furnace 
after  sprinkling  with  aqua  regia. 

Another  factor  in  conversion  is  the  quantity  of  S02 
contained  in  the  gas  entering  the  converter.  With 
pyrites  it  is  customary  to  use  an  entrance  gas  con- 
taining not  over  5.5  per  cent.  S02  with  mass  in  good 
condition.  When  "poisoning"  has  occurred,  this 
percentage  must  be  reduced  to  obtain  good  conversion. 

In  this  plant,  using  Louisiana  brimstone  for  eighteen 
months,  we  have  had  no  indications  of  "poisoning" 
and  have  not  opened  the  converter.  The  temperature 
of  gas  entering  the  converter  is  kept  constantly  at 
3800  C.  and  conversions  are  regularly  95-95.5  per  cent. 
This  low  temperature  means  a  decided  saving  in  coal, 
and  wear  and  tear  on  the  preheater.  During  six 
months  the  average  consumption  of  coal  has  been 
21.8  lbs.  per  100  lbs.  of  S03  made.  We  believe  this 
to  be  a  figure  decidedly  less  than  in  any  Schroeder 
plant  burning  pyrites.  An  entrance  gas  of  6.5-7 
per  cent.  SO,  is  regularly  used.  During  six  months 
under  the  above  conditions,  the  average  make  has 
been  a  little  more  than  6  tons  of  acid  a  day,  and  the 
average  yield  on  sulphur  fed  to  the  burner  93.36  per 
cent.  The  plant  can  make  a  maximum  quantity  of 
8  tons  with  a  yield  of  90  per  cent.     Comparison   of 


cost  sheets  shows  that  by  changing  raw  materials 
from  pyrites  to  brimstone,  we  have  reduced  cost  of 
manufacture  nearly  two  dollars  per  ton  of  98  per  cent, 
acid;  that  this  reduction  is  due  in  part  to  minimizing 
losses  from  shut-downs  for  repairs,  in  part  to  increased 
yields  and  in  part  to  saving  in  coal  and  cost  of  upkeep. 

U.  S.  Naval  Proving  Ground, 
Indian  Head,  Md. 

SMELTER  SMOKE  CONSERVATION. 
By  George  C.   Westby. 
Received  August  21,  1912. 

The  question  of  smelter  smoke  treatment  is  one 
of  commercial  metallurgy,  and  the  application  of 
a  panacea  a  question  of  dollars  and  cents. 

There  have  been  many  plans  devised  for  quieting 
the  complaints  of  injured  agriculturists  and  others 
to  whom  smelter  smoke  seems  all  that  is  evil,  but  too 
often  the  proposed  plan  has  been  merely  mitigatory, 
or  has  neglected  provision  for  a  material  return  on 
the  investment  in  the  plant.  In  other  cases  the  pro- 
cess is  rendered  inapplicable  on  account  of  limited 
demand  for  the  output  whose  production  and  sale 
is  the  vital  commercial  feature. 

Of  the  methods  projected  for  treating  smelter 
smoke  in  an  economic  way,  this  article  is  limited  to 
consideration  of  methods  with  which  the  writer  has- 
experimented. 

The  first  of  these  was  developed  during  1902— 1903 
and  consisted  of  a  process  for  producing  liquid  S02 
from  the  smoke,  utilizing  the  heat  of  the  smoke  by 
means  of  economizers  and  air  heaters.  The  SO, 
was  to  be  liquefied  by  an  ice  or  refrigerating  machine, 
with  the  crystallohydrate  of  SOa  as  an  intermediary 
product. 

Aside  from  the  mechanical  difficulties  incident  to 
the  arrangements  for  removing  the  flue  dust,  the 
crucial  objection  advanced  against  the  process  was 
the  lack  of  a  market  for  the  liquid  gas  as  produced 
at  the  rate  of  thousands  of  tons  per  day.  The  sugges- 
tion that  it  could  be  used  as  a  refrigerant  in  place 
of  ice  in  freight  cars,  and  in  the  small  ice  boxes  of 
private  homes,  seemed  inadequate  in  face  of  the  fact, 
that  the  market  was  both  problematical  and  unde- 
veloped while  awaiting  the  expenditure  of  some 
millions  of  dollars  in  providing  the  necessary  equip- 
ment.1 

During  the  course  of  further  work  in  connection 
with  the  smoke  problem,  the  idea  suggested  itself 
that  the  sulphurous  gases  of  the  smoke  might  be 
bound  with  the  bases  of  slag  and  thus  reduced  to  a 
more  controllable  form.  Experiment  demonstrated 
that  the  idea  might  be  practically  applied,  and  also 
suggested  the  general  method  of  smoke  treatment 
which  consists  in  the  neutralization  of  acid  fumes 
on  slag,  and  ensuing  precipitation  of  the  toxic  oxides 
in  ponds  or  other  limited  areas  on  the  earth,  chiefly 
as  harmless  and  insoluble  compounds  with  iron  and 
other  bases  of  the  slag.  As  developed,  the  process 
also  involved  the  recovery  of  values  carried  by  slag 
and  flue  dust. 

1  This  phase  of  smoke  eradication    method    was  independently  educed 
by  Dr.  Carpenter,  of  Denver. 
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The  fact  that  chilled,  finely  divided  Blag  very  rapidly 
dissolves  in  hot  dilute  solutions  of  HC1  or  II  .so,, 
is  generally  known  to  metallurgists  and  chemists, 
and  they  are  also  acquainted  with  tin-  fact  that  the 

silicic  acid  is  retained  in  apparent  solution.  Ex- 
periment proved  that  hot  solutions  of  SO,  are  also 
capable  of  effecting  the  dissolution  of  the  slag  in  the 

same  way;  this  discovery  became  the  basis  of  our 
attack  on  the  smoke  difficulty. 

In  carrying  out  the  process  we  have  at  command 
a  hot  acid  smoke,  laden  with  flue  dust,  vapors  of 
sulphur  and  possibly  arsenious  or  other  volatilized 
compounds.  We  have  also  at  hand  granulated  and 
chilled  slag. 

The  acid  smoke  is  an  immediately  available  and 
intensely  active  chemical  agent,  but  the  granulated 
slag  while  susceptible  to  the  vigorous  attack  of  the 
sulphurous  reagent,  is  preferably  finely  ground  in 
order  to  accelerate  its  solution  and  incidentally7 
reduce  the  size  of  apparatus  required  in  its  treatment. 
In  conjunction  with  the  smoke  and  slag,  water  or 
circulating  ferruginous  smoke  liquor  is  necessarily 
used  as  a  medium  of  chemical  translation,  in  main- 
taining suspension  of  the  slag  pulp  and  in  carrying 
the  compounds  formed.  The  slag  and  smoke  are 
brought  together  by  means  of  an  apparatus  which 
is  introduced  as  a  part  of  the  flue  systems.  The 
province  of  the  appliance  is  the  retention  of  a  vast 
surface  of  wetted  slag  in  the  direct  path  of  the  smoke 
current,  in  such  a  way  that  the  smoke,  slag  dust, 
steam  and  water  become  as  nearly  as  possible  a  hot 
homogeneous  mist  or  spume. 

Chemical  action  under  such  circumstances  is  es- 
sentially rapid,  and  ensures  the  absorption  of  the 
sulphurous  gases  without  recourse  to  unwieldly  ap- 
paratus or  large  chambers. 

The  result  of  the  combination  of  the  constituents 
of  the  mixture  is  the  production  of  ferrous  and  ferric 
sulphite,  ferrous  sulphate,  various  thionates  of  iron 
and  in  a  smaller  degree  sulphur  salts  of  other  bases. 

The  copper  is  mainly  present  in  the  matte  particles 
contained  in  the  slag,  and  when  ground  slag  is  used 
in  the  apparatus,  remains  for  the  most  part  undissolved. 
That  portion  of  the  copper  taken  in  solution  may  be 
reprecipitated  in  the  absorber  by  the  action  of  poly- 
thionates  developed  in  the  smoke  liquor  through 
the  interaction  of  the  S02,  sulphites  and  free  sulphur 
of  the  smoke. 

In  many  of  our  experiments  copper  was  obtained 
principally  in  an  oxidized  form  by  blowing  molten 
slag  into  slag  wool.  In  these  cases  the  copper  was 
maintained  in  solution  and  after  discharge  from 
the  absorber  was  precipitated  in  a  wooden  tank  bv 
heating  the  solution  with  steam  to  about  80  °  C. 

The  development  of  thionates,  on  which  the  pre- 
cipitation of  part  of  the  copper  depends,  requires 
no  attention  under  the  usual  circumstances  attending 
the  roasting  of  ore.  Their  formation  is  encouraged 
in  the  presence  of  the  sublimed  sulphur  of  the  smoke, 
and  by  the  sulphites  and  the  excess  SO,  of  the  smoke 
liquors.  During  the  course  of  their  production,  there 
may  be  a  constant  representation  of  all  those  compounds 


designated  as  polythionatcs,  but  the  dominance  of 
any  particular  form  depends  on  the  chemical  and 
physical  characteristics  of  the  smoke,  the  liquor 
and  the  material  treated.  The  thionates  produced 
are  ephemeral  and  finally  break  up  into  sulphates, 
sulphur  dioxide  and  free  sulphur  as  indicated  in  the 
following  equation: 

MS„0,  =  MSO,   +  S02  +   (»  —  2)S. 
To  illustrate  a  possible  set  of  conditions  occurring 
in   the  absorber  during   treatment  of  the  smoke,   we 
may  take  the  following  successive  reactions: 

4FeSO,  +  2SO,  +  O.  =  2Fe2(SO,)I. 
Fe,(SO,),  =  FeS2Oe  +  FeSO,. 
2FeS.O,  +  S,  =  2FeS,0,. 
2FeS3Oe  =  FeS20,  +  FeS.O,. 
2FeS.O,  =  2FeS20,  +  2S2. 
6FeS40,  +  4CuSO,  =  2Cu2S  +  i4S02  +  3S2-i-6FeS04. 

When  sodium  and  potassium  are  present  in  the 
slag  they  are  dissolved  with  the  other  constituents 
and  later  appear  as  sulphates  in  the  discharged  smoke 
liquors,  and  may  be  recovered  if  desired  from  the 
residues  of  the  evaporated  liquor.  Zinc  if  present 
is  similarly  dissolved  and  may  be  separated  from  other 
residues  by  volatilization  or  any  practicable  means. 
Lead,  silver  and  gold  are  retained  undissolved  with 
the  precipitated  copper.  In  some  cases  green  vitriol 
would  be  an  important  and  valuable  by-products 

The  liquor  produced  in  the  absorption  chamber 
may  be  again  used  or  it  may  be  continuously  dis- 
charged on  waste  land,  over  which  it  spreads  in  a 
thin  sheet  that  will  rapidly  evaporate  under  the  in- 
fluence of  wind  and  sun.  In  the  latter  case,  oxida- 
tion and  hydrolysis  form  an  insoluble  basic  sulphate, 
by  translation  of  the  green  vitriol  in  general  accord- 
ance with  the  equation 

4FeS04  +  02  +  2H20  =  4FeS04(OH), 
or  6FeS04  +  3O  +  3H20  =  2Fe3(S04)3(OH)3. 
At  the  same  time  deposition  occurs  of  the  silicic  acid 
and  of  sulphur  arising  from  the  decomposition  of  thio- 
nates. 

Generally  the  liquor  issuing  from  the  absorber 
contains  only  very  limited  quantities  of  free  acid. 
If,  however,  any  objectionable  amount  of  acid  is  present, 
it  may  be  neutralized  by  passing  the  liquor  over 
slag  or  through  calcareous  or  soluble  ferruginous 
material.  In  some  cases  the  percolation  of  the  liquor 
into  calcareous  soil  would  not  be  objectionable,  as 
the  comparatively  small  quantity  of  acid  would  be 
effectually  neutralized  in  the  formation  of  insoluble 
calcium  sulphate,  and  thus  the  liquor  could  not  seri- 
ously affect  the  ground  water. 

The  flue  dust  carried  by  the  smoke  is  effectually 
caught  byr  the  somewhat  glutinous  slag  particles, 
and  remains  with  the  residues  of  the  reaction  chamber. 

In  carrying  out  the  experiments  it  was  recognized 
that  the  development  of  a  simple  apparatus  was  of 
the  first  importance ;  accordingly  much  time  was  spent 
on  different  tentative  designs,  but  the  aim  in  each 
case  was  the  form  of  apparatus  which  would  require 
the  minimum  of  attention,  repairs  and  adjustment. 

The  arrangements  tried  were  of  two  general  forms: 
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a  tower  or  vertical  chamber  and  a  horizontal  rotary 
apparatus. 

The  vertical  arrangement  consisted  generally  of 
a  wooden  tower,  provided  with  a  large  number  of 
narrow  staggered  shelves.  These  pieces  were  set 
three  or  four  inches  apart,  from  one  end  of  the  tower 
to  the  other.  A  hopper  was  introduced  at  the  top  of 
the  tower  for  the  reception  of  the  slag  and  water  used 
in  the  treatment.  The  bottom  of  the  tower  was 
arranged  to  permit  the  formation  of  a  hydraulic 
seal  at  the  discharge.  At  each  end  of  the  tower 
pipes  were  inserted ;  one  of  these  was  connected  directly 
with  the  flue  of  a  furnace  and  the  other  with  a  fan. 

In  operation  the  wet  slag  was  charged  into  the  hopper 
and  was  discharged  from  the  hopper  by  gravity  to  the 
shelves.  From  the  top  shelves  the  material  spread  over 
the  cross  section  of  the  tower  and  by  the  action  of  the 
series  of  staggered  shelves,  fell  in  splashing  cascades  to 
the  bottom  of  the  tower,  coming  in  contact  throughout 
its  course  with  the  hot  current  of  acid  smoke  drawn 
through  the  apparatus  by  means  of  the  fan. 

The  liquor  derived  by  the  action  of  the  smoke  on 
the  wet  slag  discharged  through  the  hydraulic  seal 
to  a  large  wooden  tank  in  which  the  copper  was  pre- 
cipitated by  means  of  steam.  Wooden  launders 
conveyed  the  residual  liquor  to  a  pond. 

The  horizontal  rotary  apparatus  was  cylindrical 
in  form.  Shelves  or  projections  were  set  at  intervals 
along  the  interior  surface,  so  as  to  lift  the  mixture  of 
slag  and  liquor  and  drop  it  in  sheets  through  the 
smoke  current  in  the  apparatus.  The  shelves  were 
set  at  different  angles  so  that  the  material  would  be 
distributed  along  the  different  planes  during  rotation 
of  the  cylinder.  The  splashing  on  the  sides  and  bottom 
of  the  apparatus  caused  by  the  falling  material,  aided 
in  filling  the  whole  of  the  cylinder  with  a  constant 
spray  of  absorbent  mixture. 

The  cylinder  rotated  about  short  pipes  of  com- 
paratively large  diameter;  these  were  set  at  the  smoke 
entry  and  exit  ends  of  the  cylinder  and  were  connected 
respectively  with  the  flue  of  the  furnace  and  the  in- 
take of  an  induction  fan.  The  treated  smoke  was 
discharged  through  the  fan. 

Means  were  provided  for  continuously  feeding  the 
absorbent  material  into  the  cylinder,  and  a  pump 
with  a  syphon  attachment  was  used  in  removing  the 
exhausted  liquor. 

The  first  general  test  was  made  with  a  rotating 
cylinder.  The  cylinder  was  about  10  feet  in  length 
and  30  inches  in  diameter. 

The  results  of  one  of  the  experiments  with  the  ap- 
paratus are  given  below: 

Time.  10.15.  10.45.  11.00.  11.15. 

Temp,  gas  inlet  °  F 215'  '220°  210°  242° 

Temp,  gas  outlet  °  F 82°  84°  74 J  74° 

Temp,  water  inlet  °  F 64°  65°  65°  65° 

Temp,  liquor  outlet  °  F 90°  100°  78°  86° 

Cu.   ft.   gas  per   min.    measured   at 

intake 34.2  32.4  33.0  44.4 

Per  cent.  S02  inlet 4.9%  4.7  5.4  4.7 

Per  cent.  S02  outlet 1.9  1.0  0.85  2.7 

Absorption  in  10  feet 61.2%  78.8%  84.2%  42.5% 

Note:  140  lbs  of  slag  charged  at  beginning  of  test; 
none    charged    during    interval    between    10. 45-11. 15. 


The  test  gives  results  better  tb.-n  average,  consequent 
on  treatment  of  smaller  volume  of  smoke  per  sec. 
than  ordinary. 

The  test  illustrates  a  set  of  experiments  where  the 
slag  was  not  fed  continuously,  but  was  charged  in 
one  mass.  The  absorption  in  this  case  steadily  in- 
creased for  a  short  period  after  charging,  then  fell 
off  rather  rapidly.  In  the  experiment  given  above 
the  drop  is  accentuated  by  the  increase  of  gas  current. 

In  the  experimental  results  given  below  the  slag 
was  practically  continuously  charged,  although  not 
in  sufficient  quantity  to  bring  aboutcompleteabsorption. 

The  tests  were  made  with  the  tower  apparatus  of 
which  the  general  principles  have  been  described. 
Two  towers  were  used  connected  at  their  tops.  The 
total  length  of  the  apparatus  was  77  feet.  The  cross 
section  was  4  square  feet. 


Per 

cent. 

Temperature  in 

Degrees  Fah 

RENHEIT    of 

Cu    ft. 

absorp- 

gas 

tion 

ingoing 

outgoing 

ingoing 

outgoing 

per 

S02by 

Time. 

gas. 

gas. 

water. 

liquor. 

min. 

volume 

10.00  AM 

320 

90 

96 

110 

68.4 

81.1 

10.20 

355 

90 

84.6 

79.6 

10.30 

355 

90 

84.6 

82.0 

11.00 

355 

84.6 

82.0 

1. 00  P.M 

350 

96 

109 

112.2 

74.8 

1.20 

340 

85.8 

79.1 

1.35 

345 

85.2 

81.1 

1.4 

350 

91.8 

81.6 

1.50 

360 

99.0 

83.0 

2.00 

380 

132.0 

80.3 

2.10 

380 

98.4 

84.4 

3.30 

390 

9 

0 

96 

111 

99.2 

79.0 

The  analysis  of  the  solutions  of  the  set  of  experi- 
ments, of  which  the  above  is  an  example,  varied  with 
the  relative  quantities  of  slag  and  water  charged, 
the  rate  of  smoke  supply,  and  to  a  large  extent  de- 
pended also  on  the  temperature  of  the  gases. 

The  constituents  of  the  solutions  varied  between 
the  following  figures: 

Minimum.     Maximum. 


Fe 0.54% 

S 0.49% 

Cu 0.00% 

SiQ2 


3.0% 
2.9% 
0.8% 
3.2% 


The  average  temperature  of  the  incoming  smoke 
was  3930  F.  and  that  of  the  discharged  gases  92  °  F. 
Throughout  the  series  the  volume  of  smoke  treated 
varied  between  90  and  235  cu.  ft.  per  minute. 

On  the  whole  these  tests  were  the  most  satisfactory 
as  no  trouble  was  experienced  with  the  apparatus 
or  in  the  introduction  and  application  of  different 
conditions. 

Succeeding  the  experiments  described,  tests  were 
instituted  for  the  treatment  of  5000  cubic  feet  per 
minute  of  smoke  assaying  4.5  per  cent.  S02,  a  volume 
representing  the  total  gases  discharged  per  minute 
from  a  35-40  ton  McDougal  roaster. 

The  apparatus  used  consisted  of  a  rotating  cylinder 
36  feet  long  and  12  feet  in  diameter,  arranged  as 
previously  described.  On  account  of  an  under- 
estimate of  the  charge  to  be  carried,  the  foundations, 
running  equipment  and  apparatus  generally  were 
designed  to  sustain  only  a  fraction  of  the  slag  and  water 
charge  necessary  to  absorb  all  of  the  SO.  in  the  smoke; 
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our  al 'sorptions  were  therefore  seldom  greater  than 
45-55  per  cent,  of  the  SO,  in  the  smoke  volume. 
For  brief  periods  in  one  case  we  secured  absorptions 
of  92  percent,  and  100  per  cent.  We  never  approached 
a  satisfactory  degree  of  elimination  of  the  SO,  from 
the  smoke,  except  at  the  expense  of  a  breakdown 
with  this  particular  apparatus.  The  results  obtained, 
however,  were  valuable  as  the  basis  for  a  successful 
design  for  a  cylindrical  apparatus. 

A  study  of  the  set  of  results  given  below  will  show 
the  trend  of  the  experiments  and  also  make  clear  the 
limitations  of  the  apparatus  used,  when  it  is  understood 
thatthe  entry  "Periodofrun — minutes"  implies  "Period 
of  anxiety  before  smash-up — minutes." 

The  entry  "Slag  required — theoretical"  is  a  factor 
derived  from  the  analysis  of  the  solution,  in  considera- 
tion of  the  ratio  iron  dissolved  to  sulphur  absorbed. 
The  weight  of  iron  dissolved  is  multiplied  by  2.7,  a 
constant  derived  from  the  fact  that  the  weight  of 
slag  was  approximately  equivalent  to  2.7  times  the 
weight  of  iron  contained  in  the  slag  treated. 

"Slag  required"  represents  the  quantity  of  slag 
which  would  be  required  per  minute,  to  exactly  neu- 
tralize the  weight  of  SO,  driven  from  the  furnace 
per  minute.  It  is  obvious  that  in  practice  the  mere 
presence  of  this  figured  amount  would  be  altogether 
inadequate  to  actually  neutralize  the  SO,  given  off 
minute  by  minute  from  the  furnace,  since  the  whole 
of  the  mass  is  not  instantaneously  acted  on.  De- 
pending on  the  degree  of  subdivision,  the  constitu- 
tion of  the  slag  and  other  physical  and  mechanical 
factors,  a  slag  excess  of  3,000  per  cent,  to  10,000  per 
cent,  is  requisite  to  effect  a  complete  elimination  of 
the  S02  from  the  smoke. 

1.  2.  3.         4.  5. 

Periodofrun — minutes....        70  57  200  280  110 

Temp,  of  gas.  entering 250  425  400  387  250    °  F. 

Temp,  of  gas  discharge...  .        77  80  80  94  100   °  F. 

Temp,  of  liquor  discharge       100  118  ..  130  130 

Water  supplied  per  min.,  lbs.  620  396  359  138  270 

Total  Fe  in  soln..  lbs 479  208  604  732  652 

Total  S  in  soln..  lbs 309  307  656  594  548 

Rate  of  adding  slag  per  min.      30.0         35  3  22  3  14.2  50  0 

Slag  required — 

theoretical  per  min 44.3  19  4  30.8         37.8         37.0 

Total  available  slag  charged, 

lbs 2120  2015  4470         3998  5512 

Per  cent.  SO2  absorbed  of 

total  passing  through  ap- 
paratus         38.2         46.8  39  0  19.8  43.3 

Analysis: 

Milligrams  Fe  per  100  cc. 

solution 1008  924  1053  1897  2194 

Milligrams  S  per  100  cc. 

solution 710  1360  1143  1540  1837 

Milligrams  Cu  per  1 00  cc. 

solution 21.4  10.5  15.0  15.0  9.1 

By  comparison  of  the  above  data  it  is  seen  that  the 
absorption  of  S02  tends  to  rise  as  the  rate  of  charging 
slag  is  increased.  Consideration  of  (2)  and  (5)  would 
suggest  also  that  the  absorption  rises  with  the  tempera- 
ture; this  indication  is  confirmed  in  other  experiments 
not  given  here.  In  (1)  the  temperature  is  low  and 
the  absorption  high;  this  is  probably  due  to  the  high 
rate  of  water  supply  combined  with  the  comparatively 
high  rate  at  which  the  slag  wool  is  charged. 

In  order  to  determine  the  practical  effect  of  main- 
taining the  slag  excess,   which  had  been  deduced  as 


the  necessary  amount  to  ensure  complete  absorption 
of  all  the  SO,  discharged  from  the  furnace,  during 
any  period,  we  commenced  a  cylinder  experiment  by 
introducing  before  starting  operation,  1500  lbs.  of 
slag  wool.     The  results  were  as  follows: 

Period  of  run,  10  minutes.     300  lbs.  of  slag  added  during  run. 

Rate  of  adding  slag  per  min..  lbs 180  (comparatrv) 

Water  supplied  per  minute,  lbs 1  195 

lVr  cent.  S02  absorbed 100% 

Milligrams  Fe  in  100  cc.  solution 1260 

Milligrams  S  in  100  oc.  solution 1050 

After  ten  minutes  the  apparatus  was  stopped, 
measurements  made  and  samples  taken.  Five  minutes 
later  the  apparatus  was  again  started  and  operated 
15  minutes,  a  stop  being  necessary  at  the  end  of  that 
time  on  account  of  the  great  weight  accumulated  in 
the  apparatus — -principally  liquor  in  excess  of  the 
pump  capacity. 

The    result    at    the  end  of   the    second  period  was: 

Period  of  run,  15  minutes. 

Rate  of  adding  wool  per  min.,  lbs 100 

Rate  of  adding  water  per  min.,  lbs 1001 

Per  cent.  SO2  absorbed 90 . 2% 

Milligrams  Fe  per  100  cc 908 

Milligrams  S  per  100  cc 1036 

The  experiments  stopped  short  of  a  commercial  realiza- 
tion of  the  process,  due  to  circumstances  not  affecting 
the  question  of  smoke  elimination.  However,  the 
net  results  of  the  work  sufficiently  established  the 
following  facts: 

(1)  The  acid  gases  of  smelter  smoke  can  be  effec- 
tively neutralized  by  means  of  chilled  slag,  with  the 
complete  elimination  of  flue  dust  from  the  discharge. 

(2)  The  toxic  action  of  the  smelter  vapors  and 
gases  can  be  controlled  by  converting  them  into 
constituents  of  harmless  compounds  and  causing 
their  deposit  in  an  insoluble  form  on  waste  land. 

(3)  In  bringing  about  the  control  of  the  gases  in 
the  manner  stated,  it  is  both  feasible  and  desirable 
to  recover  copper,  lead  and  other  values  contained 
in  the  slag  and  in  the  smoke. 

(4)  The  conservation  of  by-products  such  as  green 
vitriol,  potash  and  soda  salts,  and  silicic  acid  is  possible 
where  markets  for  the  material  are  not  too  far  removed 
from  the  smelting  plant. 

(5)  The  indirect  use  of  sulphurous  smoke  in  the 
treatment  of  wastes  from  the  concentrator  in  the  shape 
of  slimes  and  tailings,  is  sometimes  feasible.  The 
reaction  given  below  will  suggest  the  general  procedure: 
Fe,(S04)3  +  SO,  +  2H,0  =  2H,S04  +  2FeS04. 
»H,S04  +  Cu,S  +  2Fe,(S04)3  =  2CuS04  +  4FeSO,  + 
S  +  nH,S04. 

Ely,  Nevada. 


NOTES  ON  A  STUDY  OF  THE  TEMPERATURE  GRADIENTS 

OF  SETTING  PORTLAND  CEMENT.1 

By  Allerton  S.  Cushman. 

The  reactions  that  take  place  when  hydraulic  ce- 
ments are  tempered  with  water  and  while  the  mix- 
ture is  hardening  are  not  as  yet  understood.  It  is 
true  that  many  theories  have  been  advanced  in  regard 
to  the  hardening  process  or  processes  but  more  data  are 

1  Paper  presented   at   the   Eighth   International   Congress   of   Applied 
Chemistry,  New  York,  September,  1912. 
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required  before  much  that  now  seems  inexplicable 
can  be  understood. 

Since  all  chemical  reactions  are  accompanied  by 
definite  and  measurable  thermal  changes,  complete 
temperature  records  of  hardening  cements  should  yield 
interesting  and  valuable  data. 

It  is  well  known  that  if  a  Portland  cement  clinker  is 
ground  without  the  addition  of  from  2  to  3  per  cent, 
of  calcic  sulphate  or  gypsum  to  act  as  a  restrainer  it 
will  be  "flashy."  By  "flashy"  is  meant  the  tendency 
to  harden  very  quickly,  so  quickly  in  fact  that  in 
many  cases  it  is  impossible  to  mold  the  wetted  cement 
into  a  plastic  mass.  While  this  sudden  hardening  is 
going  on,  a  considerable  amount  of  heat  is  generated 
so  that  the  mass  feels  hot  to  the  hand.  The  tempera- 
ture rises  about  10  °  to  15°  C,  but  the  heat  reaction 
lasts  only  a  short  time  and  after  cooling  no  further 
heat  reaction  takes  place.  When,  however,  a  Port- 
land cement  has  been  properly  restrained  by  grinding 
with  it  2  or  3  per  cent,  of  gypsum  (plaster)  the  con- 
ditions of  thermal  activity  are  changed  in  a  quite 
extraordinary  manner.  On  mixing  a  normal  Portland 
cement  with  sufficient  water  to  form  a  normally 
plastic  mass,  a  certain  amount  of  heat  is  immediately 
disengaged  although  not  so  much  as  in  the  case  of  an 
unplastered  cement.  The  plastic  mass  soon  cools 
down  to  the  air  temperature  and  generally  falls  some- 
what below  the  surrounding  temperature,  showing 
that  a  decided  cooling  effect  is  taking  place.  If  now 
the  plastic  mass  is  allowed  to  stand  quiescent  in  a 
constant  temperature  chamber,  nothing  of  moment 
happens  for  a  period  of  from  four  to  eight  hours,  if 
the  cement  be  a  normal  standard  brand.  At  a  given 
time  however  for  every  mixture,  a  secondary  heat  rise 
begins  and  increases  more  or  less  rapidly  to  a  definite 
maximum.  After  this  rise  is  completed  the  cement 
has  attained  its  final  set  and  a  gradual  cooling  takes 
place  to  the  temperature  of  the  surrounding  air  and 
nothing  further  happens.  If  an  imperfect,  damaged 
or  lumpy  cement  is  under  observation  the  temperature 
gradient  for  the  rise  may  show  aberrations.  That 
is  to  say,  a  sudden  rise  may  be  followed  by  a  temporary 
cooling  only  to  be  followed  by  another  rise. 

The  wonderful  effect  of  a  small  percentage  of  gypsum 
plaster  in  thus  controlling  and  regulating  the  tempera- 
ture gradients  or  reactions  of  setting  cement  is  little 
understood  and  indeed  presents  certain  anomalous 
occurrences  for  our  consideration,  as  will  be  shown 
later  on. 

The  first  successful  attempt  to  record  the  tempera- 
ture gradient  of  setting  cement  as  far  as  the  writer 
has  been  able  to  ascertain  was  made  by  Gary  who 
used  a  photographic  recording  device  which  has  been 
fully  described  by  Burcartz.1  The  method  consisted 
of  placing  the  bulb  of  an  ordinary  glass  thermometer 
in  the  cement  paste.  The  whole  arrangement  was 
enclosed  in  a  box  through  which  a  beam  of  light  was 
made  to  impinge  through  a  slot  upon  the  graduated 
stem  of  the  thermometer  and  then  upon  a  traveling 
photographic  film.  As  the  mercury  rose  or  fell  the 
beam    of    light  was    cut    by    its    shadow    and    thus    a 

1  Eng.  Record,  Dec.  11,  1909. 


continuous  temperature  gradient  was  obtained. 
The  only  criticism  of  this  method  that  can  be  made 
is  that  it  calls  for  an  expensive  and  delicately  adjusted 
piece  of  apparatus  which  few  laboratories  would  care 
to  install  and  in  which  the  temperature  changes 
cannot  be  watched  while  they  are  taking  place.  The 
apparatus  used  by  the  writer  is  simple,  comparatively 
inexpensive  and  can  be  installed  and  used  in  any 
laboratory  for  making  daily  records.  The  apparatus 
is  shown  in  Fig.  i. 


A  double  walled  wooden  box  as  shown  in  Fig.  i  is 
used  simply  to  avoid  any  sudden  changes  which  may 
take  place  in  the  laboratory  temperature  during  a 
test  run.  An  ordinary  so-called  "fireless  cooker" 
such  as  can  be  bought  at  any  kitchen  supply  store 
answers  very  well  for  this  purpose.  The  recording 
thermometer  is  of  the  Tycos  type  and  consists  of  a 
copper-plated  steel  tapered  mercury  filled  bulb  9  cm. 
long  by  about  2  cm.  in  its  maximum  diameter.  The 
bulb  is  connected  to  the  recording  dial  by  a  flexible 
steel  capillary  tube.  The  recording  dial  has  a  range 
from  10  °  to  1200  F.  The  recorder  is  fairly  accurate  for 
the  middle  range  and  is  easily  calibrated  and  adjustable. 

In  ordinary  tests  as  carried  out  in  the  writer's 
laboratory,  1  kilogram  of  the  neat  cement  is  tempered 
with  250  cc.  of  water  to  make  a  homogeneous  plastic 
paste  which  is  packed  into  a  No.  2  open  top  tin  can. 
The  thermometer  bulb  is  not  inserted  until  the  pri- 
mary heat  effect  (which  always  develops  when  cement 
is  kneaded  with  water)  is  over,  and  the  paste  reaches 
approximately  the  same  temperature  as  the  calorim- 
eter box.  In  the  meantime  the  copper-plated 
thermometer  bulb  is  smeared  with  vaseline  and 
wrapped  with  several  folds  of  fairly  heavy  tin  foil. 
The  object  of  these  precautions  is  two-fold:  (1)  to 
guard  against  the  "freezing"  in  of  the  bulb  when  the 
cement  hardens;  (2)  to  overcome  any  possible  pressure 
on  the  walls  of  the  bulb  if  the  cement  shrinks  or  ex- 
pands during  the  hardening  process.  With  25  per 
cent,  of  water  the  consistency  is  somewhat  softer 
than  the  normal,  but  experience  has  shown  that  the 
wetter  mixture  gives  better  results  under  the  con- 
ditions of  the  test.  When  all  is  ready  the  covered 
bulb  is  pushed  into  the  cement  paste,  care  being 
taken  that  it  is  not  pushed  below  the  surface  so  that 
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the  cement  can  close  over  the  shoulder  of  the  bulb 
and  so  imprison  it  when  hardening  takes  place.  When 
these  precautions  are  taken  the  apparatus  gives  no 
trouble  and  the  bulb  is  easily  withdrawn  from  the 
hard  cement  at  the  end  of  the  test.  The  temperature 
gradients  are  usually  taken  for  a  twenty-four  hour 
period,  although  this  is  not  necessary  unless  the  full 
cooling  curve  is  desired. 

In  presenting  these  notes  on  the  temperature 
gradients  of  setting  cements,  it  is  not  the  intention 
of  the  writer  to  draw  any  conclusions  at  this  time  in 
regard  to  the  mechanism  of  the  hardening  reactions. 

The  curves  obtained  on  the  revolving  scale  are 
transferred  to  centigrade  degrees  and  plotted  in 
rectangular  coordinates  as  is  shown  in  curves  1-32. 
An  inspection  of  the  curves  will  show  that  in  some 
cases  the  temperature  gradients  are  much  steeper  and 
more  sudden  than  in  others.  Curves  6,  7,  8  and  21 
represent  cases  in  which  the  water  was  simply  poured 
on  to  the  dry  cement  without  previously  kneading 
the  mass  to  a  paste.  In  no  case  of  this  kind  is  a  rise 
in  temperature  noted  following  the  final  set  or  harden- 
ing, at  about  seven  to  eight  hours. 

In  the  cases  of  some  brands  of  cement,  as  is  shown 
in  curves  9,  10,  n  and  12,  the  rise  in  temperature  is 
constant  and  gradual  to  a  maximum  which  usually 
occurs  at  about  ten  to  eleven  hours.  In  other  cases, 
notably  in  curves  17  and  29,  the  rise  is  sharp  and 
sudden.  As  both  types  of  cement  pass  muster  in  the 
standard  tests,  it  is  not  possible  at  the  present  time 
to  state  what  the  ideal  temperature  gradient  curve 
for  a  cement  should  be. 

That  the  maxima  and  shape  of  the  curves  is  modified 
by  the  addition  of  various  salts  to  the  tempering  water 
is  shown  in  curves  13,  14,  15,  16,  17,  18,  19,  20  and  22. 

Perhaps  the  most  extraordinary  curve  is  number 
19  which  shows  the  heating  effect  produced  by  satu- 
rating the  water  with  calcium  sulphate.  In  this  case 
the  temperature  rose  above  the  scale  of  the  recording 
device  and  the  test  piece  became  uncomfortably  hot 
to  the  hand.  Since  calcic  sulphate  is  used  as  a  re- 
strainer  when  ground  with  a  cement,  this  extraordinary 
effect  of  calcic  sulphate  solution  is  difficult  to  explain. 

Curves  25,  26,  27  and  28  were  from  cements  which 
did  not  stand  test  and  had  been  rejected.  The  ab- 
normality of  these  curves  is  at  once  apparent  to  the 
eye  and  furnishes  the  best  argument  as  to  the  value  of 
a  study  of  the  temperature  gradient  as  an  additional 
method  of  control  in  cement  testing. 

In  conclusion,  the  author  wishes  to  point  out  that 
these  notes  on  the  study  of  temperature  gradients  are 
offered  not  as  data 'on  which  to  establish  theories  but 
to  stimulate  other  workers  to  include  similar  investi- 
gations in  their  studies  of  the  hardening  of  hydraulic 
cements. 

Institute  of  Industrial  Research, 
Washington,  D.  C. 


COBALT  DRIERS.1 

By  V.   P.   Krauss. 

The  cobalt  compounds  which  are  generally  offered 

1  Paper  presented   at   the   Eighth   International   Congress  of  Applied 
Chemistry.  New  York,  September,    1912. 


on  the  market  to-day  may  be  divided  into  two  classes: 
In  the  first  are  cobaltous  oxide,  acetate,  sulphate, 
chloride,  nitrate,  hydroxide,  and  basic  carbonate.  In 
the  second  class  are  various  grades  and  qualities  of 
resinates  (sometimes  called  sylvinatcs),  both  fused 
and  precipitated,  oleates  or  linoleates,  oleo-resinates, 
tungates  and  resino-tungates,  besides  some  other 
liquid  preparations  composed  in  whole  or  part  of  the 
foregoing. 

From  the  varnish  manufacturer's  standpoint  the 
substances  in  the  first  division  are  crude  materials 
which  are  utilized  in  the  production  of  the  compounds 
in  the  second  class,  and  also  in  the  preparation  of 
some  varnishes,  liquid  driers,  drying  oils,  and  the  so- 
called  paint  oils.  The  materials  enumerated  under 
the  second  class  are  the  result  of  a  varnish  maker's 
labor,  and  when  properly  made  and  used  in  mixtures 
to  which  they  are  adapted  give  very  good  results. 

The  inorganic  salts  of  cobalt  do  not  directly  come 
under  the  scope  of  this  paper,  and  thus  will  not  be 
directly  considered  except  inasmuch  as  their  use  as 
crude  material  affects  the  driers  into  whose  composi- 
tion they  enter. 

It  is  only  within  the  past  year  that  the  cobalt  driers 
have  been  offered  to  the  American  paint  and  varnish 
manufactureres.  Up  to  the  present  time  their  use 
is  not  general,  first,  because  of  the  very  high  price, 
and  second  because  their  use  is  not  thoroughly  under- 
stood and  many  experimenters  have  had  unsatisfac- 
tory results  and  therefore  refused  to  further  consider 
the  introduction  of  the  new  material.  Furthermore, 
not  all  of  the  cobalt  driers,  whether  liquid,  paste,  or 
solid,  now  offered  for  sale,  are  properly  made  and  truly 
adapted  to  the  purposes  for  which  they  are  recom- 
mended. This  situation  in  addition  to  unsatisfactory 
results  obtained  by  some  of  those  experimenting, 
would  naturally  have  a  retarding  effect  on  the  intro- 
duction of  a  new  type  of  material. 

The  salts  of  cobalt  which  are  at  our  disposal  in 
commercial  quantities,  are  all  of  the  cobaltous  or 
divalent  type.  It  has  been  found  that  although  they 
can  be  readily  used  in  the  manufacture  of  driers  and 
worked  like  the  various  compounds  of  manganese, 
lead,  zinc,  calcium,  aluminum,  etc.,  the  organic  com- 
pounds formed,  which  are  the  basis  and  active  prin- 
ciples of  the  so-called  driers,  are  not  efficient  while 
in  the  cobaltous  state.  The  cobaltic  combinations, 
however,  are  very  active  driers,  and  it  is  for  the  forma- 
tion of  trivalent  cobalt  compounds  that  we  strive 
in  the  making  of  driers.  This  transformation  can  be 
effected  in  several  ways.  By  blowing  cold,  heated, 
or  ozonized  air  through  the  hot  cobaltous  drier  stock, 
or  by  the  introduction  of  liquid  or  solid  oxidizing 
agents.  The  use  of  cold  or  even  heated  air  is  a  very 
long  and  tedious  operation  if  carried  out  to  the  extent 
to  which  it  is  necessary  in  order  to  get  the  maximum 
strength  in  the  drier,  and  greatly  adds  to  the  cost  of 
an  already  expensive  material.  The  use  of  the  liquid 
or  solid  oxidizers  can  be  carried  out  successfully  and 
in  a  comparatively  short  time,  although  even  when 
great  care  is  exercised  the  batch  of  material  is  in  dan- 
ger of  catching  fire. 
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Since  driers  arc  use. I  in  a  number  oi  industries  in 
which  drying  oils  form  pari  of  the  material  produced, 
and  since  the  operating  methods  <>f  the  various  manu 
facturers  are  widely  divergent,  the  siccatives  or  driers 
adapted  to  each  will  in  man)-  instances  show  widely 
differenl  characteristics,  no1  merely  in  form  but  also 
in  composition. 

Since  the  paint  manufacturer  ami  also  the  practical 
painter  who  mixes  his  own  paints  from  paste  colors 
and  raw  or  treated  oil,  are  the  principal  consumers 
of  what  are  generally  known  as  driers,  the  materials 
adapted  for  their  use  may  be  first  considered.  The 
driers  will,  in  practically  all  instances,  be  in  the  liquid 
state,  either  very  fluid,  of  heavy  consistency  or  of  3 
semi-paste  nature.  In  composition,  they  will  mostlv 
consist  of  resinates,  tungates,  oleates,  or  linoleates, 
or  combinations  of  the  three.  For  the  drying  of  lin- 
seed oil,  when  the  proper  driers  are  selected,  little  or 
nothing  can  be  asked  in  addition  to  those  known  at 
present.  When  the  general  lead,  manganese  and  other 
prevalent  metallic  driers  are  well  chosen,  raw  linseed 
oil  can  without  any  difficulty  be  made  to  dry  by  the 
addition  of  from  5  to  10  per  cent,  or  even  less,  the 
time  of  drying  under  average  weather  conditions  be- 
ing from  10  to  24  hours.  By  the  use  of  cobalt  driers, 
the  same  drying  effect  can  be  obtained  when  only  from  1 
to  3  per  cent,  of  a  liquid  drier  is  used.  I  am  not  yet 
prepared  to  say  positively  what  the  ultimate  effect 
of  cobalt  driers  is  upon  paint  films,  but  from  my  ex- 
periments I  am  led  to  believe  that  cobalt  has  not  the 
harmful  progressive  oxidizing  action  that  some  of 
the  usual  manganese  lead  compounds  have.  It  has 
also  been  noticed  that  although  a  cobalt  drier  may 
be  fairly  dark  in  color,  it  will  not  have  as  darkening 
an  effect  as  one  of  the  usual  driers  of  like  color  would 
have  upon  a  white  paint.  The  cobalt  driers  like- 
wise show  the  same  phenomena  as  some  of  the  others 
when  used  in  excessive  amount;  that  is,  although  the 
paint  film  will  set  up  well  in  the  usual  time,  the  drying 
action  apparently  reverses  and  the  film  remains  tacky. 

The  terms  applied  to  liquid  driers  are  often  uncer- 
tain and  apt  to  be  misleading.  There  are  no  general 
standards  for  strength  or  consistency,  and,  it  must 
be  admitted,  many  of  the  materials  found  on  the  mar- 
ket contain  more  volatile  thinners  than  is  conducive 
to  obtaining  a  maximum  drying  effect  with  a  minimum 
quantity  of  drier. 

The  value  of  the  cobalt  specialties  depends  not  on 
their  power  to  dry  linseed  oil,  but  on  their  ability  to 
make  the  lower  priced  semi-drying  oils  act  like  it. 

Soya,  fish,  and  even  corn  and  cottonseed  oil  are 
adaptable  for  use  in  paint,  and  when  correctly  treated 
increase  its  durability.  Dr.  Maximilian  Toch  has 
published  the  results  of  his  extensive  research  and 
experimental  work  with  both  fish  and  soya  oils,  and 
there  describes  the  types  of  driers  suitable  for  them. 

In  the  making  of  waterproof  fabrics,  insulating 
coatings,  etc.,  both  liquid  and  solid  driers  are  used. 
In  the  linoleum,  oilcloth,  patent  leather,  artificial 
leather  and  similar  industries,  the  semi-liquid,  paste, 
and  solid  driers  are  in  demand  since  for  these  products 


th'    manufacturers  cook  the  oils  and  varnishes  in  their 

The  paste  oiil  solid  driers  must  essentially  be  con- 
sidered under  the  caption  of  crude  materials  because 
must  be  churned  or  cooked  in  the  oils  or  var- 
nishes in  which  they  are  used. 

The  methods  of  making  both  solid  and  liquid  driers 
are  in  general  similar  in  the  first  stage  of  the  process, 
and  thus  may  be  described  under  the  same  headings. 

RESINATE  OF  COBALT,    PRECIPITATED  AND   FUSED. 

This  is  correctly  made  by  saponifying  rosin  or 
colophony  with  caustic  soda  or  sodium  carbonate, 
care  being  taken  to  avoid  an  excess  of  the  reagent, 
and  then  precipitating  with  a  solution  of  some  salt 
of  cobalt.  The  chloride  or  sulphate  serve  best  for 
this  purpose.  The  precipitated  resinate,  or  as  it  is 
sometimes  called,  rosinate  or  sylvinate,  must  then  be 
thoroughly  washed  and  then  pressed  and  dried.  This 
will  yield  a  pinkish,  fairly  fluffy  powder  when  ground, 
which  will  readily  dissolve  in  oil  at  a  low  temperature. 
The  fused  variety  is  made  by  melting  the  dried  resinate 
in  a  kettle  and  then  pouring  into  cooling  pans.  The 
operation  is  performed  more  rapidly  by  taking  the 
cakes  from  the  presses  and  driving  off  the  water  and 
fusing  in  one  operation. 

COBALT  OLEATES   OR  LINOLEATES. 

The  basis  of  this  class  is  generally  linseed  oil,  al- 
though walnut,  perilla,  soya,  and  some  other  oils  may 
be  used.  The  oil  is  thoroughly  saponified  with  caus- 
tic soda  and,  like  the  resinate,  precipitated  with  a 
salt  of  cobalt.  The  material  is  then  carefully  washed 
and  pressed.  It  may  be  melted  to  form  a  dark  viscous 
heavy  fluid. 

Several  samples  of  cobalt  linoleate  which  I  examined 
consisted  of  bodied  linseed  in  which  small  amounts 
of  inorganic  cobalt  salts  had  been  dissolved.  An- 
other was  of  the  same  order  with  the  addition  of  vola- 
tile solvents. 

True  linoleate  of  cobalt,  when  fused  with  varnish 
gums  and  dissolved  in  volatile  oils,  yields  an  excellent 
drier. 

OLEO-RESINATES. 

This  type  of  drier  is  made  by  melting  together  the 
precipitated  resinate  and  linoleate,  sometimes  with 
the  further  addition  of  fused  fossil  gum-resins. 

TUNGATE  OF  COBALT. 

Like  the  linoleates,  the  tungate  of  cobalt  is  made 
by  saponifying  pure  China  wood  oil  (tung  oil)  with 
caustic  soda,  care  being  taken  to  avoid  excess  of  caus- 
tic, and  then  precipitating  with  a  salt  of  cobalt.  The 
tungate  is  then  washed  thoroughly,  pressed  and 
generally  dried  and  fused.  Great  care  is  necessary 
in  the  preparation  of  a  tungate  since  it  oxidizes  very 
rapidly,  and  the  oxidized  material  is  useless. 

Like  the  linoleate  of  cobalt,  the  tungate  may  be 
fused  with  the  resinate  to  form  what  may  be  called 
a  resino-tungate. 

In  general,  the  foregoing  substances  are  incorpora- 
ted in  oils  by  means  of  heat,  the  combining  tempera- 
ture being  between  300  °  and  500  °  F.  The  amount 
necessary  will  vary  from  about  l/2  per  cent,  to  5  per 
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cent.  In  order  to  make  liquid  driers,  the  paste  or 
solid  driers  can  be  melted  alone  or  in  combination 
with  gum-resins,  bodied  linseed  oil,  or  both,  and  then 
thinned  to  liquid  consistency  with  volatile  oils. 

Among  other  cobalt  salts,  some  of  the  chemical 
manufacturers  offer  the  acetate,  with  directions  for 
its  use  as  a  drier.  All  agree  that  between  two-  and 
four-tenths  of  one  per  cent  are  necessary  to  dry  lin- 
seed oil.  The  oil  should  be  at  a  temperature  between 
300  °  and  400  °  P.,  and  be  carefully  stirred  until  all 
the  salt  is  dissolved.  Soya  and  China  wood  oil  may 
be  similarly  manipulated. 

It  is  still  a  little  too  soon  to  make  a  positive  state- 
ment as  to  how  oils  thus  treated  with  the  acetate 
withstand  wear  and  exposure 

Cobalt  oxide,  like  the  acetate,  can  be  directly 
added  to  oil  during  boiling.  It  however  dissolves 
slowly  and  necessitates  heating  to  high  temperature; 
the  resulting  product  is  also  very  dark,  and  mostly 
consists  only  of  bodied  oil.  Rosin  also  will  directly 
combine  with  cobalt  compounds  on  heating  together 
in  a  suitable  kettle  or  container.  The  product  pos- 
sesses a  number  of  objectionable  features.  It  still 
is  mostly  unchanged  rosin,  has  become  much  darker 
and  lost  considerably  in  weight  due  to  volatilization. 
I  have  tried  the  effect  on  oils  of  quite  a  number  of 
cobalt  compounds,  but  found  none  equal  in  efficiency 
to  those  described  in  the  foregoing. 

Research  Laboratory, 
Toch  Brothers,  New  York. 


THE    DEVELOPMENT    OF    HYDROSULPHITES    IN    THEIR 

RELATION  TO  MODERN  DYESTUFFS.1 

By  Philip  S.  Clarkson. 

In  1869  when  Schuetzenberger  first  made  sodium 
hydrosulphite  and  in  1872  when  he,  together  with 
Lalande,  applied  it  to  the  preparation  of  indigo-white 
and  introduced  a  vat  for  indigo  dyeing  based  on  its 
use,  a  basic  foundation  was  laid  for  the  practical  appli- 
cation to  the  fibre  of  the  latest  and  the  most  desirable 
group  of  synthetic  dyestuffs.  These  are  now  known 
technically  as  "vat  colors"  but  some  better  term  should 
be  applied  to  them  than  one  derived  from  the  large 
vats  or  dye  vessels  necessary  on  account  of  the  quantity 
of  sediment  in  the  old  style  method  of  indigo  dyeing. 
As  is  well  known,  these  products  are  insoluble  in  water 
and  require  reduction,  generally  in  an  alkaline  solution, 
to  render  them  soluble  and  suitable  for  use  in  the  dye 
kettle.  The  old  methods  of  fermentation,  etc.,  used 
with  indigo  are  not  applicable  here  and  the  hydro- 
sulphites  are  found  to  be  the  most  satisfactory  agents, 
being  most  energetic  in  reducing  action,  and  in  the 
form  of  their  sodium  salts  giving  no  insoluble  com- 
binations with  the  dyestuffs. 

Before  the  discovery  and  invention  of  the  now  large 
group  of  vat  dyestuffs,  the  use  of  hydrosulphite  in 
dyeing  was  small,  and  the  improvement  in  manufac- 
ture of  hydrosulphites  not  marked,  but  coincident  with 
the  discovery  of  new  coloring  matters  suitable  for 
use  in  vat  dyeing  came  new  interest  in  the  use  of 
hydrosulphites  as  discharging  agents  in  calico  printing. 

1  Paper  presented  at  the  Eighth    International   Congress    of   Applied 
Chemistry.  New  York,  September,  1912 


This  led  to  the  discovery  of  the  formation  of  stable 
compounds  with  formaldehyde  for  which  the  first 
American  patent  appeared  in  19041  followed  by  that 
for  the  production  of  pure  sodium  hydrosulphite 
powder  in  1905,*  that  for  sodium  formaldehyde  sulph- 
oxylate  in  the  same  year  and  finally  the  two  zinc 
salts  in  the  year  191 1. 

These  may  be  said  to  represent  the  products  now  in 
commercial  use,  the  pure  sodium  hydrosulphite 
powder  (Na,S,04)  representing  the  products  used  for 
dyeing,  the  formaldehyde  compounds  those  used  for 
printing  and  for  discharging.     These  are  as  follows: 

Sodium-formaldehyde-sulphoxylate,  NaS02.CH20  + 
2H,0,  which  is  commercially  known  as  hydrosulphite 
N  F  cone,  Rongalite  C  and  hyraldite  C  extra,  accord 
ing  to  the  maker. 
This  is  the  compound 
of  especial  interest  to 
the  calico  printers. 

Di-zinc-formalde- 
hyde  sulphoxylate,3 
ZnS02CH20,  is  known 
to  the  trade  as  hydro- 
sulphite A  Z,  decrolin 
or  hyraldite  Z.  This 
is  used  only  for  strip- 
ping or  removing  dye- 
stuffs  from  dyed 
materials. 

Mono-zinc-  formal- 
dehyde  sulphoxylate,4 
Zn(HS02CH20)2, 
which  is  hydrosulphite 
A  Z  soluble  cone.  This 
is  used  for  the  same 
purpose  as  the  di-zinc 
salt,  but  is  more  effect- 
ive and  is  soluble  in 
water. 

The  other  commercial  marks  represent  mixtures 
with  various  substances  for  special  purposes. 

Practical  Applications. — These  comprise  dyeing, 
printing,  discharge-printing  on  dyed  materials,  and 
stripping  or  the  removal  of  dyestuffs  and  coloring 
matters  from  previously  dyed  material.  The  dye- 
stuffs  which  require  the  use  of  hydrosulphites  are  as 
commonly  classed:  indigo  and  substituted  indigoes, 
usually  halogen  substitution  for  hydrogen;  indigoids, 
those  having  the  molecular  construction  of  indigo 
but  having  other  replacements;  and  anthracene 
compounds. 

Dyeing. — The  method  of  application  for  all  these 
classes  of  dyestuffs  is  practically  the  same;  the  dye- 
stuff  is  reduced  with  1V2  times  to  twice  the  amount 
of  sodium  hydrosulphite  in  the  presence  of  alkali  to 
dissolve  the  leuco  compound  formed.  This  reduced 
dyestuff  is  then  applied  to  the  fibre  in  the  well  known 
manner  and  the  color  finally  developed  by  oxidation. 
Various    assistants    are    added    to    secure    technically 

'•  U.  S.  r.u.'iit  No.  769,593,  Des  Camp. 

2  U.  S.  Patent  No.  793.559,  Bazlen  and  Wohlfart. 

3  Ber.  d.  chem.  Ges.,  1909,  p.  4657. 

4  B.  Fran.,  435,260. 
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perfect  results.  The  shades  obtained  are  generally 
speaking  much  in  advance  oi  any  previously  known 
in  regard  to  fastness  to  all  injurious  influences  com- 
bined  with   brilliancy  of  shade. 

Printing,  -It  is  in  this  branch  of  the  art  of  coloring 
thai  tin-  most  marked  change  has  taken  place.  Pre- 
vious to  the  development  of  the  application  of  vat 
colors  in  this  industry,  the  dyer  was  far  ahead  ot  the 
printer  in  the  production  of  shades  of  extreme  fastness. 
Especially  the  manufacturing  and  finishing  process 
depends  on  the  production  of  insoluble  color  lakes 
in  the  process  of  coloring.  The  hydrosulphite-vat 
color  process  of  printing  provides  this  nearly  in  per- 
fection. The  required  installation  of  machinery  is 
not  extensive,  the  success  or  failure  of  the  operation 


nish  shades  which  can  be  guaranteed  as  fasl  to  light, 

washing,  wearing  and  other  injurious  influences,  in 
fact  almost,  thai  I  he  color  will  last,  longer  than  the  &bn 
This  condition  has  undoubtedly  been  brought  about 
by  the  discovery  and  perfection  of  the  hydrosulphite- 
formaldehyde  compounds.  This  is  the  present  state 
of  the  direct  printing  industry;  now  the  printer  is 
ahead  of  the  dyer  for  he  can  work  more  economically 
and  the  results  are  in  every  way  satisfactory  to  the 
consumer.  One  of  the  very  apparent  results  is, 
"laundry-proof  shirts  for  one  dollar." 

The  method  of  discharging  azo  colors  by  the  use  of 
these  salts  has  been  used  for  sometime  and  cannot  be 
said  to  have  been  very  recently  developed — only 
improved    by   the  use  of   sodium-formaldehyde-sulph- 
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Continuous  Stcamek 

Continuous  Steamer  for  Indigo  Discharges  and  Vat-color  Prints. 


depending  mainly  on  the  proper  construction  and  con- 
dition of  the  steamer,  preferably  a  Mather-Platt. 
This  must  be  arranged  so  that  all  access  of  air  is  ex- 
cluded and  suitable  steam  plates  provided  for  heating 
so  that  the  interior  is  at  all  times  at  a  temperature  of 
io2°-io4°C.  (see  figure).  With  proper  conditions  here 
and  the  usual  care  in  making  up  the  print  colors  failure 
is  not  to  be  anticipated.  The  present  application  of 
the  vat  colors  in  the  printing  process  depends  on  the 
use  of  sodium-formaldebyde-sulphoxylate.  This  is 
stable  at  ordinary  temperatures  and  enables  the  pastes 
to  be  made  up  without  difficulty,  and  the  prints  from 
the  machine  are  uniform  throughout  the  length.  On 
steaming,  the  sulphoxylate  is  liberated  and  at  once 
reduces  the  dyestuff  to  its  soluble  condition  in  which 
it  combines  with  the  fiber.  After  steaming,  the  material 
is  treated  with  either  soap  or  oxidizing  agents  which 
fully  develop  the  color  in  an  insoluble  condition.  By 
the  proper  selection  of  dyestuffs  the  printer  can  fur- 


oxylate  in  place  of  the  zinc-dust-bisulphite  mixtures 
of  the  original  formulas. 

But  the  use  of  formaldehyde-sulphoxylate  for 
discharging  white  patterns  on  material  dyed  with 
mdigo  is  the  most  recent  and  the  most  notable  advance 
in  the  printing  industry  brought  about  by  the  use  of 
hydrosulphites.  It  has  long  been  known,  and  use  has. 
been  made  of  the  fact  that  oxidizing  agents  would 
destroy  indigo  blue  and  render  it  colorless  and  all  the 
discharge  printing  on  indigo  has  been  based  on  this. 
The  great  disadvantage  has  been,  however,  that  these 
agents  also  acted  on  the  cotton  fiber  and  the  formation 
of  oxycellulose  with  material  loss  of  strength  has 
occurred.  By  the  use  of  reducing  agents  this  could 
be  avoided  but  the  difficulty  was  to  remove  the  indigo- 
white  produced  in  the  pattern  before  it  became  re- 
oxidized. 

In  1907  one  of  the  foreign  manufacturers  of  indigo 
suggested  the   use  of  anthraquinones  in  the  printing 
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paste  with  sodium  formaldehyde  sulphoxylate.  This 
rendered  the  discharge  more  energetic  and  also  hin- 
dered the  reoxidation,  but  it  was  necessary  to  handle 
the  material  very  quickly  to  avoid  tarnishing  the 
whites.  The  usual  conditions  of  the  printing  rooms 
rendered  the  production  of  uniform  results  almost 
impossible  and  little  practical  use  was  made  of  the 
process  in  this  country. 

However,  in  the  last  two  years  a  notable  advance 
has  been  made  owing  to  the  discovery  that  certain  bases 
of  the  substituted  ammonium  type  would  combine 
with   indigo  white  to  form  stable  compounds  which 


higher  cost  the  commercial  product  now  represents 
the  standard  of  indigo  prints.  The  gain  to  consumers 
is  in  the  same  proportion:  for  the  strength  of  the 
material  is  not  affected  and  after  the  garments  are 
washed  three  times  the  wThites  are  no  longer  holes  but 
remain  the  original  material. 

The  zinc-formaldehyde-hydrosulphites  are  used  solely 
for  removing  the  dyestuff  and  colors  from  previously 
dyed  material  and  have  little  interest  for  the  phase 
of  the  subject  under  consideration.  Their  great 
advantage  lies  in  the  fact  that  the  strength  of  the  fiber 
is  not  affected. 


do  not  oxidize  in  the  air.  Further  experiments 
proved  that  this  property  was  characteristic  of  com- 
pounds of  certain  tertiary  bases  with  benzyl  chloride, 
its  homologues  and  analogous  bodies  and  their  sub- 
stitution products.  In  the  presence  of  zinc  oxide 
desirable  reddish  to  yellow  shades  can  be  obtained  by 
this  method. 

But  in  order  to  obtain  white  discharges  the  com- 
pounds obtained  in  the  discharge  process  had  to  be 
made  readily  soluble.  It  was  found  that  this  could  be 
done  by  the  substitution  of  a  sulphonic  group  in  the 
benzyl  nucleus.  The  yellow  compound  obtained  by 
using  a  substance  of  this  nature  in  the  formaldehyde 
sulphoxylate  discharge  paste  is  readily  soluble  in 
alkalies  and  being  easily  removed  from  the  material 
leaves  the  patterns  clear. 

Thus  the  problem  of  satisfactory  indigo  discharges 
was  solved.  For  certain  considerations  the  discharge 
material  is  not  sold  as  such  but  in  combination  with 
sodium  formaldehyde  sulphoxylate  as  hydrosulphite 
C  L  or  rongalite  C  L,  according  to  the  maker. 

The  practical  method  of  handling  is  simple.  The 
discharge  pastes  are  made  up  with  20  per  cent,  of  the 
sulphoxylate  discharge  compound,  8  per  cent,  zinc 
oxide,  4  per  cent,  anthraquinone,  30  per  cent,  paste, 
with  suitable  thickening.  The  material  is  printed, 
dried,  steamed  in  the  before  described  steamer  for  3-5 
minutes  at  ioo°-io3°  C,  washed  in  hot  water,  then 
passed  through  an  alkaline  bath,  washed  and  dried. 
In  this  process,  the  pastes  are  perfectly  stable  and 
after  printing  and  steaming  the  material  can  be  left 
indefinitely  before  clearing.  The  writer  kept  a  piece 
for  two  months  before  clearing  and  the  resulting 
whites  were  perfect. 

The  process  has  been  adopted  by  the  largest  indigo 
printers  in  this  country.     In  spite  of  the  fact  of  the 


The  increase  in  the  use  of  hydrosulphites  and  the 
formaldehyde  compounds  has  been  most  marked  and 
the  probable  consumption  in  the  textile  industry  in  the 
United  States  for  the  year  191 1  was  not  far  from  one 
million  pounds. 

New  York  City. 


THE  EFFECT  OF  "LIME-SULPHUR"  SPRAY  MANUFACTURE 
ON  THE  EYESIGHT.1 

By  James  R.  Wiihrow. 

About  two  years  ago,  the  writer  was  called  upon  to 
take  charge  of  the  installing  of  a  "Lime-sulphur" 
department  for  a  manufacturer  engaged  in  other  lines 
of  chemical  manufacturing.  Preliminary  to  starting 
industrial  experimentation,  a  very  thorough  laboratory 
study  had  been  carried  out  by  the  manufacturer's  regular 
chemist.  This  work  reviewed  in  a  most  capable 
manner  about  all  the  recommendations  of  recent 
chemical  and  experiment  station  literature  concerning 
"lime-sulphur"  preparation.  As  a  result  of  this 
work  a  formula  was  evolved,  which  was  used  as  a 
basis  for  manufacturing  experiments.  The  laboratory 
experiments  themselves  were  never  made  in  larger 
than  five-gallon  apparatus.  The  writer  witnessed, 
from  time  to  time,  these  experiments  or  portions  of 
them  and  at  no  time  noticed  anything  causing  dis- 
comfort. The  laboratory  assistant,  who  did  most  of 
the  experimental  work  for  the  company's  chemist  and 
was  constantly  in  contact  with  the  material  and  its 
fumes,  never  noticed  any  effect  or  discomfort  at  any 
stage  of  the  laboratory  work,  which  extended  through 
several  months.  To  be  sure,  there  was  the  ever  present 
odor  of  hydrogen  sulphide  or  at  least  a  similar  odor. 
This  was  never  offensively  strong.      At  no  time  was  it 

1  Taper  presented  at  the  Eighth   International  Congress  of  Applied 
Chemistry.  New  York,  September,  1012. 
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bo    noticeable    as    to    compel    enforced    ventilation. 

The    writer's    business    was    to    accept     the    work    as 
completed  in  the  laboratory  ami   transler  it,  to  fi 
Operation.      The   first   factory   experimental   runs   were 

made  on  about  a  la-barrel  scale.     These  experimental 

cooks  were  made  to  get  factory  scale  data  for  con- 
struction work  and  also  to  uncover  any  unfi 
operation  difficulties.  The  product  had  varying  spe- 
cific gravity  from  45 °  to  32 °  Be.,  depending  on  the 
purpose  of  the  experiment.  The  final  solution  of 
calcium  polysulphide  or  so-called  "lime-sulphur" 
contained  about  25  per  cent,  sulphur  and  about  the 
equivalent  of  10  per  cent,  calcium  oxide,  when  the 
specific  gravity  was  about  33  °  Be.  Twelve  barrels  of 
this  product  therefore  would  contain  1625  pounds  of 
sulphur  and  the  equivalent  of  650  pounds  of  lime. 

The  first  few  cooks  aroused  no  comment  from 
employees  about  the  building,  which  was  a  large  one 
of  four  stories,  beyond  wThat  would  come  from  persons 
unaccustomed  to  hydrogen  sulphide.  In  the  course 
of  the  next  week  or  two,  however,  the  weather  had 
become  quite  cold  and  the  normal  ventilation  by  means 
of  the  windows  was  much  diminished.  Again  no 
particular  effect  was  noticed  at  first.  The  "cook" 
digester  was  a  steam  jacketed  cylindrical  tank  roughly 
5'  X  5'  and  supplied  with  a  cover  and  a  small  venti- 
lating pipe.  This  pipe  wras  inadequate  for  proper 
ventilation  of  tank  and  would  have  been  useless  any- 
way, for  the  top  of  the  "cook"  tank  was  usually  open 
during  the  experimental  runs  for  observation  purposes. 
The  man  in  charge  of  the  cooks  usually  stationed 
himself  at  the  opening  to  become  familiar  with  boiling 
conditions  within  the  tank  during  the  various  runs 
under  different  conditions. 

Within  a  cook  or  two,  after  the  windows  were  closed 
to  diminish  the  cold  conditions,  the  man  in  charge  of 
the  cook  became  aware  of  a  smarting  sensation  in  and 
around  the  eyes.  The  eyelids  became  red.  The 
writer  was  constantly  about  the  tank,  but  was  only 
occasionally  at  the  tank  opening  and  felt  little  or  no 
discomfort,  though  there  was  a  slight  burning  feeling 
about  the  eyes.  The  room  became  partially  filled  with 
condensed  steam  at  times  and  finally  about  8.00  p.m., 
during  a  slightly  prolonged  run,  the  w-riter  noticed  that 
the  amount  of  vapor  in  the  room  was  greater  than 
usual  and  that  the  incandescent  electric  lights  had  a 
halo  of  some  eighteen  inches  in  diameter  when  viewed 
through  the  fog:  the  halo  tended  to  have  rainbow- 
colors.  An  hour  or  two  afterwards,  the  writer  found 
the  same  conditions  as  to  fog  and  halo  to  exist  in  his 
room  in  his  hotel  and  concluded  that  his  eyesight  was 
affected.  Cold  water  w-as  applied  liberally  and  he 
turned  into  bed  and  went  to  sleep  at  once.  In  the 
morning  the  blurred  eyesight  wras  about  as  bad  as  the 
evening  before.  The  foreman,  who  stood  at  the  open- 
ing of  the  cook  tank,  had  gone  home  at  the  end  of  the 
run  at  the  time  the  writer  did.  He  was  unable  to 
report  for  work  next  day.  His  eyes  were  much  in- 
flamed and  were  too  sensitive  to  light  to  open  them. 
He  said  they  pained  and  felt  gritty  under  the  eyelids. 
He  was  back  at  work  again  in  a  couple  of  days.  In  the 
case  of  the  writer,   with  the  liberal  use  of  saturated 


boric  acid  Bolution,  the  blurred  vision  gradually  re- 
turned t..  normal  during  the;  course  of  a  week's  absence 
from  the  manufacturing  operation.  There  was  a, 
recurrence  Oi  the  blurred  eff©  I  at  another  time,  which 
rendered  vision  almost  impossible,  but  it  rapidly  wore 
off  and  at  no  time  was  there  any  pain.  The  foreman 
again  had  an  attack  after  his  initial  experience. 
None  of  the  workmen  wen  I   after  proper  pre- 

cautions were  taken. 

At  one  time  however,  when  a  batch  was  being  con- 
centrated by  boiling  down,  the  cover  was  thrown 
open  to  expedite  evaporation.  In  the  same  room 
some  distance  away,  two  workmen  were  barreling  off 
finished  product.  Both  the  foreman  and  myself  were 
actively  engaged  about  the  cook  tank  and  were 
practically  unaffected.  Of  the  two  workmen  men- 
tioned however,  the  thin  one  was  very  much  affected 
and  said  he  suffered  agony  all  night  and  next  day, 
while  the  corpulent  one  was  entirely  unaffected. 
Other  workmen  were  in  and  out  during  the  cook  but 
none  were  affected.  The  one  of  the  two  mentioned 
above  as  unaffected  has,  since  starting  regular  opera- 
tion in  the  new  plant  and  in  fact  during  the  rest  of  the 
experimental  runs,  been  in  active  charge  of  the  "cooks" 
and  has  never  become  affected,  beyond  possibly  a 
slight  reddening  of  the  eyes. 

No  one  at  all  has  been  affected  in  anyway  since  the 
new  plant  was  installed  with  its  ample  facilities  for 
ventilation.  Inquiry  directed  to  other  manufac- 
turers disclosed  similar  experiences.  One  manu- 
facturer's experience  was  so  bad  that  he  at  once 
knocked  one  side  out  of  his  cooking  room.  This  is 
undoubtedly  effective,  but  from  the  writer's  experience 
unnecessary.  All  that  is  required  is  a  hood  over  the 
cook  tank,  which  will  carry  all  vapors  out  doors,  and 
a  "cook"  room  which  is  high  ceilinged  and  reasonably 
well  ventilated.  Providentially  the  copious  evolution 
of  steam  has  caused  most  plants  to  provide  hood- 
covered  tanks,  thus  avoiding  the  unexpected  trouble 
we  are  discussing. 

A  search  of  the  literature  of  "lime-sulfur"  available 
to  the  writer  found  no  mention  of  the  effect  of  the 
eyes.  The  suggested  reactions  to  explain  the  action 
of  sulfur  on  calcium  hydroxide  and  water,  varied  as 
they  were,  gave  no  clue  to  what  might  have  been  the 
body  which  gave  rise  to  the  trouble.  During  a  sub- 
sequent study  of  polysulfide  literature  in  general, 
however,  it  was  found  that  Bloch  and  his  pupils'  had 
prepared  polysulfides  of  hydrogen  of  the  formulas 
H2S3  and  H2S2.  The  latter  is  formed  by  heating  the 
former  and  is  easily  volatile.  The  fumes  of  these 
polysulfides  are  said  to  have  a  penetrating  disagreeable 
odor  and  their  vapors  attack  the  mucous  membranes. 
Thorpe  says  their  vapors  attack  the  eyes.2  They  are 
decomposed  by  alkalies  and  therefore  would  not 
exist  very  long  in  the  lime-sulfur  cook,  but  if  they 
were  being  given  off  in  mere  traces,  continuous  expo- 
sure to  such  fumes  would  naturally  cause  discomfort. 

Hydrogen  sulfide  itself,  however,  may  have  been 
the  cause  of  the  trouble.     It  has  been  shown  to  be  a 

1  Ber.  d.  chem.  Grs.,  41,  1961 ;  Am.  Chem.  J.,  41,  155. 
-  Diet.  Applied  Chem..  3,  699  (1893). 
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product  of  the  evaporation  of  a  solution  of  calcium 
polysulfldes.1  Hydrogen  sulfide  could  not  likely  have 
been  the  cause,  unless  the  symptoms  of  H,S  poisoning 
recorded  are  the  effects  of  only  sudden  or  brief  exposure 
to  large  amounts  of  the  gas  and  that  prolonged  ex- 
posure to  dilute  H2S  would  cause  a  different  series  of 
violent  symptoms.  This  latter  assumption  does  not 
appear  probable  for  in  such  cases  where  H2S  was  per- 
mitted in  the  atmosphere  of  laboratories  in  small 
amounts,  the  usual  symptoms,  only  not  so  pronounced, 
were  the  result.  The  only  recorded  symptom  of 
hydrogen  sulfide  poisoning  observed  in  the  cases 
under  discussion  was  the  occasional  occurrence  of 
headache.  This  was  to  be  expected,  since  hydrogen 
sulfide  was  itself  being  evolved  to  some  extent. 

It  should  be  mentioned,  however,  that  K.  B.  Leh- 
mann2  mentions  cases  where  "intense  irritation  of 
eyes,  nose  and  throat"  occurred  within  five  to  eight 
minutes  of  exposure  to  a  concentration  of  0.3  per 
thousand  of  hydrogen  sulfide,  but  no  affection  of  the 
sight  is  mentioned  even  in  this  extreme  case.  In  long 
exposure  to  lower  concentrations,  such  as  would  cor- 
respond with  the  case  of  hours  of  exposure  in  lime- 
sulfur  cooking,  the  action  recorded  is  on  the  respiratory 
tract.  These  symptons  appeared  entirely  absent  in 
the  lime-sulfur  cases  as  also  were  all  the  other  common 
symptoms  (except  headache),  such  as  muscular 
weakness,  etc.  A  tendency  to  conjunctivitis,  a  symp- 
tom of  chronic  hydrogen  sulfide  poisoning,  may  have 
been  present  in  the  case  of  the  man  in  charge  of  the 
cooks.  He  was  the  man,  however,  whose  eyesight 
itself  was  never  affected.  The  writer  has  suffered  at 
other  times  in  the  last  six  years,  most  of  the  symptoms 
of  slow  hydrogen-sulfide  poisoning,  due  to  inadequately 
ventilated,  over-crowded  and  poorly  arranged  univer- 
sity laboratories,  but  the  symptoms  in  the  lime-sulfur 
experience  were  quite  different.  In  fact  the  usual 
muscular  weakness  and  general  depression  as  caused 
by  hydrogen  sulfide  were  not  experienced  at  all  in  the 
lime-sulfur  manufacture.  It  should  be  mentioned  also, 
that  the  writer  has  been  informed  that  attendants  at 
"sulphur"  baths  have  had  their  eyesight  temporarily 
affected  in  a  similar  fashion.  Volatile  polysulphides 
may  be  present  in  this  case  also,  although  they  have 
not  been  proven  to  the  writer's  knowledge  to  be  present 
in  either  case.  This  would  be  an  interesting  point 
for  some  favorably  situated  person  to  develop. 

It  seemed  possible  therefore  that  these  hydrogen 
polysulphides  might  have  been  the  cause  of  the  action 
on  the  eyesight  of  the  vapors  from  the  boiling  of  a 
mixture  of  sulphur,  lime  and  water. 

It  may  be  stated  at  this  point  that  this  indication 
of  the  presence  of  hydrogen  polysulphide  in  the  vapors 
of  the  lime-sulphur  cooks  might  have  an  influence 
upon  the  solution  of  the  problem  of  the  actual  reactions 
involved  in  lime-sulphur  preparations,  a  mooted 
question  at  the  present  time.  The  trouble  with  the 
eyesight  always  came  when  a  batch  was  being  con- 
centrated by  evaporation  before  filtration  and  not 
during  ordinary  cooks. 

1  Divers,  J.  Chem.  Soc,  1884,  p.  284. 

2  Arch.  F.  Hygiene.  Bd.  XIV.  1892.  135;Blyth.  "Poisons,  Then- 
Effects  and  Detection."  3rd.  Ed..  C.  Griffin  and  Co.,  London,  p.  73. 


It  seemed  worth  while  to  record  these  facts  as  a 
warning,  at  least,  as  to  the  serious  dangers  of  lime- 
sulphur  manufacture  in  the  absence  of  adequate 
ventilation.  This  is  all  the  more  necessary  since  it  is 
probable  that  attention  has  not  already  been  frequently 
called  to  the  matter,  because  ordinary  ventilation 
precautions  only,  are  necessary  to  avoid  all  trouble, 
and  therefore  the  average  manufacturer  has  not  had 
the  experience  or  it  has  appeared  so  seldom  that  the 
isolated  affections  of  a  workman  now  and  again  may 
have  been  attributed  to  something  else.  It  is  worth 
noting  also  because  the  mere  occurrence  of  a  cold 
spell  of  weather  gave  the  opportunity  of  experiencing 
this  difficulty  possible  in  lime-sulphur  manufacture, 
so  that  otherwise  it  might  never  have  occurred  at  this 
plant  or  only  in  such  isolated  cases  as  to  destroy  any 
connection  between  cause  and  effect. 

Department  of  Chemistry, 

Ohio  State  University, 

Columbus. 


PHENOL-FORMALDEHYDE  CONDENSATION  PRODUCTS.1 

By  L.   H.  Baekeland. 

The  resinous  or  amorphous  products  resulting  from 
the  action  of  phenolic  bodies  upon  formaldehyde  have 
lately  attracted  considerable  attention  on  account  of 
their  rapidly  increasing  applications  for  industrial 
purposes.3 

It  is  questionable  whether  this  general  designation 
of  "condensation  products  of  phenols  and  formalde- 
hyde" should  be  maintained  much  longer.  Indeed, 
it  is  well  known  that  these  products  can  be  obtained 
without  the  use  of  so-called  formaldehyde.  In  fact, 
the  first  condensation  products  thus  described  were 
produced  without  the  use  of  formaldehyde,3  and  it  is 
generally  accepted  that  other  methylene  compounds, 
for  instance,  methylal,  trioxymethylen,  hexamethyl- 
entetramin,  etc.,  can  replace  formaldehyde  in  this 
reaction.  The  fact  that  hexamethylentetramin  can 
suitably  replace  formaldehyde  in  the  formation  of  the 
infusible  phenolic  condensation  products  was  pub- 
lished as  far  back  as  December  31,  1907,  by  Lebach.* 

Lately,  I  have  succeeded  in  producing  fusible  resi- 
nous condensation  products  identical  with  those 
described  by  Blumer,  DeLaire,  etc.,5  by  introducing 
a  mixture  of  salicylic  acid  and  an  inorganic  acid  in 
the  cathode  compartment  of  an  electrolytic  cell  in 
which  sodium  chloride  is  electrolyzed,  a  mercury 
cathode  being  used.  According  to  the  well  known 
reaction  of  Kolbe,  the  carboxyl  group  of  salicylic  acid 
is  introduced  by  reacting  with  CO,  on  phenolate  of 
sodium,  so  that  we  have  here  an  example  of  the 
possibility  of  introducing  indirectly  the  methylene 
group  as  C02,  then  reducing  the  carboxyl  group  by 
means   of   nascent   hydrogen.     A   similar   observation 

1  Paper  presented  at  the  Eighth  International  Congress  of  Applied 
Chemistry.  New  York,  September,  1912. 

2  Baekeland,  This  Journal,  I,  No.  3,  149  (1909);  No.  8,  545  (1909); 
3,  No.  12,  932  (1911). 

3  Ber.,  5,  1905;  19,  2009,  3004;  25,  3477;  27,  2411. 

•"Knoll  patent.  Belgium,  No.  204,811,  December  31,  1907.  Ditto. 
Wetter  (Knoll)  British  patent.  No.  28.009,  1907,  owned  by  the  Bakelite 
Gesellschaft  of  Berlin. 

»  Baekeland,  Tins  Journal,  1,  545  (1909). 
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has  already  been  recorded  by  Velden,1  who  expected 
to  gel  oxybensyl-alcohol  by  reducing  salicylic  acid 
hut  obtained  the  corresponding  saliretin-body  result* 
ing  from  the  dehydration  of  phenol  alcohol. 

However,  the  designation  "phenol-formaldehyde 
condensation  products"  has  been  so  generally  used, 
thai  for  a  while  at  least,  we  shall  have  to  submit  to  it 
as  a  matter  of  routine. 

In  the  same  way,  we  are  erroneously  designating 
as  "formaldehyde"  a  commercial  aqueous  solution 
containing  some  real  formaldehyde  or  methylen-oxide. 
CH20  with  much  methylen-glycol,  methylal,  trioxy- 
methylens.  hydrates  of  trioxymethylens,  other  poly- 
oxymethylens,  etc.,  all  compounds  of  methylen  of 
which  the  technical  value  is  equivalent  in  this  reaction 
to  that  of  true  formaldehyde.' 

The  direct  relationship  of  the  resinous  condensation 
products  to  phenol  alcohols  or  their  anhydrides  seems 
now  pretty  well  established.  The  so-called  fusible 
soluble  resinous  condensation  products  are  merely 
varieties  of  the  saliretins,3  and  all  these  products 
differ  from  each  other  only  by  greater  or  lesser  fusibility, 
solubility,  or  hardness,  and  each  of  these  properties 
can  be  modified  at  will.  Furthermore,  we  have  the 
means  at  hand  of  producing  all  these  bodies  directly 
from  phenol  alcohols.4 

The  formation  of  ortho-  and  para-oxybenzyl-alcohol, 
or  their  homologs,  by  Manasse  and  Lederer,  is  suffi- 
ciently well  known;5  this  process  consists  in  the  direct 
action  of  one  molecule  of  phenol  on  one  molecule  of 
formaldehyde  in  presence  of  one  molecule  of  NaOH 
under  special  conditions. 

Then  DeLaire6  showed  that  these  same  phenol- 
alcohols  can  be  transformed  industrially,  by  dehydra- 
tion, into  fusible  resins  or  saliretin  products  suitable 
for  commercial  purposes  in  place  of  shellac,  copal,  or 
other  natural  resins.  In  that  process,  it  is  not  neces- 
sary to  first  produce  the  phenol  alcohol  in  pure  form, 
and  the  two  reactions  can  be  carried  out  practically 
at  the  same  time,  so  that  the  phenol  alcohol  is  dehy- 
drated to  saliretin  resins  as  soon  as  it  forms. 

This  is  accomplished  more  directly  by  reacting  with 
phenol  on  formaldehyde  in  presence  of  an  acid,'  pro- 
vided the  reaction  be  carried  out  under  suitable  con- 
ditions. One  of  the  required  conditions  is  that  the 
phenol  should  be  in  excess  so  as  to  avoid  the  formation 
of  variable  amounts  of  infusible  and  insoluble  products. 
A  fusible  soluble  saliretin  can  thus  easily  be  prepared 

1  Velden,  J.  prakt  Chemie,  [2]  16,  164;  Jahresbericht.  1877,  337. 

2  Raikov,  Chem.  Ztg.,  26,  135;  12,  11  (1901).  Kekule.  Ber.,  25,  2435. 
Harries.  Ber.,  34,  635;  Compt.  rend..  124,  1454;  Bull.  soc.  chim.,  17,  849. 
F.  Auerback,  also  Auerbach  and  Barschall,  Arb.  kais.  Gesundh.H2.11A,  22, 
Heft  3  and  Band  27,  Heft  1.     Verlag  Julius  Springer,  Berlin. 

3  Beilstein.  Organ.  Chemie,  2,  1109  (1896).  R.  Piria.  Ann.  Chem.,  48, 
75;  56,  37;  81,  245;  96,  357.  Moitessier,  Jahresbericht,  1886,  67b  K. 
Kraut,  Ann.  Chem.,  156,  123.  Gerhardt.  Ann.  Chim.  Phys.,  [3]  7,  215. 
F.  Beilstein  and  F.  Seelheim,  Ann.  Chem.,  117,  83.  C.  Schotten,  Ber..  1878, 
784. 

■>  Baekeland,  1,  No.  8.  545  (1909). 

*J.  prakt.  Chem.,  [2]  50,  224.  Ber.,  1894,  2409-2411.  D.  R.  P. 
Bayer,  85,588;  U.  S.  P.  Manasse,  526,786,  1894. 

6  DeLaire.  British  Patent  15,517,  1905;  D.  R.  P.  189,262. 

1  Blumer,  British  Pat.  6,823,  1903;  12,880,  1902.  DeLaire,  French 
Patent  361.539.  Wetter  (Knoll),  British  Patent,  28,009,  1907.  Knoll, 
French  Patent  395,  657;  Bayer,  D.  R.  P.  237,786;  D.  R.  P.  201.261; 
British  Patent,  26,317,   1907.  etc. 


which  has  all  the  appearances  ot  a  resin;  it  melts  if 
heated  and  solidifies  by  cooling;  it  is  soluble  in  alcohol 
and  acetone;  it  can  be  maintained  in  fusible  condition 
for  very  long  periods  without  becoming  infusible  or 
insoluble,  provided  heating  be  carried  on  below  certain 
temperatures,  and  provided  the  excess  of  phenol  be 
not  removed.  This  fusible  resin  and  its  preparation 
has  been  described  by  Blumer,  and  DeLaire  as  a 
"shellac  substitute,"  or  "resin  substitute;""  by  Baeke- 
land, who  calls  it  "Novolak;"2  and  lately  again  by 
Aylsworth,  who  calls  it  "phenol  resin,"3  In  whatever 
way  it  be  obtained,  whether  by  using  a  phenol  alcohol 
(DeLaire,  Baekeland),  whether  by  starting  from  phenol 
and  formaldehyde  in  the  presence  of  oxy-acids  (Blu- 
mer), or  in  the  presence  of  mineral  acids  (DeLaire, 
Thurlow,  Bayer),  or  by  the  action  of  phenol  on  for- 
maldehyde without  adding  condensing  agents  (Story)4 
or  (Aylsworth)1  the  product  is  absolutely  the  same  in 
its  chemical  and  physical  properties.  Its  melting 
point  or  fusibility  may  be  modified  at  will  by  varying 
the  amount  of  free  phenolic  body.  This  free  phenol 
exists  in  solid  solution  in  the  mass  and  can  be  elimi- 
nated by  merely  physical  methods;  by  the  partial 
elimination  of  this  free  phenol,  the  fusibility  and  the 
solubility  of  the  resin  are  decreased.  The  last  traces 
of  free  phenol  cling  tenaciously  to  these  saliretin  resins ; 
so  much,  indeed,  that  at  one  time,  I  was  inclined  to 
believe  that  this  small  amount  of  phenol  was  chemically 
combined.  Indeed,  the  last  traces  of  phenol  cannot 
be  expelled  by  heating  at  the  lower  melting  tempera- 
tures of  the  product.  There  is  nothing  strange  in  this, 
if  we  take  into  consideration  that  phenol  itself  has  a 
relatively  high  boiling  point,  and  we  know  of  numerous 
examples  where  colloids  retain,  physically,  small 
amounts  of  other  bodies  which  form  therewith  colloidal 
solid  solutions.  As  long  as  there  is  some  excess  of 
phenol  present  in  the  saliretin,  it  is  possible  to  maintain 
the  mass  in  fusion  for  a  practically  indefinite  time, 
provided  the  temperature  be  not  raised  too  high. 
Pure  saliretin,  containing  no  excess  of  phenol,  may  be 
kept  in  fusion  for  some  time,  but  after  a  while  it 
polymerizes  and  becomes  less  fusible  until  finally  it 
changes  into  some  infusible  product.  However,  it 
should  be  noted  right  here  that  this  latter  product, 
although  it  is  infusible,  does  not  possess  the  maximum 
mechanical  strength  nor  hardness,  nor  general  chemical 
and  physical  resistivity,  of  those  other  polymerized 
infusible  products,  of  which  I  will  speak  later  on,  and 
which  are  obtained  by  reacting  with  a  sufficiently 
larger  amount  of  formaldehyde,  or  equivalent  methylen 
compounds,  and  which  have  been  designated  as  Bake- 
lite  C. 

It  is  possible  to  expel  the  slight  excess  of  phenol 
which  lends  special  fusibility  to  the  so-called  fusible 
resins;  this  can  be  accomplished  whether  these  resins 
be  called  "shellac  substitutes,"  "Novolak,"  or  "phenol 
resins,"  or  whether  they  be  made  directly  from  phenol 
alcohols,   or  from  phenol  and   formaldehyde  with  or 

1  Loc.  cit. 

2  This  Journal,  1909,  545. 

3  U.  S.  Patent  1.029,737. 

4  Austrian  Patent  30,844,  page  2,  lines  17-20. 
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without  acid  condensing  agents.  Indeed,  plain  heating 
at  300 °  C  to  3500  C.  or  better,  heating  in  vacuo,  or 
in  a  current  of  an  inert  gas,  like  nitrogen,  easily  expels 
the  free  phenol,  and  produces  infusibility.  The  same 
result  is  readily  obtained  by  entraining  the  free  phenol 
by  blowing  superheated  steam  through  the  molten 
resinous  mass. 

These  facts  are  corroborating  proofs  to  others 
which  establish  clearly  the  saliretin-nature  of  these 
fusible  products,  and  demonstrate  their  relationship 
to  the  phenol  alcohols  from  which  they  are  derived. 
If  these  fusible  resins  are  prepared  directly  from 
phenol  and  formaldehyde,  the  preliminary  formation 
of  phenol  alcohol  may  escape  our  notice,  because  by 
the  action  of  heat  on  the  mixture,  especially  in  presence 
of  acid  bodies,  the  phenol  alcohols  are  rapidly  de- 
hydrated to  saliretin  products.  But  it  is  quite  possible 
to  demonstrate  their  presence,  and  my  assistant,  Dr. 
A.  H.  Gotthelf,  while  preparing  fusible  resinous  con- 
densation products,  by  boiling  a  mixture  of  phenol  and 
formaldehyde,  acidulated  by  means  of  HC1,  has  been 
able  to  extract  from  this  mixture  well  defined  crystals 
of  oxybenzyl-alcohol  before  the  heat  had  accomplished 
its  resinifying  action. 

It  is  self-evident  that  as  soon  as  high  temperatures 
are  applied  to  such  mixtures,  the  formed  phenol 
alcohol  will  quickly  undergo  resinification,  because 
the  phenol  alcohol  will  be  dehydrated  to  a  saliretin 
product  as  soon  as  it  is  formed. 

If  there  is  an  excess  of  phenol  present,  or  if  the 
formaldehyde  reacts  in  insufficient  proportions,  which 
amounts  to  the  same  thing,  a  fusible  saliretin  will  be 
the  result. 

In  the  absence  of  an  excess  of  phenol,  but  using 
however,  a  restricted  amount  of  formaldehyde  or 
other  methylen  compound,  a  polymerized  infusible 
saliretin  will  be  produced. 

But  whenever  we  succeed  in  bringing  into  reaction  a 
sufficient  amount  of  formaldehyde  or  its  equivalent,  then 
a  much  harder,  much  stronger  and  more  resistive 
infusible  body  than  an  infusible  saliretin,  will  be 
formed,  and  this  body  of  maximum  strength  and 
resistivity  is  identical  with  Bakelite  C. 

If  we  first  produce  the  pure  crystalline  phenol 
alcohol,  containing  no  excess  of  phenol,  for  instance 
crystalline  saligenin  or  oxybenzyl-alcohol,  and  if  we 
heat  it  gently,  it  will  simply  dehydrate  and  be  trans- 
formed into  a  fusible  mass  which  on  cooling  solidifies 
to  a  resinous  product — a  fusible  saliretin  resin.  The 
latter  submitted  to  the  further  action  of  heat  polym- 
erizes and  becomes  an  infusible,  insoluble  saliretin. 
This  polymerization  is  facilitated  by  the  presence  of 
small  amounts  of  'catalyzers,  for  instance,  hydro- 
chloric acid.  The  presence  of  an  excess  of  phenol 
retards  polymerization,  hence  the  infusibility  induced 
by  polymerization  will  be  retarded,  and  this  until  in  some 
way  or  another  the  excess  of  phenol  has  been  expelled. 
The  infusible  polymerized  saliretin  obtained  by  heating 
phenol  alcohols  containing  no  free  phenol,  or  by  heat- 
ing fusible  saliretin  containing  no  free  phenol,  is  in- 
soluble in  alcohol,  but  swells  in  acetone;  it  softens 
decidedly  on  heating,  although  it  is  no  longer  fusible. 


Longer  heating  does  not  harden  it  further,  nor  make 
it  more  resistive.  It  is  harder,  stronger,  and  more 
resistant  to  physical  and  chemical  agents  than  the 
fusible  saliretin  from  which  it  is  derived;  in  this  respect, 
it  surpasses  even  more  the  soluble  fusible  resins  de- 
scribed by  Blumer,*  DeLaire,1  Baekeland,'  and  called 
"phenol  resin"  by  Aylsworth.1  But  even  after  poly- 
merization or  hardening  has  been  carried  as  far  as 
possible,  it  is  considerably  less  hard,  less  strong 
and  less  resistant  to  physical  and  chemical  agents  than 
the  polymerization  products  resulting  from  the  reaction 
of  phenol  on  a  sufficiently  larger  proportion  of  formal- 
dehyde or  equivalent  substances. 

Phenol  +  formaldehyde  (or  equivalents)  under  varying  reacting 
conditions  form  different  bodies. 


GROUP  I. 

Initial  or  Partial  Con 
densation  product  or  prod 
UCT  A:  liquid,  pasty  or  solid, 
but  fusible  and  soluble. 


Product  B:  or  inter- 
mediate product:  brittle 
when  cold,  elastic  when 
hot,  but  infusible;  swells 
in  acetone  without  dissolv- 
ing. By  further  applica- 
tion of  heat  is  transformed 
in  final  Product  C. 


GROUP  II. 

Phenol    Alcohols:   oxy- 
benzyl-alcohol, saligenin,  etc. 


*.  W 


H  a; 


Products  of  dehydration:  Fusi- 
ble and  soluble,  with  or  without 
excess  of  phenol;  called  by  differ- 
ent authors,  "Saliretin,  or  Salire- 
tin-Resins;"  "Shellac  or  Resin 
Substitutes"  (Blumer,  DeLaire. 
etc.);  "Novolak"  (Baekeland); 
"Phenol-resin"  (Aylsworth). 


Action  of  CHiP  or 
equivalents 


METHOD  IXI. 


Final  Product  C:  infusible,  in- 
soluble and  of  maximum  hardness, 
strength  and  resistivity.  Called 
by  different  authors:  "Bakelite  C," 
"Final  condensation  product," 
"Ultimate  infusible  product,"  - 
"  I  nfusible  phenolic-condensation 
product"  Hardness,  strength  and 
resistivity  decidedly  superior  to 
that  of  the  end  product  of  Group 
II. 


Polymerized  Saliretins;  sub- 
stances of  limited  solubility  or  in- 
soluble and  of  high  melting  point  or 
infusible.  Less  hard,  less  strong, 
and  less  resistive  than  Bakelite  C. 

In  order  to  obtain  the  latter  polymerization  products 
of  maximum  strength,  hardness,  and  maximum  re- 
sistivity, an  adequately  larger  amount  of  methylen 
group  must  be  introduced  before  or  during  the  act  of 
polymerization.  The  introduction  of  this  methylen 
group  may  be  accomplished  by  at  least  three  distinct 
methods: 

First:  Reacting  directly  with  a  sufficient  amount 
of  formaldehyde  (or  its  equivalents)  upon  phenol. 
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Reacting  with  formaldehyde  (or  its  equiva 
lent  i  on  phenol  alcohi  1] 

Third:  Producing  a  fusible  dehydration  product  of 
phenol  alcohols  or  saliretin  products,  then  reacting 
thereon  with  formaldehyde  or  its  equivalents, 

The  preceding  diagram  describes  very  well  all  these 
relations: 

FIRST    OR    DIRECT    METHOD. 

Direct  Action  of  Phenol  on  Formaldehyde. — Phenol 
can  be  made  to  react  on  formaldehyde  or  its  equiva- 
lents at  sufficiently  high  temperature  to  produce 
directly  an  infusible,  insoluble  polymerization  product 
of  maximum  strength  and  hardness  (Hakclite  C). 
In  this  reaction,  the  main  requirement  is  that  a  suffi- 
cient amount  of  formaldehyde  or  its  equivalents 
should  cuter  into  reaction.  For  this  purpose,  it  is  not 
necessary  nor  sufficient  that  the  required  amount  of 
formaldehyde  be  merely  present;  because  some  of  the 
formaldehyde  may  not  enter  into  reaction  or  be  lost 
during  the  operation.  The  principal  requirement  is 
that  the  formaldehyde  should  react  in  sufficient  amount  on 
at  least  a  portion  of  the  phenol  present,  even  if  some  of 
the  latter  remains  uncombined  in  the  mass. 

By  the  use  of  suitable  methods,  this  reaction  can  be 
interrupted  at  its  initial  stages  so  as  to  produce  initial 
or  partial  condensation  products  which  are  temporarily 
fusible  and  soluble  before  further  application  of  heat 
has  changed  them.  These  initial  condensation  pro- 
ducts may  be  liquid,  or  pasty,  or  under  specially  favor- 
able conditions,  for  instance  by  the  use  of  small  amounts 
of  some  bases,  they  may  be  prepared  in  solid  form. 
At  any  rate,  they  are  soluble  in  alcohol  and  acetone, 
and  the  solid  variety  is  fusible.  These  fusible  soluble 
initial  products  should  not  be  confounded  with,  the 
further  advanced  and  intermediate  product  B,  as 
described  in  my  paper  on  "The  Synthesis,  Constitution 
and  Uses  of  Bakelite,"1  because  the  latter  is  insoluble 
and  infusible,  although  it  has  not  acquired  the  maxi- 
mum hardness  and  resistivity  which  further  application 
of  heat  will  bring  forth  by  changing  it  to  condition  C. 

Further  action  of  heat  upon  these  fusible  and  soluble 
initial  condensation  products  will  ultimately  cause 
polymerization  and  produce  the  final  infusible  and 
insoluble  product  of  maximum  hardness,  maximum 
strength,  and  maximum  chemical  resistivity  (Bakelite 
C). 

By  heating  mixtures  of  phenol  and  formaldehyde 
in  suitable  proportions  at  sufficiently  high  tempera- 
tures for  a  sufficiently  long  time,  chemical  condensa- 
tion may  take  place  without  the  addition  of  condensing 
agents  or  catalytic  agents;  however,  under  such  un- 
favorable condition,  the  action  is  too  slow  and  too 
difficult  to  control  for  technical  purposes. 

By  the  addition  of  acids  or  acid  salts,  the  reaction 
may  be  hastened  to  the  point  of  becoming  violent. 
But  the  presence  of  acid  bodies  tends  to  develop  dis- 
turbing side-products  which  lessen  the  technical  value 
of  the  final  product.  Furthermore,  in  presence  of  an 
acid-reacting  mixture,  whenever  there  is  a  sufficient 
excess  of  phenol,  we  do  not  obtain  the  infusible,  final 
product,  but  resins  of  the  fusible  saliretin  or  "shellac 
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substitute"  type.  Things  go  quite  differently  if  small 
amounts  of  bases  are  present  during  the  reaction.1 
Small  quantities  of  bases  prevent  radically  the  forma- 
tion of  fusible  soluble  saliretin  products  (shellac  sub- 
stitutes, Novolak,  phenol-resin,  etc.)  and  insure  the 
formation  of  infusible,  insoluble  final  products,  even 
in  presence  oi  a  decided  excess  of  phenol.  If  the 
phenol  be  used  in  excess,  it  will  be  found  in  the  final 
product  as  a  solid  solution.  In  fact,  the  excess  of 
phenol  may  be  exaggerated  to  the  point  that  the  final 
product  becomes  very  flexible  or  assumes  a  gelatinous 
appearance,  and  swells  considerably  in  certain  sol- 
vents, like  phenol,  or  alcohol,  or  acetone,  without, 
however,  entering  into  complete  solution.  In  any 
case,  this  free-phenol-containing  substance  is  infusible; 
in  other  words,  the  application  of  heat  can  no  longer 
liquefy  it,  although  higher  temperatures  may  char  or 
destroy  it. 

This  behavior  of  the  bases  constitutes  a  radical 
difference  from  that  of  acids  or  other  acid-reacting 
bodies.  Whenever  acid-reacting  bodies  are  used  in 
conjunction  with  an  excess  of  phenol,  or  an  insufficient 
amount  of  reacting  formaldehyde,  which  amounts  to 
the  same  thing,  they  tend  to  produce  fusible  soluble 
resins,  while  under  exactly  the  same  conditions  and 
with  the  same  proportions  of  phenol  and  formaldehyde, 
small  amounts  of  bases  develop  surely  infusible  poly- 
merized bodies  as  ultimate  products. 

In  this  method,  the  bases  should  be  used  in  relatively 
moderate  amounts;  not  in  molecular  proportions,  as 
Manasse  and  Lederer2  utilize  them  for  making  phenol 
alcohols,  nor  as  DeLaire2  employs  them  to  produce 
the  fusible  resinous  dehydration  products  of  these 
phenol  alcohols.  Neither  should  they  be  used  in  such 
large  quantities  nor  under  such  conditions  as  Hentschke3 
recommended  for  the  manufacture  of  certain  antiseptic 
compounds. 

If  the  amount  of  base  be  properly  restricted,  the 
reaction  proceeds  very  regularly  and  remains  under 
easy  control.  The  base  acts  as  an  excellent  accelera- 
tor, both  in  the  condensation  and  in  the  polymerization. 
The  use  of  bases  under  the  above  mentioned  conditions 
enables  one  to  carry  out  the  reaction  with  the  utmost 
uniformity  and  certainty  of  results. 

At  first  sight  the  importance  of  these  seemingly  modest 
facts  is  not  very  apparent;  no  more  than  the  value  of  the 
observation  that  sufficient  counter  pressure  permits  quick 
polymerization  at  high  temperatures  without  risk  of 
porosity;  no  more  indeed  than  the  realization  of  the  fact 
that  the  final  product  with  its- great  hardness,  its  strength 
and  other  splendid  qualities  is  unelastic  and  wofully 
deficient  for  most  industrial  purposes  where  great  resist- 
ance to  shock  or  vibration  is  required,  and  that  the 
incorporation  of  suitable  fibrous  materials  improves  all 
this  by  modifying  the  shattering  wave  induced  by  impact. 
Yet  these  three  main  factors  have  enabled  us  to  harness 
into  technical  service  an  elusive  laboratory  reaction  and 
have  rendered  possible  the  creation  of  a  new  industry 
which  is  gaining  daily  in  importance. 

1  See  Baekeland,  U.  S.  Patent  942,809. 

2  hoc.  cit. 

3  Hentschke,  D.  R.  Patent  157,553. 
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It  has  been  shown1  that  small  amounts  of  ammonia 
or  amines  may  be  used  to  good  advantage  for  this 
purpose.  It  is  a  well  known  fact2  that  ammonia  or 
ammonium  salts  in  presence  of  formaldehyde  produce 
instantly  a  corresponding  amount  of  hexamethylen- 
tetramin.  In  the  same  way,  if  any  ammonia  be  added 
to  a  mixture  of  phenol  and  formaldehyde,  a  corre- 
sponding amount  of  hexamethylentetramin  is  produced 
which  can  easily  be  extracted  from  the  mixture. 
This  fact  was  confirmed  by  Lebach,  and  can  easily  be 
ascertained  by  direct  experiment.3  It  is  self-evident 
that  instead  of  a  mixture  of  phenol  and  formaldehyde 
and  ammonia,  an  equivalent  amount  of  hexamethylen- 
tetramin or  hexamethylentetramin-triphenol4  may  be 
used. 

So  that  in  the  preparation  of  these  bodies,  formal- 
dehyde can  be  replaced  by  hexamethylentetramin ; 
this  was  already  published  by  Lebach  in  the  patent 
literature  as  far  back  as  the  end  of  1907.5  Whether 
the  phenol  mixture  be  prepared  with  ammonia  or  with 
hexamethylentetramin,  its  properties  are  practically 
the  same,  and  on  heating,  both  mixtures  engender  the 
same  product,  with  the  final  evolution  of  ammonia  gas. 

Whatever  be  the  methods  employed,  this  reaction  is 
strongly  exothermic,  and  heat  is  set  free  in  the  two 
phases  of  the  reaction:  First,  in  the  condensation 
stage,  by  which  the  initial  product  is  formed,  and 
water  is  separated.  Second,  in  the  final  hardening 
when  the  product  becomes  infusible  by  polymerization, 
a  considerable  disengagement  of  heat  takes  place 
anew.  If  the  substance  be  heated  in  thin  layers,  this 
self-heating  may  be  unobservable  on  account  of  the 
heat  losses;  under  such  conditions,  if,  however,  the 
mass  is  thicker  or  bulkier,  and  more  especially  if  it  be 
contained  in  a  mold,  this  self-heating  becomes  very 
disturbing  and  liberates  gaseous  or  volatile  products 
which  cannot  escape  before  the  mass  sets  to  infusibility; 
this  causes  the  mass  to  swell  and  raise  and  to  become 
porous,  and  makes  it  practically  worthless  for  almost 
all  technical  purposes.  This  was  the  stumbling  block 
which  former  investigators  tried  to  avoid  by  conducting 
the  hardening  at  very  low  temperatures,  or  by  the  use 
of  suitable  solvents  which  tend  to  moderate  the  re- 
action. This  tendency  towards  foaming  exists  also 
if  acid-condensing  agents  are  used,  or  even  if  no  cata- 
lytic agents  are  added  at  all.  The  liberated  gaseous 
products  may  vary  according  to  conditions;  in  some 
cases,  they  may  consist  largely  of  formaldehyde  gas 
which  tends  to  escape  before  the  reaction  is  accom- 
plished; if  ammonia  be  used,  and  more  so  if  hexa- 
methylentetramin be  employed,  varying  amounts  of 
ammonia  gas  will  be  .set  free. 

Especially  when  hexamethylentetramin  is  used,  the 
evolution  of  ammonia  is  very  abundant,  and  this 
naturally  increases  the  tendency  to  foam  and  to  give 

1  Baekeland,  U.  S.  Patent  942,809. 

-  Wohl.  Ber.,  19,  1892;  Tollens.  Ibid..  17,  653;  Carl  Goldschmidt,  page 
29.  Bonn,  Verlag  von  Friedrich  Cohn.  1903.  Cambier.  Borchet,  Com  ft. 
rend.,  120,  557. 

3  Lebach,  Zeit.  angew.  chew..  1909,  1600. 

4  "The  Addition  Product  of  Phenol  and  Hexamethylenetetramin,"  see 
Beilstein.  Handb.  der  Organ.  Chcm..  [3]  2.  65] 

'•  Kno)!.  Belgian  Patent,  lot  cil.,  and  Wetter  (Knoll),  British  patent. 
loc.  cit. 


a  porous  final  product.  This  tendency  to  foam  be- 
comes pronounced  only  at  temperatures  above  50  °  or 
ioo°  C,  because  at  these  increasing  temperatures  the 
exothermic  reaction  sets  in.  It  should  be  noted  that 
temperatures  considerably  higher  than  1000  C.  are 
those  which  are  employed  in  almost  all  commercial 
applications  of  these  products,  because  they  allow- 
quick  hardening  and  quick  molding.  At  such  high 
temperatures,  polymerization  proceeds  very  rapidly, 
but  the  exothermic  reaction  superinduces  a  further 
spontaneous  increase  of  the  temperature  of  the  mass, 
and  in  this  way,  the  defect  of  foaming  is  considerably 
more  pronounced. 

This  tendency  to  foam  makes  it  of  the  utmost 
technical  importance  whenever  high  temperatures  un- 
employed, for  quick  commercial  work,  that  the  libera- 
tion of  gaseous  or  volatile  products  during  the  poly- 
merization or  hardening  process,  should  be  opposed  by 
a  suitable  counter-pressure.  The  latter  may  be  applied 
in  various  ways;  for  instance,  by  heating  in  closed 
molds  or  in  closed  vessels,  so  that  the  imprisoned  gases 
develop  a  suitable  counter-pressure;  or  by  heating  in  a 
chamber  in  which  air  or  other  gases  have  first  been 
pumped  to  a  suitable  pressure;  or  by  heating  in  a 
hydraulic  press.  In  the  latter  case,  the  first  function 
of  the  pressure  is  to  counteract  the  development  of 
gaseous  products,  while  at  the  same  time  the  mass  is 
given  the  desired  shape  in  the  mold.1 

For  other  applications,  like  varnishes  or  lacquer, 
where  the  material  is  applied  in  thin  layers,  the  use  of 
counter-pressure  is  not  indispensable. 

As  stated  above,  the  use  of  ammonia  or  hexa- 
methylentetramin increases  the  tendency  to  foam. 
On  the  other  hand,  small  amounts  of  fixed  alkalies, 
like  caustic  soda,  act  as  more  powerful  accelerators 
than  ammonia  or  hexamethylentetramin,  without 
causing  the  evolution  of  disturbing  ammonia  gas  or 
other  gases.  In  this  and  other  respects,  the  fixed 
alkalies  have  decided  advantages  over  ammonia  or 
hexamethylentetramin,  as  well  as  over  acid-condensing 
agents.  For  instance,  they  permit  rapid  hardening 
at  the  relatively  low  temperatures  of  700  to  950  C. ; 
furthermore,  as  soon  as  the  initial  solidification  has 
set  in,  the  temperature  can  be  raised  quickly  to  110°. 
1200  and  1600  C.  At  these  higher  temperatures,  the 
hardening  proceeds  with  great  intensity  and  without 
fear  that  the  gas  bubbles  should  cause  porosity.  If 
the  heating  be  carried  to  the  hardening  temperature 
before  all  the  water  has  been  first  expelled,  then  the 
only  necessary  precaution  will  be  to  keep  the  tempera- 
ture sufficiently  below  ioo°  C.  so  that  there  can  be  no 
evolution  of  steam  which  might  cause  blisters ;  but  as 
soon  as  the  mass  has  been  heated  long  enough  at  these 
lower  temperatures,  so  that  it  has  solidified  sufficiently, 
the  temperature  can  be  raised  with  impunity  above  the 
boiling  point  of  water.  As  soon  as  these  higher  tem- 
peratures become  available,  the  polymerization  to  final 
hardening  advances  very  rapidly. 

For  many  purposes,  it  is  simpler  to  drive  off  the 
water  at  temperatures  below  the  polymerization  tem- 
perature, either  by  drying  in  vacuo,  or  by  drying  in  a 

1  Baekeland.  U.  S.  Patent  942.699. 
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stove  .it  ordinary  pressures  al  moderate  temperatures, 
for  instance  500  C.  or  below.  Such  dried  material 
can  now  be  submitted  directly  to  relatively  high  tern 
peratures  without  risk  oi  blistering  or  foaming.  Tins 
gives  us  the  very  besl  means  for  rapid  hardening,  as 
required  by  commercial  processes.  The  use  oi  these 
fixed  alkalies  has  enabled  us  to  carry  on  hardening 

and  molding  at  a  taster  rate  than  is  possible  with  am- 
monia or  hexamethylentetramin,  or  other  means,  and 

at  the  same  time  to  produce  molded  articles  of  better 
heat-resisting  qualities,  of  highest  resistivity  to  sol- 
vents, chemicals,  and  of  excellent  dielectric  properties, 
For  many  electrical  purposes,  the  fact  that  no  free 
ammonia  exists  in  the  mass  is  a  further  advantage; 
indeed,  this  free  ammonia  is  slowly  liberated  by  heat 
from  molded  articles  and  sometimes  may  play  rather 
disturbing  pranks.  It  has  a  tendency  to  corrode  brass 
articles. 

SECOND    METHOD. 

Action  0}  Formaldehyde  or  its  Equivalents  on  Phenol 

Alcohols.-  1  have  described  this  process  in  1908. ' 
It  has  been  shown  that  the  best  results  are  obtained 
if  the  amount  of  formaldehyde  is  at  least  one-sixth  of 
a  molecule  as  calculated  to  one  molecule  of  phenol 
alcohol.  This  same  ratio  holds  good  if  substances 
equivalent  to  formaldehyde  or  to  phenol  alcohols  are 
used. 

This  method  has  enabled  us  to  gain  clearer  insight 
into  the  relations  of  all  infusible  condensation  products 
to  the  phenol  alcohols,  and  has  furnished  us  the  theo- 
retical means  for  determining  the  optimum  quantities 
of  reacting  materials  in  our  technical  methods  of 
manufacturing.  However,  this  process  is  more  of 
theoretical  than  of  practical  interest,  in  as  far  as  the 
third  method  accomplishes  substantially  the  same 
result  by  starting  from  the  anhydrides  of  phenol- 
alcohols. 

THIRD    METHOD. 

Action  of  Formaldehyde  or  its  Equivalents  {Paraform, 
Hexamethylentetramin,  etc.)  011  Saliretin-Resins. — The 
method  is  another  indirect  method  and  consists  in 
first  preparing  a  saliretin-resin  of  the  fusible  soluble 
type,  then  reacting  thereupon  with  formaldehyde  or 
an  equivalent  of  formaldehyde.-  This  method  was 
first  published  by  Lebach  at  the  end  of  1907.3 

In  these  patents,  it  is  clearly  mentioned  that  para- 
form  and  hexamethylentetramin  are  equivalent  to 
formaldehyde  in  the  preparation  of  condensation 
products.  Furthermore,  it  is  described  how  the  con- 
densation products  may  be  prepared  in  two  successive 
steps  by  adding  the  formaldehyde  or  hexamethylen- 
tetramin, or  other  equivalents,  in  two  successive 
quantities.  Briefty  stated,  the  process  consists  in 
first  preparing  a  fusible  saliretin-resin;  to  this  resin  is 
mixed  a  second  quantity  of  formaldehyde,  paraform, 

1  "The  Synthesis.  Constitution,  and  Uses  of  Bakelite."  toe.  cii.  See  also 
Baekeland  Belgian  additional  patent  213.6.S7;  Baekeland  French  additional 
patent  11,628. 

2  Baekeland,  t      S    Patent   1.038.475. 

3  Knoll  Belgian  patent  204,811,  Dec.  31,  1907,  and  Wetter  (Knoll), 
British  patent  28,009,  1907.  all  owned  hy  the  Bakelite  Gesellsrhaft.  of  Berlin. 


or  hexamethylentetramin;  this  mixture   submitted  to 
heat    produces   the    infusible    product   C.      In    !■ 
we  prepare  here  in  two  steps  a  product  which  is  p 
cally   similar  to   the  solid   initial  condensation   product 

described  in  the  Brsl  or  dired  method      [n  that  method 

tin  initial  condensation  product  is  obtained  more 
directly  by  tin-  addition  oi  a  sufficient  amount  of  for- 
maldehyde to  phenol,  in  presence  of  ammonia,  or 
Othei  bases,  or  by  the  equivalent  use  of  hexamethylen- 
tetramin or  paraform.  In  the  first  or  direct  method, 
the  reaction  between  the  phenol  and  the  formaldehyde 
ensues  under  elimination  of  water  due  to  so-called 
chemical  condensation.  In  the  present  case,  however, 
a  portion  of  the  formaldehyde  is  first  made  to  react 
on  an  excess  of  phenol,  bringing  about  a  corresponding 
elimination  of  water  by  chemical  condensation;  but 
in  as  far  as  the  amount  of  formaldehyde  is  insufficient, 
fusible  saliretin-resin  is  formed.  In  order  to  trans- 
form the  latter  into  the  product  C,  it  is  necessary  to 
supply  an  additional  amount  of  formaldehyde,  or  some 
paraform.  or  hexamethylentetramin,  etc.;  hence  the 
necessity  of  adding  a  certain  amount  of  those  methylen 
compounds  to  the  fusible  saliretin-resin,  before  the 
mass  is  submitted  to  hardening  or  polymerization  by 
heat.  The  chemical  reaction  of  the  methylen  com- 
pound on  the  fusible  saliretin-resin  is  accompanied  by 
the  further  elimination  of  water  which  can  easily  be 
demonstrated  by  direct  experiments. 

If  hexamethylentetramin  is  used,  an  abundant 
liberation  of  ammonia  takes  place  at  the  same  time; 
but  even  with  the  use  of  the  latter,  a  certain  amount 
of  water  is  liberated  by  the  action  of  the  hexamethylen- 
tetramin on  the  free  phenol  contained  in  the  fusible 
soluble  saliretin-resin. 

Barring  those  minor  differences  in  preparation  and 
proportions,  the  final  product  C  is  practically  the  same 
as  that  obtained  by  the  first  or  direct  method  as 
described  above. 

If  hexamethylentetramin  be  added  to  the  fusible 
resin,  and  heat  be  applied,  the  violent  exothermic 
reaction  which  ensues  causes  an  abundant  liberation 
of  ammonia  gas.  The  mass  raises  like  bread,  and  a 
hard  spongy  product  is  the  result.  Aylsworth1  utilizes 
this  foaming  to  prepare  this  substance  in  powder  form 
by  first  producing  porous  masses  of  the  final  conden- 
sation product  which  can  be  crushed  more  easily  to  a 
fine  powder  than  if  solid  lumps  of  this  refractory 
material  have  to  be  pulverized. 

In  molding  processes  where  high  temperatures  are 
needed,  so  as  to  insure  hardening,  this  violent  libera- 
tion of  ammonia  gas  can  easily  be  counteracted  by 
suitable  counter-pressure.  In  this  case,  the  pressure 
is  not  onlyr  required  for  shaping  the  article,  but  first 
and  foremost,  for  avoiding  porosity.  This  can  easily 
be  demonstrated  by  heating  the  mass  in  an  open  mold, 
at  the  same  high  temperature  as  is  used  in  the  press; 
under  these  conditions,  direct  application  of  these 
high  temperatures  causes  foaming  and  porosity  un- 
less suitable  counter-pressure  be  applied. 

It  has  been  claimed  that  by  the  use  of  hexamethylen- 

1  Aylsworth.  Belgian  Patent  240.116. 
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tetramin  in  connection  with  perfectly  dry  fusible 
soluble  phenol-resin,  no  water  is  liberated,  which  is 
supposed  to  be  an  advantage  for  certain  applications 
where  high  dielectric  properties  are  required.  How- 
ever, it  should  be  noted  that  such  fusible  soluble  phenol- 
resins  all  contain  considerable  amounts  of  free  phenol  and 
by  the  action  of  hexamethylentetramin  on  this  phenol, 
water  is  formed  besides  the  ammonia  that  is  set 
free. 

Moreover,  the  presence  of  large  quantities  of  free 
ammonia  is,  if  anything,  more  objectionable  for  certain 
purposes  than  the  possible  presence  of  small  amounts 
of  water. 

It  is  true  that  free  ammonia  can  be  expelled  by 
sufficiently  long  after-drying  of  the  molded  articles, 
but  by  the  same  means  it  is  just  as  easy  to  expel  the 
last  traces  of  water.  The  most  striking  fact  is  that 
there  is  no  serious  difficulty  in  obtaining  articles  of 
extremely  high  dielectric  properties,  even  when  starting 
from  raw  materials  containing  considerable  amounts 
of  water,  provided  the  manufactured  articles  be  sub- 
mitted afterwards  to  a  drying  treatment  which  can 
be  performed  in  any  suitable  drying  stove. 

It  should  be  noted  that  almost  all  molded  commercial 
articles  made  of  phenol-formaldehyde  condensation 
products  contain  various  amounts  of  fibrous  materials, 
preferably  wood  pulp  or  finely  divided  sawdust. 
These  organic  fibrous  materials,  at  the  high  tempera- 
ture at  which  the  molding  in  the  hydraulic  press  takes 
place  (1400  to  1600  C,  or  over),  begin  to  liberate 
variable  amounts  of  water  and  other  products  of 
decomposition,  which  depress  the  dielectric  properties. 
This  is  another  reason  why  all  molded  articles  intended 
for  purposes  where  high  dielectric  properties  are  es- 
sential should  be  submitted  to  oven-drying  after  they 
are  molded.  Those  who  are  unfamiliar  with  the 
technical  side  of  the  subject  may  ask  why  it  would  not 
be  simpler  to  omit  altogether  the  use  of  fibrous  organic 
materials.  They  might  suggest  the  use  of  asbestos. 
But  asbestos  has  other  drawbacks,  which  limit  its  use. 
For  instance,  asbestos  is  a  relatively  poor  insulator, 
and  the  strength  imparted  by  its  fibers  is  not  so  great 
as  that  imparted  by  vegetable  fiber;  furthermore,  its 
specific  gravity  makes  the  articles  compounded  there- 
with very  heavy;  moreover,  any  asbestos  compositions 
which  have  to  be  machined  or  milled  are  very  severe 
on  the  tools.  Another  objection  is  that  asbestos 
compositions  do  not  take  the  excellent  and  easy  polish 
which  can  be  so  easily  developed  on  articles  made  with 
wood-fiber  compositions,  nor  do  they  possess  the 
elasticity  and  strength  of  the  latter. 

It  might  also  be  suggested  to  drop  entirely  the  use 
of  any  fibrous  material,  and  to  use  amorphous  or 
pulverulent  fillers.  But  the  technical  requirements 
forbid  this.  Indeed,  the  main  characteristic  of  the 
final  phenol-formaldehyde  condensation  products,  is 
that  although  they  are  exceedingly  hard  and  resistant 
and   have  a  remarkably  high   crushing  strength,   their 


flexibility  and  elasticity  are  very  limited.  In  regard 
to  these  latter  qualities,  they  occupy  a  position  between 
hard  rubber  and  glass.  A  sudden  shock  or  limited 
bending  shatters  them,  and  this  would  restrict  enor- 
mously their  technical  applications.  I  found  that  the 
shattering  wave  induced  by  impact  could  be  considera- 
bly modified  by  the  suitable  introduction  of  fibrous  or 
cellular  materials,  like  wood-fiber.  This  behavior  is 
quite  different  from  that  of  other  plastics  like  celluloid 
or  rubber,  which  lose  their  best  and  characteristic 
qualities  by  the  incorporation  of  filling  materials. 
The  phenol-condensation  products,  on  the  contrary, 
are  enormously  improved  for  commercial  use,  if  com- 
pounded with  filling  materials,  provided  the  latter  be 
of  a  fibrous  nature;  in  the  latter  case,  they  lose  their 
natural  brittleness  and  can  stand  shock  and  impact, 
without  shattering ;  they  can  be  rendered  flexible  and 
yet  maintain  all  their  other  excellent  properties  of 
high  resistivity  to  physical  and  chemical  agents. 

Hence,  some  of  the  most  important  industrial  appli- 
cations of  these  condensation  products  are  precisely 
those  where  they  are  used  in  conjunction  with  fibrous 
bodies;  for  instance,  they  serve  to  impregnate  fibrous 
materials  like  wood,  pulp-board,  and  to  indurate  the 
latter,  or  to  agglutinate  firmly  loose  fibrous  sub- 
stances, like  wood-fiber,  or  fine  sawdust,  which  then 
act  as  a  structural  skeleton  distributed  throughout 
the  indurated  mass. 

This  important  technical  result  is  easily  demon- 
strated by  comparing  the  enormous  strength  and  re- 
sistance to  impact  or  shock  of  molding  compositions 
containing  wood-fiber  with  others  containing  the  same 
amount  of  structureless  filling  materials,  for  example, 
powdered  materials.  Compositions  made  with  the 
latter  will  be  found  incomparably  more  brittle  and 
very  much  less  appropriate,  if  not  entirely  unsuitable, 
for  most  industrial  purposes,  more  especially  for  molded 
articles  where  great  strength  is  required. 

( )ther  important  technical  results  are  accomplished 
with  the  use  of  filling  materials;  for  instance,  the 
highest  dielectric  properties  have  been  rendered  pos- 
sible by  the  joint  favorable  action  of  fibrous  material 
and  heat  and  pressure. 

It  might  be  cited  here  that  paper  impregnated  with 
these  condensation  products,  and  submitted  to  harden- 
ing under  heat  and  pressure,  has  made  it  possible  to 
manufacture  sheets  which  show  an  astonishingly  high 
disruptive  test  (puncture  test),  averaging  77,000  volts 
a.  c.  on  sheets  of  Via  of  an  inch  thickness  corresponding 
to  1,230  volts  per  mil.  or  about  48,500  volts  per  milli- 
meter. 

Under  these  favorable  conditions,  the  vegetable 
fiber  of  the  paper  is  thoroughly  impregnated  with  the 
condensation  product,  and  the  high  pressure  has 
excluded  the  possibility  of  porosity  induced  by  foaming. 

VONKBRS,   N.  Y. 
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LABORATORY  AND  PLANT 


APPARATUS  FOR  THE  EXAMINATION  AND  STUDY  OF  THE 
BEHAVIOR  OF  VALVE  AND  CYLINDER  OILS  AND  OTHER 
PETROLEUM  LUBRICATING  OILS  IN  SATURATED 
AND  SUPERHEATED  STEAM,  CARBON  DI- 
OXIDE, AIR  AND  OTHER  GASES.1 

Hy    P.     II.    L'ONRAMv 

The  introduction  of  a  high  degree  of  superheated 
steam  in  locomotive  and  stationary  engine  practice 
lias  brought  about  the  necessity  of  adding  tests  to  the 
ones  usually  made  of  cylinder  oils,  whether  straight 
petroleum  stock,  or  mixture  of  the  same  with  smaller 
or  larger  amounts  of  saponifiable  fats. 

The  writer  has  constructed  and  used  an  apparatus 
for  some  time  in  the  investigation  of  cylinder  oils 
suitable  for  the  lubrication  of  valves  and  cylinders 
in  connection  with  the  use  of  highly  superheated  steam 
in  locomotive  service. 

The  apparatus  is  essentially  as  follows  (see  photo- 
graphic cut) : 


ointmenl  box  about  55  mm.  in  diameter,  18-20  mm. 
high)  into  which  the  oil  to  be  examined  is  fed  drop  by 
drop  from  the  sight  feed  lubricator  C  (or  a  given 
1  of  oil  is  poured  into  the  cup  I).  Through  the 
lid  is  inserted  an  armored  thermometer,  T,  reaching 
down  into  the  dish.  The  steam  vessel  thus  arranged 
and  connected  is  surrounded  and  covered  by  a  suitable 
asbsetos  hood. 

I.,   pipe  connections  for  the  gases  used. 

E,  heavy  glass  cylinder  about  200  mm.  long  and 
18-20  mm.  inside  diameter  containing  a  small  rec- 
tangular boat  or  dish;  beyond  E  is  a  glass  tubing 
system,  F,  connected  up  as  shown  with  brass  fittings; 
each  glass  tube  is  about  500  mm.  long  and  8-9  mm. 
inside  diameter;  at  the  further  end  is  attached  a  steam 
separator  and  oil  collecting  vessel,  G,  consisting  of  an 
ordinary  glass  chimney  fitted  up  with  brass  caps;  to 
this  condenser  H  is  connected  by  means  of  copper  tubing 

In  this  apparatus  any  desired  temperature  may  be 


A,  small  steam  boiler  with  gas,  steam  gauges  and 
pipe  conditions. 

B,  superheater  with  armored  thermometer,  T,  and 
steam  connections  (a  small  circulating  water  heater 
with  double  copper  coils,  answers  very  well). 

C,  sight  feed  lubricator  with  connections. 

D,  steam  vessel  (a  conical  cast  iron  retort  for  dis- 
tilling mercury,  about  95  mm.  deep  and  about  75  mm.  in 
diameter  at  top  provided  with  two  strong  screw  clamps 
to  keep  the  lid  tight,  answers  very  well)  surrounded 
on  the  outside,  as  indicated,  by  a  coil  of  copper  pipe 
5-6  mm.  inside  diameter,  for  further  heating  of  the 
steam  and  gases  used  in  the  tests:  this  coil  is  tapped 
into  the  bottom  of  the  steam  vessel  containing  a 
suitably  supported  dish  of  about   25  cc.  capacity  (an 

1  Paper  presented    at   the   Eighth   International   Congress   of  Applied 
Chemistry-,  Xew  York.  September.  1912. 

2  Chief  Chemist,  Galena-Signal  Oil  Co. 


maintained  at  least  up  to  iooo°  F.;  this  is  3oo°-400° 
higher  than  is  required  under  the  most  exacting  service 
conditions  as  far  as  superheated  steam  temperature  is 
concerned. 

In  studying  the  behavior  of  valve  and  cylinder  oils 
in  an  atmosphere  of  superheated  steam,  the  steam  is 
passed  from  the  small  steam  boiler  through  the  super- 
heater B  and  into  the  steam  vessel  D  through  its  pipe 
coil  (lamp  being  lit  under  D).  and  out  through  E,  F, 
G  and  H. 

When  the  temperature  reaches  and  is  regulated  in 
D  to  400°  F.,  oil  is  fed  drop  by  drop  from  sight  feed 
lubricator  C  (or  the  cup  I  is  filled) ;  the  steam  is  shut 
off  and  the  valve  in  C  (or  I)  opened,  letting  the  oil  run 
into  the  dish  in  D ;  the  steam  valve  is  then  very  gradu- 
ally and  carefully  opened  so  as  to  let  through  any 
desired  amount  of  steam. 
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The  temperature  in  D  is  maintained  for  a  given 
length  of  time  at  or  near  400  °  F.,  noting  if  any  oil 
vapors  are  coming  over;  by  shutting  and  opening  the 
steam  valve  it  is  easy  to  see  if  any  vapors  are  coming 
over  with  the  steam. 

The  temperature  is  increased  in  increments  of  25  °- 
500  F.,  at  a  time,  until  the  desired  temperature  is 
reached,  noting  the  behavior  of  the  oil  vapors  passing 
on  with  the  steam  through  the  glass  pipe  system,  etc. 
It  is  interesting  to  note  that  cylinder  oils  containing 
rather  a  large  percentage  of  saponifiable  fats  or  fat 
oils  generally  come  over  at  much  lower  temperatures 
than  the  main  portions  of  the  petroleum  stock  oils 
that  are  commonly  used  in  compounding  first  class 
cylinder  oils. 

In  further  study  of  the  behavior  of  oils,  the  boat  in 
the  glass  cylinder  E  may  be  filled' through  the  cup  I  to 
the  left,  and  subjected  at  various  temperatures  to 
slow  currents  of  superheated  steam,  carbon  dioxide 
and  air  or  mixtures  of  the  same.     The  glass  cylinder 


bottom  iron  dishes  exposed  six  hours  at  540  °  F.  in  a 
specially  designed  air  bath. 

Gasoline  Test  =  10  cc.  oil,  go  cc.  petroleum  ether 
0.65  sp.  gr.  (from  Pennsylvania  crude)  in  graduated 
flat  precipitating  tubes,  taking  reading  after  1  hour's 
standing. 

Carbon  Test  using  35  grams  Oil,  according  to  Con- 
radson's   apparatus   and   method. 

Superheated  Steam  Test  =    13  grams  of  oil  used. 

Sample  "A"  in  a  superheated  steam  test  at  800 ° 
F.  (427 °  C.)  left  no  residue.  Sample  "C"  left  2.5 
per  cent,  dry  carbonaceous  residue. 

Sample  "E"  containing  15  per  cent,  of  saponifiable 
fats  subjected  to  the  superheated  steam  test  lost  26.5 
per  cent,  up  to  600  °  F. ;  the  oil  residue  from  this  test 
contained  17.5  per  cent,  saponifiable  fats;  this  indi- 
cates that  the  petroleum  oil  stock  ("B"  used)  goes 
off  with  the  steam  somewhat  faster  in  proportion  to 
the  fat  oil  up  to  6oo°  F.   (350°  C). 

The  steam  pressures  used  in  these  tests  were  about 


Flash  point  (open  cup) 

Burning  point 

Gravity  at  60°  F.  Baurne 

Sp.  gr.  at  15°  C 

Color 

Gas,  test  before  fire  test 

Gas,  test  after  fire  test 

Cold  test  flows 

Saponifiable  fats 

Vis.  Sayboltat212°F.  (60 cc.). 
Barbey  Ixomet  500°  F.   (180 

units  =  30  cc.) 

Hot  air  test  at  540  °  F.  (loss) . .  . 

Gas,  test  after 

Carbon  test  residue 

SO3  in  residue 

f    400°  F 

/    500°  F 

600°  F 

700°  F 


Loss  in 
superheated 
steam  at 


A. 

545°  F. 

610°   P. 

26.4 

0.895 

Light 

Good 

Good 
+  55°  F. 

Trace 
133  sec. 

45  sec. 

15  per  cent. 

Good 

2. 15  per  cent. 

0.023  per  cent. 

0 . 0  per  cent. 

5.0  per  cent. 
18.5  per  cent. 
44.0  per  cent. 


Total  loss  up  to  700°  F 67.5  per  cent. 

Gas  test  of  oil: 

Residue  from  700°  test. . .      Good 


B. 
550°  F. 
630°  F. 

26.1 

0.897 

Dark 

Good 

Good 
+  32°  F. 

Trace 
146  sec. 

51  sec. 
11  per  cent. 
Good 

2  .  70  per  cen 
0.03  per  cen 
0.0  per  cent 
4.0  per  cent 
18.0  per  cent 
34.0  per  cent 

56  5  per  cent. 

Good 


C 

605°  F. 

695°  F. 

24.7 
0.905 
Dark 
0.5  cc. 
Good 
+  45°  F. 
Trace 
215  sec. 

61  sec. 
2  .5  per  cent. 
0.5  cc. 

4  .90  per  cent. 
0.03  per  cent. 
0.0  per  cent. 
1 .5  per  cent. 
6.5  per  cent. 
32.5  per  cent. 

40.5  per  cent. 

1  . 5  cc. 


D. 

595°  F. 

680°   F. 

25.9 

0.898 
Very  dark 

4.0  cc. 

3.0  cc. 
+  34°  F. 
Trace 
216  sec. 

60  sec. 
5  .5  per  cent 
3  5  cc. 
5.10  per  cen 
0.04  per  cen 
0.0  per  cent 
1  . 0  per  cent 
8  . 5  per  cent 
40  5  per  cent 

50.0  per  cent. 

3.0  cc. 


E. 
550°  F. 
630°   F. 


+  30°  F. 
15  per  cent. 


0.0  per  cent. 

5.0  per  cent. 

21.5  per  cent. 


F. 
365  °F. 
415°F. 
33.5 
0.856 
Yellow 


Zero 
None 


2  per  cent. 
0  per  cent. 


26.5  per  cent.         99.0  per  cent. 


E  during  the  last  test  is  surrounded  by  a  heavy  as- 
bestos covering  to  prevent  radiation. 

The  cylinder  oils  may  leave  a  residue  in  the  dish  in 
D  at  steam  temperatures  below  700 °  F.;  if  so,  such 
residue  should  give  a  clear  solution  in  90  cc.  of  0.65 
sp.  gr.  (87  °  B.)  petroleum  ether  (Pennsylvania)  and 
show  no  precipitate  on  standing.  At  steam  tempera- 
tures of  85o°-ooo°  F.,  all  the  oil  has  usually  volatilized 
with  the  steam;  good  oils  should  leave  no  carbonaceous 
or  coky  residue. 

While  this  apparatus  was  designed  principally  for 
the  study  and  behavior  of  valve  and  cylinder  oils  in 
atmospheres  of  steam  at  various  temperatures,  it  can 
be  adapted  very  readily  for  the  study  of  other  oils  at 
various  temperatures  in  currents  of  air,  carbon  dioxide 
or  other  gases  or  mixtures  of  same  with  and  without 
steam. 

The  accompanying  table  of  comparative  tests  of  five 
samples  of  cylinder  oils,  A,  B,  C,  D,  E  and  F,  a  petroleum 
distillate  of  interest  in  connection  with  the  study 
of  cylinder  oils  in  superheated  steam: 

Hot  Air  Test   =    13  grams  oil  in  shallow  round  flat 


ten  to  twelve  pounds  per  sq.  in.  A  large  volume  of 
superheated  steam  passed  through  the  apparatus  during 
the  tests   (about  40  cc.  condensed  steam  per  minute). 

In  these  superheated  steam  evaporating  tests 
about  13  grams  of  oil  were  weighed  into  the  small 
dish  placed  inside  the  steam  vessel  D.  (The  capacity 
of  the  small  iron  dish  is  50  cc.  having  a  diameter  of 
about   48    mm.    and    30  mm.  high,  with  flat  bottom.) 

The  steam  vessel  with  the  oil  in  the  dish  was  heated 
up  to  about  3500  F.  (1760  C),  passing  a  slow  current 
of  natural  gas  through  the  apparatus,  then  superheated 
steam  was  admitted,  the  gas  shut  off,  and  the  tempera- 
ture raised  up  to  the  required  degree  and  kept  con- 
stant for  about  75  minutes;  the  volatile  matter  in  the 
oils  at  the  given  test  temperature  generally  were  car- 
ried over  with  the  steam  inside  of  60  minutes,  allow- 
ing about  15  minutes'  extra  steaming.  At  the  end  of 
each  given  temperature  test  the  steam  and  heat  were 
shut  off;  after  cooling,  the  dish  containing  the  oil 
was  weighed  and  replaced  in  the  steam  vessel  and  the 
operation  repeated  for  the  next  temperature  test. 

Galena-Signal  Oil  Company, 
Franklin,  Pa. 
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A  NEW  CALORIMETER  BOMB  WITH  SPECIAL  ADVANTAGES 

AS  TO  MATERIAL  OF  CONSTRUCTION  AND  METHOD 

OF  OPERATION.1 

By  s    w     Pah 

In  attempting  to  improve  upon  the  oxygen  bomb 
for  calorimetric  use.  the  efforts  have  been  directed 
along  two  distinct  lines  to  tneel  what  seemed  to  be 
the  nmst  pressing  needs  of  the  case:  first,  the  discovery 
of  some  substitute  for  platinum  which  would  resist 
the  corrosive  action  of  the  acids  formed  and,  second, 
the  improvement  of  the  methods  for  closing  the  re- 
ceptacle so  that  a  perfect  seal  could  he  secured  with 
certainty  and  ease. 

With  reference  to  the  first  item,  the  development  of 
a  substitute  for  platinum,  the  problem  is  not  without 
serious  difficulties.  It  is  to  be  borne  in  mind  that  in 
many  instances,  as  with  coals  and  similarly  consti- 
tuted substances,  the  nitric  acid  resulting  from  the 
combustion  is  produced  under  the  best  possible  con- 
ditions for  promoting  a  solvent  action.  The  concen- 
tration of  the  acid  in  the  bomb  after  a  reaction  is  con- 
siderable. Moreover,  the  temperature,  at  least  for 
a  short  period,  is  relatively  high  and  the  presence  of 
corroding  gases  under  high  pressure  may  contribute 
to  the  activity.  Again,  in  many  substances  a  high 
percentage  of  sulphur  exists  and  this  burns  to  S(  )3 
or  in  the  atmosphere  of  the  interior,  saturated  as  it 
is  with  water  vapor,  to  H2S04.  For  example,  a  very 
large  part  of  the  coals  of  the  Mississippi  valley  have  a 
content  of  sulphur  amounting  to  3  or  4  per  cent,  of 
the  gross  weight  of  the  coal.  Indeed,  a  content  of 
sulphur  is  not  infrequently  met  with  of  five  and  even 
six  per  cent.  We  have  then  in  these  cases  of  common 
occurrence  conditions  wherein  both  sulphuric  and 
nitric  acids  are  formed  and  these  of  a  rather  concen- 
trated character.  One  of  the  common  methods  of 
counteracting  the  action  of  the  acids  is  by  use  of  some 
sort  of  resistant  covering.  As  will  be  seen  later,  the 
method  devised  for  closing  the  bomb  involves  the 
machining  of  the  parts  of  dimensions  accurate  within 
Vso  or  a  millimeter.  This  feature,  therefore,  would 
make  it  impracticable  to  make  use  of  an  enamel  as  a 
protective  covering.  This  expedient  is  also  found,  in 
practice,  to  be  objectionable,  owing  to  the  frequent 
ruptures  that  are  certain  to  occur  in  the  enameled 
surface,  thereby  admitting  the  acid  to  the  metal  be- 
neath. So  far  as  a  platinum  lining  is  concerned  in 
the  device  contemplated,  and  this  was  given  an  ex- 
tended trial,  the  difficulties  were  as  follows:  First, 
the  cost  of  platinum,  representing  at  the  current  prices 
approximately  $400  per  bomb,  made  the  use  of  that 
metal  prohibitive,  especially  where  a  considerable 
number  of  bombs  were  desired  such  as  for  use  with 
large  classes.  Second,  the  method  of  closing  the 
bomb  called  for  an  exact  relationship  as  to  dimen- 
sions, and,  as  in  the  case  of  enameling,  this  could  not 
easily  be  secured  or  maintained  with  an  inner  shell 
or  lining.  Moreover,  the  device  to  be  employed  for 
the  inlet  valve  was  such  as  to  make  it  a  very  difficult 
problem  of  construction  to  make  use  of  a  second  metal 

1  Paper  presented   at   the    Eighth     International   Congress  of  Applied 
Chemistry.  .New  York.  September.  1912. 


in  that  part  of  the  apparatus.  Third,  the  inevitable 
which  sooner  or  later  begins  under  the  plat- 
inum shell  roughens  the  surfaces,  especially  those 
coming  il tad  with  the  gasket.  In  time  the  en- 
tire surface  under  the  platinum  is  affected  and  the 
water  equivalent  as  well  as  the  strength  of  the  bomb 
is  modified.  These  reasons  alone,  even  if  there  were 
no  others,  are  quite  sufficient  for  indicating  that  the 
bomb,  if  made  at  all  in  conformity  with  the  design 
contemplated,  should  be  made  of  a  metal  capabli 
being  machined  to  exact  dimensions  and  in  conformity 
with  a  desired  pattern. 

For  this  purpose,  therefore,  a  study  of  alloys  was 
undertaken  with  a  view  to  determining  if  one  could  be 
devised  sufficiently  resistant  to  acid  to  effectually  re- 
place platinum,  and  that  at  the  cost  in  the  massive 
form  necessary  to  easily  compete  with  that  metal. 
It  must  be  possible,  moreover,  to  either  cast  or  stamp 
the  metal  into  proper  form  suitable  for  machining  into 
the  final  and  exact  shapes  desired.  The  alloy  finally 
developed  has  proved  to  be  eminently  satisfactory  as 
far  as  its  acid-resisting  properties  and  strength  are 
concerned.  It  is  complex  in  composition,  having  as 
the  chief  components  nickel,  copper,  tungsten  and 
chromium  with  smaller  and  more  or  less  adventitious 
amounts  of  manganese,  aluminum,  titanium,  boron 
and  silicon.  The  details  of  composition  and  properties 
of  the  alloy  as  finally  adopted  are  presented  under 
another  title.1  Concerning  the  securing  of  this  ma- 
terial in  forms  suitable  for  machining  to  the  desired 
patterns,  only  the  method  of  melting  and  casting 
has  so  far  been  undertaken.  The  difficulty  of  secur- 
ing perfect  castings  has  seemed  at  times  almost  in- 
surmountable. This  is  due  to  the  fact  that  the  melt- 
ing point  of  the  alloy  is  relatively  high,  approximately 
13000,  and  at  the  point  of  solidification  the  shrinkage 
is  so  great  that  cracks  or  flaws  are  opened  up  which 
render  the  casting  unfit  for  use.  Again,  the  occlusion 
of  gases  at  the  high  melting  temperature  is  great 
and  pin  holes  are  apt  to  be  a  source  of  much  annoy- 
ance. The  overcoming  of  these  difficulties  is,  how- 
ever, a  mechanical  rather  than  a  chemical  problem 
and  need  not  be  entered  into  here. 

That  the  material  may  fairly  be  considered  a  sub- 
stitute for  platinum  in  the  service  here  described  is 
shown  in  the  article  above  referred  to,  wherein  is  given 
a  table  of  solubility  tests.  Also  in  another  article 
accompanying  this  discussion2  data  are  given  upon  a 
bomb  of  this  new  material  in  practical  operation, 
which  indicate  that  the  alloy  is  entirely  suited  for 
use  in  the  manner  described. 

The  second  improvement  sought  for  relates  to  the 
method  of  closing  the  receptacle.  The  difficulties 
attending  the  use  of  lead  gaskets  relate  chiefly  to  the 
stress  and  strain  required  to  secure  a  perfect  seal. 
Other  objections  relate  to  the  chemical  action  upon 
the  lead,  and  to  the  pitting  or  corrosion  of  the  needle 
valve  or  seat,  making  it  necessary  to  frequently  reseat 
or  repoint  the  valve  parts.      The  substitution  of  rub- 

1  A  New  Alloy  with  Acid-Resisting  Properties."  by  S.  W.  Parr,   Inor- 
ganic Section  (Sec.  II )  this  Congress. 

2  "Some  Tests  on  a  New  Calorimeter  Bomb."  by  Richard  H.  Jesse,  Jr., 
This  Journal,  p.  748. 
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ber  for  lead  is  found  to  be  entirely  practicable  if  the 
conditions  under  which  it  is  used  are  such  that  flame 
or  any  of  the  processes  of  combustion  are  not  allowed 
to  come  in  contact  with  the  rubber.  This  is  easily 
accomplished  by  interposing  between  the  rubber 
gasket  and  the  inner  chamber  a  shoulder  of  massive 
metal  so  constructed  that  the  cross  section  of  the 
space  between  the  two  metallic  parts  is  so  small, 
say  V25  of  a  millimeter,  and  the  longitudinal  measure- 
ment of  the  space,  that  is  the  distance  from  the  rubber 
to  the  inner  chamber,  is  so  great,  say  1V2  or  2  milli- 
meters, that  the  combustion  processes  may  not  travel 
along  so  narrow  a  passage  and  therefore  do  not  come 
in  contact  with  the  rubber  gasket.  This  principle 
is  carried  out  in  closing  the  main  opening  of  the  bomb 
and  also  in  closing  the  valve  through  which  oxygen 
is  admitted.  This  will  be  made  clear  by  reference 
to  a  sketch. 

In  Fig.  1,  B  B  are  the  walls  of  the  bomb  which 
enclose  the  space  0.  The  cover  C  is  made  with  an 
encircling  rim.  R,  which  re- 
tains the  rubber  gasket  G. 
The  cover  is  so  made  that  a 
shoulder,  5  5,  passes  the 
wall  of  the  bomb  as  it  comes 
up  to  position  against  the 
gasket.  The  machining  of 
the  parts  is  such  that  the 
space  between  the  shoulder 
and  the  wall  is  about  V25 
mm.  Moreover,  the  dis- 
tance from  the  lower  edge 
of  the  shoulder  to  the  gas- 
ket is  about  2  mm.  This 
FlG-  '•  is  increased   slightly   by    the 

pressure  of  the  cover  upon  •  the  gasket  when  the 
screw  cap  is  brought  down  upon  it.  Conditions 
are  thus  secured  which  prevent  the  traveling  of 
flame  or  any  of  the  processes  of  combustion  from 
the  combustion  chamber  0  to  the  rubber  gasket  G. 
The  same  principle  is  observed  in  the  arrangements 
for  the  inlet  valve  V.  The  small  gasket  g  is 
protected  from  the  reactions  or  heat  of  the  combus- 
tion chamber  by  narrow  passages  between  metal  walls. 


Eltf^e 


In  this  manner  it  is  entirely  possible  to  secure  a  per- 
fect seal  with  a  minimum  amount  of  compression,  by 
use  of  rubber  gaskets  and  this  without  any  burning 
whatever  of  the  rubber. 

A    word    further    as    to    convenience    of    operation. 


The  valve  V  works  automatically  thus:  The  valve  is 
held  lightly  in  place  by  the  springs,  but  upon  the  ad- 
mission of  the  oxygen  above  the  valve  it  is  forced 
downward  admitting  the  gas  to  the  chamber  O. 
When  the  proper  amount  is  admitted,  say  25  atmos- 
pheres, the  oxygen  supply  is  shut  off  and  immediately 
the  valve  is  lifted  into  place  by  the  spring.  The  strong 
pressure  from  within  tends  to  seat  the  valve  more 
firmly   in  place.      After   an   extended    experience   with 


this  type  of  valve,  involving  numerous  modifica- 
tions, the  present  form  shown  herewith  has  been  found 
to  be  exceedingly  effective  and  satisfactory.  Thumb 
pressure  on  the  top  of  the  stem  is  found  sufficient  for 
releasing  the  gas  at  the  close  of  an  experiment.  The 
most  striking  characteristic,  however,  in  the  manipu- 
lation of  the  bomb  is  the  ease  with  which  the  cover 
may  be  fastened  to  withstand  the  necessary  pressure 
without  leakage.  As  may  be  seen  in  the  accompany- 
ing illustrations,  a  simple  octagon  plate  is  set  into 
the  table  or  shelf  and  an  octagon  wrench  about  50 
cm.  long  affords  ample  leverage  for  screwing  down 
the  cap  and  seating  the  cover.     The  expenditure  of  a 


great  amount  of  force  in  this  part  of  the  procedure 
is  quite  eliminated.  The  ease  and  readiness  with  which 
a  perfect  seal  can  thus  be  obtained  have  done  much 
to  revolutionize  the  work  of  operating  a  calorimeter 
of  the  oxygen  bomb  type. 

Fig.  2  shows  the  cover  and  screw  cap  removed 
from  the  bomb.  The  small  parts  at  the  base  of  the 
bomb  are  couplings  for  oxygen  connection  at  the  top 
of  the  cover. 

Fig.  3    shows   the   bomb  with   the   parts   assembled 
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with   th(    octagon  holder  and  wrench   for  Betting  the 
screw  cap. 

Fig.  .)  shows  the  sheli  fittings  and  connection 
with  the  oxygen  tank.  The-  shelf  is  hinged  at  the  left- 
hand  edge.  It  may  be  unfastened  ,,t  the  right-hand 
edge  and  lifted  for  the  removal  of  the  tank  when 
it  is  required  to  renew  the  supply  of  oxygen. 
University  of  Illinois, 

I'RBANA. 


SOME  TESTS  ON  A  NEW  CALORIMETER  BOMB.' 
By  Richard  11.  Jbssb.  .Ik. 

In  connection  with  the  preceding  description  of 
the  new  alloy  bomb  of  nickel-copper-chromium2  it 
may  be  of  interest  to  report  briefly  the  results  of  a 
series  of  experiments  on  the  combustion  of  two  stand- 
ard substances,  cane  sugar  and  benzoic  acid.  These 
experiments  were  undertaken  not  only  for  the  purpose 
of  standardization  but  also  to  test  the  behavior  of  the 
instrument  under  actual  working  conditions. 

The  principal  features  of  difference  between  this 
bomb  and  other  types  are:  (1)  the  substitution  of  an 
alloy,  very  resistant  to  the  action  of  acids,  for  the 
usual  platinum,  gold,  or  enamel  lining;  (2)  the  use  of 
a  well  protected  rubber  gasket  for  sealing  the  bomb 
instead  of  a  gasket  of  lead ;  (3)  the  replacement  of 
the  ordinary  steel  needle-valve  by  a  seated  valve 
bearing  a  rubber  gasket.  For  one  who  has  spent 
much  physical  and  mental  effort  in  trying  to  seal  com- 
pletely bombs  fitted  with  needle  valves  and  gaskets 
of  lead  and  gold,  a  very  short  experience  is  sufficient 
proof  of  the  superiority  of  the  present  method  of 
sealing  in  so  far  as  speed  and  ease  of  manipulation  are 
concerned.  Former  experience  in  this  laboratory 
has  offered  evidence  that  these  features  do  not  cause 
a  decrease  in  the  accuracy  desired  for  commercial 
fuel  analysis.  It  has  remained,  however,  to  prove 
that  they  will  answer  the  purposes  of  investigations 
where  the  highest  attainable  accuracy  is  desired. 

A  series  of  semi-quantitative  corrosion  tests  in  which 
specimens  of  the  alloy  were  exposed  at  ordinary  tem- 
peratures and  for  varying  lengths  of  time  to  the  action 
of  4  N  sulphuric  and  nitric  acids  and  mixtures  of  the 
two  have  indicated  that  the  amounts  of  alloy  which 
would  dissolve  in  the  time  of  a  determination  are 
negligible.  To  test  the  corrosion  under  working 
conditions,  the  washings  from  eight  runs,  which  had 
been  titrated  in  the  usual  manner  for  nitric  acid  with 
potassium  hydroxide,  were  combined  and  analyzed 
for  copper  and  nickel.  The  copper  was  precipitated 
by  hydrogen  sulphide  in  acid  solution  and  was  weighed 
as  cuprous  sulphide ;  the  nickel  was  determined  by 
the  dimethylglyoxime  method.  In  the  eight  deter- 
minations 1 . 6  milligrams  of  copper  and  6 . 2  milli- 
grams of  nickel  were  dissolved.  In  a  single  deter- 
mination therefore  we  have  the  solution  of  0.2  mg. 
Cu  and  o .  8  mg.  Ni.     The  quantity  of  the  metal  ni- 

1  Paper   presented   at   the   Eighth    International   Congress   of  Applied 
Chemistry,  New  York,  September,  1912. 

2  This  bomb  was  devised  by  Professor  S.  W.  Parr,  of  this  laboratory, 
and  is  described  in  the  preceding  paper. 


t  rales  would  have  a  heat  of  Formation  of  approxi- 
mately   1  .  8  calories.1 

Since    in    these   experiments   the   total    amount  of 

heal  measured  in  a  run  was  0500  calories,  about  0.02 
per  cent,  of  the  rise  was  due  to  the  solution  of  the  al- 
loy. This  is  a  quantity  which  cannot  be  directed 
a  nli  certainty  even  in  the  very  best  calorimetric 
work.  This  particular  bomb  was  the  first  successful 
casting.  Since  the  work  was  begun,  there  have  been 
slight  modifications  in  the  composition  of  the  alloy 
which  have  probably  increased  its  acid  resistance. 
Quantitative  evidence  on  this  point  is,  however, 
lacking  as  yet.  In  coal  calorimetry,  sulphuric  acid 
will  be  present  in  addition  to  the  nitric  acid.  The 
corrosion  tests  already  mentioned  show  that  the  mix- 
ture of  these  two  acids  is  not  much  more  active  than 
nitric  acid  alone. 

There  is  only  indirect  proof  to  show  that  the  use  of 
rubber  gaskets  is  without  effect  on  the  accuracy  of 
the  bomb.  The  construction  of  the  instrument  is 
such  that  the  rubber  is  well  protected.  The  portion 
of  the  gasket  which  comes  in  contact  with  the  gases 
in  the  bomb  is  a  ring  about  V1000  inch  in  width;  to 
reach  this  the  hot  gases  have  to  pass  through  a  very 
narrow  space  with  massive  metal  on  each  side  so  that 
they  would  almost  certainly  be  cooled  below  the  dan- 
ger point.  In  these  experiments  there  was  absolutely 
no  smell  of  burnt  rubber  in  the  bomb  after  a  combus- 
tion. The  constancy  of  the  results  given  below  is 
further  proof  that  the  rubber  has  no  harmful  effect, 
because  it  is  hardly  conceivable  that  if  the  rubber 
were  burnt  at  all  it  should  be  burnt  in  such  constant 
amount  each-'time. 

The  method  of  adiabatic  calorimetry2  devised  by 
T.  W.  Richards  was  used  for  these  combustions. 

The  principle  of  the  method  is  that  the  calorimeter 
is  surrounded  on  all  sides  and  on  top  by  a  bath  of 
caustic  soda,  the  temperature  of  which  is  at  all  times 
kept  the  same  as  that  of  the  calorimeter.  By  run- 
ning in  sulphuric  acid  in  measured  amounts  the  tem- 
perature of  the  bath  can  be  readily  changed  so  that  it 
conforms  to  that  of  the  calorimeter  even  during  the 
first  rapid  rise.  This  method  has  already  proved  itself 
capable  of  extreme  accuracy.  The  mercury  ther- 
mometer used  was  of  the  Beckmann  type  and  was 
calibrated  by  the  Bureau  of  Standards.  The  results 
with  it  were  very  satisfactory.  Three  different  sam- 
ples of  sugar  were  used.  They  were  supplied  at 
different  times  during  the  past  three  years  by  the 
Bureau  of  Standards.  Two,  samples  of  benzoic  acid 
were  burnt,  one  from  the  Bureau  of  Standards  and 
one  that  had  been  carefully  purified  in  this  labora- 
tory; experiment  marked  No.  ro  was  on  the  latter 
sample.      The  agreement  is  all  that  could  be  desired. 

All  the  experiments  fell  within  the  temperature 
range  2 1-25  °  C.  Since  the  temperature  rise  measured 
was  about  30,  it  follows  that  the  mean  temperature  of 
any  experiment  did  not  differ  from  that  of  any  other 

1  Thomsen's  results  in  Landolt-Bornstein: 

Ni+  2N  +  60  +  Aq       =  Ni(N03)2Aq  +   1 13,200  cal. 

Cu  4-  2N  +  60  +  6H20  =  Cu(N02)2.  6H20  +  92.900  cal. 

2  Proc.  Amer.  Acad.,  42,  573  (1907^;  Z    physik.  Chem  .  59,  U2.  ./.  Am. 
Clnm.  Soc,  32,  431  (1910). 


Oct.,     I  l)  I  2 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


7  4<; 


by  more  than  i  °.  This  is  worthy  of  mention  be- 
cause in  this  neighborhood  the  heat  capacity  of  water 
changes  by  about  0.02  per  cent,  per  degree.  How- 
ever,  since  the   metal  portions  of  the  system  have   a 

Cane  Sugar. 


»    = 
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2   4987 

2  910 
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Benzoic  Acid. 
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=    1.8552 

ro,ooo  in  the  case  of  sugar  and  4  parts  per  10,000  in 
the  case  of  benzoic  acid.  This  is  probably  as  close 
an  agreement  as  can  be  expected  from  a  mercury 
thermometer  and,  indeed,  it  compares  very  favorably 
with  the  best  work  with  electrical  thermometers. 

The  results  described  in  this  paper  are  not  absolute, 
but  are  purely  relative.  Therefore,  it  is  interesting 
to  compare  the  ratio  of  sugar  and  benzoic  acid.  The 
ratio  resulting  from  this  series  (vacuum  weights)  is 
1. 6014.  A  similar  comparison  of  a  very  high  order 
of  accuracy  has  been  made  by  Emil  Fischer  and  Wrede. ' 
They  have  made  two  series  of  determinations  on  ben- 
zoic acid.  The  ratio  from  their  first  and  most  con- 
26.478KJ 


cordant   series   is 


16.545KJ 


=   1 .  6003 ;  that  from  the 


larger  temperature  coefficient  of  opposite  sign,  the 
effect  of  the  changing  heat  capacity  of  water  is  at 
least  partially  neutralized. 

The  internal  agreement  of  the  two  series  on  sugar 
and  benzoic  acid  indicates  that  the  new  bomb  can  be 
safely  used  for  work  involving  the  highest  accuracy. 
The  greatest  deviation  from  the  mean  is  7  parts  per 


26.472  ... 

average  of   the  two  series   is     — =   1.6000;  while 

5  16.545 

the  ratio  from  their  three  highest  determinations 
of  benzoic  acid  is  1.6008.  The  differences  between 
these  ratios  and  that  found  in  this  paper  are  respec- 
tively 0.07  per  cent.,  0.09  per  cent.,  and  0.035  Per 
cent.  The  value  of  the  ratio  found  by  the  Bureau  of 
Standards  is  1.6016.2  The  agreement  here  is  even 
more  satisfactory;  in  fact,  it  is  identical  within  the 
possible  experimental  accuracy.  In  spite  of  the  con- 
cordance of  their  ratios  the  absolute  values  assigned 
by  Fischer  and  Wrede  and  the  Bureau  differ  by  a 
quarter  of  a  per  cent.  The  reason  for  this  discrepancy 
is  not  apparent  at  present. 

University  of  Illinois. 

t'RBANA. 
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THE    LATEST    ACHIEVEMENTS    AND    PROBLEMS   OF  THE 
CHEMICAL  INDUSTRY.1 

By  Carl  Duisberg. 

Probably  in  no  domain  of  human  knowledge  and 
endeavor  have  the  combined  forces  of  theory  and  prac- 
tice, intimately  acting  and  reacting  upon  each  other, 
made  such  immense  strides  and  led  to  the  solution  of 
such  difficult  problems  as  in  the  Chemical  Industry, 
an  industry  which,  indeed,  had  its  beginnings  in  the 
distant  past,  but  in  its  vast  development  and  inter- 
national character  is  essentially  a  child  of  modern 
times.  Success  has  so  emboldened  this  industry  that 
it  considers  itself  capable  of  solving  any  problem,  pro- 
vided the  men  in  its  service  are  well  trained  in  theory 
and  practice  and  ready  to  devote  themselves  to  the 
best  of  their  ability,  with  patience  and  perseverance, 
to  the  object  in  view.  This  has  been  shown  by  the 
struggle  between  the  contact  process  of  producing 
sulfuric  acid  and  the  old  "chamber  process,"  by  the 
rivalry  between  the  Solvay  process  and  the  Le  Blanc 
method  in  the  manufacture  of  soda ;  by  the  production 
of  nitric  acid  and  its  salts  by  direct  oxidation  of  nitro- 
gen of  the  air  under  the  influence  of  the  heat  of  the 
electric  discharge;  by  the  manufacture  of  ammonia 
from  atmospheric  nitrogen  indirectly  via  calcium  cyan- 

1  General  lecture  by  Geheimer  Regierungsrat  Prof.  Dr  Carl  Duisberg, 
Managing  Director  of  the  Farbenfabriken  of  Blberfeld  Co  Eighth  Inter 
national  Congress  of  Applied  Chemistry.   New  York,  September,   1912. 


amide,  and  directly  by  combination  with  hydrogen;  by 
the  replacement  of  madder  by  alizarine,  and  of  natural 
by  synthetic  indigo,  as  well  as  by  innumerable  other 
instances  in  the  color,  perfume  and  pharmaceutical 
industries. 

If  I  venture  before  an  audience  not  wholly  consisting 
of  chemists,  within  the  brief  period  of  an  hour,  to  de- 
scribe the  latest  achievements  of  the  chemical  industry 
and  to  recount  the  problems  that  are  engaging  our 
attention,  I  must  restrict  myself  to  a  great  extent  both 
in  the  choice  of  the  subject  matter  and  its  mode  .of 
presentation.  We  can,  indeed,  merely  touch  upon  the 
most  important  happenings  in  our  industry  and  must, 
from  the  very  outset,  refrain  from  a  thorough  discussion 
of  the  subject,  either  from  the  purely  chemical  or  the 
technical  side.  However,  what  cannot  be  described 
for  lack  of  time,  and  what  we  should  very  much  like 
to  add  for  the  sake  of  those  chemists  who  are  present, 
is  illustrated  by  our  rich  collection  of  diagrams,  prod- 
ucts and  materials  of  all  kinds.  What  can  neither  be 
mentioned  in  my  paper  nor  illustrated  by  these  exhib- 
its, will  be  demonstrated  by  means  of  lantern  slides, 
and,  should  you  possess  patience  enough,  I  shall  show 
you  at  the  conclusion  of  my  address  one  of  the  newest 
factories    which    the    German  Chemical  Industry    has 

1  Silzber.  K.  Acad.  Berlin,  19,  20,  21,  6S7  (19045    Z    physik.  Ckem.,  63, 
161   (1903);  69,  218  (1909);  76,  81  (1910). 

Private  communication  from  Dr.  W.  F.  Hillebrand. 
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built  "H  the  Rhine,  with  its  various  manufacturing  de 
partments  and,  above  all,  its  provisions  for  the  welfare 
of  its  employees 

In  the  spirit  of  Paust,  "Who  brings  much  will  bring 
something  to  many,"  1  invite  you  to  make  a  Bight  with 
me  in  an  airship,  as  it  were,  over  the  fields  where  the 
Chemical  Industry  holds  sway  and,  from  our  point  oi 
vantage,  to  take  a  bird's-eye  view  of  the  latest  achieve- 
ments of  this  industry.  Now  and  then,  we  shall  make 
a  landing  and  examine  the  most  attractive  features  a 
little  more  closely 

Production  of  Power. — The  question  of  power, 
which  is  of  the  utmost  importance  in  every  industry 
and    especially    in    the    great    synthetic    processes    by 

means  of  which  nitric  acid  ami  ammonia  are  manu- 
factured, is  now  dominated  by  the  perfected  utilization 
of  hydraulic  power  and  the  development  of  the  turbine. 
Not  only  does  the  transmission  of  electric  energy  ren- 
der it  possible  to  utilize  water  power  at  great  distances, 
but  it  also  permits  the  transmission  of  power  evolved 
at  the  coal  mines  and  the  peat  fields  to  distant  points, 
thus  eliminating  the  necessity  of  transporting  the  fuel 
itself.  Recently,  we  also  learned  to  apply  the  principles 
of  the  water  turbine  to  the  steam  turbine.  But  this  ad- 
vance over  the  piston  steam  engine,  which  Watt  so  in- 
geniously constructed  about  150  years  ago,  has  alreadv 
been  surpassed  by  benzine,  petroleum  or  oil  motors 
(Diesel  motors),  and,  above  all,  by  the  reliable  gas 
engines  which  are  driven  by  blast  furnace  gases.  Mond 
gas,  and,  more  recently,  by  peat  gas. 

Production-  of  By-Products. — The  manufacture 
of  by-products  goes  hand  in  hand  with  this  more  direct 
generation  of  energy  from  fuel.  These  products 
include  ammonium  sulphate,  of  such  great  importance 
in  agriculture,  and  the  tar  distillation  products  so  in- 
dispensable in  the  color  industry.  The  latest  and 
most  rational  method  of  utilizing  the  peat  or  turf  beds, 
so  plentiful  in  Germany  and  in  many  other  countries, 
is  practiced  in  Schweger  Moor  near  Osnabruck  accord- 
ing to  a  process  discovered  by  Frank  and  Caro.  There, 
peat  gas  is  produced  and  utilized  and  ammonia  ob- 
tained as  a  by-product,  the  required  power  being 
generated  in  a  3.000  H.  P.  central  electric  power  sta- 
tion. The  moorland,  after  removal  of  the  peat,  is 
rendered  serviceable  for  agricultural  purposes. 

.  At  that  place,  nearly  2. 500-2, 600  cubic  meters  of 
gas  with  1,000-1,300  calories  of  heat  were  obtained 
from  1,000  kg.  of  absolutely  water-free  peat  in  the 
form  of  air-dried  peat  with  45  to  60  or  70  per  cent,  of 
moisture.  This  gas  represents  energy  equal  to  1,000 
H.  P.  hours,  equal  to  700  kilowatt  hours,  after  de- 
ducting the  heat  and  power  used  for  the  operation  of 
the  gas  works.  In  addition  35  kg.  of  ammonium  sul- 
phate were  produced  from  the  above  quantity  of  peat 
which  contains  1  per  cent,  of  nitrogen. 

The  greatest  problem  of  power  production,  the  direct 
conversion  of  coal  into  electric  energy  by  means  of 
gas  batteries,  a  problem  which  wTe  had  hoped  to  solve 

25  vears  ago,  is  still  to-day  nothing  more  than  a  dream. 

Production  of  Cold. — Besides  the  problem  of  power 

and  heat,  the  question  of  refrigeration  is  one  of  growing 

importance  to  the  chemical  industry.      Instead  of  the 


ammonia  machines  with  which  a  temperature  of     -200 
('.  can   be  attained,   we  emplo)    to  day  sulphurous  acid 

nines  or,  better  still,  resort  to  the  carbonic  acid  gasi- 
hrr  which  yields  a  temperature  of  40"  ('  [t  is  hoped 
in  the  near  future  to  produce  refrigerating  machines, 
which,  by  the  use  oi  suitable  hydrocarbons,  will  give 
temperatures  oi  So'  ('.  Plants  for  the  liquefaction 
of  air.  producing  as  low  a  temperature  as  — 190°  ('.. 
are  becoming  more  and  more  common  and  are  especially 
profitable  where  gas  mixtures,  rich  in  oxygen,  or  where 
pure  nitrogen,  which  is  simultaneously  produced,  can 
be  utilized.  Diagrams  showing  the  process  invented 
by  Linde  for  the  rectification  of  liquid  air  with  the 
object  of  isolating  nitrogen  and  oxygen  are  exhibited 
here.  The  Badische  Anilin  and  Soda  Fabrik  in  Lud- 
wigshafen  on  the  Rhine  intends  to  manufacture  hy- 
drogen from  water  gas  in  a  similar  way  and  to  utilize 
the  carbon  monoxide,  which  is  simultaneously  obtained, 
as  a  source  of  power.  In  a  large  plant  which  is  being 
erected,  the  firm  is  going  to  produce  ammonia  syn- 
thetically by  combining,  according  to  Haber's  inven- 
tion, pure  nitrogen,  obtained  by  the  liquefaction  and 
rectification  of  air,  with  hydrogen  manufactured  as 
above.  Particulars  about  this  process  will  be  given 
during  the  Congress  by  Professor  Bernthsen  in  his 
lecture  on  "Synthetic  Ammonia." 

Size  of  Apparatus.  —  Influenced  by  the  Solvay 
process  for  the  manufacture  of  soda  and  its  pecuniary 
advantages,  the  apparatus  used  in  the  chemical  in- 
dustry have  enormously  increased  in  size.  In  this 
respect  the  United  States,  no  doubt  on  account  of  the 
example  set  by  the  iron  industry  with  its  blast  fur- 
naces with  a  daily  capacity  of  500  tons,  its  giant  con- 
veyers (50-ton  wagons),  its  huge  hoisting  cranes,  is 
ahead  of  other  countries.  But  careful  calculations 
have  proved  that  there  is  a  limit  in  this  direction. 
The  failure,  on  account  of  size,  of  the  Mactear  sulfate 
furnace,  with  a  daily  output  of  25  tons,  is  well  known, 
while  the  mechanical  sulfate  furnace  of  the  Verein 
Chemischer  Fabriken  in  Mannheim,  which  produces 
only  7  tons  a  day,  is  a  success  everywhere.  It  is  not 
improbable  that  the  high  cost  of  construction  and  the 
great  loss  which  accidental  stoppage  entails  will  ne- 
cessitate a  reduction  in  size  of  the  wonderful  Wedge 
furnace,  a  creation  of  the  United  States,  which  roasts 
30  tons  of  iron  pyrites  per  day. 

In  the  organic  chemical  industry,  the  iron  vessels  for 
chlorination.  sulfonation.  nitration,  reduction  and 
oxidation,  as  well  as  the  wooden  tanks  in  which  we 
diazotize  and  produce  colors,  have  developed  from  the 
small  vessels  and  vats  of  former  years  into  apparatus 
of  mighty  size,  their  limit  being  generally  determined 
bv  the  capacity  of  the  mechanical  industry.  But  here, 
too.  the  mistakes  which  often  occur  in  manufacturing 
processes  and  the  extra  losses  which  they  involve, 
teach  us  that  a  wise  moderation  should  be  exercised. 

Wherever  possible,  continuous  operations  have  re- 
placed those  processes  which  worked  intermittently. 
In  this  way  loss  of  time  and  expense,  caused  by  cooling 
and  reheating,  are  avoided.  This  is  exemplified  by 
Uebel's  new  method  of  the  production  of  nitric  acid 
from    Chili    saltpetre    with    retorts    lying    above    each 
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other  and  without  stirrer,  and  by  that  of  the  Badische 
Anilin  and  Soda  Fabrik,  where  the  chambers  are  back 
of  each  other  with  stirrer,  these  methods  having  re- 
placed the  old  single  retort  process. 

Materials  for  Apparatus. — As  regards  materials 
for  chemical  apparatus  several  new  wares  must  be 
referred  to: 

Quartz. — Apart  from  the  fact  that  the  saltpetre 
industry  of  Norway  taught  us  how  to  absorb  dilute 
nitrous  gases  in  towers  20  meters  high,  made  of  granite, 
a  substance  which  was  rarely  used  for  chemical  pur- 
poses, we  have  to-day  at  our  disposal  tubes,  dishes 
and  vessels  of  fused  quartz,  which  are  stable  against 
acids  and  heat  and  which  are  manufactured  in  the 
same  sizes  and  dimensions  as  the  well  known  earthen- 
ware vessels. 

Refined  Steel.—  The  greatest  progress,  however,  has 
been  made  in  the  manufacture  of  iron  alloys  or  refined 
steel. 

Thanks  to  the  kindness  of  Friedrich  Krupp,  of  Essen, 
I  am  in  the  fortunate  position  to  describe  a  large 
number  of  hitherto  unknown  substances  of  great  im- 
portance, of  which  I  exhibit  magnificent  specimens, 
photographs,  and  lantern  slides.  Just  here,  however, 
I  must  ask  you  to  make  one  of  the  landings  from  the 
upper  air  and  permit  me  to  deal  with  the  subject  at 
greater  length.  You  will  be  astonished  at  the  immense 
progress  which  has  been  made  to  the  general  benefit 
of  our  industry. 

Of  the  greatest  interest  are  the  alloys  of  iron  with 
other  heavy  metals  and  metalloids,  i.  e..  alloyed  steel. 
Instead  of  carbon,  other  elements  are  employed, 
which  likewise  enhance  the  hardness  of  steel,  but  pre- 
vent the  formation  of  a  crystalline  micro-structure 
liable  to  cracks  and  flaws.  The  most  important  of 
these  elements  is  nickel. 

Nickel  Steel. — The  readiness  with  which  nickel  forms 
an  alloy  with  iron  has  long  been  common  knowledge. 
Even  in  Bessemer's  days,  attempts  were  made  in 
Great  Britain  to  turn  out  cannons  made  of  steel  con- 
taining 2  per  cent,  nickel.  The  experiments  were 
not  successful  because  the  nickel  obtained  at  that  time 
contained  impurities,  such  as  copper,  arsenic  and  sul- 
phur, so  that  the  steel  could  not  be  forged.  Thirty 
years  later  pure  nickel,  as  we  know  it  to-day,  made 
successful  results  possible.  The  same  was  the  case 
with  chromium,  silicon  and  manganese,  and  not  until 
these  elements  were  produced  pure,  could  successful 
alloys  be  manufactured  with  them,  either  alone  or 
together  with  nickel.  The  chief  aim  in  the  manu- 
facture of  these  alloys  is  the  formation  of  an  amor- 
phous, pliable  structure  of  the  steel.  This  result  is 
attained  not  only  by  removing  more  or  less  carbon, 
but  above  all  by  a  certain  thermic  treatment,  namely. 
by  suddenly  cooling  steel  heated  to  a  high  temperature, 
heating  again  and  keeping  it  at  a  certain  lower  tem- 
perature. Here  you  can  see  two  samples  of  steel;  in 
the  one  case,  the  coarse  crystallization  of  the  pure 
carbon  steel  before  it  is  forged,  and  in  the  other,  the 
same  steel  refined  by  the  thermic  treatment.  The 
difference  in  the  micro-structure  of  the  forged  carbon 
steel  and  that  of   the   forged  and   thermically   treated 


nickel  steel  must  also  be  noted.  While  carbon  steel 
after  forging  still  shows  a  crystalline  structure  with 
visible  cleavage  planes  of  the  crystals,  the  section  of 
nickel  steel  displays  an  amorphous  structure  closely 
resembling  that  of  welded  iron.  For  comparison  sake. 
a  sample  of  a  welded  iron  fracture  is  exhibited.  It 
must  not  be  overlooked,  however,  that  nickel  and 
chrome-nickel  steels  are  twice  or  three  times  as  hard  as 
welded  iron.  There  are  also  exhibited  test  pieces  of 
alloyed  steel  construction  parts  to  be  used  in  the 
automobile  industry.  Notwithstanding  the  high 
tensile  strength  of  about  go  kilos  per  square 
millimeter  (i.  c.,  about  55  tons  per  square  inch),  no 
fracture  is  noticeable  although  they  are  greatly  bent. 
Aside  from  these  improvements,  which  are  of  such 
great  moment  for  structural  steel,  the  iron  alloys  have 
found  many  new  applications. 

I  merely  mention  the  different  nickel  alloys  for  ship- 
building, electric  appliances,  and  for  valves.  These 
valuable  alloys  containing  23  per  cent,  and  more 
nickel,  are  non-magnetic,  and  not  affected  by  atmos- 
pheric influences;  those  containing  30  per  cent,  nickel 
possess  great  resistance  to  electricity,  while  the  co- 
efficient of  expansion  of  steel  with  45  per  cent,  nickel 
is  only  one-twentieth  of  that  of  ordinary  steel  and  not 
greater  than  that  of  glass. 

Chromium,  Tungsten  and  Molybdenum  Stetl. — It  is 
a  very  interesting  and  novel  fact  that  by  the  thermic 
treatment  alone  the  micro-structure  of  the  cheaper 
kinds  of  unalloyed  iron  plates  and  iron  shapes  is  so 
changed  that  it  becomes  three  times  as  resistant  to 
the  destructive  effect  of  acids.  If  alloys  of  iron  with 
chromium,  tungsten,  molybdenum  and  aluminum  in 
certain  proportions  are  thermically  treated,  this  resis- 
tance is  increased  five-fold,  as  is  shown  by  samples  of 
ordinary  carbon  steel  and  chrome-nickel  steel  which 
underwent  a  treatment  with  dilute  sulfuric  acid  for 
56  days. 

An  alloy  of  ordinary  iron  with  5  per  cent,  nickel  is 
an  excellent  material  for  withstanding  hot  caustic  soda. 
Most  astonishing  properties  are  displayed  by  steel 
alloys  containing  more  than  10  per  cent,  of  chromium 
and  a  small  addition  (2-5  per  cent.),  of  molybdenum. 
Such  alloys  are  manufactured  in  the  form  of  malleable 
cast  and  forged  iron  pieces  by  Krupp  according  to  the 
patents  of  Borchers  and  Monnartz  in  Aix-la-Chapelle 
and  in  the  form  of  rolled  tubes  by  the  Mannesmann 
Rdhrenwerken  in  Remscheid.  These  alloys  are  in- 
soluble not  only  in  dilute  hydrochloric  acid  and  sul- 
phuric acid,  but  also  in  dilute  nitric  acid,  even  with 
the  addition  of  alkali-chlorides,  and  if  they  contain 
about  60  per  cent,  chromium,  35  per  cent,  iron,  and 
2-3  per  cent,  molybdenum  they  withstand  even  boiling 
aqua  regia.  You  see  here  samples  of  this  extraordinary 
steel,  after  treatment  with  acids,  compared  with  ordi- 
nary steel  and  cast  iron. 

Tool  Steel. — It  must  be  especially  mentioned  that 
the  alloys  of  iron  with  chromium,  tungsten  and  molyb- 
denum tempered  by  a  special  process  invented  by  two 
Americans,  Taylor  and  White,  find  most  important 
uses  as  quick  turning  steel  for  all  kinds  of  tools. 

Vanadium  Steel. — The  most  recent  improvements  in 
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the  manufacture  of  steel  for  tools  which  must,  of  ne- 
cessity keep  pace  in  hardness  with  structural  steel 
have  been   made  by   the  employmenl    ol    vanadium. 

Unfortunately,  this  metal  whose  use  is  steadily  in- 
Creasing  is  still  very  dear,  ami  the  chemists'  problem 
is  to  produce  it  more  cheaply.  If  the  price  could  be 
reduced  perceptibly,  metallurgists  prophesy  a  great 
future  for  this  metal,  which  exercises  a  verj  favorable 
influence  on   the  micro-structure  of  steel 

Of  great  importance  are  those  alloys  of  iron  with 
chromium,  tungsten  and  vanadium  which  possess  a 
high  degree  of  hardness  even  at  400 "-500 °  C.  They 
are  needed  by  engineers  for  the  construction  oi  steam 
turbines  and  for  the  embossing  and  spraying  of  metal 
objects  heated  to  redness,  a  process  which  has  lately 
found  extensive  application.  Chemists  use  these 
kinds  of  steel  whenever  chemical  reactions  are  carried 
out  at  high  temperatures  and  pressure,  e.  ,1;..  for  the 
synthesis  of  ammonia  according  to  Haber's  process. 
The  very  latest  alloy  has  now  been  patented  and  is 
being  manufactured  by  Krupp  for  the  construction  of 
safety  vaults  and  safes.  This  steel  can  neither  be 
drilled  nor  exploded,  nor  can  it  be  cut  by  the  oxy- 
hydrogen  flame. 

Two  samples  of  steel  are  exhibited,  one  of  ordinary 
steel  in  which  great  holes  have  been  cut  in  51  ',  minutes 
by  using  an  oxy-hydrogen  flame  and  in  6  minutes  by 
an  oxy-acetylene  burner,  and  a  specimen  of  this  new 
alloys  which  has  remained  intact  after  being  treated 
■  with  the  same  oxy-hydrogen  and  oxy-acetylene  flames 
for  1V2  hours.  Let  us  hope  that  on  this  hard  and 
infusible  material  the  scientific  safe-burglar  will  exer- 
cise his  noble  art  in  vain. 

Manganese  Steel. — Of  the  alloys  made  with  man- 
ganese, the  manganese  steel  or  hard  steel,  first  produced 
by  Robert  Hadfield,  because  of  its  great  wearing 
qualities,  is  chiefly  used  for  cast  iron  parts  of  disinte- 
grators and  rails  of  electric  tramways.  On  account  of 
its  hardness,  this  steel  is  not  malleable,  but  it  can  be 
bent  in  the  cold  state  and  is  thus  very  safe  against 
breaking.  It  is  therefore  of  much  interest  to  the  chemi- 
cal industry  where,  in  almost  all  branches,  grinding 
operations  are  carried  out. 

Silicon  Steel. — Finally,  I  wish  to  refer  to  alloys  of 
iron  and  silicon  which  contain  1.5-2.5  per  cent,  silicon 
and  a  high  percentage  of  carbon.  This  steel  is  excel- 
lently adapted  for  tools  and  springs  which  must  stand 
high  strain.  Since  steel  alloys  containing  much  silicon, 
although  brittle  and  porous,  have  proved  very  stable 
against  acids,  they  are  now  being  used  more  and  more 
where  such  a  property  is  of  importance. 

Alloys  with  about  4  per  cent,  silicon,  but  very  poor 
in  carbon,  are  of  greater  value  than  the  above.  Robert 
Hadfield  first  pointed  out  the  importance  of  this  alloy, 
while  Krupp,  working  in  connection  with  Capito  and 
Klein,  a  firm  of  fine-plate  rollers  in  the  Rhineland, 
considerably  improved  it  and  introduced  it  for  electric 
purposes.  It  is  employed  in  large  quantities  in  the 
form  of  sheets  of  0.35  mm.  (',  ,0  inch)  thickness  for 
the  construction  of  dynamos,  alternate-current  motors 
and  transformers.  In  Germany  alone,  the  consump- 
tion of  this  alloy  already  amounts  to  8,000  tons  a  year. 


This    material    has    a    resistance    to    electricity    -1    or    5 

times  greater  than  thai  ol  ordinary  iron  and  loses  only 
half  as  many  watts,  so  thai  the  injurious  Poucaull 
currents  are  reduced  to  a  minimum.  The  manufacture 
ol  transformers  has  therefore  become  much  cheaper, 
for  the  proportion  between  iron  and  copper  is  much 
more  economical.  The  production  of  this  silicon  iron 
alloy  with  its  very  low  percentage  ol  carbon,  and  thai 
..1  the  chrome-nickel  steels  almost  free  from  carbon, 
became  possible  only  after  silicon  and  chromium,  enti  rely 
free  from  carbon,  could  be  manufactured  bv  electric 
smelting  processes. 

Electro-Steel.  Since  the  electric  smelting  furnace 
has  come  into  use  in  the  steel  industry,  the  problem  of 
removing  sulphur,  which  engaged  the  attention  ol 
chemists  for  so  many  years,  has  been  solved.  It  has 
been  found  that  the  electric  furnace  process  produces 
a  slag  free  from  metal,  and  such  a  slag  is  the  prime 
requisite  for  the  complete  desulphuring  of  the  steel 
bath. 

Electrolytic  Iron. — Superior  to  the  silicon  steel,  poor 
in  carbon,  in  its  electric  properties  the  "Ideal"  metal 
for  electromagnets,  is  the  pure  electrolytic  iron — first 
produced  by  Franz  Fischer,  of  Charlottenburg,  and 
now  manufactured  by  the  firm  Langbein-Pfanhauser 
&  Co.,  Leipzig.  Formerly  it  was  impossible  to  pro- 
duce it  free  from  hydrogen,  consequently  it  was  hard 
and  brittle  and  was  not  malleable.  Only  by  electro- 
lyzing  at  ioo°-i2o°  C.  and  employing  an  iron  salt 
solution  mixed  with  hygroscopic  salts,  such  as  calcium 
chloride,  the  iron  became  free  from  hydrogen.  Its 
hardness  then  sinks  far  below  that  of  silver  and  gold 
and  is  not  much  greater  than  that  of  aluminum.  It 
possesses  the  valuable  property  of  becoming  magnetic 
more  quickly  than  ordinary  iron  containing  carbon  or 
silicon,  and  also  of  again  losing  its  magnetism  more 
readily,  thus  considerably  increasing  the  efficiency  of 
electro-motors  for  which  it  is  used.  Among  the 
exhibits,  you  will  find  several  objects  made  of  this 
electrolytic  iron;  for  example,  a  cathode  made  from  an 
electrolytic  iron  plate  during  5  days  of  uninterrupted 
operation ;  also  plates  made  by  rolling ;  further  a  motor 
which,  if  constructed  of"  silicon  iron,  would  furnish 
0.5  H.  P.,  but  being  composed  of  electrolytic  iron, 
though  in  use  for  several  months  without  appreciable 
signs  of  wear,  it  now  furnishes  1.3  H.  P.,  in  other  words, 
it  is  2V2  times  as  efficient.' 

With  all  these  new  materials  at  our  disposal,  among 
which  I  must  also  mention  copper,  with  10  per  cent. 
silicon,  and  copper  nickel,  we  shall  surely7  be  able  to 
improve  all  sorts  of  chemical  apparatus  that  suffer  so 
much  from  wear  and  tear. 

After  this  short  invasion  of  the  domain  of  metallurgy, 
we  shall  now  turn  our  attention  to  the  chemical  indus- 
try proper,  first  dealing  with  the  manufacture  of  the 
heavy  inorganic  chemicals. 

Sulphuric  Acid. — The  triumphal  progress  of  the 
contact  process  for  the  manufacture  of  sulphuric  acid 
in  the  United  States  scarcely  has  its  parallel  in  Ger- 
many, where  it  originated.  Platinum,  in  spite  of  the 
fact  that  its  price  has  increased  three-fold,  is  still  our 

1  See  Zeitschrift  fur  Elektrochemie,  No.  16  U909). 
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principal  contact  agent.  As  it  is  possible  to  carry 
out  other  contact  processes  with  various  contact 
materials,  we  shall  certainly  find  other  agents  than 
platinum  available  for  sulphuric  acid  anhydride.  It 
ought  therefore  to  be  a  fruitful  field  for  research  to 
find  cheap  substitutes  for  platinum.  In  the  20  years 
that  have  elapsed  since  Knietsch  first  successfully 
carried  out  the  contact  process,  the  Americans  have 
increased  their  output  three-fold  for  the  same  weight 
of  platinum.  Nevertheless,  the  old  lead-chamber  pro- 
cess still  competes  with  the  new  method,  and  the 
steady  improvement  of  this  process  and  the  purity  of 
the  resulting  acid  must  be  acknowledged.  In  fact, 
the  lead-chamber  process  promises  to  make  further 
progress  in  the  future  in  view  of  the  success  of  Falding's 
high  chambers  and  Opls  towers  in  which  large  quanti- 
ties of  acid  flow  down. 

The  Gaillard  tower  is  supreme  for  concentration  and 
recovery  of  the  acid  and  for  the  regeneration  of  the 
various  waste  acids. 

Ammonium  Sulphate. — A  new  way  of  manufac- 
turing sulphuric  acid,  together  with  ammonia,  from 
the  gases  which  are  produced  by  the  dry  distillation  of 
coal,  is  looming  above  the  horizon.  Burkheiser  is 
seeking,  with  the  aid  of  especially  prepared  wet  iron 
compounds,  to  bind  the  sulphur,  simultaneously  ab- 
sorbing cyan,  and  to  convert  the  ammonium  sulphite 
thus  produced  into  ammonium  sulphate  by  oxidation 
with  atmospheric  air. 

In  competition  with  Burkheiser,  Walter  Feld  is 
endeavoring  to  recover  sulphur  directly  as  ammonium 
sulphate  by  a  series  of  interesting  reactions,  in  which 
thiosulphates  play  an  important  part.  Such  plants 
are  in  operation  in  Konigsberg  and  here  in  New  York. 

Nitrogen  Compounds. — So  much  has  been  written 
concerning  the  progress  made  in  the  last  5  years  in  the 
utilization  of  atmospheric  nitrogen,  that  I  need  not 
enter  into  a  description  of  Birkeland-Eyde's,  Schon- 
herr's  or  Pauling's  process  for  the  direct  oxidation  of 
nitrogen  by  means  of  the  electrical  discharge,  nor  of 
Frank-Caro's  method  of  forming  cyanamide  from  car- 
bides [the  world  production  of  cyanamide  is.  ac- 
cording to  Dr.  N.  Cam,  120,000  tons  per  year,  of 
which  31,000  tons  are  manufactured  in  Germany 
(16,000  in  Trostberg  and  15,000  in  Knapsack  near 
Cologne),  19,000  tons  are  made  in  Niagara  Falls  by  the 
American  Cyanamide  Co.,  and  during  the  next  three 
years  the  total  production  is  to  be  increased  to  200,000 
tons],  nor  is  it  necessary  to  describe  the  Serpek  process 
for  the  production  of  ammonia  from  aluminum  ni- 
trides combined  with  the  utilization  of  alumina  which 
is  simultaneously  obtained.  I  will  mention,  however, 
that  the  problem  of  concentrating  the  dilute  nitric 
acid,  as  obtained  in  the  large  absorption  apparatus 
from  nitrous  gases,  has  been  solved  by  Pauling's 
method,  in  which  sulphuric  acid  is  used  in  a  battery 
of  towers.  It  is  also  possible  now  to  economically 
convert  cyanamide  into  ammonia  and  this  again  into 
nitric  acid. 

Soda  and  Chlorine.  -The  50-year  old  Solvay  pro- 
cess, which  has  conquered  the  whole  world,  still  remains 
master  of  the  situation.      This  is  all  the  more  remark- 


able since  it  is  still  imperfect  as  far  as  the  yield  is  con- 
cerned ;  a  quarter  of  the  salt  used  in  the  process  is  lost 
as  such  and  the  whole  amount  of  chlorine  in  the  form 
of  calcium  chloride. 

Although  the  materials  employed  in  the  LeBlanc 
process  are  completely  utilized,  this  fact  will  not  give 
it  any  chance  of  surviving,  and  it  would  seem  to  be 
now  chiefly  of  historical  interest. 

Not  less  remarkable  is  the  25  years'  career  of  the 
alkali-chloride  electrolysis.  The  limited  market  for 
chlorine  compounds  and  the  great  space  taken  up  by 
the  electrolyzing  baths  were  great  obstacles  to  the 
progress  of  this  apparently  simple  method.  For  the 
same  reasons  the  most  approved  processes,  such  as  the 
Griesheim  cement  cell,  the  quicksilver  cathodes  of 
Castner  and  his  successors,  the  Aussig  Bell  and  the 
wire-gauze  diaphragm  of  Hargreaves,  with  its  many 
varieties,  of  which  the  Townsend  cell  is  the  latest  and 
best,  did  not  develop  as  expected.  The  limited  de- 
mand also  quickly  restricted  the  operation  of  the  bril- 
liant method  of  manufacturing  chlorates  by  electrolysis. 

Tin. — Tin  is  not  only  produced  from  natural  ores, 
but  also  in  more  than  20  detinning  establishments 
from  tin-plate  and  tin-can  waste;  200,000  tons  of  tin- 
plate  waste  are  subjected  to  this  treatment  and  about 
24  million  Marks  ($6,000,000)  worth  of  tin  and  iron 
are  recovered.  The  electrolytic  detinning  process,  on 
account  of  high  wages,  the  great  cost  of  current,  and 
the  considerable  manufacturing  loss,  has  been  re- 
placed— where  there  is  a  market  for  chloride  of  tin — 
by  the  patented  process  of  Thomas  Goldschmidt,  of 
Essen.  This  process  takes  advantage  of  the  properties 
of  chlorine  gas,  in  the  dry  state,  to  greedily  take  up 
tin  without  reacting  on  iron  if  certain  temperatures 
are  observed.  Instead  of  the  inferior  quality  of  elec- 
trolytic tin  mud,  which  must  be  converted  into  mar- 
ketable tin  by  costly  smelting  operations,  the  new 
process  yields  an  anhydrous  tin  chloride  used  in  large 
quantities  for  weighting  silk.  The  detinning  with 
chlorine  is  not  carried  out  with  cuttings,  as  in  the 
electrolytic  process,  but  with  waste  pressed  in  hard 
packages  so  that  20  times  as  much  material  can  be 
treated  in  the  apparatus  at  the  same  time.  In  the 
United  States  this  process  is  operated  by  the  Gold- 
schmidt Detinning  Company  of  New  York. 

Reducing  and  Oxidizing  Agents. — One  of  the 
most  brilliant  successes  in  applied  chemistry  has  been 
achieved  by  the  persevering  experiments  of  some 
chemists  with  a  long  neglected  substance,  the  consti- 
tution of  which  had  never  been  properly  understood. 
The  old  hydrosulphite  of  Schiitzenberger,  rendered 
stable  and  easily  transportable  in  powder  form  as  an 
anhydrous  sodium  salt  or  as  Rongalite  in  combination 
with  formaldehyde,  has  now  become  a  most  important 
article  of  commerce.  It  is  chiefly  used  in  vat  dyeing 
and  for  reducing  purposes  in  general,  such  as  stripping 
dyed    fabrics    and    as    Decrolin    for    bleaching    sugar. 

Peroxides,  Persulphates  and  Perborates. — Per- 
oxid  of  hydrogen  and  its  derivatives  at  present  find 
less  favor  in  commerce,  although  their  future  appears 
to  be  very  brilliant.  Recently  the  Farbenfabriken 
vorm.    Fricdrich   Bayer  &  Co.   succeeded   in   rendering 
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this  important  oxidizing  agent,   which  easily  dei 
poses  and  can  be  marketed  only   in   water  solution, 
solid  and  stable  by  the  addition  oi  urea 

This    powder    is    in    the    market    under    the    name    of 

Ortizon,  bu1  on  accou.n1  of  its  relatively  high  cost  is 
intended  not  so  much  for  technical  as  for  hygienic  and 
pharmaceutical  purposes, 

The  interesting  manufacture  of  sodium  peroxid 
from  sodium  and  the  many  scientific  investigations  of 
the  persalts,  have  not  been  followed  by  great  commer- 
cial success.  The  persulphate  and  perborate,  how- 
ever, the  latter  under  the  name  of  "Persil."  are  being 
manufactured  on  a  large  scale.  The  reason  of  this 
failure  seems  to  be  the  high  cost  of  production. 

Rare  Mktals  — The  most  interesting  alloys  dis- 
covered by  Muthmann  and  Auer  have  found  little 
application  in  the  arts,  and  the  use  of  cerium  and 
thorium  preparations  is  still  confined  to  the  incan- 
descent  gaslight  industry.  Only  the  "Auermetal," 
consisting  of  35  per  cent,  iron  and  65  per  cent,  cerium, 
is  employed  and  this  only  to  a  limited  extent  for  the 
manufacture  of  pocket  cigar  lighters. 

In  the  metal  filament  lamp  industry,  tungsten, 
which  shows  the  highest  melting  point  of  all  metals, 
namely  3ioo°C.  has  replaced  tantalum,  which  melts  at 
about  23000  C.  This  became  possible  onlv  after  suc- 
cessful experiments  to  render  the  metal  ductile  by 
hammering. 

The  elements  cadmium,  selenium  and  tellurium  are 
obtained  in  great  quantities  as  by-products;  the  first  is 
produced  in  the  zinc  industry  and  the  other  two  from 
the  Tellur  gold  ores  found  in  Cripple  Creek,  Colorado. 
Although  sold  at  relatively  low  prices  they  find  but  little 
use  in  the  industries. 

Artificial  Precious  Stones. — Finally,  I  will,  in 
but  a  few  words,  touch  upon  a  new  industry,  viz.,  the 
synthetic  manufacture  of  precious  stones  from  alumina 
with  additions  of  chrome  oxide,  iron  oxide  or  titanic 
acid.  Artificial  rubies  and  white,  yellow  and  blue 
sapphires,  which  cannot  be  distinguished  from  natural 
stones,  are  being  manufactured  in  great  quantities  in 
Paris  and  recently  also  by  the  Electrochemische 
Werke,  Bitterfeld.  They  are  used  extensively  for 
jewelry  and  especially  as  bearings  in  watches  and 
measuring  instruments. 

All  this  will  give  you  a  striking  picture  of  the  de- 
velopment of  inorganic  chemistry  which  is  taking  a 
more  and  more  important  position  beside  organic 
chemistry. 

Applied  Organic  Chemistry. — In  the  organic 
chemical  industry  the  reactions  are  considerably  more 
complicated  and  the  apparatus  mostly  smaller  than  in 
the  inorganic  industry.  Here  the  chemist,  like  a 
juggler  with  his  balls,  gives  every  atom  a  definite 
position  in  the  many  thousand  combinations  which 
carbon  forms  with  hydrogen,  oxygen,  nitrogen  and 
sulphur,  and  there  exist  the  most  varied  reactions  and 
processes  which  may  lead  to  the  same  result..  This 
chemistry  of  the  carbon  compounds  has  been  most 
wonderfully  perfected  in  the  coal-tar  color  industry, 
and  in  every  factory  of  this  branch  there  are  hundreds 
of  scientifically  trained  chemists  always  experimenting 


and  daily   finding  new  combinations  possessing  propi  I 

ties  oi  technical  value.  Before  these  products  becomi 
finished  articles  to  be  sold  as  colors  perfumes  or 
pharmaceutical  preparations,  they  must  further  ijo 
through  a  series  o|   numerous  intermediary  operations. 

which  finally  lead  to  the  marketable  chemicals. 

Coal-Tar.      The  starting  material  of  the  important 

coal-tar  color  industry  is  the  black  tar  which  ii 
tained  by  the  dry  distillation  of  coal  and  is  known  to 
contain  about  150  different  chemical  products,  >>t 
which,  aside  from  carbolic  acid,  the  aromatic  hydro- 
carbons, benzole  and  its  homologues,  toluol  and  xylol, 
naphthalene  and  anthracene,  play  the  greatest  part. 

More  recently  carbazol  has  been  isolated  from  tar 
on  a  large  scale  and  has  become  a  most  important  raw 
material  for  the  manufacture  of  the  color  "Hydron- 
blue"  by  Leopold  Cassella  &  Co.,  Frankfort  a  M 
Hydronblue  is  a  sulphur  dyestuff  distinguished  by  its 
fastness  against  washing  and  chlorine.  Acenaphthen. 
which  also  occurs  in  coal-tar  as  such,  is  the  starting 
material  of  a  red  vat  dye  "Cibanonred,"  discovered  by 
the  Society  of  Chemical  Industry  in  Basle.  It  is  to  be 
regretted  that  hitherto  no  technical  use  has  been  found 
for  phenanthrene,  which  is  also  one  of  the  constituents 
of  tar. 

Besides  carbolic  acid,  its  homologues  and  the  various 
cresols,  etc.,  are  being  isolated  by  Dr.  F.  Raschig  in 
Ludwigshafen  on  the  Rhine.  These  substances  are 
largely  employed  in  the  manufacture  of  explosives  and 
coloring  matters. 

As  long  as  coal  gas  is  produced  for  illuminating  and 
heating  purposes  and  as  long  as  coke  must  be  used  for 
the  reduction  of  iron  ores,  tar  will  always  remain  the 
cheapest  raw  material  for  the  manufacture  of  these 
hydrocarbons.  But  since  it  may  become  necessary 
in  the  future — as  is  already  possible  to-day — to  use 
coal  in  a  more  rational  way,  at  the  same  time  producing 
hydrocarbons,  the  coal-tar  color  industry  need  not 
fear  a  scarcity  of  this  important  raw-  material,  the  less 
so  as  certain  kinds  of  petroleum,  e.  g.,  Borneo  petro- 
leum, contain  large  quantities  of  aromatic  hydrocar- 
bons from  which  the  Rheinische  Benzinwerke,  in 
Reisholz  near  Dusseldorf,  has  already  isolated  toluene 
in  the  form  of  nitrotoluene  in  a  commercial  way.  If, 
however,  a  still  greater  demand  for  these  hydrocarbons 
should  occur,  other  methods  of  obtaining  them  must 
be  found.  We  shall  then  surely  succeed  in  producing 
them  synthetically  either  directly  from  the  elements 
carbon  and  hydrogen  or  indirectly  from  carbide  of 
calcium  by  passing  acetylene  through  glowing  tubes — a 
reaction  which  was  already  carried  out  successfully 
in  the  early  sixties  of  the  last  century  by  Berthelot 
and  recently  by  Richard  Meyer.  At  the  present  time 
about  one-quarter  of  Germany's  annual  output  of 
coal  is  converted  into  coke,  viz.,  20  per  cent,  for  foun- 
dry purposes  and  4  per  cent,  in  gas  works,  while  in 
England  the  quantities  are  12  per  cent,  and  6  per  cent., 
respectively. 

Distillation  of  Tar. — The  point  of  greatest  im- 
portance in  the  distillation  of  tar  is  still  the  separation 
and  isolation,  in  the  cheapest  possible  way,  of  the 
different    hy-drocarbons    in    their    purest    form.      The 
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stills  have  been  continually  enlarged,  those  employed 
to-day  having  a  capacity  of  60,000-80,000  liters 
(13,000-17,500  gallons).  On  the  other  hand,  a  con- 
tinuous process,  such  as  is  possible  in  the  bituminous 
coal-tar  industry,  has  not  yet  been  found.  A  large 
number  of  patents  have  been  taken  out  for  apparatus 
intended  to  solve  this  problem,  but  none  of  them  have 
proved  satisfactory  in  practice. 

Organic  Intermediate  Products.— The  conversion 
of  the  aromatic  hydrocarbons  into  intermediate  pro- 
ducts necessary  for  the  color  industry  is  almost  always 
carried  out  by  treatment  with  concentrated  sulphuric 
and  nitric  acid  and  subsequent  reduction  of  the  thus 
obtained  nitro-compound  by  means  of  metals  or 
metallic  oxides  and  sulphides.  In  the  production  of 
amines,  iron  is  the  principal  agent  of  reduction, 
while  zinc  and  tin  are  mostly  used  in  the  production 
of  azo-compounds.  The  electrolytic  reduction  has 
not  proved  useful  for  these  processes. 

The  methods  of  producing  nitro-  and  amido-com- 
pounds  have  been  very  little  changed  as  far  as  chemical 
operations  are  concerned,  but  with  the  increase  of 
their  production  their  poisonous  properties  became 
more  and  more  apparent  and  forced  manufacturers  to 
modify  the  processes  so  that  they  could  be  carried  out 
in  tightly  closed  vessels  in  order  to  protect  the  life  and 
health  of  the  workmen. 

In  Germany  legislation  has  been  recently  enacted, 
based  on  the  experience  of  the  individual  factories, 
which  lays  down  rules  and  regulations  for  strict  ob- 
servance, 

Several  trinitro-compounds  have  been  shown  to  be 
explosives,  and,  like  trinitrotoluene,  are  now  largely 
employed  as  substitutes  of  picric  acid  in  the  manu- 
facture of  explosives. 

The  introduction  of  oxy-groups  into  the  molecule  is 
mpstly  brought  about  by  melting  sulpho  acids  with 
alkalies,  and,  according  to  more  recent  methods,  with 
alkaline  earth  metals,  such  as  calcium  and  barium 
hydrates.  Since  chlorine,  produced  electrolytically,  is 
obtainable  in  unlimited  quantities  and  chemically 
pure,  chlorine  substitution  derivatives  of  the  hydro- 
carbons have  been  employed  for  all  kinds  of  synthetical 
purposes.  Many  of  these  chlorine  derivatives  can  not 
only  be  converted  into  oxy -derivatives  by  melting 
with  alkalies,  but,  like  paranitro-chlorbenzole,  they 
also  directly  exchange  their  chlorine  for  an  amide 
group  when  treated  with  ammonia  or  its  derivatives. 
Colors  also  often  change  their  shade  when  a  halogen 
atom  is  introduced  into  their  molecule  and  acquire 
more  valuable  properties.  Chlorine  has  therefore 
proved  exceedingly  .useful  in  the  preparation  of  inter- 
mediate products  and  will  undoubtedly  become  of 
still  greater  service  in  the  future. 

In  the  naphthalene  series,  the  method  discovered  by 
Bucherer  and  Lepetit  for  the  conversion  of  the  hydroxyl 
group  into  the  amido  group  and  vice  versa,  employing 
sulphurous  acid  esters,  has  proved  of  great  practical 
value.  Phosgene,  too,  is  to-day  being  more  and 
more  employed.  Several  decades  ago  it  became  an 
important  substance  for  the  production  of  the  urea  of 
paramidobenzolazo-salicylic    acid,    introduced  into  the 


market,  under  the  name  of  "Cottonyellow,"  as  a 
beautiful  yellow  cotton  color  of  great  fastness  to  light. 
Its  principal  use,  however,  was  for  the  manufacture 
of  the  bright  but  fugitive  triphenylmethane  colors. 
It  is  now  especially  used  to  combine  2  molecules  of 
aromatic  compounds  with  free  amido  groups,  thus 
producing  urea  derivatives,  and  if  the  starting  ma- 
terial is  an  azo  color,  the  resulting  urea  derivative  is, 
as  a  rule,  much  faster  to  light  than  the  original  color. 
Imidazol,  thiazol  and  azimido  compounds  of  the  most 
varied  kinds  are  also  manufactured  and  converted  into 
azo  colors. 

In  the  series  of  the  aldehydes  and  carboxylic  acids 
there  are  no  epoch-making  discoveries  to  be  recorded. 
Chemists  still  start  from  hydrocarbons  chlorinated  in 
the  side  chain  or  directly  oxidize  the  homologues  of 
benzole.  Kolbe's  synthesis  of  salicylic  acid,  of  which 
large  quantities  are  used  in  the  color  industry,  is  also 
applied  at  an  ever-increasing  rate  for  the  production 
of  the  oxycarboxylic  acids.  But  the  direct  introduc- 
tion of  the  carboxylic  group  into  the  benzole  molecule, 
unsubstituted  by  hydroxyl,  is  a .  greatly  desired 
achievement  which,  however,  has  not  yet  been  at- 
tained. It  is  also  a  matter  of  greatest  importance  that 
in  substitution  reactions  of  the  aromatic  nucleus  we 
should  be  able  to  vary  at  will  the  ratio  of  the  isomers 
to  be  formed. 

Besides  the  biochemical  production  of  ethyl  alco- 
hol from  wood  waste  and  from  the  waste  liquors  of  the 
sulphite  cellulose  industry,  I  wish  to  mention  the 
synthesis  of  organic  compounds  by  the  addition  of 
water  to  acetylene.  In  this  manner  we  produce  in  a 
simple  way  acetaldehyde,  which  can  be  easily  con- 
verted into  acetic  acid,  a  very  important  starting 
material  for  the  manufacture  of  numerous  products. 

The  steady  search  for  new  raw  materials  and  new 
intermediate  products  to  be  utilized  in  the  manufacture 
of  colors  has  often  been  crowned  with  success.  We 
need  only  to  recall  the  many  intermediate  products 
which  have  been  made  available  for  the  production  of 
vat^  dyes  and  sulphur  colors  and  which  have  led  to 
the  discovery  of  new  substances  with  most  valuable 
properties.  Very  often  new  lines  of  research  are  not 
always  based  upon  preconceived  theoretical  ideas, 
but  are  opened  up  by  mere  accident.  A  keen  power 
of  observation,  however,  is  the  most  necessarv  equip- 
ment of  the  chemist  who  aims  at  success. 

Coal-Tar  Colors. — In  no  branch  of  technical 
chemistry  has  such  intense  work  been  performed  as 
in  that  of  the  coal-tar  color  industry.  The  outsider 
long  ago  may  have  thought  that  so  much  had  been 
accomplished  in  this  field  that  nothing  more  was  left 
to  be  done.  The  countless  dyestuffs,  giving  all  the 
colors  of  the  rainbow,  might  well  have  given  rise  to 
the  belief  that  there  was  already  a  surplus.  But  here 
the  course  of  events  was  just  as  it  generally  is  in  life. 
With  growing  possessions,  man's  needs  and  demands 
also  multiply.  While  people  were  formerly  content 
to  produce  with  coal-tar  colors  every  possible  shade 
in  undreamt-of  brightness  in  the  simplest  way,  they 
gradually  began  to  make  more  and  more  exacting 
demands  as  regards  fastness.      Not  only  had  materials 
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to  be  dyed  a  pleasing  shade,  bul  they  also  had  to  !><• 
last  to  washing  and  light.  Thus  new,  alluring  prob 
lems  wen-  submitted  to  the  color-chemist,  and  his 
indefatigable  efforts  have  already  carried  him  a*  long 
way  towards  1  he  desired  end.  Strange  to  sav.  among 
the  public,  you  will  frequently  meet  the  view  that 
artificial  eiders  do  not  give  fast,  dyeings.     This  is  a 

deeided   error   which   eannot    be    too   emphat.iealK    COD 

tradicted.     To-day  we  can  produce  almost  any  shade 

with  any  desired  degree  of  fastness  on  any  kind  ol 
material,  whether  it  be  wool,  cotton,  silk  or  paper. 
If  the  dyer  does  not  always  produce  such  shades  it  is 
the  fault  of  the  trade  which  does  not  express  its  de- 
mands forcibly  enough.  Of  course,  the  dyeing  with 
fast  colors  entails  a  somewhat  greater  expense  which 
must  naturally  be  borne  by  the  consumer. 

Just  at  this  point,  before  discussing  the  progress 
made  in  the  manufacture  of  fast  colors  and  in  order 
to  prevent  misunderstanding,  I  should  like  to  empha- 
size the  fact  that  the  old  colors,  though  not  as  fast  as 
those  more  recently  discovered  and  though,  perhaps, 
quite  fugitive  in  some  respects,  still  have  a  right  to 
exist.  It  would  be  quite  foolish  to  dye  certain  kinds 
of  paper  intended  to  be  in  use  for  only  a  very  short 
time,  with  colors  absolutely  fast  to  light,  or  to  dye 
cloth  never  to  be  washed,  with  expensive  colors  fast 
to  washing,  or,  again,  to  treat  lining,  which  is  but 
slightly  exposed  to  sunlight,  in  the  same  way  as 
materials  which  must  be  exceedingly  fast  to  light. 
Everything  according  to  reason.  For  many  purposes, 
however,  the  need  for  shades  fast  to  light  or  to  both 
light  and  washing  is  so  great  that  it  must  be  given 
every  consideration.  How  mortifying  it  must  be  to 
notice  shortly  after  you  have  decorated  the  walls  of 
y^our  home  with  most  beautiful  and  expensive  mate- 
rials, that  the  lovely  colors  daily  grow  more  unsightly, 
and  to  see  a  solitary  patch  showing  up  in  all  its  pristine 
glory  amidst  a  faded  background  when  a  picture  or 
other  piece  of  furniture  is  moved  to  another  place. 
As  it  is  possible  to  guard  ourselves  against  such  occur- 
rences, we  should  certainly  do  so.  To-day  we  are 
able  to  produce  the  most  beautifully7  colored  wall- 
coverings, whether  of  paper  or  of  woven  or  printed 
fabrics,  to  meet  every  requirement  in  regard  to  fast- 
ness. This  is  proved  by  the  large  collection  of  all 
kinds  of  woolen  and  cotton  fabrics  (after  washing  and 
exposure  to  light)  and  especially  of  wall-papers,  of 
carpets,  rubber  material  and  balloon  coverings,  which 
the  different  firms  of  the  German  color  and  dyeing 
industry  have  placed  at  my  disposal  for  exhibition. 

If  you  now  inquire  how  chemists  have  been  able  to 
make  such  great  progress,  my  only  answer  is  by  logical 
and  untiring  efforts  along  well  known  ways,  undaunted 
by  failures,  and  by  diligently  following  any  track, 
however  faint,  that  gave  promise  of  advance. 

In  every  branch  of  the  color  industry  these  methods 
have  led  to  faster  and  ever  faster  dyestuffs,  from  the 
multicolored  benzidine  colors,  described  as  fugitive 
to  light  and  not  stable  to  washing,  to  the  anthraquinone 
colors  and  the  indigoid  vat  dyes.  In  all  these  classes 
we  have  gradually  learned  to  recognize  certain  regu- 
larities and  to  accomplish  certain  results  by  systemati- 


cally grouping  the  components  and  fixing  the  position 

ol    the  substituting  groups;  thus  we  have  succeeded    iii 
increasing  the  fastness  to  light  of  the  individual  1  h(  W 

teal  according  to  a  preconceived  plan. 

Indigoid    Colors.— The    synthetic    production    oi 

colors  allied  to  indigo  was  stimulated  by  the  successful 
synthesis  of  indigo  which  almost  entirely  displaced 
natural  indigo  and  called  the  attention  of  both  chemist 
and  consumer  in  an  increased  measure  to  the  ad  van 
tages  of  vat-dyeing.  The  King  of  DyestufTs,  Indigo, 
now  finds  itself  in  the  company  of  a  whole  series  of 
other  colors,  the  brome  indigos,  the  thio  indigos  and 
alizarine  indigos,  the  shades  ranging  from  blue  1 
violet,  gray  and  black.  Even  the  "purple"  of  the 
ancients  has  been  reproduced  by  Paul  Friedlaender, 
who  by  isolating  the  dyeing  principle  found  in  certain 
glands  of  the  purple  snail  living  in  the  Mediterranean, 
has  demonstrated  the  fact  that  this  natural  color  is 
identical  with  a  dibrom-indigo  which  had  been  long 
before  produced  synthetically.  These  indigoid  colors 
possess  the  same,  if  not  better,  properties  than  indigo 
itself. 

Alizarine  Colors. — The  fastness  of  the  alizarine 
colors,  e.  g.,  alizarine  red,  used  for  Turkey  red,  was  well 
known  in  ancient  times.  But,  whereas  formerly  only 
mordant  colors  were  considered  to  be  fast,  and  conse- 
quently only  these  were  looked  for  in  the  anthraquinone 
group,  which  led  to  the  discovery  of  alizarine-orange, 
-brown,  -blue  and  the  alizarine  cyanines,  Robert  E. 
Schmidt  in  1894-1897  succeeded  in  finding  acid-dyeing 
anthraquinone  colors  which  dye  every  shade,  rivalling 
the  old  and  well  known  triphenylmethanes  in  bright- 
ness and  simplicity  of  application  and  the  alizarine 
mordant  colors  in  their  extraordinary  fastness  to  light. 
I  merely  mention  alizarine-cyanine-green,  alizarine- 
sky-blue,  anthraquinone-blue,  alizarine-sapphirole, 
-astrol,  -irisol  and  -rubinol.  Their  fastness  to  light  is 
so  excellent  that  in  the  famous  "Manufacture  Nationale 
du  gobelins"  in  Paris,  they  have  replaced  the  older 
dyestuffs  for  the  dyeing  of  wool  used  in  the  manufac- 
ture of  gobelins.  This  means  a  great  deal  if  it  be  borne 
in  mind  that  a  square  meter  of  these  gobelins  for  the 
production  of  which  an  operator  needs  more  than  a 
year,  costs,  on  the  average,  about  6,000  francs. 

Indanthrene  and  Algole  Colors. — An  entirely 
new  era  began  for  the  alizarine  series  when  Rene  Bohn 
in  1 90 1,  found  that  his  new  color,  indanthrene,  could 
be  used  as  a  vat-dye  for  cotton.  This  color  can  be 
dyed  in  its  reduced  state  like  indigo,  but  is  far  superior 
to  the  latter  in  beauty  and  brightness  of  shade,  as  well 
as  in  fastness  to  washing  and  light.  Indeed,  the 
fastness  to  light  is  so  great  that  in  this  respect  it  must 
be  termed  indestructible. 

On  account  of  this  phenomenal  fastness,  indanthrene 
blue  caused  chemists  to  look  for  other  vat  colors  in 
the  anthraquinone  series.  Their  efforts  did  not  re- 
main unrewarded,  and  we  already  possess  colors  of 
this  class  giving  every  possible  shade.  The  Badische 
Anilin  and  Soda  Fabrik  sell  them  under  the  name  of 
"Indanthrene  Colors,"  the  Farbenfabriken  vorm 
Friedrich  Bayer  &  Co.  under  the  name  "Algole  Colors." 
Chemically  most  of  these  vat  colors  belong  to  the  ind- 
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anthrene  type;  some  of  them  are  still  more  compli- 
cated nuclear  products  of  the  condensation  of  several 
anthraquinone  molecules;  others,  again,  are  di-  and 
tri-anthraquinonylaminos.  It  must  also  be  noted 
that  to  the  greatest  surprise  of  all  experts  in  this 
branch,  it  was  discovered  in  the  laboratory  of  the 
Farbenfabriken  vorm.  Friedrich  Bayer  &  Co.,  that 
even  some  of  the  simplest  acyl  derivatives  (-benzoyl) 
of  the  aminoanthraquinones  are  excellent  vat  colors. 
Lake  Colors. — We  must  not  leave  out  of  sight  the 
importance  of  some  colors  of  the  aniline  group  and 
especially  the  anthraquinone  group  for  the  production 
of  lakes  for  paints  and  pigment  colors  for  wall  paper. 
The  alumina  lake  of  alizarine,  the  so-called  madder 
lake,  with  its  fine  shade  and  great  fastness  to  light,  is 
best  known.  Other  alizarine  colors  also  yield  valuable 
alumina  lakes;  thus,  alizarine  sapphirole  gives  a  blue 
lake  of  excellent  fastness  to  light.  But  it  is  not  always 
necessary  to  precipitate  lakes.  Some  of  the  difficultly 
soluble  vat  colors  may  be  directly  employed  in  a  finely- 
divided  form.  Thus  indanthrene  and  algole  blue 
already  play  important  roles  as  substitutes  for  ultra- 
marine for  bluing  higher  class  paper,  textiles  and  even 
sugar. 

The  development  of  the  anthracene  colors,  aside 
from  the  tinctorial  progress,  brought  about  remarkable 
results  in  pure  chemical  research,  for  example  the 
peculiar  action  of  boric  acid  and  the  catalytic  action 
of  quicksilver  in  the  sulphonation  processes  of  anthra- 
quinone. 

But  in  this  branch  of  our  science  as  well  there  is 
still  much  room  for  development.  Many  problems 
remain  unsolved  and  new  ones  are  continually  arising. 
To  satisfy  the  demand  of  the  dyer  many  dyestuffs 
must  still  be  synthesized. 

The  ceaseless  efforts  of  the  color  chemist  will  un- 
doubtedly bring  us  farther  and  farther  along  this  road, 
and  complaints  about  the  insufficient  fastness  of  dyed 
materials  will  be  silenced  at  last.  If  this  goal  is  to  be 
reached,  it  is  absolutely  necessary  for  the  consumer 
to  support  the  manufacturer,  and  I  take  this  oppor- 
tunity to  state  that  in  the  United  States  of  America 
these  fast  colors  are  to-day  more  generally  used,  and 
found  recognition  and  wide-spread  application  here 
earlier  than  in  any  other  country. 

Pharmaceutical  Chemistry. — I  will  now  deal  with 
the  progress  and  problems  of  the  pharmaceutical  in- 
dustry in  the  synthetic  production  of  medicinal  drugs. 
This  industry  is  the  youngest  daughter  of  the  coal-tar 
industry  and  it  is  not  long  since  she  celebrated  her 
25th  anniversary.  Those,  who,  like  myself,  had  the 
good  fortune  to  stand  at  her  cradle  when  Ludwig 
Knorr  discovered  antipyrin,  and  to  guide  her  first 
tottering  steps  at  the  time  phenacetin  and  sulfonal 
were  brought  out,  must  look  back  with  a  joyful  heart 
to  this  period  of  splendid  growth.  Much  brilliant 
work  has  been  accomplished  but  a  vast  amount  still 
remains  to  be  done.  Here  we  see  chemistry  and  medi- 
cine intimately  bound  together,  the  one  dependent 
upon  the  other  and  powerless  without  its  aid.  What  an 
organization,  what  boundless  intelligence  is  necessary 
and  what  immense  energy  has  to  be  expended  in  order 


to  discover  a  new  synthetic  remedy  and  to  smooth  its 
path  through  the  obstacles  of  commerce!  First,  we 
need  a  fully-equipped  chemical  laboratory,  then  a 
pharmacological  institute  with  a  staff  of  men  trained 
in  medicine  and  chemistry,  an  abundance  of  animals 
to  experiment  upon,  and  finally — the  latest  develop- 
ment in  this  field — a  chemo-therapcutic  and  bacterio-  ' 
logical  department  equipped  according  to  the  ideas  of 
Professor  Ehrlich ;  all  these  must  be  in  close  connection 
with  one  another.  Whatever  has  been  evolved,  and 
after  much  painstaking  effort  selected  as  useful,  finds  its 
way  into  the  manufacturing  department,  there  to  be 
elaborate  in  the  most  minute  details  and  brought  to 
the  highest  possible  pitch  of  perfection.  Xow  begins 
the  arduous  work  of  the  scientific  department !  Here 
the  right  sponsors  must  be  found,  here  all  prejudices 
must  be  brushed  aside  and  an  extensive  propaganda 
initiated.  Next,  a  host  of  clinicians  and  practitioners 
must  be  called  into  requisition  so  that  what  has  been 
evolved  in  the  silent  workshop  will  be  conducted  on  a 
staunch  ship  into  the  wide  sea  of  publicity.  And, 
finally  it  is  the  calculating  salesman's  turn;  he  must 
bring  in  enough  to  cover  all  the  expenses  of  the  in- 
numerable experiments  that  have  been  made,  if  the 
new  drug,  which  has  swallowed  so  much  money,  is  to 
survive  and  prosper.  Truly,  all  this  is  a  task  which 
only  too  often  is  misunderstood  and  insufficiently 
appreciated.  If,  however,  a  great  hit  is  made — an 
event  almost  as  rare  as  the  Greek  calends — then  the 
envious,  the  patent-  and  trademark-violator,  and  even 
the  smuggler,  cling  to  our  heels  and  seek  to  rob  us  of 
our  profits  which,  taking  everything  into  consideration, 
are  really  not  large.  But  despite  all  this,  and  though 
unfortunately  opposed  by  druggists  and  physicians 
even  to-day,  the  pharmaceutical  industry  serenely 
pursues  its  task.  For  besides  certain  economic  aims, 
we  also  have  ideals  to  strive  for.  We  combat  syste- 
matically the  symptoms  of  disease  and  are  the  faithful 
auxiliaries  both  of  the  doctor  and  the  harassed  nurse. 
The  agonizing  pains  of  the  patient  we  allay  with  nar- 
cotics and  anesthetics.  When  sleep  flees  the  couch 
of  suffering,  we  compel  it  to  return;  fever,  we  banish. 
We  destroy  the  minute  organisms  which  cause  and 
spread  diseases.  Thus  we  add  to  the  store  of  what  is 
valuable,  and  perfect  what  already  exists.  We  also 
isolate  the  active  principles  of  various  drugs  and  thus 
assure  exact  dosage  and  freedom  from  undesirable  or 
even  dangerous  by-effects. 

In  the  chemical  works  of  Germany  pure  chemical 
science  receives  its  due.  In  every  branch  of  inorganic, 
organic  and  physiological-biological  chemistry  we  are 
working  with  an  army  of  scientifically  trained  men. 
In  synthetic  chemistry,  brilliant  achievements  have 
fallen  to  our  share.  Quite  recently,  Stolz  succeeded 
in  building  up  adrenalin,1  Decker  in  making  hydrasti- 
nin  and  Emil  Fischer  and  Wilhelm  Traube  in  pro- 
ducing   purin    bases.     All    of    these    are    magnificent 

1  1  kg.  adrenalin,  which  is  now  prepared  synthetically,  and  has  been 
introduced  under  the  name  of  "supreranin"  by  the  Farbwerke  of  Hoechst. 
requires  for  its  production  the  adrenal  glands  of  40.000  oxen.  This  product, 
as  well  as  numerous  other  glandular  preparations,  is  nowadays  manufactured 
by  the  large  American  slaughter-houses  themselves. 
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accomplishments,  and  many  of  them  have  been  effected 
in  the  laboratories  of  the  industry. 

That  even  yet,  as  at  the  beginning — the  antifebrin 
period  we  must  trust  to  chance  is  shown  by  the  dis- 
covery Of  atophan,  the  latest  valuable  ant  iarthritic, 
which  is  due  to  a  fortunate  accidental  observation. 
In  the  subject  of  the  old  ergot  problem,  research  work 
is  gradually  bringing  more  light  and  makes  the  possi- 
bility of  synthetically  producing  a  substitute  a  thing 
of  the  near  future.  The  publications  on  this  subject 
show  that  hemostatic  alkaloids  possess  a  compara- 
tively simple  constitution.  That  sedatives  have  their 
place  in  an  age  when  nervous  disorders  are  so  common 
is  not  to  be  wondered  at"  I  need  merely  remind  you 
of  the  new  adalin  which  has  proved  exceedingly  useful. 
Recently,  Emil  Fischer,  the  master  of  chemical  re- 
search, to  whom  the  pharmaceutical  industry  is  in- 
debted for  the  synthetic  purin  bases,  viz.,  caffein, 
theobromine,  and  theocin,  as  well  as  the  valued 
remedies,  veronal  and  sajodin,  has  succeeded,  after 
long  and  fruitless  labors,  in  elucidating  the  constitution 
of  tannin  and  producing  it  synthetically.  He  has 
thus  proved  that  it  might  be  possible  to  manufacture 
tanning  agents  of  all  kinds  artificially  and  has  opened 
up  a  new  and  promising  field  for  research. 

Chemotherapy. — But  a  short  while  ago,  Ehrlich 
drew  attention  to  another  promising  branch  of  pharma- 
ceutical-medical chemistry,  viz.,  the  treatment  of 
infectious  diseases  by  chemical  means.  After  many 
years'  arduous  labor  and  many  thousand  experiments 
on  different  animals,  this  master  of  medicine  and 
chemistry  succeeded  in  demonstrating  that  it  is  possible 
to  produce  chemical  substances'  which  will  kill  the 
parasites  in  the  human  body  without  injuring  their 
host  and  that  this  action  is  a  function  of  the  chemical 
constitution.  The  new  science,  with  its  magical  bullets 
directed  only  against  the  injurious  organisms  in  the 
body  but  not  affecting  its  cells,  pursued  its  course 
from  aminophenyl-arsinic  acid  (atoxyl)  to  diamino- 
oxyarsenobenzole  (salvarsan).  Thus  a  new  synthetic 
preparation,  an  arsenic  compound,  is  added  to  the  old 
and  highly  effective  remedies,  mercury,  quinine  and 
salicylic  acid.  It  is  certain  that  we  are  here  only  at 
the  beginning  of  a  new  development.  We  know 
already  that  we  are  able  to  combat  not  only  spirochetes 
but  also  bacterial  diseases,  like  tuberculosis.  Even 
carcinoma  and  sarcoma,  those  growths  so  destructive 
to  humanity  whose  cause  is,  however,  not  yet  under- 
stood, can  probably  be  influenced  in  a  like  manner  by 
means  of  selenium  compounds,  as  first  pointed  out  by 
Emil  Fischer.  But  were  we  to  learn  to  cure  diseases 
due  to  trypanosomes  and  plasmodia,  what  a  great 
work  w-e  should  have  accomplished  in  the  interest  of 
humanity  and  social  economy,  for.  it  is  in  the  most 
fruitful  lands  indeed  that  these  diseases,  malaria  and 
sleeping  sickness,  are  to  be  found,  and  man  and  beast 
are  ruthlessly  destroyed  by  them.  Neither  salvarsan 
nor  atoxyl  are  of  service  here,  and  therefore  other 
hitherto  unknown  remedies  must  be  found. 

While  the  treatment  of  syphilis,  with  its  terrible 
consequences,  is  still  imperfect  in  spite  of  mercury  and 
salvarsan,    let    us    hope    that    systematic    laboratory 


experiments  with  the  innumerable  products  chemistry 
is  able  to  produce  from  mercury  and  from  arsenic  will 
finally  lead  to  complete  success. 

Synthetic  Perfumes.  -  In  the  perfume  industry 
the  envelopments  made  since  the  scent  of  the  violet 
was  imitated  with  jonon,  and  since  the  successful 
synthesis  of  camphor  from  turpentine,  are  not  of  such 
nature  that  we  need  to  deal  with  them  at  great  length. 
The  importance  of  this  industry  appears  from  its 
yearly  turnover  of  45-50  million  Marks  (10-12  million 
dollars).  Here  the  efforts  of  the  chemists  are  directed 
towards  determining  the  constitution  of  the  complex 
and  simple  natural  perfumes,  isolating  the  various 
products  of  decomposition  obtained  during  the  inves- 
tigation, and  finally  reproducing  the  natural  perfumes 
synthetically.  Such  results  have  already  been 
achieved  in  the  case  of  the  odor  of  the  rose,  lily-of-the- 
valley  and  violet.  Very  often  certain  substances  are 
needed  in  the  compounding  of  perfumes  which,  like 
indole,  possess  anything  but  a  pleasant  smell. 

Artificial  Silk. — Even  if  doubt  be  expressed  as  to 
whether  artificial  silk  (the  yearly  consumption  of  which 
amounts  to  about  7  million  kilograms)  still  belongs  to 
the  chemical  industry  because  it  stands  in  such  close 
relation  to  the  textile  industry,  with  its  weaving  and 
spinning  machines,  yet  the  raw  materials  needed  for 
its  production,  such  as  nitro-cellulose,  copper  ammonia 
cellulose  and  cellulose-xanthogenate  are  of  such  im- 
portance that  the  chemist  and  engineer  equally  divided 
the  responsibility  in  this  branch  of  manufacture. 
Viscose  silk  from  xanthogenate  of  cellulose,  the  pro- 
duction of  which  has  been  recently  very  much  improved, 
seems  to  replace  nitro-cellulose  silk  and  the  copper 
ammonia  silk.  This  viscose  silk  surpasses  all  other 
artificial  silks  in  luster  and  is  the  cheapest  to  manu- 
facture, so  that  the  apparently  simplest  process  of  all, 
the  copper  ammonia  cellulose  silk,  cannot  compete 
with  it  any  more.  Among  the  exhibits  are  fine  speci- 
mens of  this  silk  from  the  Vereinigten  Glanzstoff- 
fabriken  of  Elberfeld  and  their  factory  in  Oberbruch 
in  Dremmen  near  Aix-la-Chapelle.  including  the  vari- 
ous raw  materials,  wood,  cellulose,  alkali  cellulose  and 
the  cellulose-xanthogenates  produced  by  treatment 
with  bisulphide  of  carbon  and  the  viscose  solution  itself. 

Acetylcellulose.  Cellit  Films. — From  acetylcel- 
lulose  soluble  in  aceton,  called  cellit,  the  Farbenfabri- 
ken  vorm.  Friedrich  Bayer.  &  Co.  first  produced 
cinematograph  films,  but  although  they  have  the  great 
advantage  over  those  manufactured  from  nitro-cellu- 
lose of  being  non-inflammable,  it  has  not  been  possible 
to  introduce  them  generally.  In  all  their  properties 
the  cellit  films  are  equal  to  the  old  inflammable  ones, 
yet  the  proprietors  of  moving  picture  theatres  do  not 
take  them  up  because  they  fear  the  competition  of  the 
schools  and  the  home  where  the  cellit  films  would  be 
largely  used  on  account  of  their  non-inflammabilit\r. 
The  only  help  then  would  be  such  action  by  those  in 
authority  as  to  make  it  difficult  to  employ  inflammable 
films  and  to  facilitate  the  use  of  cellit  films.  There 
are  prospects  of  such  legislation  at  least  in  Germany, 
which  would  put  an  end  to  cinematograph  fires  with 
their  great  danger  to  life  and  property. 
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Non-Inflammable  Celluloid  (Cellon). — -The  prob- 
lem of  manufacturing  non-inflammable  celluloid  by 
mixing  cellit  with  suitable  camphor  substitutes  which 
burn  difficultly  or  not  at  all  may  be  considered  as 
definitely  solved.  Eichergriin  has  simplified  the  manu- 
facture to  an  extraordinary  extent  by  showing  that 
certain  acetylcelluloses  may  be  gelatinized  in  the  same 
way  as  nitrocellulose.  As  is  well  known,  nitrocellulose 
with  camphor  in  the  presence  of  a  solvent  yields  a 
so-called  "Solid  solution,"  and  even  in  the  dried  state 
may  be  easily  cut  or  formed  into  sticks,  tubes  or 
threads.  Cellit,  when  treated  in  exactly  the  same  way 
with  appropriate  camphor  substitutes,  can  be  con- 
verted into  "cellon,"  the  non-inflammable  substitute 
for  celluloid.  Single  blocks  weighing  200  lbs.  are 
already  produced  on  a  large  scale  which,  like  celluloid, 
can  be  sawed,  cut,  and  polished;  when  heated  can  be 
pressed  or  bent;  and  when  subjected  to  steam  at  a 
high  temperature  can  be  drawn  and  molded.  Com- 
pared with  celluloid,  cellon  has  the  advantage  of  being 
more  elastic,  soft  and  ductile.  It  is  therefore  frequently 
used  as  a  substitute  for  hard  rubber,  gutta  percha, 
leather,  etc.  Cellon,  in  the  form  of  a  highly  viscous, 
syrup-like  solution,  may  be  employed  for  coating 
fabrics,  wood,  paper,  metal,  etc.,  with  a  thick  enamel- 
like, uniform  and  pliable  surface.  Thus  patent  leather, 
artificial  leather,  insulators,  balloon  covers,  etc.,  may  be 
produced.  In  France  this  varnish  is  already  employed 
for  enameling  aeroplanes.  Objects  made  of  this  novel 
and  widely  useful  material  are  to  be  found  among  the 
exhibits,  being  manufactured  by  the  Rheinisch- 
Westfalische  Sprengstoff  Actien  Gesellschaft  in  Cologne 
and  the  Soci6te  Industrielle  de  Celluloid  in  Paris. 

Rubber. — Finally,  I  will  refer  to  one  of  the  greatest 
successes  and  yet  one  of  the  most  difficult  problems  of 
the  chemical  industry,  viz.,  the  production  of  synthetic 
rubber.  I  am  proud  of  the  fact  that  its  production 
was  successfully  accomplished  in  the  works  which  are 
under  my  management,  and  that  I  was  able  to  follow 
every  stage  of  this  important  discovery.  Perhaps 
you  would  be  interested  to  hear,  although  it  is  getting 
late,  how  the  whole  thing  happened,  especially  as  much 
that  is  untrue  and  misleading  has  appeared  in  the  press 
during  the  last  few  weeks. 

But  first  a  few  words  about  natural  rubber.  The 
old  world  owes  its  knowledge  of  this  substance  to  the 
new.  This  wonderful  product  became  known  in 
Europe  shortly  after  Columbus  discovered  America. 
If  I,  coming  from  across  the  ocean,  now  bring  you 
this  colloid  prepared  there  synthetically,  I  merely 
repay  part  of  the  debt  which  we  owe  America. 

Hardly  a  generation  ago,  the  southern  part  of  this 
great  American  continent  furnished  the  whole  supply 
of  the  different  kinds  of  rubber.  Since  then  extensive 
plantations  of  rubber  trees  have  been  established  in 
various  tropical  countries  and  their  yield  has  grown 
so  enormously  that  the  old  home  of  wild  rubber  will 
soon  be  thrust  into  the  background.  This  is  a  .matter 
which  involves  many  millions;  consequently  a  very 
serious  economical  problem  confronts  South  America. 

You  all  know  that  caoutchouc  is  made  from  the 
milky  sap  of  numerous  species  of  trees  and  shrubs  and 


the  grotesquely  formed  lianas  by  various  coagulation 
processes,  and  that  this  product,  on  being  suitably 
treated  with  sulphur  or  sulphur  compounds,  *.  e.,  by 
vulcanization,  acquires  its  valuable  and  characteristic 
properties.  The  synthetic  method  took  quite  a  dif- 
ferent route.  By  breaking  up  the  very  complex  mole- 
cule which  rubber  doubtless  possesses,  by  pyrogenetic 
processes,  i.  e.,  by  dry  distillation,  a  veritable  maze  of 
all  kinds  of  gases,  oils  and  resins  was  obtained,  as  well 
as  a  colorless  fluid  resembling  benzine,  to  which  the 
investigators  gave  the  name  "Isoprene."  It  was  the 
French  scientist  Bouchardat  who  first  expressed  the 
belief  that  this  isoprene,  which  is  obtained  in  very 
small  quantities  and  in  an  impure  form  by  the  dry 
distillation  of  caoutchouc,  might  be  closely  and  inti- 
mately related  to  caoutchouc  itself.  This  important 
question  was  then  eagerly  discussed  for  several  dec- 
ades by  the  scientists  of  all  countries  and  opinions 
were  sharply  divided.  As  far  back  as  the  eighties,  the 
Englishman  Tilden  claimed  to  have  prepared  artificial 
rubber  from  isoprene  by  treatment  with  hydrochloric 
acid.  But  neither  Tilden  nor  his  assistants,  though 
they  worked  strenuously  for  years,  succeeded  in  re- 
peating the  experiments.  Moreover,  numerous  other 
investigators  were  unable  to  confirm  the  results.  Dr. 
Fritz  Hofmann,  of  the  Farbenfabriken  vorm.  Friedrich 
Bayer  &  Co.,  is  to  be  regarded  as  the  real  discoverer  of 
synthetic  rubber,  for,  by  the  application  of  heat,  he  suc- 
ceeded, in  August,  190Q,  in  polymerizing  the  isoprene 
molecules  into  the  complex  rubber  molecule.  Some- 
what later  Harries  discovered  independently  another 
method  of  arriving  at  the  same  result.  Everyone  is 
now  in  a  position  to  repeat  this  exceedingly  simple 
experiment  himself,  but  in  order  to  confirm  Hofmann's 
results,  it  is  necessary  to  employ  pure  isoprene. 

The  practical  value  of  this  rubber,  of  which  many 
samples  are  among  the  exhibits,  has  been  tested  by 
the  highest  authorities  in  this  branch  of  the  industry, 
while  Professor  Karl  Harries,  whose  unremitting  labors 
extending  over  many  years  prepared  the  soil  for  Hof- 
mann's synthesis,  has  carefully  examined  the  chemical 
constitution  of  the  substance. 

Isoprene  belongs  to  the  butadienes.  It  was  there- 
fore to  be  assumed  at  the  start  that  betamethylbuta- 
diene  would  not  hold  a  peculiar  and  isolated  position 
among  the  butadienes  in  general.  It  was  argued 
that  other  members  of  this  interesting  group  of  hydro- 
carbons would  yield  analogous  and  homologous  rubbers 
on  being  heated.  In  the  synthesis  of  products  occur- 
ring in  nature,  there  is  always  a  possibility  of  producing 
such  variations,  and  our  endeavors  to  find  out  whether 
this  was  true  in  the  case  of  rubber  were  crowned  with 
success,  for  to-day  several  representatives  of  the  new 
class  of  caoutchoucs  possessing  different  properties 
are  known  and  are  being  submitted  to  technical  tests. 
Exact  proof  of  the  existence  of  the  class  of  isomeric 
and  homologous  caoutchoucs  was  also  first  presented 
by  Elberfeld. 

To  you  who  hear  this  account  and  see  these  beautiful 
specimens,  the  matter  appears  very  simple,  intelligible 
and  clear.  In  reality,  however,  it  was  not  so.  The 
difficulties    which    have    been    overcome    were   'great 
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indeed  and   thoS6  which  still  remain  to  lie  sunm  united 

in  ordei  to  produce  a  substance  equal  to  Para  caoul 
chouc  in  quality  and  capable  of  competing  with  cheap 
plantation  rubber  costing  only  _•  marks  per  kil<>,  are 
still  greater.     Hut  such  difficulties  do  no1   intimidate 

the  chemist  and  manufacturer;  on  the  contrary,  they 
spur  them  on  to  further  efforts.  The  stone  is  rolling, 
and  we  will  see  to  it  that  it  reaches  its  destination. 
The  end  in  view  is  this:  that  artificial  rubber  may 
soon  play  as  important  a  role  in  the  markets  of  the 
world  as  does  natural  rubber.  The  consumption  of 
rubber  is  simply  enormous.  Finished  articles  to  the 
value  of  3  milliard  marks  are  manufactured  every 
year,  and  the  raw  material  from  which  they  are  made, 
calculated  at  the  present  market  price  of  1  >  marks 
per  kilo,  costs  one  milliard  marks.  Other  tasks  which 
the  chemist  has  on  hand  shrink  into  insignificance 
compared  with  this  gigantic  problem.  The  laurel 
wreath  will  not  adorn  the  brow  of  the  wild  dreamer 
but  that  of  the  scientist  who,  cool  and  persevering, 
pursues  his  way.  The  seed  he  sows  ripens  slowly, 
and  though  according  to  the  statements  in  the  press, 
all  this  is  mere  child's  play  and  the  problem  has  been 
solved.  I  leave  it  to  your  judgment  whether  this  is 
true  or  not,  like  much  that  printer's  ink  patiently 
transfers  to  paper.  I  am  right  in  the  midst  of  this 
excitement.  I  have  employed  articles  made  of  syn- 
thetic rubber,  and  for  some  time  I  have  used  auto- 
mobile tires  made  of  this  material.  Yet,  if  you  ask 
me  to  answer  you  honestly  and  truly  when  synthetic 
rubber  will  bring  the  millions  which  prophets  see  in 
its  exploitation,  I  must  reply  that  I  do  not  know. 
Surely  not  in  the  immediate  future,  although  syn- 
thetic rubber  will  certainly  appear  on  the  market  in  a 
very  short  time.  But  I  hope  to  live  long  enough  to 
see  Art  triumph  over  Nature  here  also. 

We  are  now  at  the  end  of  our  journey.  We  have 
flown  not  only  over  the  field  of  Germany,  but  also  over 
all  other  countries  where  the  chemical  industry  is 
cultivated.  We  have  taken  a  passing  glance  at  the 
untiring  striving  for  advance,  the  restless  search  for 
,  the  hidden  and  unknown,  the  ceaseless  efforts  to  ac- 
quire more  technical  knowledge  as  witnessed  in  the 
great  laboratories  and  factories  of  our  mighty  and 
ever-growing  industry.  We  shall  now  guide  our  air- 
ship into  the  haven  whence  we  set  out  and  land  where 
our  co-wrorkers  have  gathered  from  all  the  countries  of 
the  earth  to  recount  whatever  progress  each  has 
achieved,  and  to  discuss,  in  public  and  private,  the 
problems  which  have  been  solved  and  those  which 
still  await  solution. 

This  is  the  purpose  and  aim  of  the  Congresses  of 
Applied  Chemistry,  and  in  this  way  they  promote 
directly  and  indirectly  the  interests  of  our  industry. 
But  they  also  serve  another  purpose — to  spread  far 
and  wide  knowledge  of  our  great  deeds.  It  is  thus 
that  they  impress  the  importance  of  our  science  and 
the  arts  founded  on  it  upon  the  public  in  general  and 
especially  upon  those  who  have  influence  in  social  or 
official  positions,  so  that  our  profession  may  advance 
equally  with  others,   and  so  that  the  importance  of 


the  chemical  industry  and  of  those  1 ted   with   it 

from    an   economic,    hygienic   and    social    standpoinl 
.11,,     become  better  and  better  known. 

I  h.il    the  effulgent  light  Of   this   knowledge   will   also 
be   diffused   by    the    Eighth    International    Congress   of 

Applied     Chemistry     is    assured     l,y     the     magnil '■ 

organization  which  our  friends,  the  American  chemists, 
have  provided,  the  skillful  manner  in  which  the  affair 
lias  been  conducted,  the  hospitable  reception  which 
has  been  extended  to  us,  not  only  by  our  colleagues 
but  by  the  people-at-large,  and  which  is  still  awaiting 
us  in  our  tours  of  inspection  of  the  flourishing  industry 
of  America,  in  so  many  respects  a  model  for  others. 
For  Chemical  Science  and  the  Chemical  Industry  the 
following  words  of  Schiller  are  beautifully  descriptive: 
"Only  the  serious  mind,  undaunted  by  obstacles,  can 
hear  the  murmuring  of  the  hidden  spring  of  Truth." 


SYNTHETIC  AMMONIA.1 

By   H.   A.   Bernthsen. 

You  all  know  that  of  the  chemical  elements  that 
occur  in  large  quantity  on  our  planet,  nitrogen  is  one 
which  is  characterized  by  its  complete  indifference  to 
chemical     attack.     Berzelius     already     says     of     it: 
"it  is  difficult  to  recognize  because  it  does  not  differ 
from  other  gases  by  any  conspicuous  property,   but 
can  only  be  recognized  by  means  of  properties  which 
it  does  not  possess."     We  see  therefore  both  in  science 
and  in  arts  that  nitrogen  is  frequently  used  when  it  is 
desired   to   protect   bodies   from    chemical   attack   by 
oxygen  or  when  the  commencement  of  an  oxidation 
is  to  be  prevented.     The  vacuum  of  the  thermometers 
in  instruments  which  are  intended  for  high  tempera- 
tures is,  as  you  are  aware,  filled  with  nitrogen.     The 
storage  of  readily  combustible  liquids,  such  as  coal-tar 
benzene  and  light  petroleum  naphtha,   is  effected  by 
covering   these   bodies   with  nitrogen;   their  transport 
by  applying  compressed  nitrogen.     It  is   to  the  indif- 
ference of  this  element  to  chemical  attack  that  the 
curious  state  of  affairs  must  be  attributed,   that  al- 
though we  are  dependent  for  all  the  conditions  of  life 
on  compounds  of  this  body  and  although  we  live  in 
an  infinite  ocean  of  nitrogen,  yet  up  to  a  short  time 
ago  we  were  not  in  a  position  to  obtain  nitrogen  com- 
pounds from  it.     We  were  forced  to  cover  our  require- 
ments of  saltpeter  for  gunpowder,   of  nitric  acid  for 
gun-cotton  and  for  nitration  and  many  other  applica- 
tions, of  ammonia  for  refrigerators,  for  instance,  and 
so  on,  not  by  drawing  upon  the  nitrogen  of  the  air,  but 
by  utilizing  ready  formed  nitrogen  compounds,  which 
ultimately  result  from  the  processes  of  plant  life  of 
earlier  times.     On  the  one  hand  Chili  saltpeter  and 
on  the  other  hand  the  ammonia  liquor  obtained   in 
small  proportions  as  a  by-product  in  the1  manufacture 
of  gas  or  coke  from  coal  served  to  supply  the  wants 
mentioned.      We  were  also  and  in  particular  dependent 
on  these  two  sources  of  nitrogen  for  the  requirements 
of  agriculture,  which  are  far  greater  than  all  the  other 
taken  together. 

1  Lecture  by  Herr  Hofrat  Prof.  Dr.  Heinrich  August  Bernthsen, 
Managing  Director  of  the  Badische  Co.,  Ludwigshafen-on-Rhine,  Gennany. 
Eighth  International  Congress  of  Applied  Chemistry,  New  York,  September, 
1912. 
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But  now,  while  the  requirements  of  nitrogenous 
manures  are  constantly  increasing,  in  order  to  guaran- 
tee to  the  inhabitants  of  the  world  sufficient  harvests, 
we  have  in  all  probability  to  reckon  with  a  compara- 
tively rapid  diminution  of  the  supply  of  natural  Chili 
saltpeter.  On  the  other  hand  we  cannot  expect  the 
balance  to  be  maintained  by  a  rapid  increase  in  the 
production  of  ammonium  sulfate,  for  this  is  dependent 
on  the  manufacture  of  gas  and  of  coke,  which  increases 
but  slowly.  To  this,  some  working  up  of  peat  may  be 
added,  but  a  production  of  ammonia  in  this  way  as 
the  main  object  of  manufacture  is  impossible.  The 
problem  of  the  conquest  of  elementary  nitrogen,  of 
forcing  this  obstinate  scamp  into  the  service  of  our 
civilization,  has  consequently  attained  immediate 
importance  for  some  time.  Already  three  years  ago 
at  the  Seventh  International  Congress  of  Applied 
Chemistry  in  London,  I  therefore  had  the  honor  of 
reporting  on  the  utilization  of  atmospheric  nitrogen 
and  a  new  way  for  the  production  of  nitrates  from 
the  air. 

It  might  appear  that  the  American  continent, 
which  is  so  richly  blessed  with  the  treasures  of  nature, 
can  perhaps  await  with  greater  patience  the  development 
of  events  than  could  most  European  countries.  For 
while  the  soil  of  the  latter  has  been  worked  to  the 
uttermost  through  centuries  of  agriculture,  the  un- 
exampled development  of  this  country  has  been 
caused,  to  a  great  extent,  by  the  fact  that  agriculture 
had  virgin  soil  at  its  disposal  wherever  it  developed. 
There  may  still  be  places,  such  as  the  English  poet 
Browning  sings  of: 

"Nature  frames 

Some  happy  lands,  that  have  luxurious  names, 

For  loose  fertility ;  a  footfall  there 

Suffices  to  upturn  to  the  warm  air 

Half -germinating  spices;  mere  decay 

Produces  richer  life ;  and  day  by  day 

New  pollen  on  the  lily  petal  grows, 

And  still  more  labyrinthine  buds  the  rose." 
In  general  however  a  change  is  occurring.  The  soil 
of  the  eastern  states,  if  it  is  to  yield  full  harvests, 
in  the  future  already  requires  the  addition  of  manures 
above  all  of  the  nitrogenous  manures,  for  lack  of  the 
latter  is  most  quickly  noticed  by  the  plants.  A  similar 
treatment  would  further  be  of  great  advantage  in 
many  parts  of  the  southern  cotton  states.  Finally, 
in  the  course  of  years,  the  same  requirements  will  be 
noticed  in  the  west  more  and  more,  as  the  development 
of  hitherto  uncultivated  land  even  there  hardly  comes 
any  more  into  consideration.  Nature  will  only  con- 
tinue to  shower  her  favors  on  man  if  he  adapts  him- 
self with  reason  to  her  immutable  laws,  as  expressed 
by  the  poet: 

"Nur  der  verdient  sich  Freiheit  wie  das  Leben, 

Der  taglich  sie  erobern  muss." 
I  therefore  count  upon  your  interest  if  I  deal  to-day 
in  some  detail  with  the  nitrogen  question,  and  announce 
to  you  some  of  the  progress  that  has  been  made  since 
the  last  Congress. 

The   three    methods   employed   for   the    fixation    of 


nitrogen  are:  first,  the  direct  oxidation  of  nitrogen  of 
the  air  forming  nitric  acid,  nitrates,  etc.;  second, 
the  synthesis  of  ammonia  from  nitrogen  and  hydrogen ; 
and  third,  the  fixation  of  nitrogen  to  metals  or 
metalloids  and,  if  desired,  subsequently  decomposing 
the  resulting  products,  nitrids,  etc.,  producing  ammonia. 
Three  years  ago  it  was  the  first  of  these  ways  with 
which  I  dealt  principally.  I  was  in  a  position  to 
announce  that  in  the  processes  of  Birkeland  of  Christi- 
ania,  on  the  one  hand,  and  of  Schonherr  and  the 
Badische  Anilin-  &  Soda-Fabrik,  on  the  other  hand, 
two  important  ways  had  been  opened  up  for  oxidizing 
the  atmospheric  nitrogen  with  the  aid  of  electricity 
obtained  from  water-power.  Two  companies  had 
been  formed  by  a  Norwegian-French  group,  the  Norsk 
Hydro  Elektrisk  Kvaelstofaktieselskab,  and  a  German 
group,  the  Badische  Anilin-  &  Soda-Fabrik  together 
with  the  Farbenfabriken  of  Elberfeld  and  the  Actien- 
gesellschaft  fur  Anilinfabrikation  of  Berlin.  These 
undertakings  and  some  other  associated  enterprises 
have  in  the  meantime  been  developed  with  great 
energy  and  the  factory  at  Saaheim,  which  converts 
about  120,000  H.  P.  of  the  Rjukan  fall  into  oxids  of 
nitrogen,  is  now  in  full  swing.  The  management  of 
these  works  has  passed  into  the  hands  of  the  Nor- 
wegian-French group  by  an  arrangement  with  the 
German  group. 

The  processes  for  the  combination  of  nitrogen  with 
metals,  etc.,  producing  metallic  nitrids,  cyanamjds, 
and  the  like,  and  from  these  ammonia,  have  also 
progressed. 

On  the  one  hand  the  nitrolim  obtained  for  instance 
by  the  union  of  nitrogen  with  calcium  carbid,  which 
is  produced  in  several  factories,  is  in  part  utilized 
directly  as  manure ;  in  part  a  beginning  has  been  made 
with  the  manufacture  of  ammonia  from  it  by  treat- 
ment with  steam.  On  the  other  hand  the  nitrids, 
and  especially  those  of  aluminum  and  silicon,  have 
been  more  closely  studied.  The  process  of  Serpek 
for  the  production  of  aluminum  nitrid  has  been  de- 
veloped by  the  Societe  Generate  des  Nitrures  on  a 
manufacturing  scale  in  order  to  obtain  on  the  one 
hand,  pure  alumina  for  the  production  of  aluminum, 
and  on  the  other,  ammonia.  Then  again  the  Badische 
Anilin-  &  Soda-Fabrik  in  following  up  its  work  on 
barium  cyanid  from  nitrogen,  barytes  and  carbon 
took  up  the  study  of  the  production  of  titanium- 
nitrogen  compounds  and  that  of  silicon  nitrid  from 
silica,  nitrogen  and  carbon,  and  then  in  connection 
with  this  the  production  of  mixed  nitrids  of  silicon 
and  aluminum,  and  of  aluminum  nitrid  itself.  In 
this  field  of  work  also  an  arrangement  has  been  made 
between  the  firms  working  it,  the  Badische  Anilin- 
&  Soda-Fabrik  having  assigned  their  patents  to  the 
Society  Generate,  retaining  for  themselves  certain 
rights  of  preparing  the  nitrids  in  question  according 
to  the  patents  of  both  companies.  It  is  to  be  expected 
that  this  branch  of  industry  will  also  develop  satis- 
factorily. 

I  refrain  from  discussing  any  of  these  methods  of 
fixing  nitrogen  and  refer  to  the  communications  made 
by  the  inventors  themselves  and  in  particular  to  the 
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lecture  delivered  .1  few  days  ago  at  this  Congress,  bj 
Dr.  Eyde,  the  general  director  ol  the  Norwegian 
1 1  impanies  referred  to. 

I  propose  to  <li'al  to-day  however,  from  my  own 
direct  experience,  with  the  development  oi  the  prob- 
lem for  the  synthetical  manufacture  of  ammonia  from 
its  elements.  A  few  years  ago  the  solution  of  this 
problem  appeared  to  be  absolutely  impossible.  It  has 
recently  been  the  object  of  very  painstaking  investi- 
gations by  Professor  Haber  and  the  chemists  of  the 
Badische  Anilin-  &  Soda-Fabrik,  and  numerous  patents 
have  been  taken  out  with  reference  to  the  manufacture. 
Apart  from  what  is  already  published  in  this  way, 
however,  we  have  refrained  from  any  other  announce- 
ments until  we  were  in  a  position  to  report  something 
final  with  reference  to  the  solution  of  the  technical 
question. 

This  moment  has  now  arrived  and  I  am  in  the 
agreeable  position  of  being  able  to  inform  you  that 
the  said  problem  has  now  been  solved  fully  on  a 
manufacturing  scale,  and  that  the  walls  of  our  first 
factory  for  synthetic  ammonia  are  already  rising 
above  the  ground  at  Oppau,  near  Ludwigshafen-on- 
Rhine;  this  factory  will  be  opened  by  the  middle  of 
next  year. 

Permit  me  therefore  to  explain  to  you  the  funda- 
mental points  upon  which  this  latest  achievement  of 
chemical  industry  is  based. 

The  affinity  of  nitrogen  for  hydrogen,  as  is  well 
known,  is  so  small  that  the  two  do  not  appreciably 
unite  with  one  another  either  at  ordinary  or  at  a 
raised  temperature.  It  has  long  been  known  that  by 
electric  sparks  or  by  a  silent  discharge  very  minute 
quantities  of  ammonia  can  be  formed  from  nitrogen 
and  hydrogen.  Also  by  conducting  a  mixture  of 
hydrogen  with  nitrogen  prepared  in  a  particular  way 
over  spongy  platinum,  Johnson  (1881)  thought  that 
he  had  obtained  ammonia,  in  a  quantity  amounting 
to  0.0059  gram  of  NH3  per  hour.  The  nitrogen  had 
been  obtained  from  ammonium  nitrite  and  passed 
through  ferrous  sulfate  solution  in  order  to  remove 
nitric  oxids.  But  nitrogen  prepared  in  other  ways 
did  not  yield  the  ammonia,  so  that  Johnson  assumed 
that  there  were  two  modifications  of  nitrogen. 
Wright  (1881)  proved  that  ferrous  sulfate  did  not 
absorb  all  the  nitrogen  oxids  and  that  the  ammonia 
was  produced  by  the  action  of  hydrogen  on  nitrogen 
oxid  in  the  presence  of  platinum.  When  using  pure 
nitrogen  he  also  obtained  no  ammonia.  Baker  (1883) 
also  came  to  the  conclusion  that  Johnson's  statements 
as  to  the  production  of  ammonia  from  its  elements 
were  mistaken.  In  no  case  could  Baker  notice  any 
signs  of  the  formation  of  ammonia,  and  he  decided 
that  hydrogen  does  not  combine  with  nitrogen  under 
the  influence  of  heated  platinum  sponge. 

Ramsay  and  Young  on  the  other  hand  (1884) 
determined  the  decomposition  of  ammonia  by  heat 
at  various  temperatures.  In  this  research,  among 
other  experiments,  a  mixture  of  dry  nitrogen  and 
hydrogen  was  passed  through  a  red-hot  glass  tube 
filled  with  iron  filings,  or  through  an  iron  tube.  The 
presence    of    ammonia    could    again    not    be    proved. 


When  using  moist  gases  they  noticed  the  pr< 
traces  oi    ammonia,   the  formation   of   which    they  ex- 
plained by  the  decomposition  oi   water  and  the  pro 

duct  ion  of  nascent  hydrogen. 

Again  Perman,  twenty  years  later,  occupied  himself 
with  the  question  of  the  formation  of  ammonia  from 
its  elements.  Upon  slowly  passingamixture  of  nitrogen 
and  hydrogen  (1  vol.:  3  vol.)  through  a  glass  tub< 
heated  to  red  heat,  he  obtained  no  ammonia,  and  the 
same  result  was  attained  when  the  tube  was  filled  with 
porcelain.  But  when  the  mixture,  in  a  moist  condi- 
tion, was  passed  over  red-hot  iron  or  several  other 
metals,  or  over  asbestos,  pumice,  pipe-clay,  etc.,1 
traces  of  ammonia  were  formed,  according  to  Perman's 
statement. 

The  investigations  entered  upon  a  new  phase  when 
Haber,  armed  with  the  weapons  of  modern  physical- 
chemical  methods,  attacked  the  problem  of  the  esti- 
mation of  the  ammonia  equilibrium  in  1904  in  con- 
junction with  van  Oordt."  These  investigators  showed 
that  at  a  temperature  of  about  10000  C.  decomposition 
of  ammonia  into  its  elements  was  almost,  but  not 
quite,  quantitative  (of  1000  molecules  of  ammonia 
999.76  were  decomposed  at  a  temperature  of  10200  C), 
and  that  consequently  from  these  elements  and  under 
the  same  conditions  very  small  quantities  of  ammonia 
were  formed.  The  authors  used  as  contact  material, 
iron  prepared  from  iron  oxalate  by  heating  to  red  heat 
in  a  current  of  hydrogen,  and  the  iron  was  spread  out 
upon  purified  asbestos.  Further,  for  some  experi- 
ments nickel  was  precipitated  from  nickel  nitrate 
upon  pure  silica.  From  a  mixture  of  nitrogen  and 
hydrogen  corresponding  to  100  parts  of  ammonia  they 
obtained  at  the  temperature  mentioned  about  0.02 
parts  of  ammonia,  and  even  this  figure  was  subse- 
quently, by  more  accurate  examination  (see  below), 
shown  to  be  still  too  high.  In  a  further  publication 
in  1905,3  these  results  were  confirmed  and  summarized 
in  the  following  statement:  at  the  temperature  of 
commencing  red  heat  and  upwards,  no  catalyzer  is 
capable  of  producing  more  than  traces  of  ammonia. 
The  work  was  carried  out  at  ordinary  atmospheric 
pressure  "for  practical  reasons,"  and  it  was  pointed 
out  that  even  under  considerably  increased  pressure 
the  position  of  the  equilibrium  would  remain  very 
unfavorable.  Manganese  was  also  taken  into  con- 
sideration as  a  catalyzer,  but  its  effect,  as  also  that  of 
nickel,  was  less  satisfactory  than  that  of  iron. 

While  Haber  in  company  .with  Le  Rossignol4  pur- 
sued this  line  of  research,  Nernst  communicated  the 
results  of  similar  investigations  to  the  general  meeting 
of  the  German  Bunsen  Gesellschaft  at  Hamburg  in 
1 907. s  He  was  induced  to  take  the  matter  up  by  the 
fact  that  Haber's  figures  showed  a  remarkable  dis- 
crepancy from  the  equilibrium  figures  calculated 
according   to  the  famous   "heat  theorem"   of   Nernst 

1  The  action  of  these  latter  bodies  was  explained  by'the  presence  of 
iron  in  them,  but  it  may  be  stated  that  the  alleged  action  of  asbestos,  pipe- 
clay and  pumice  is  due  to  a  mistake. 

2  Z.  anorg.  Chem.,  43,  111. 

3  Ibid..  44,  341. 

*  Bcr..  40,  II,  2144  (1907). 

6  Zeit  fur  Elektrochemie,  13,  521  (1907). 
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himself.  In  order  to  determine  the  otherwise  so 
minute  quantities  of  ammonia,  Nernst  worked  under 
pressure,  using  as  a  rule  about  50  and  up  to  75  atmos- 
pheres, for  according  to  the  well  known  laws  the  con- 
centration of  the  ammonia  increases  with  the  pressure. 
These  results  were  published  more  in  detail  a  year 
later  by  his  co-worker,  Jost.1  The  latter  used  as 
catalysts  besides  platinum  foil  or  iron  (prepared  from 
iron  oxid  in  a  current  of  hydrogen)  also  manganese 
(obtained  from  an  electrically  prepared  amalgam  by 
driving  off  the  mercury  in  a  current  of  ammonia). 
The  figures  here  obtained  for  the  equilibrium  were 
still  lower  than  Haber's,  a  fact  which  Nernst  said  was 
very  regrettable,  for  otherwise  one  might  really  have 
thought  of  preparing  ammonia  synthetically  from 
hydrogen  and  nitrogen.  Haber  and  Le  Rossignol  made 
a  further  publication  in  1908,"  having  now  made  their 
measurements  also  at  a  pressure  of  30  atmospheres. 
By  this  means,  it  is  true,  the  differences  as  against 
Nernst's  experiments  on  account  of  the  position  of 
equilibrium,  as  also  the  maximum  percentage  of 
ammonia  obtainable  at  a  given  temperature,  were  not 
quite  got  over,  but  at  all  events  the  figures  of  both 
scientists  agreed  in  showing  that  this  maximum  is 
extremely  low.  At  a  temperature  of  10000  C.  the 
volume  percentage  of  ammonia  calculated  for  atmos- 
pheric pressure  is  0.0048  per  cent,  according  to  Haber 
and  0.0032  per  cent,  according  to  Jost,  the  correspond- 
ing figures  at  7000  C.  being  0.0221  per  cent,  and 
0.0174  per  cent.3  That  is,  at  these  temperatures  the 
ammonia  equilibrium  is  extremely  unfavorable,  while 
at  lower  temperatures  the  catalytic  action  of  the 
metals  in  question  was  too  low  to  be  able  to  work 
with  them. 

To  sum  up  all  these  investigations  on  the  direct 
combination  of  nitrogen  and  ammonia,  it  can  be  said 
that  the  problem  seemed  now  to  have  become  more 
than  ever  a  mere  dream,  of  which  the  realization  ap- 
peared to  be  quite  beyond  the  bounds  of  possibility, 
so  that  there  was  every  reason  why  the  scientist 
should  turn  his  back  on  so  unfruitful  a  field. 

In  spite  of  this,  Haber  had  a  feeling  that  a  technical 
synthesis  of  ammonia  from  its  elements  could  be 
rendered  possible,  and  placed  himself  in  communica- 
tion with  the  Badische  Anilin-  &  Soda-Fabrik  for  the 
promotion  of  the  work.  He  then  showed,  still  in 
1908, 4  that  the  technical  preparation  of  ammonia 
from  its  elements  can  in  fact  be  carried  out,  in  spite 
of  the  unfavorable  equilibrium  and  the  low  catalytic 
capacity  of  the  contact  metals  used,  if  the  mixture  of 
nitrogen  and  hydrogen  is  kept  under  constant  pressure 
during  the  whole  of  the  operation  and  is  subjected 
alternately  to  the  catalytic  formation  of  ammonia  at  a 
high  temperature  and  then  freed  from  ammonia  by 
absorption  or  condensation  at  a  lower  temperature. 
Care  must  at  the  same  time  be  taken  that  the  heat  of 
the  reaction  gases  containing  ammonia  is  transferred 
afresh  to  the  gas  mixture  about  to  be  acted  on.  In 
other  words,  the  nitrogen-hydrogen  mixture  circulates 

1  Z.  anorg.  Chem.,  57,  414. 

2  Zeil.  fur  Eleklrochemie,  14,  181  (1908\ 

3  Z.  anorg.  Chem..  57,  193.  Zeil.  fur  Eleklrochemie,  14,  193. 
*  German  Patent  No.  235.421.  October  13.  1908. 


under  continuous  pressure,  through  the  vessel  for  the 
formation  of  the  ammonia,  the  vessel  for  the  separation 
of  the  ammonia  and  a  circulating  pump,  all  these 
being  connected  up  to  a  closed  endless  circuit.  Of 
course  it  is  advisable  at  the  same  time  to  replace  with 
a  fresh  nitrogen-hydrogen  mixture  as  much  of  the 
gas  as  is  converted  into  ammonia. 

It  was  further  found  when  working  according  to 
this  continuous  process  of  Haber's  under  conditions 
which  induce  a  relatively  high  concentration  of  am- 
monia that  the  advantages  of  the  heat  regeneration 
are  no  longer  of  such  vital  importance,  but  that  it  is 
sufficient  in  this  case  to  work  continuously  under 
pressure  without  at  the  same  time  regenerating  heat.1 
Finally  it  was  seen'  that  it  is  not  even  absolutely 
necessary  to  work  continuously  under  pressure  (that 
is,  to  circulate  the  gases  continuously  under  pressure), 
if  the  reaction  is  carried  out  under  very  high  pressure, 
for  instance  at  about  one  hundred  atmospheres,  pre- 
ferably however  at  from  150  to  250  atmospheres  and 
even  higher.  A  range  of  pressure  is  hereby  intro- 
duced which  had  never  been  touched  in  the  synthesis 
of  ammonia  and  was  also  something  quite  new  in  any 
manufacture,  for  no  one  had  previously  so  much  as 
thought  of  carrying  out  technically  a  catalytic  reaction 
with  gas  currents  at  the  necessary  high  temperatures 
under  such  an  enormous  pressure. 

By  these  means,  under  a  pressure  of  200  atmos- 
pheres, at  a  temperature  of  from  650-7000  C.  and  using 
an  iron  catalyst  prepared  from  the  purest  iron  oxid, 
occupying,  a  space  of  20  cc,  and  with  a  gas  speed  of 
250  liters  per  hour  (measured  at  ordinary  pressure) 
it  is  an  easy  matter  to  obtain  for  example  5  grams, 
or  per  liter  of  contact  space,  250  grams  of  ammonia 
in  an  hour. 

The  following  further  point  comes  here  into  con- 
sideration. All  previous  publications  had  in  view 
exclusively  the  determination  of  the  ammonia  equilib- 
rium, which  can  be  found  theoretically  most  ac- 
curately in  a  steady  volume  of  gas.  If  a  current  of 
gas  is  used,  the  rate  of  flow  must  naturally  be  kept 
low,  so  that  one  may  be  sure  that  equilibrium  is  reached. 
Now  there  were  no  indications  as  to  how  far  the  con- 
centration of  the  gas  would  be  reduced  when  the  rate 
of  flow  is  raised,  and  whether  the  concentration  would 
be  sufficient  when  such  a  rate  of  flow  is  taken  as  must 
be  done  when  working  on  a  technical  scale.  Haber 
has  therefore  rendered  signal  service  in  showing  that 
one  can  work  successfully  with  such  higher  rates  of 
flow. 

A  diagrammatic  exposition  of  an  apparatus  used  by 
Haber  is  shown  on  the  chart3  before  you.  The  catalyst 
is  in  a  metal  tube  which  opens  in  front  into  a  heat 
regenerator.  The  gas  mixture  passes  from  behind 
into  the  metal  tube,  through  the  catalyst  and  then 
through  the  heat  regenerator  into  a  circulating  pump. 
Leaving  this  it  passes  in  countercurrent  around  the 
outside  of  the  regenerator  tubes  and  the  tube  contain- 
ing the  catalyst  and  then  enters  this  in  front,  repeating 

1  French  Patent  No.  406.943 

-  German  Patent  No.  238,450,  September  14.  1909. 

3  See  the  sketches  in  Haber's  article  in  the  ZcU.  fur  Eleklrochemie,  18, 
244-5  (1910"!;  and  also  British  Patent  No.  17.951  1909. 
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this  journey  again  as  described.  The  apparatus  can 
be  protected  against  loss  of  heal  to  the  air  by  packing 

it  in  isolating  material  and  ran  be  enclosed  in  an  outer 
shell  which  can  withstand  the  pressure.  The.  whole 
of  the  circulation  takes  place  at  high  pressure.  The 
catalyst  is  kept  at  the  suitable  temperature  by  electri- 
cally heating  from  within  or  by  applying  heat  from 
the  outside.  Between  the  heat  regenerator  and  the 
circulating  pump  the  gases  pass  through  either  an 
absorber  or  a  condenser  for  ammonia.  By  means  of 
a  branch  tube  the  nitrogen  and  hydrogen  combined 
to  ammonia  can  be  replaced. 

Finally,  it  was  a  great  step  forward  when  Haber 
found  catalysts  with  the  property  of  rapidly  combining 
nitrogen  and  hydrogen  to  ammonia  in  sufficient  quan- 
tity even  at  much  lower  temperatures  than  those 
previously  required.  He  found  this  to  be  especially 
the  case  with  osmium.  This  metal  has  such  a  very 
favorable  action  even  at  5500  C.  and  below,  that 
under  a  pressure  of  175  atmospheres  a  gas  concentra- 
tion of  8  volumes  per  cent,  of  ammonia  can  be  obtained. 
This  was  all  the  more  astonishing,  as  platinum,  which 
is  closely  related  to  osmium,  has  but  a  very  slight 
catalytic  action.  For  use  on  a  large  scale,  however, 
osmium  scarcely  comes  into  consideration,  for  the 
world's  stocks  according  to  Haber  do  not  amount  to 
much  over  100  kg.  and  only  small  quantities  (about 
1  kg.)  are  obtained  annually;  this  quite  apart  from  its 
high  price  and  very  unpleasant  properties. 

Very  soon  Haber  found  in  uranium  a  further  very 
good  catalyst;  it  can  be  employed  in  the  form  of  the 
metal,  of  an  alloy,  or  nitrid,  or  carbid.  In  the  form 
containing  carbon  or  carbid,  such  is  as  produced  in 
the  electric  arc  from  uranium  oxid  and  carbon,  it 
crumbles  in  the  gas  mixture  under  high  pressure  to  a 
very  fine  powder  containing  nitrogen,  which  even 
under  500 °  C.  has  an  excellent  catalytic  action.  No 
water,  however,  or  impurities  which  give  rise  to  water 
must  be  present  in  the  gases,  when  uranium  is  used  in 
this  way.  From  the  following  table  which  shows  the 
equilibria  obtainable  at  different  temperatures  and 
pressures,  can  be  seen  the  importance  of  the  tempera- 
ture at  which  a  catalyst  is  active  for  the  equilibrium 
of  the  ammonia  produced. 

Equilibria   (N2  :  3H2). 

Pressure. 


Temp. 

1  atm. 

100  atm. 

;s  Centigrade. 

Per  cent. 

Per  cent. 

800 

0.011 

1.1 

700 

0  021 

2.1 

600 

0.048 

4.5 

500 

0.13 

10.8 

400 

0.48 

Haber  published  a  short  report  of  his  work  in  1910.1 
To  my  great  regret  Professor  Haber  has  not  been  able 
to  accept  the  invitation  of  the  officers  of  this  Congress 
to  report  personally  here  on  his  researches,  owing  to 
being  hindered  by  pressure  of  work.  I  have  great 
pleasure  in  fulfilling  his  wish  and  thanking  the  officers 
of  the  Congress  to-day  for  the  honorable  invitation, 
and  express  his  regret  to  this  meeting  that  he  is  unable 
to  be  present. 

i  Zeit.  fur  Elektrochemie ,  16,  244-5. 


I  now  turn  to  the  work  of  the  Badische  Anilin-  & 
Soda-Fabrik     on     the     technical     development      ot      tin 

process.  This  work  was  ■!  course  at  once  taken  up 
in    kjo8  after  the  first  communications  of    Professor 

Haber,  and  Dr.  Carl  Bosch  was  entrusted  with  it. 
In  conjunction  with  his  colleagues  and  with  equal 
energy  and  experience  in  the  field  of  chemistry  and 
engineering  he  has  successfully  carried  out  the  prac- 
tical application  of  the  process. 

The  problems  to  be  solved  were  quite  new  and 
strange  and  demanded  the  mastery  of  very  unusual 
difficulties.  Although  working  with  compressed  gases 
under  pressure  at  very  low  temperatures  was  already 
known  in  the  industry,  the  problem  here  was  the 
totally  different  one  of  constructing  apparatus  which 
should  be  large  enough  and  at  the  same  time  able  to 
withstand  the  high  pressure  with  temperatures  not 
far  from  a  red  heat.  How  well  founded  were  the  doubts 
as  to  the  possibility  of  a  solution  of  this  task  can  be 
gathered  from  the  instance  of  the  wrought  iron  auto- 
claves commonly  used  in  the  color  industry.  Here, 
in  spite  of  a  very  low  range  of  temperature  of  at  most 
about  2800  C,  only  pressures  of  from  50  to  100  atmos- 
pheres at  the  utmost  come  into  consideration.  But 
above  400 °  C.  iron  loses  its  solidity  to  a  very  extraor- 
dinary degree. 

There  is  further  the  circumstance  that  the  metals 
which  come  into  consideration  for  the  construction 
of  the  apparatus,  and  especially  iron,  are  chemically 
attacked  above  certain  temperatures  by  the  gas  mix- 
ture under  pressure.  Although  the  formation  of  iron 
nitrid  from  iron  and  ammonia,  which  could  have  been 
expected  according  to  the  work  of  Fr6my  and  others, 
can  be  avoided,  yet  it  is  found,  for  example,  that  steel 
containing  carbon  loses  its  carbon  at  the  temperatures 
in  question  owing  to  the  action  of  the  hydrogen,  so 
that  its  capability  of  withstanding  pressure  is  reduced 
to  a  minimum.  It  was  further  found,  when  using 
iron  itself,  that  it  is  completely  changed  in  its  qualities, 
chiefly  by  taking  up  hydrogen.  Again,  at  such  high 
temperatures  iron  is  pervious  to  quite  a  remarkable 
degree  to  hydrogen  under  high  pressures.  The  ques- 
tion of  materials  for  the  apparatus  therefore  raised 
at  once  considerable  difficulties,  but  at  length  these 
were  more  than  overcome  by  suitable  construction, 
details  of  which,  I  am  sure,  you  will  not  expect  from 
me  to-day.  The  danger  of  serious  explosions  or  of 
great  sudden  flames  of  hydrogen,  if  the  apparatus 
happens  to  become  defective,,  can  be  guarded  against 
by  setting  it  up  in  bomb-proof  chambers. 

Great  care  must  naturally  be  taken  that  oxygen  or 
air  does  not  get  into  the  apparatus  or  the  piping,  for 
at  the  high  pressure  obtaining  the  explosion  range  is 
reached  with  merely  a  slight  percentage  of  oxygen. 
Special  devices  are  used  to  watch  over  this  content  of 
oxygen,  and  immediately  a  definite  percentage  is 
touched  the  alarm  is  automatically  raised.  Besides 
this  the  proper  constitution  of  the  gas  mixture  in 
circulation  is  controlled  by  analysis  from  time  to  time. 
The  ammonia  can  be  removed  either  by  being 
drawn  directly  from  the  apparatus  in  liquid  form,  or 
an  absorption  agent  can  be  suitably  introduced  into 
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the  apparatus.  The  simplest  absorbent,  water,  has 
been  found  to  be  suited  for  this  purpose;  under  the 
pressure  used  a  concentrated  solution  of  ammonia  is 
secured.  Any  ammonia  that  may  remain  in  the  gas 
after  the  bulk  has  been  removed  by  one  or  other  of 
these  methods  can  be  further  removed  by  special 
chemical  means,  if  it  is  not  preferred  simply  to  leave 
it  in  the  circulating  gases. 

As  before  mentioned,  Haber  observed  that  there  are 
contact  agents  which  are  much  more  active  than  those 
previously  known  (osmium  and  uranium  being  indeed 
found  to  be  much  more  active  than  pure  iron  pre- 
pared from  oxalate  of  iron  or  oxid  of  iron,  platinum, 
pure  manganese,  chromium,  and  nickel,  already  at 
considerably  lower  temperatures).  The  Badische 
Anilin-  &  Soda-Fabrik  therefore  decided  to  study  the 
various  catalysts  very  minutely. 

In  the  course  of  these  investigations,  the  new  fact 
discovered,  that  ammonia  catalysts  in  general  are 
made  more  active  by  the  presence  of  certain  foreign 
bodies,  has  proved  to  be  of  prime  importance. 
Among  these  "promoters,"  as  they  have  been  termed, 
are  oxids,  hydroxids,  or  salts  of  the  alkalies,  of  the 
alkaline  earths  and  the  earth  metals,  further  many 
other  substances  of  the  most  varied  nature,  especially 
other  metal  compounds  or  metals  themselves.  In 
many  cases  just  a  minute  quantity  suffices  to  raise  the 
catalytic  activity.  This  trait  is  common  to  all  cata- 
lysts, for  there  is  not  one  but  its  activity  can  be  raised 
by  these  means.  Care  must  however  be  taken  (for 
reasons  to  be  discussed  later  on)  not  to  choose  such 
mixtures  that  metalloids  such  as  sulfur,  selenium 
tellurium,  phosphorus,  arsenic,  boron,  etc.,  under  the 
conditions  prevailing,  are  incorporated  in  the  catalyst. 
Similarly  compounds  of  metals  with  a  low  melting 
point  which  are  readily  reduced  by  hydrogen  and  which 
themselves  do  not  act  as  catalysts  must  be  avoided; 
such  metals  themselves  as  lead,  tin,  zinc  and  bismuth 
must  also  not  be  added. 

The  promoters  mentioned  can  be  added  either  to 
the  prepared  catalyst  or  to  the  substances  used  in  its 
preparation,  or  the  catalyst  can  be  prepared  from 
such  materials  as  already  contain  such  additions  in 
suitable  mixture  (for  example  magnetic  ironstone). 
Under  certain  circumstances  the  action  of  these  foreign 
bodies  is  specially  powerful,  viz.,  if  the  metals,  or  oxids, 
or  carbonates,  or  other  compounds  which  are  converted 
into  oxids  on  heating,  are  first  heated  to  high  tempera- 
tures, preferably  to  melting  point,  and  so  that  the 
resulting  product  consists  chiefly  of  oxids.  When 
proceeding  in  this  way  with  metals,  for  instance  iron, 
of  course  sufficient  oxygen  or  oxygen-producing  com- 
pounds must  have'  access.  The  mass  of  oxids  obtained 
as  described  is  suitably  broken  up  and  filled  into  the 
contact  stove  either  directly  or  after  reduction.  In 
this  case  extremely  small  quantities  of  foreign  sub- 
stances suffice  to  secure  a  high  and  continuous  activity 
of  the  contact  mass. 

We  consider  the  marked  activity  of  catalysts  pre- 
pared in  this  way  to  be  in  the  first  place  due  to  the 
fact  that  the  additions  mentioned  dissolve,  on  heating, 
in  the  highly  heated  metallic  oxid  or  become  finely 


divided  in  it,  and  that  in  this  way  during  the  following 
reduction  a  sort  of  skeleton,  which  however  is  hardly 
to  be  detected,  is  formed  inside  the  metallic  mass. 
This  effectually  prevents  a  diminution  of  the  surface 
and  therefore  also  of  the  catalytic  properties  of  the 
mass. 

It  was  then  further  found  that  good  results  can  also 
be  achieved  with  pure  iron,  that  is  to  say,  that  we  can 
work  with  it  at  temperatures  of  for  example  not  much 
above  6oo°  C,  thus  if  the  iron  intended  for  the  catal- 
ysis is  prepared  from  the  oxid  or  other  iron  compound 
at  a  comparatively  low  temperature,  preferably  not 
above  600 °  C.  It  can  also  be  prepared  by  highly 
heating  pure  iron  oxids,  or  pure  iron  in  the  presence 
of  oxygen,  preferably  to  melting  point,  and  by  reducing 
the  mass  of  oxid  preferably  at  a  not  too  high  tempera- 
ture. 

Also  manganese,  which  is  related  to  iron,  gives 
under  a  specific  condition  good  results,  without  the 
addition  of  foreign  substances.  This  condition  is 
that  care  be  taken  to  free  completely  the  mixture  of 
nitrogen  and  hydrogn,  before  it  enters  the  contact 
space,  from  oxygen,  either  free  or  combined,  for  in- 
stance as  steam  or  water.  Merely  drying  with  calcium 
chlorid  is  not  sufficient.  In  the  case  of  several  other 
catalysts  too  a  similar  careful  drying  has  proved  to  be 
useful. 

Again,  it  has  been  found  that  another  member  of 
the  iron  group,  molybdenum,  is  by  itself  an  excellent 
catalyst.  Compounds  of  molybdenum  can  also  be 
used,  for  instance  molybdic  acid  or  ammonium  molyb- 
date. 

Under  certain  conditions,  not  published  as  yet, 
tungsten,  either  the  metal  itself  or  as  an  alloy  or  a 
nitrogen  compound,  has  been  found  to  be  a  suitable 
catalyst.1 

In  view  of  the  shortness  of  the  time  I  must  refrain 
from  a  more  exhaustive  discussion  of  this  most  inter- 
esting chapter  of  the  contact  bodies.  It  will  be  quite 
evident  from  what  I  have  said  that  the  industry  has 
now  a  number  of  active  contact  bodies  for  the  syn- 
thesis of  ammonia  at  its  disposal,  and  can  select  from 
case  to  case  the  most  suitable. 

Another  discovery  of  first-class  importance  for  the 
industrial  application  of  the  catalysis  of  ammonia 
was  the  recognition  of  the  fact  that  there  are  special 
poisons,  so  to  speak,  for  the  reaction.  That  is  to  say, 
there  are  substances  which  hinder  or  prevent  the 
reaction,  although  the  contact  mass  does  not  suffer 
a  noticeable  chemical  change,  envelopment,  or  de- 
struction. In  the  literature  there  was  no  indication 
whether  there  were  poisons  at  all  for  the  contact  mass 
in  the  catalytic  manufacture  of  ammonia,  or  what 
their  nature  would  be.  In  actual  manufacture  such 
contact  poisons  were  known  only  in  the  case  of  the 
catalysis  of  sulfuric  anhydrid  and  even  here  only 
when  platinum  was  used.  When  employing  other 
contact  bodies,  such  as  iron  oxid,  or  burnt  pyrites, 
there  was  nothing  known  of  contact  poisons;  on  the 

1  Such  conditions  are  <•.  g.,  that  tungsten,  or  its  compounds  mentioned, 
is  prepared  at  temperatures  not  much  above  600°  C,  that  they  are  prepared 
from  tungsten  compounds  by  means  of  ammonia,  in  which  case  there  is  no 
restriction  to  a  temperature  at  about  600°  C. 
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contrary  it  has  even  been  shown  that  the  presence  oi 
arsenic,  which  is  a  poison  for  platinum,  has  actually  a 
favorable  action  when  iron  oxid  is  used  as  . 

It  has  now  been  ascertained  thai  some  oi  the  poisons 
in  the  syntheses  of  ammonia  arc  of  quite  a  different 

nature  from  those  of  the  Sulfuric  acid  process;  they  are 
instance,  sulfur,  selenium,  tellurium,  phosphorus, 
arsenic,  boron,  or  the  compounds  of  these  elements 
such  as  sulphuretted  hydrogen,  arsenic  hydrid,  phos- 
phorus hydrid,  as  also  many  carbon  compounds  and 
certain  metals  of  low  melting  point  which  can  readily 
be  reduced  by  hydrogen  from  their  compounds,  for 
example  lead,  bismuth  and  tin,  which  do  not  act 
catalytically.  Oxygen-sulfur  compounds,  such  as  SO,, 
which  acts  directly  and  smoothly  in  the  sulfuric  acid 
catalysis,  are  very  poisonous.  Extremely  minute 
quantities  of  these  bodies,  which  are  almost  always 
present  even  in  the  purest  commercial  products  or 
in  the  so-called  pure  gases,  suffice  to  render  the  cata- 
lysts absolutely  inactive  or  at  least  to  diminish  their 
action  very  seriously.  Thus  iron,  for  example,  pre- 
pared from  ordinary  iron  oxid  with  a  content  of  one 
per  thousand  of  sodium  sulfate  is,  as  a  rule,  inactive. 
Iron  containing  one-tenth  per  cent,  of  sulfur  is  gener- 
ally quite  useless,  and  even  with  one  hundreth  per 
cent,  is  of  very  little  use,  although  in  appearance  and 
when  examined  with  the  ordinary  physical  and  chemi- 
cal methods  no  difference  at  all  can  be  detected  as 
compared  with  pure  iron. 

The  recognition  of  these  facts  gave  rise  to  two 
problems: 

(a)  The  preparation  of  contact  masses  free  from 
poison  or  the  removal  of  such  poisons  from  them. 

(b)  Freeing  the  gases  to  be  acted  on  catalytically  from 
all  contact  poisons. 

In  order  to  free  the  contact  bodies  from  these  harm- 
ful substances,  the  ordinary  methods  for  removing 
them  can  of  course  be  applied.  The  contact  action 
can  also  be  improved  by  heating  contact  metals  which 
are  inactive  or  of  little  use,  owing  to  the  presence  of 
contact  poisons,  in  the  presence  of  oxygen  or  of  bodies 
yielding  oxygen.  Or  the  metals  can  be  heated,  for 
instance,  in  the  presence  of  oxygen  with  the  addition 
of  suitable  compounds  such  as  bases,  and  the  resulting 
products  reduced.  These  operations  can  be  repeated 
if  necessary.  If  more  of  such  a  body  as  mentioned 
is  added  than  is  necessary,  it  may  act  not  merely  by 
removing  the  poisons,  but  promote  the  yield,  as  I 
have  already  described  to  you. 

On  the  other  hand  it  is  necessary,  as  I  remarked,  to 
take  the  greatest  care  that  nitrogen  and  hydrogen  are 
free  or  freed  completely  from  all  contact  poisons. 
Thus  a  trace  of  sulfur,  one  part  per  million,  in  the  gas 
mixture  can  under  certain  conditions  be  injurious,  so 
that  even  electrolytically  prepared  hydrogen  must 
generally  be  further  specially  purified.  The  minute 
purification  of  the  gases  is  even  more  important  when 
hydrogen  prepared,  for  example,  from  water  gas  is 
used.  The  impurities  too  taken  up  from  iron  piping 
play  sometimes  an  important  part,  and  impurities 
which  get  into  the  gases  during  the  compression,  such 
as  machine  oil,  often  have  a  harmful  effect. 


The  best  method  of  removing  impurities  from  the 
gas  mixture  depends  in  turn  on  the  nature  oi  these  im- 
purities and  consists,  for  instance,  according  to  the  case, 
in  filtering,  washing,  conducting  over  solid  absorption 
agents  and  so  on.  One  good  method  is  to  bring  the 
gases  into  contact  with  the  material  of  which  the 
contact  mass  is  prepared  at  a  raised  temperature, 
before  passing  them  over  the  actual  catalyst.  The 
material  takes  up  the  impurities,  and  must  of  course 
ho  renewed  from  time  to  time.  The  negative  results  of 
earlier  investigators  in  the  formation  of  ammonia  when 
using  base  contact  metals  (Wright,  Ramsay  and 
Young,  and,  more  recently  again,  191 1,  Neogi  and 
Adhicary),  according  to  which  nitrogen  and  hydrogen 
do  not  combine  in  the  presence  of  iron,  are  in  my 
opinion  probably  due,  for  the  most  part  at  least,  to 
the  use  of  metals  or  gases  not  free  from  contact  poison. 
That  previous  inquirers  had  not  the  remotest  idea 
that  sulfur  in  the  contact  metal  could  be  injurious, 
is  evident  from  the  fact  that  they  passed  the  gases 
without  hesitation  through  concentrated  sulfuric  acid 
in  order  to  dry  them.  The  sulfuric  acid  thus  taken 
up  and  the  sulfur  dioxid  often  contained  in  it  can 
poison  even  the  best  catalyst  very  speedily  and  render 
it  unfit  for  use.  Or  the  contact  metals  were  sometimes 
prepared  directly  from  the  sulfates,  although  a  metal 
sufficiently  free  from  sulfur  can  scarcely  be  obtained 
by  this  method. 

A  painstaking  study,  for  which  we  are  indebted 
principally  to  Dr.  A.  Mittasch  and  which  involved 
literally  many  thousands  of  experiments,  has  afforded 
an  insight  into  the  importance  of  substances  of  the 
most  varied  nature  as  promoters  and  poisons  and  thus 
a  sure  foundation  has  been  prepared  for  a  reliable 
continuous  manufacture  with  a  good  yield  of  ammonia. 

[Here  the  production  of  synthetic  ammonia  by 
means  of  two  identical  apparatus  brought  from  Ger- 
many by  the  speaker  was  demonstrated  in  two  ways: 

(1)  The  gases  from  the  apparatus  were  passed  over 
a  large  bowl  of  hydrochloric  acid  when  dense  clouds  of 
ammonium  chloride  were  formed. 

(2)  A  large  cloth  was  moistened  with  colorless 
organic  compounds  that  give  colored  products  when 
treated  with  bases:  the  gases  from  the  apparatus  were 
then  played  upon  this  cloth  and  the  result  was  a 
brightly  colored  American  flag.] 

The  question  has  not  yet  been  touched  upon  in  the 
foregoing,  how  the  elements  nitrogen  and  hydrogen 
which  are  requisite  for  the  new  ammonia  process  can 
best  be  produced  on  a  technical  scale.  Theoretically, 
the  task  would  be  unusually  simple.  If  you  remember 
that  the  terrestrial  atmosphere  according  to  the 
studies  of  A.  Wegener  and  others  consists  of  practically 
pure  hydrogen  at  a  height  of  about  120  kilometers, 
indeed  at  a  height  of  about  70  kilometers  consists 
of  almost  exactly  one  volume  of  nitrogen  and  three 
volumes  of  hydrogen  besides  a  trace  (about  one-half 
per  cent.)  of  oxygen,  you  will  understand  that  all  the 
conditions  were  given  for  an  ammonia  factory  accord- 
ing to  Jules  Verne.  For  it  would  then  merely  be 
necessary  to  suck  down  the  gases  from  the  higher 
strata  of  the  atmosphere  by  a  sufficiently  long  pipe  line. 
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For  us,   poor   mortals,    matters  are   not   so   ideally 
simple,  for,  as  the  poet  says. 

"hart  im  Raume  stossen  sich  die  Sachen." 
Fortunately,  however,  there  is  no  great  difficulty  in 
separating  nitrogen  from  the  air,  either  by  physical 
means,  according  to  Linde's  process,  or  chemically, 
by  removing  the  oxygen  with  glowing  copper,  burning 
hydrogen,  or  the  like.  And  for  the  preparation  of 
hydrogen  in  recent  times  a  great  deal  of  useful  work 
has  been  done  too,  owing  to  the  extensive  growth  of 
its  field  of  application.  In  certain  works  it  is  at  dis- 
posal in  large  quantities  as  a  by-product  of  the 
electrolysis  of  common  salt.  Besides  this  it  can  be 
produced,  for  example,  by  passing  steam  over  red-hot 
iron,  or  from  water-gas,  for  instance,  by  separating 
its  constituents  hydrogen  and  carbon  monoxid  by 
cooling  to  a  very  low  temperature.  All  the  methods 
of  preparation  which  come  into  consideration  we  have 
of  course  minutely  examined;  owing  to  the  compara- 
tively trifling  differences  in  the  cost  of  production 
various  methods  can  be  employed.  At  all  events, 
both  elements,  nitrogen  and  hydrogen,  are  at  the 
disposal  of  the  new  industry  to  any  extent  and  suffi- 
ciently cheap. 


Chili  Saltpeter. 

Price2 

Total 

Chilian 

per  ton. 

value. 

Year. 

export . l 

Marks. 

mill.  M. 

Increase. 

1900 

1,454,000 

162.2 

216.6 

1901-11  995,400  tons 

1901 

1,274,000 

172.8 

that    is    an    annual 

1902 

1,379,200 

176  2 

average    of    99.500 

1903 

1,457,600 

178.4 

tons  containing 

1904 

1,479,100 

196.2 

15.5  per  cent.,  ft.  e.. 

1905 

1,652,200 

204.8 

338   2 

about    15,400    tons 

1906 

1,731,800 

215.0 

nitrogen,  valued  at 

1907 

1,653,600 

214.4 

19    million    marks. 

1908 

2,052,400 

193.3 

1909 

2,133,900 

184.5 

393   7 

Kirst  six  months  1912 

1910 

2 , 334 , 000 

177.6 

150,000  tons  valued 
at  about  29  million 

Ian. -June 

marks  as  against 

1911 

U.299,0003) 

corresponding    per- 

1911 

2,449,000 

190.7 

467.2 

iod  1911. 

1912 

1  1,449,  (KHV 

1  According  to  the  figures  of  the  Association  Salitrera. 

2  Annual  average  Hamburg  quotations. 

3  Semi 

-annual  deliveries  in  Europe. 

Ammonii-m 

Sulfate. 

World 

Price        Total 

production,    per  ton.    valu 

Year. 

Tons. 

Marks,  mill. 

M. 

Increase. 

1902 

543,000 

241 1           131 

1908-11  329,000  tons,  i.e.,  an  an- 

1908 

852,000 

237            202 

nual  average  of    110,000  tons, 

1909 

978,000 

230            225 

contain 

ling  20.5  per  cent.,  i.e.. 

1910 

1 ,  1 1 1 , 800 

248.5        276 

about 

22,500   tons   nitrogen, 

about 

valued 

.0   about  30  (1  million 

1911 

1,181,000 

278            328 

marks. 

1  Quotations  fob.  Hull. 

As'the  production  of  these  elements  is  not  confined  to 
the  presence  of  cheap  water  power,  all  those  countries 
where  the  manufacture  of  calcium  nitrate,  owing  to 
the  want  of  such  power,  is  not  practicable,  as  for 
instance  in  Germany,  arc  now  in  a  position  to  profit 
by  the  new  industry.  As  I  remarked  at  the  outset, 
there  is  every  reason  to  assume  that  this  industry  will 
find  a  fruitful  field  of  employment  in  America,  where 
the  demand  for  nitrogen-manures  will  soon  be  greater 
than  hitherto. 

It  can  also  be  regarded  as  certain  that  the  develop- 


ment of  this  new  industry  will  not  take  place  at  the 
cost  of  other  branches  of  industry  and  commerce. 
Bear  in  mind  for  a  moment  the  present  annual  require- 
ments for  nitrogen  manures  and  their  continued 
growth.  According  to  the  tables  before  you  these 
figures  reached  the  remarkable  total  of  467.2  +  326, 
i.  e.,  793.2  million  marks  (about  190  million  dollars) 
in  191 1,  and  each  year  sees  an  increase.  In  the  last 
few  years  the  increased  demand  for  ammonium  sulfate 
amounted  to  about  10  per  cent.  The  increase  of  pro- 
duction from  1910  to  1911  amounted  to  69,000  tons, 
and  from  1908  to  191 1  on  the  average  as  much  as  110,000 
tons,  or  no  million  kg.  valued  at  about  30.6  million 
marks  (7.3  million  dollars).  Similarly  the  nitrogen 
requirements  of  the  world  for  manure  purposes  in  the 
form  of  saltpeter  is  growing.  Chili  exported  in  1908 
about  2,052,400  tons  of  saltpeter,  and  already  in  191 1 
the  figure  was  about  2,449,400  tons,  that  is  an  annual 
increase  of  nearly  150,000  tons  valued  at  approxi- 
mately 29  million  marks  (7  million  dollars).  Indeed 
the  European  deliveries,  according  to  the  latest  re- 
ports, from  January  to  the  end  of  June,  1912,  reached 
as  much  as  1,449,000  tons,  a  demand  which  Chili  was 
hardly  able  to  meet.1  The  average  annual  increase 
from  1901  to  191 1  amounted  to  99,500  tons.  That  is 
to  say,  taking  saltpeter  and  ammonium  sulfate  to- 
gether and  reckoning  only  the  average  increases, 
calculated  on  nitrogen,  we  have  an  annual  increase 
in  production  of  about  38,000  tons  nitrogen,  cor- 
responding to  nearly  185,000  tons  of  ammonium 
sulfate. 

It  can  thus  be  seen  what  enormous  quantities  of 
synthetic  ammonium  sulfate  must  be  produced  to 
affect  the  total  production  by  as  much  as  one  year. 
The  saying  so  often  applicable,  that 

"Das  Bessere  ist  der  Feind  des  Guten," 
will  thus  probably  have  no  meaning  in  this  field.  A 
peaceful  development  of  the  various  new  industries 
for  the  combination  of  the  nitrogen  of  the  air  side  by 
side  is  to  be  expected,  and  without  encroaching  at 
all  on  the  previous  production  of  nitrogenous  manures, 
a  favorable  horoscope  may  be  cast  for  a  fortunate 
career  for  the  new  industry. 


PROGRESS  IN  INDUSTRIAL  CHEMISTRY.2 
By  Rudolph  Messel. 

At  a  time  when  the  latest  discovery  of  interest  may 
be  instantly  flashed  to  the  remotest  part  of  the  world 
by  wireless  telegraphy,  and  the  technical  press  dis- 
cusses every  possible  problem  as  it  arises,  a  presi- 
dential address  seems  to  me  to  be  almost  an  anachron- 
ism. In  very  few  cases  is  it  possible  to  communicate 
anything  not  already  known.  Whatever  issue  a 
speaker  may  desire  to  consider  is  sure  to  have  been 
dealt  with  till  it  is  almost  threadbare,  and  I  fear  that 
the  topics  I  venture  to  bring  before  you  must  be  en- 
rolled in  the  latter  category. 

I  propose  to  deal  with  some  aspects  of  the  remark- 

1  During    the    first    m\    months   of    1912   the   production  in  Chili  was 

roughly   10,000  tons  less  than  in  the  corresponding  period   of    1911,  and  at 

the  same  time  stocks  in  sight  in  that  country  receded  by  round  50,000  tons. 

2  Address  delivered  by  the  President  of  the  Society  of  Chemical  In- 

dustry  at  the  Chemists'  Club.  New  York.  September  3,  1912. 
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able  progress  made  within  my  recollection.  The 
1  nergy  with  which  industry  has  availed  itself 
of  the  achievements  of  pure  science  has  made  possi- 
ble the  manufacture,  on  a  large  scale,  of  products, 
either  unknown  but  a  few  years  ago,  or  seen  as  speci- 
mens in  scientific  collections,  or  produced  only  by 
nature.  That  I  shall  refer  to  relatively  very  few  of 
these  triumphs  of  chemical  research  and  invention 
and  mainly  to  inorganic  products  must  be  evident 
when  I  mention  that  the  period  covered  embraces  the 
discovery  of  the  aniline  dyes  and  that  of  artificial  rub- 
ber, as  well  as  the  invention  of  the  first  electric  tele- 
phone and  of  wireless  telegraphy. 

As  my  recollections  unfortunately  go  back  over  so 
long  a  period,  I  feel  tempted  to  drag  in  here  one  which 
may  be  of  interest  to  some  of  my  audience,  though 
it  has  no  connection  with  the  matter  I  propose  to  deal 
with.  In  1 86 1,  when  I  was  at  school  at  Friedrichdorf, 
in  Germany,  my  master,  Philip  Reis,  invented  the  first 
telephone.  I  was  present  at  its  birth,  and  assisted 
Reis  in  making  the  mechanical  parts  of  some  of  his 
instruments  and  also  repeatedly  in  his  experiments, 
Reis  being  at  one  end  of  the  circuit  speaking  or  sing- 
ing, I  listening  at  the  other,  or  vice  versa. 

The  introduction  of  synthetic  processes  may  be 
said  to  be  the  keynote  of  progress  of  modern  industrial 
chemistry. 

One  of  the  most  fascinating  compounds  recently 
introduced  into  industry  is  calcium  carbide,  CaC2. 
It  had  lain  dormant  since  its  discovery  in  1862,  by 
Wohler,  until  your  countryman  Wilson  and  Moissan 
made  use  of  the  electric  furnace  to  produce  it ;  now  its 
manufacture  constitutes  a  mighty  industry,  close  on 
300,000  tons  being  produced  annually.  Serving  as  it 
does  as  raw  material  for  the  manufacture  of  calcium 
cyanamide,  it  is  now  the  parent  of  numerous  other 
products  of  great  importance.  Among  these  may  be 
mentioned  acetylene,  C2H2,  so  largely  used  as  an  il- 
luminant,  and  for  welding  and  cutting  metals,  and  I 
may  remind  you  that  the  possibility  is  foreshadowed 
that  this  gas  will  be  of  use  as  the  starting  point  in 
making  other  chemicals.  Calcium  cyanamide,  apart 
from  its  undoubted  great  value  as  a  fertilizer,  is  com- 
ing to  the  fore  as  a  source  of  cyanides,  now  so  largely 
used  in  extracting  gold.  What  may  be  of  far  greater 
importance,  it  is  convertible  by  the  action  of  super- 
heated water  into  ammonia,  which  in  turn  may  be 
converted  into  nitric  acid  and  nitrate  of  ammonia  by 
oxidation  with  air  under  the  catalytic  influence  of 
platinum. 

I  have  recently  noticed  alarming  reports  in  the  press 
that  the  impossibility  of  procuring  supplies  of  ni- 
trate of  soda  from  Chili  in  time  of  war  may  prove  a 
serious  handicap  to  any  country  in  the  production 
of  explosives  and  powder.  Considering  that  the  quan- 
tity of  nitrate  of  soda  used  for  the  purpose  is  but  a 
fraction  of  that  required  in  agriculture  and  that  large 
stocks  are  held  for  this  purpose  almost  everywhere, 
I  cannot  share  the  writer's  fear.  But  in  view  of  the 
fact  that  ammonia  salts  are  produced  by  all  gas 
works  and  of  the  many  attempts  to  produce  it  syn- 
thetically,   the   catalytic   method   of  producing   nitric 


acid  from  ammonia  may  deserve  more  attention  than 
it  lias  received  up  to  now,  especially  if  ammonia,  no 
matter  how  produced,  should  become  a  sufficiently 
1  raw  material. 

The  mi  1st  interesting  feature  in  the  production  of 
calcium  is  the  use  of  pure  nitrogen.  Of  the  various 
methods  of  preparing  the  gas,  that  which  involves 
fractional  distillation  of  liquefied  air  seems  to  be 
preferred.  We  are  becoming  familiar  in  industry 
with  the  impossible,  but  who  could  have  expected  such 
a  possibility  only  a  few  short  years  ago?  Think  of 
the  excitement  caused  in  the  scientific  world  when, 
in  1877,  Pictet  and  Cailletet  first  succeeded  in  lique- 
fying oxygen.  Pictet's  work  was  then  described 
as  the  most  brilliant  achievement  in  modern  science. 
The  barrier  between  condensable  and  permanent 
gases  was  broken  down  and  the  latter  term  was  de- 
prived of  its  significance;  but  how  much  work  re- 
mained to  be  done,  what  ingenuity  had  yet  to  be 
exercised,  to  translate  this  scientific  discovery  into  a 
process  for  the  industrial  preparation  of  nitrogen! 
Success  has  been  achieved  by  the  exertions  and  in- 
genuity of  several  of  our  greatest  authorities  in  phys- 
ical and  chemical  science;  nowadays,  every  gas  that 
is  required  is  readily  procurable  in  the  liquefied  form 
(Cl2,  S02,  N20,  C02,  NH3,  etc.,  etc.)  in  the  well  known 
steel  cylinders  capable  of  withstanding  enormous  pres- 
sures. 

If  I  have  laid  stress  on  the  conversion  of  ammonia 
into  nitric  acid,  the  reason  is  that  ammonia  is  obtain- 
able locally  everywhere,  either  as  a  by-product  of  the 
manufacture  of  illuminating  gas  or  Mond  gas  and 
from  coke  ovens,  and  that  the  installation  for  con- 
verting it  into  the  acid  is  a  relatively  cheap  one. 
The  numerous  attempts  to  produce  ammonia  syn- 
thetically from  its  elements  nitrogen  and  hydrogen 
or  from  various  nitrides,  such  as  those  of 
titanium,  boron,  magnesium,  aluminum,  and  calcium, 
can  moreover  only  be  of  benefit  in  solving  the  prob- 
lem. True,  the  direct  production  of  nitric  acid  by 
means  of  the  electric  arc  from  atmospheric  air  may  ap- 
pear to  be  a  more  rational  process,  but  so  long  as  this 
industry  is  tied  to  water  power,  and  the  difficulties  of 
transporting  nitric  acid  as  such  in  aluminum  or  iron 
packages  be  not  overcome,  the  case  seems  different 
in  my  judgment,  particularly  in  countries  where  water 
power  is  not  available  and  other  power  as  yet  too 
expensive.  It  is  to  be  remembered  that  to  carry 
nitric  acid  safely  in  iron  packages,  about  10  per  cent, 
of  concentrated  sulphuric  acid  has  to  be  added,  and 
that  if  one  or  the  other  of  the  ammonia  processes 
under  trial  should  make  it  possible  to  transport  it  as 
nitrate  of  ammonia,  from  which  it  can  readily  be 
liberated  at  the  place  of  consumption,  the  difficulty 
of  carriage  in  the  event  of  war  would  still  remain. 

My  reason  for  referring  at  such  length  to  the  pro- 
duction of  these  compounds  of  nitrogen  is  their  im- 
portance in  agriculture.  Food  the  nations  must  have, 
and  it  seems  that  to  this  end  they  will  require  the  ser- 
vices of  the  chemist  more  and  more  as  population 
grows.  The  great  stimulus,  our  medalist,  Sir  Wil- 
liam Crookes,   has  given  to  the    production  of  nitric 
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acid  by  calling  attention  to  the  near  approach  of  the 
exhaustion  of  the  deposits  of  nitrate  of  soda  is  well 
known.  His  suggestion  to  utilize  Cavendish's  dis- 
covery of  the  direct  interaction  of  the  constituents  of 
the  atmospheric  air  and  the  success,  so  far  achieved, 
have  often  been  referred  to;  the  work  done  by  Birke- 
land  and  Eyde,  by  Schoenherr,  Pauling,  and  others, 
is  also  well  known,  but  it  gives  me  particular  pleasure 
to  point  out  that  here  again  America  was  the  first 
to  attempt  the  realization  of  this  great  problem. 
The  realization  of  the  other  great  problem,  i.  e.,  the 
production  of  ammonia  from  its  elements,  appears  like- 
wise on  the  eve  of  accomplishment,  and  I  hope  it  will 
not  be  long  before  we  shall  have  details  of  the  manner 
in  which  it  has  been  solved  in  practice,  and  how  the 
great  technical  difficulties  have  been  overcome.  It 
will  likewise  be  interesting  to  learn  something  about 
the  relative  efficiency  of  the  various  uranium  and  iron 
catalytics  used,  etc.  If  the  published  particulars  as 
to  temperature  (about  650°)  and  pressure  (about  150 
atmospheres)  be  correct,  the  task  to  be  solved  was 
one  of  no  mean  order.  Meanwhile,  we  can  only  offer 
our  best  wishes  to  the  ever  enterprising  Badische 
Anilin-  und  Soda  Fabrik. 

Two  of  the  other  processes  mentioned  before,  namely, 
that  of  the  production  of  ammonia  from  calcium 
nitride  and  from  aluminum  nitride,  are  likewise  most 
interesting,  the  former  for  chemical  reasons,  i.  e.,  the 
conversion  of  metallic  calcium  first  into  calcium  ni- 
tride, CasN2,  then  by  the  action  of  hydrogen  on  this 
compound  into  calcium  hydride  and  ammonia,  the 
calcium  hydride  being  subsequently  reconverted  by 
means  of  nitrogen  into  calcium  nitride  and  ammonia — 
so  that  a  relatively  small  quantity  of  calcium  is  theo- 
retically sufficient  to  produce  an  infinite  quantity  of 
ammonia.  Numerous  processes  have  been  devised 
for  producing  hydrogen;  one  of  the  latest  is  Pictet's, 
who  splits  up  hydrocarbons  either  directly  into  hydro- 
gen and  carbon  or  by  means  of  steam,  at  the  melting 
point  of  iron,  into  hydrogen  and  carbon  monoxide, 
thus  materially  increasing  the  yield. 

Inasmuch  as  aluminum  nitride  yields  on  hydroly- 
sis, together  with  ammonia,  a  particularly  pure  form 
of  aluminum  hydrate,  starting  from  an  impure  raw 
material,  it  may  become  of  great  importance  to  the 
aluminum  industry.  I  well  remember  aluminum  and 
more  often  magnesium  being  made  by  Bunsen  by  the 
electric  arc  on  a  diminutive  scale  as  a  lecture  experi- 
ment. We  students  used  to  cough  violently  when  the 
white  fumes  which  were  given  off  began  to  fill  the 
lecture  room,  until  Bunsen,  smiling  pleasantly,  men- 
tioned that  the  white  fumes  were  due  to  the  ammo- 
nium chloride  he- had  added  to  keep  the  surface  of 
the  metal  bright  and  that  ammonium  chloride  was  an 
excellent  remedy  for  a  cough.  The  coughing  then 
stopped.  As  a  curiosity,  bars  of  the  metal  about  3 
in.  by  1  in.  by  '/2  in.  were  handed  round  and  weighed 
by  every  one  in  his  hand;  the  metal  was  doubtless 
produced  by  St.  Claire  Deville's  sodium  process. 
The  annual  output  of  aluminum  in  1909  was  over 
24,000  tons,  produced  electrically.  Now  that  the 
problem  of    autogenous  welding  of  the  metal,  which 


so  long  defied  all  efforts,  has  been  solved,  the  use  of 
aluminum  for  chemical  apparatus  has  become  prac- 
tical; apart  from  its  utility  in  handling  nitric  acid,  the 
metal  has  proved  to  be  of  the  greatest  value  in  brew- 
eries, in  the  food  industry,  and  in  varnish  works. 

The  application  of  aluminum  as  a  fuel  by  Gold- 
schmidt  has  further  led  to  the  production,  by  his 
Alumino-Thermite  process,  of  many  metals  in  a  rela- 
tively pure  form  otherwise  only  producible  by  the 
agency  of  the  electric  current.  Chromium,  man- 
ganese, and  molybdenum  prepared  by  this  method, 
besides  various  alloys  of  nickel,  ironvand  copper  with 
these  metals  or  with  titanium  and  vanadium  have 
found  a  use  mainly  in  the  iron  industry.  The  igneous 
process  of  welding  rails  and  repairing  castings  by 
means  of  the  Thermite  process  is  of  course  known  to 
all,  as  well  as  the  use  of  tungsten  and  tantalum  as  fila- 
ments in  electric  incandescent  lamps.  The  fact  that 
tantalum  filaments,  of  vastly  greater  strength  than 
those  formerly  produced  by  compression  of  the  metal 
in  powder  form,  can  now  be  obtained  by  drawing 
the  metal  through  diamond  dies  will  doubtless  give 
an  increased  stimulus  to  the  use  of  the  element.  The 
mention  of  tantalum  may  call  to  your  mind  the  fact 
that  the  expression  rare  is  fallen  into  disuse,  as  the 
earths  once  known  as  rare  are  in  every-day  use,  and, 
owing  to  the  scientific  acumen  displayed  by  Auer  von 
Welsbach,  the  gas  industry  is  now  well  able  to  hold 
its  own  against  the  electrical.  But  electricity  is  in 
evidence  everywhere  in  our  industry.  It  threatens  to 
displace  the  furnace  in  the  alkali  works,  it  provides 
us  with  chlorine  and  the  time  may  not  be  distant 
when -muriatic  acid  is  made  electrically.  We  are  in- 
debted to^the  electric  furnace  for  the  sodium  industry 
(with  its  application  to  the  cyanide,  sodium  amide 
and  other  manufactures)  and  to  the  production  of 
ferrosilicon,  carborundum  and  graphite,  for  which,  in 
the  form  of  electrodes  and  lubricants,  America,  thanks 
to  Mr.  Acheson,  remains  as  yet  unsurpassed.  The 
manufacture  of  nickel  by  the  remarkable  Mond  car- 
bonyl  process  should  not  be  forgotten.  This  metal 
would  appear  to  have  some  future  in  the  elimination 
of  carbon  bisulphide  from  coal  gas  and  possibly  as  a 
catalytic  in  other  industries.  We  do  not,  however, 
always  want  to  get  rid  of  sulphur.  A  most  original 
idea,  successfully  carried  into  practice  by  Frasch,  in 
Louisiana,  is  no  doubt  that  of  liquefying  sulphur  in 
the  bowels  of  the  earth  and  then  pumping  it  up. 

After  thus  rambling  through  the  highways  and  by- 
ways of  inorganic  chemistry,  we  now  arrive  at  a  differ- 
ent class  of  industries.  There  is  no  need  to  go  into 
any  detail,  but  suffice  it  to  say  that  their  influence  has 
been  of  momentous  importance  industrially,  and  in 
turn  has  acted  and  reacted  greatly  on  science.  Merely 
to  mention  them  is  sufficient.  I  refer,  of  course,  to 
dyestuffs  and  synthetic  organic  products,  including 
drugs.'  I  will  not  weary  you  by  repeating  what  has 
been  related   so  often  and   so  fully.     It   is,   however, 

1  Among  synthetic  drugs  there  figures  now  the  famous  indicator 
phenolphthalein.  Being  colorless  and  tasteless  itself  while  turning  pink 
on  the  addition  of  soda,  it  has  been  added  by  Government  to  earmark  cer- 
tain kinds  of  hock.  The  quite  unexpected  result  is  that  the  indicator  is 
now  sold   as  a   splendid   aperient   under  the  name  of    "Purgene." 
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noteworthj  thai  from  the  outset,  the  establishment 
ni  ihw  industries,  based  on  the  discovery  of  aniline 
dyes,  s  thods  of  producing  alizarin  and  indigo 

artificially,  has  in  turn  given  rise  to  many  others,  as 
the  organic  and  inorganic  chemicals  they  required, 
which  were  little,  if  at  all  known  to  commerce  at  the 
time,  had  to  be  produced  on  a  large  scale.  Benzol, 
nitrobenzol,  aniline,  to  mention  only  a  few,  were 
among  the  newcomers,  later  on  came  anthracene.1 

The  coal  tar  industry  is  now  the  largest  consumer  of 
inorganic  products  and  was  the  cause  of  the  invention 
of  the  catalytic  process  of  manufacturing  sulphuric 
anhydride.  May  I  be  allowed  to  relate  how  I  came  to 
be  connected  with  this  industry?  I  was  a  pupil  of 
Professor  Strecker  at  Tubingen  in  the  later  sixties. 
When  subsequently,  in  187—,  1  again  met  him  and  his 
brother — who  was  a  chemist  at  Hoechst — and  Dr. 
Bruning,  one  of  his  pupils,  he  spoke  of  the  importance 
of  fuming  sulphuric  acid  in  the  alizarin  industry. 
The  process  of  sulphonating  anthraquinone  had  been 
introduced  or  was  about  to  replace  Perkin's  dichlor- 
anthracene  process,  the  use  of  ordinary  concentrated 
oil  of  vitriol  having  proved  to  be  very  destructive 
to  the  anthraquinone  at  the  elevated  temperature 
that  had  to  be  employed.  To  my  question  how  this 
fuming  acid  could  best  be  made,  he  replied,  "that  is 
a  problem  for  you  to  solve."  A  few  experiments 
convinced  me  that,  given  pure  gases,  the  catalytic 
action  of  platinum  was  the  rational  solution  of  the 
problem;  I  had  to  wait,  however,  for  an  opportunity 
of  carrying  my  idea  into  practice.  This  came  when, 
in  April,  1875,  a  telegram  reached  me  from  my  then 
principal,  Mr.  W.  S.  Squire,  asking  me  to  read  up 
that  night  about  Nordhausen  acid  as  it  was  required 
by  an  alizarin  works.  I  showed  Squire  how  simple  a 
matter  it  was  to  bring  about  the  combination  of  sul- 
phur dioxide  and  oxygen  by  means  of  platinum  and 
other  catalytics,  but  it  was  not  until  at  his  request  I  had 
carried  out  a  number  of  experiments  with  bisulphates, 
etc.,  which  were  not  very  successful,  that  he  asked 
me  "to  try  my  dodge;"  henceforward  we  worked  con- 
jointly on  the  production  of  the  anhydride  by  cata- 
lytic action.  Though  the  process  was  patented  in 
Squire's  name,  Sept.,  1875,  as  others  were  afterwards 
or  in  the  name  of  Neal  (a  clerk  in  a  Patent  Agent's 
office),  they  are  the  joint  work  of  Squire  and  myself. 
Soon  after,  in  the  2nd  October  Heft  of  Dingier 's  Poly- 
technisches  Journal,  Winkler  published  an  account  of 
his  process  which  was  practically  identical  with  ours. 
Both  of  us  erred  at  that  time  in  believing  that  stoichio- 
metrical  proportions  of  the  gases  were  the  best  to  use, 

1  It  is  interesting  to  note  that  in  the  early  days  of  aniline  dyes,  certain 
chemicals  were  smuggled  in  the  works  under  a  wrong  name  to  hide  their 
identity.  I  was  at  the  time  in  the  employ  of  Dr.  Eugen  Lucius,  later  a 
member  of  the  firm  Meister.  Lucius  und  Co.,  hence  this  recollection.  Great 
difficulties  were  experienced  in  recovering  arsenic  or  disposing  of  the  residues. 
A  story  is  told  with  reference  to  these  difficulties,  amusing  perhaps  to  all 
except  those  concerned  in  it.  All  troubles  seemed  to  be  over  when  some 
stranger  appeared  who  undertook  to  dispose  of  these  residues  and  was 
richly  paid  for  his  services.  Ostensibly  he  had  interested  some  capitalist 
in  a  "perfect  process"  for  the  recovery  of  the  arsenic  and  had  been  ad- 
vanced considerable  sums  for  the  alleged  purchase  of  the  residues  which 
were  warehoused  as  a  security.  As  may  be  imagined,  the  chevalier  d'in- 
dustrie  presently  disappeared  and  the  illegal  storage  and  the  strict  regula- 
tions as  to  the  disposal  of  arsenical  material  entailed  a  further  considerable 
expenditure  on  the  enterprising  capitalist. 


and  the  various  similarities  gave  rise  to  unpleasant 
comment.  In  letters,  however,  which  I  possess, 
Winkler  freely  acknowledges  the  independence  of  our 
work  and  only  regrets  that  he  had  deprived  hinueU 
of  the  benefit  oi  the  invention  of  his  publication,  but  he 
was  anxious  to  work  with  us. 

I  cannot  leave  this  chapter  without  paying  my 
tribute  to  the  work  done  by  others  in  developing  the 
catalytic  process,  and  foremost,  to  the  late  Dr.  Knietsch 
and  his  co-workers  in  the  Badische  Anilin-  und  Soda 
Fabrik.  At  the  same  time,  I  will  let  you  into  one  or 
two  secrets.  The  one  is  that  so  far  I  have  not  been 
successful  in  working  with  the  spent  oxide  of  gas 
works.  It  has  the  advantage  of  relative  freedom  from 
arsenic,  but  the  drawback  of  producing  an  acid  which 
is  not  so  bright  and  colorless  as  that  made  tit  mi  pyrites. 
The  color  is  due  to  the  organic  matter  in  the  raw  ma- 
terial and  to  the  formation  of  nitric  oxide  from  its 
nitrogenous  constituents.  Nitric  oxide  can  be  traced 
in  the  burner  gases  and  it  is  not  eliminated  in  the 
washing  process  to  which  the  gases  are  submitted. 
Another  point  is  that  there  is  a  loss  of  platinum 
amounting  to  about  1  grain  per  ton  of  monohydrated 
acid  produced;  the  loss  must  be  of  a  mechanical 
nature  and  can  be  detected  in  the  drips,  although 
actinium  is  not  discoverable  in  the  gases  at  this  enor- 
mous dilution.  I  believe  I  can  find  confirmation  of  the 
assumption  that  the  platinum  is  carried  forward 
owing  to  the  rapidity  of  the  current  because  in  none 
of  the  processes  I  have  worked  at  a  relatively  low 
velocity  have  I  found  any  loss  of  platinum,  except 
such  as  is  unavoidable  in  extracting  the  asbestos. 

Fuming  sulphuric  acid  has  found  its  chief  use  in 
the  coal  tar  color  industry,  in  refining  certain  petro- 
leum oils — mainly  the  Russian  oils — and  vaseline, 
and  in  the  explosive  industry.  As  nitrocotton  forms 
the  basis  of  the  celluloid  industry,  which  has  been  so 
greatly  developed  of  late,  I  must  mention  it  and  the 
rivals  which  it  has  found  in  acetyl  and  cuprammonium 
cellulose  and  last,  but  not  least,  in  the  viscose  dis- 
covered by  Cross  and  Bevan.  These  materials  are 
used  in  large  quantities  for  the  production  of  artificial 
silk,  photographic  films  and  artificial  hair;  nor  must  I 
omit  to  mention  the  important  wood  pulp  industries 
depending  on  chemical  processes. 

Sufficient  examples  have  been  given  to  illustrate 
my  case:  to  show  that  science  and  industry  are  work- 
ing hand  in  hand,  and  the  importance  of  the  result 
which  such  cooperation  has  produced. 

In  fact,  no  branch  of  industry  has  been  left  un- 
touched by  the  ceaseless  and  irresistible  advance  of 
chemical  science  and  technology. 

And  now  when  we  look  back  on  this  long  list  of 
chemical  industries  which  I  have  brought  before  you 
and  their  great  variety,  we  have  to  ask  ourselves:  Can 
a  chemist  be  so  trained  that  on  entering  into  any 
kind  of  works  he  will  at  once  be  of  use  and  efficient, 
apart  from  the  expectation  that,  as  a  matter  of  fact, 
he  is  supposed  to  be  a  proficient  analyst?  My  answer 
is  in  the  affirmative,  provided  that  the  employer  him- 
self   knows    something   about   the    industry    in    which 
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he  is  engaged;  in  that  case,  he  will  be  patient  and  not 
expect  too  much  from  a  beginner. 

My  illustrations  must  serve  to  show  that  if  the  stu- 
dent is  but  to  know  the  chemical  and  physical  prin- 
ciples which  underlie  so  wide  a  range  of  activity  as 
any  one  of  the  industries  I  have  pictured  provides, 
his  time  will  be  more  than  occupied;  to  expect  him  to 
be  conversant  also  with  the  technical  and  economical 
aspect  of  industrial  problems  and  to  be  able  to  apply 
his  knowledge  forthwith  is  going  too  far.  Technical 
training  can  be  of  real  value  only  after  a  sound  founda- 
tion in  the  principles  and  practice  of  pure  science  has 
been  acquired.  Again  do  I  ask:  Can  such  technical 
knowledge  be  acquired  by  the  student  before  entering 
into  practice  as  well  as  the  scientific  knowledge  that 
will  be  of  use  to  him  and  his  employers  in  all  or  the 
majority  of  the  industries  I  have  enumerated?  It  is  evi- 
dent it  cannot;  and  if  it  cannot  be  done,  is  it  worth  the 
student's  while  to  sacrifice  much  time  at  the  most  im- 
portant and  critical  part  in  his  life,  as  far  as  learning 
is  concerned,  in  acquiring  'technical  knowledge  which 
may  be  of  no  assistance  to  him  in  after  life?1 

Too  early  concentration  on  special  subjects  must 
have  a  bad  effect  on  the  development  of  the  power  and 
habit  of  thinking  independently  and  on  the  develop- 
ment of  the  faculty  of  imagination  in  the  student.  If 
he  can  find  time,  apart  from  his  bread  and  butter 
education,  it  is  much  better  for  him  to  turn  his  mind 
to  subjects  of  general  culture,  such  as  history,  art  and 
literature.  Experience  teaches  me  that  technique 
is  very  readily  acquired  in  practice  by  one  who  has 
been  scientifically  trained.  The  most  important  task 
of  the  employer  in  industry,  as  in  every  other  walk 
in  life,  is  to  find  the  right  man;  and  the  right  man 
with  scientific  knowledge,  who  has  imagination  and 
power  of  observation  and  can  select  and  command 
competent  subordinates,  is  immeasurably  more  use- 
ful than  the  otherwise  right  man  without  scientific 
knowledge.  Before  all  things,  it  is  necessary  to  find 
the  right  man;  experience  and  inventive  faculty  must 
do  the  rest.  It  is  not  that  we  do  not  possess  sufficient 
knowledge  when  we  leave  our  college  as  students; 
what  we  lack  is  experience  and  the  power  of  applying 
our  knowledge.  Our  great  chemical  industries  have 
been  originated  and  developed  by  scientifically  trained 
men;  to  name  only  a  few,  men  such  as  Perkin,  Caro, 
Brunck,  Solvay  and  Mond,  Young,  the  Siemens's, 
Duisburg,  have  never  found  any  difficulty  in  securing 
the  cooperation  of  engineers  or  electricians  competent 
to  construct  any  kind  of  plant  they  have  required  to 
carry  out  their  problems. 

In  fine,  Carlyle  has  well  said:  "  He  who  has  learned 
how  to  learn  can  learn  anything;"  the  best  system 
of  education  is  the  system  which  teaches  each  man 
how  to  educate  himself. 

Our  education  really  begins  when  we  leave  college 
and  the  storm  of  life  forms  our  character.  We  have 
to  study,   as  nothing  in  this  world   is  given  to  us  for 

1  To  a  father's  request  to  lay  stress  on  his  son  obtaining  particular 
knowledge  about  his  own  (the  father's)  industry,  one.  of  my  professors 
replied:  "You  do  not  teach  your  son  gymnastics  in  order  that  he  shall  be 
efficient  when  a  man  is  turning  somersaults  in  competition  with  others." 


nothing;  books,  our  scientific  and  technical  societies, * 
must  assist  us. 

Had  time  permitted,  much  might  have  been  said 
of  industries  which  are  almost  specifically  American 
and  of  developments  that  are  now  taking  place  in 
connection  with  the  manufacture  of  food  supplies. 
My  difficulty  has  been  merely  to  indicate  the  vast 
number  of  directions  in  which  the  chemist  is  now  ren- 
dering service  to  Society.  Each  one  of  my  hearers 
will  be  able  to  enlarge  upon  one  or  the  other  of  the 
topics  to  which  I  have  referred.  I  can  ask  you  now 
only  to  reflect  how  much  lies  behind  my  story.  The 
progress  witnessed  in  my  time  is  inconceivable.  It  is 
impossible  for  one  of  my  position  to  do  justice  to 
such  a  theme,  but  of  its  infinite  importance  to  our 
civilization  there  can  be  no  question. 


OXIDATION  OF  ATMOSPHERIC  NITROGEN  AND  DEVELOP- 
MENT OF  RESULTING  INDUSTRIES  IN  NORWAY.2 
'  By  Samuel  Eyde. 

We  all  know  that  the  atmosphere  surrounding  us  is 
composed  of  nitrogen  and  oxygen;  to  create  by  the 
union  of  these  two  elements  new  chemical  combina- 
tions that  can  be  utilized  in  the  world's  household  is 
the  task  of  the  new  industry. 

(The  work  of  Priestley  and  Cavendish,  Crookes  and 
Rayleigh  and  Ramsay,  and  Lovejoy  and  Bradley  along 
this  line  was  mentioned  briefly  but  with  appreciation.) 
The  difference  between  previous  methods  and  that 
of  Birkeland-Eyde  is  that  the  latter  have  applied  large 
quantities  of  electric  energy  in  the  electric  arc,  and 
have  first  found  out  the  best  method  of  doing  this, 
while  it  was  previously  believed  that  it  was  small 
quantities  of  energy  that  gave  relatively  the  best 
results.  It  is  on  that  assumption  that  the  apparatus 
employed  by  them  was  constructed. 

In  the  Birkeland-Eyde  method,  the  electric  flames 
used  in  the  electric  furnaces  start  between  the  points 
of  the  electrodes  which  are  close  to  each  other.  By 
this  an  easily  movable  and  flexible  current  is  estab- 
lished, which,  with  the  arrangements  made,  will  be 
found  in  a  highly  magnetic  field.  The  electric  arc 
that  has  been  formed  moves  on  account  of  this  mag- 
netic field  with  great  velocity  perpendicularly  to  the 
lines  of  force,  and  the  electric  arc's  foot  draws  back 

1  These  societies,  the  intercourse  with  professional  friends  engaged  in 
the  same  pursuit  as  ourselves  or  in  kindred  industries,  are  invaluable  to 
our  education  and  so  are  their  papers  and  periodicals.  Unfortunately, 
most  of  us  have  to  keep  not  one  but  quite  a  number  of  scientific  periodicals 
and  here  we  are  faced  with  the  fact  that  they  all  contain  abstracts  and  that 
the  same  matter  is  abstracted  in  most  of  them,  yet  we  cannot  find  this  out 
till  we  have  waded  through  them.  Professor  Noyes  made  an  attempt  to 
prevent  this  overlapping  about  ten  years  ago  and  the  International  Asso- 
ciation of  Chemical  Societies,  which  held  its  first  meeting  in  Paris  in  1910 
and  met  again  in  Berlin  this  year,  will  consider  this  problem  among  others 
in  London  in  1913.  In  the  case  of  purely  scientific  chemistry,  there  should 
not  be  much  difficulty  in  succeeding;  as  regards  applied  chemistry,  objec- 
tions have  been  raised,  which  our  Council  is  now  considering.  Were  it 
possible  to  rid  ourselves  of  the  incubus  of  overlapping  abstracts,  it  would 
doubtless  be  a  great  saving  of  time  to  all  of  us  and  its  realization  should  not 
be  lightly  set  aside. 

J  Abstract  of  lecture  delivered  by  Dr.  Samuel  Eyde.  of  Christiania, 
Norway,  at  a  joint  meeting  of  the  Sections  on  Inorganic  Chemistry',  Physical 
Chemistry,  Electrochemistry  and  Agricultural  Chemistry  at  the  Auditorium 
of  the  American  Museum  of  Natural  History.  Eighth  International  Con- 
gress, New  York.  September.  1912. 
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from  the  points  ol   the  electrodes.     When  the  length 

of  tin-  electric  arc   increases,   the    electric    resistance 

reater  and   the   tension   increases   until    it 

becomes  so  great  that  the  new  electric  are  starts  from 

the  points  "I   the  elect  rodes. 

To  regulate  the  current,  an  inductive  resistance  is 

Used  in  series  with  the  Haine.  With  alternating  cur- 
rent all  the  arcs  are  formed  alternating  in  opposite 
direct  it  >ns  and  appear  to  the  eye  to  be  circular  discs. 
This  (lame  is  a  powerful  technical  means  for  the  oxi- 
dation of  the  nitrogen  of  the  air.  The  flame  in  our 
furnaces  burns  with  a  steadiness  that  is  really  as- 
tonishing. 

The  electrodes  are  thick  copper  tubing,  through 
which  water  passes  for  cooling  them.  The  chamber 
in  which  the  flame  burns  is  circular,  of  only  a  few 
centimeters  width,  and  about  three  meters  diameter. 

The  interior  of  the  furnaces  is  lined  with  fire  clay 
brick,  through  the  walls  of  which  the  air  is  admitted 
to  the  flame.  The  nitrous  gases  formed  in  the  flame 
escape  through  a  channel  made  along  the  casing  of 
the  furnace,  which,  like  the  flame  chamber,  is  furnished 
with  fire-proof  bricks. 

Each  furnace  is  furnished  with  an  induction  coil, 
by  means  of  which  the  power  is  regulated  as  required. 
The  induction  coil  serves  to  make  the  flame  in  the 
furnace  steady  even  while  working.  This  furnace 
burns  for  weeks  without  any  regulation  worth  men- 
tioning. The  maintenance  of  the  furnace  and  its 
repair  are  simple,  as  the  most  exposed  portions,  the 
electrodes,  require  change  only  every  third  or  fourth 
week,  and  then  only  a  small  part  of  them,  and  the 
fire-proof  masonry  every  fourth  to  sixth  month. 

The  temperature  in  our  flames  exceeds  3,000°  C. 
The  temperature  of  the  escaping  gases  may  vary 
between  8oo°-i,ooo°  C.  The  furnaces  are  made  of  cast 
steel  and  iron,  the  middle  of  the  furnace  being  built 
out  to  a  circular  flame  chamber.  The  electrodes  are 
led  radically  into  this  flame  chamber.  By  aid  of 
centrifugal  fans  the  air  is  brought  into  each  furnace 
through  tubes  from  the  basement. 

From  furnaces  no  longer  than  could  be  held  in  the 
hand,  and  which  took  an  energy  of  some  few  horsepower 
we  have  attained  two  types  which  can,  as  mentioned, 
take  an  energy  of  more  than  5,000  H.  P.  We  have 
had  in  the  course  of  this  period  of  developing  our 
method  four  experimental  stations. 

Some  years  later  than  the  invention  of  our  furnace, 
Dr.  Schoenherr,  with  the  electrician,  Hessberger,  of 
the  Badische  Company,  perfected  an  electric  furnace 
for  the  oxidation  of  the  atmospheric  nitrogen,  which 
is  built  on  quite  a  different  principle. 

In  place  of  the  great  disc  of  electric  flame  he  de- 
velops a  long  slender  arc  in  the  axis  of  a  narrow  iron 
tube,  through  which  a  current  of  air  is  forced. 

The  type  now  used  consists  of  a  somewhat  slender 
vertical  column  of  iron  plates  seven  meters  in  height. 
The  inner  tube  is  the  reaction  chamber;  the  others 
form  channels  for  the  entrance  of  the  air  current  and 
its  exit  after  coming  in  contact  with  the  flame.  In  this 
way  the  heat  of  the  outgoing  gas  is  transferred  to  the 
ingoing   current. 


At  the  lower  end  is  the  mam  electrode,  movable  in 
a  vertical  direction,  The  reaction  tube  serves  as  the 
second  electrode.  By  means  of  a  lever  the  space 
between  the  electrode  and  the  tube  can  be  bridged 
Over  and  the  are  formed.  The  air  current,  forced  by  a 
powerful  aspirator,  enters  in  the  lower  part  of  the 
furnace  and  passes  the  channels.  The  entrance  to 
the  reaction  chamber  is  through  a  number  of  small 
tangential  openings  arranged  in  several  horizontal  rows 
in  the  sides.  The  current  passes  in  this  way  from  the 
chamber  and  the  arc  is  driven  up  in  the  midst  of  the 
rapidly  moving  current  of  the  air. 

As  a  quick  cooling  is  of  importance  in  securing  a 
good  yield,  the  upper  third  of  the  tube  has  a  water- 
jacket  through  which  the  gases  pass,  and  in  this  way 
the  reverse  reaction  is  prevented  to  a  notable  degree. 

The  reaction  is  identical  with  that  obtained  in  the 
Birkeland-Eyde  furnace,  and  the  yield,  as  far  as  the 
results  now  obtained  show,  is  practically  the  same. 

At  Notodden  we  have  only  furnaces  of  the  Birkeland- 
Eyde  system,  from  1,000  to  3,000  kw. 

At  Rjukan  there  are,  however,  furnaces  of  the  B.-E. 
system,  3,000  kw.,  as  well  as  furnaces  of  the  Schoenherr 
system,  all  of  1,000  kw. 

When  the  air  in  the  flame  chamber  has  been  treated 
by  the  electric  flames  the  nitrous  gases  formed  pass 
out  through  pipes  which  convey  the  gas  to  the  steam 
boilers,  in  which  the  temperature,  which  was,-  as 
mentioned,  i,ooo°  C,  is  reduced. 

The  steam  produced  in  the  boilers  is  utilized  in  the 
further  treatment  of  the  products.  In  the  boiler  house 
there  are  also  air  compressors  which  supply  compressed 
air  for  pumping  acid  and  lye  in  the  factory's  various 
chemical  departments.  The  gases  pass  on  from  the 
steam  boilers  through  an  iron  pipe  into  the  cooling  house. 
Each  cooler  consists  of  a  great  number  of  aluminum 
tubes  over  which  cold  water  runs,  while  the  hot  gases 
pass  through  them  and  are  considerably  cooled. 
From  the  cooling  chambers  the  gases  go  on  to  the 
oxidation  tanks. 

These  oxidation  tanks  are  vertical  iron  cylinders 
lined  with  acid-proof  stone.  The  object  is  to  give  the 
cooled  gases  a  sufficient  period  of  repose  in  which  the 
oxidation  of  the  oxide  of  nitrogen  may  take  place. 
The  necessary  amount  of  oxygen  is  present  in  ample 
quantity  in  the  air  which  accompanies  the  gases  from 
the  furnaces.  From  the  oxidation  tanks,  the  gases, 
by  blast  engines,  are  led  into  the  absorption  towers. 
All  the  towers  are  filled  with  broken  quartz,  which  is 
neither  affected  by  nitrous  gases  nor  by  nitric  acid. 
To  assist  the  passage  of  the  gases,  there  are  centrifugal 
fans  constructed  of  aluminum  on  each  row  of  towers. 
The  gases  enter  at  the  base  of  the  first  tower,  pass  up 
through  the  quartz  packing,  and  by  a  large  earthen- 
ware pipe  into  the  top  of  another  tower,  then  down- 
ward through  the  quartz  to  the  bottom  of  the  second 
tower,  and  so  on  until  the  air,  relieved  of  all  nitrous 
gases,  leaves  the  last  tower.  Water  trickles  through 
the  granite  towers,  and  this  is  gradually  converted  into 
a  weak  nitric  acid,  while  the  liquid  used  in  the  iron 
towers   is  a   solution  of   soda.     The   absorbing  liquid 
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enters  the  top  of  the  tower  and  is  distributed  in  jets 
by  a  series  of  earthenware  pipes,  so  that  the  permeating 
gases  come  in  immediate  contact  with  the  absorbing 
liquid.  In  the  granite  towers  nitric  acid  is  thus  formed, 
and  in  the  iron  towers  a  solution  of  nitrite  of  soda. 

The  liquid  emerges  in  a  constant,  even  stream  from 
the  bottom  of  the  towers,  that  from  the  granite  towers 
running  into  the  granite  cistern.  Hence  it  flows  into 
the  "montejus"  which  serve  to  pump  up  the  acid, 
which  has  to  pass  repeatedly  through  the  tower  before 
it  has  become  strong  enough  for  the  purpose  for  which 
it  is  intended.  The  "montejus"  are  worked  by  com- 
pressed air,  and  send  the  acid  up  into  large  stoneware 
tanks.  From  these  jars  the  acid  again  runs  through 
the  towers  as  described.  The  "montejus"  work 
automatically. 

The  iron  towers  are  percolated,  as  already  mentioned, 
by  a  solution  of  soda;  otherwise  the  whole  process  is 
practically  similar  to  that  in  the  granite  towers.  The 
solution  of  soda,  owing  to  its  far  greater  power  of 
absorption,  effects  the  separation  of  the  last  remains  of 
nitrogenous  gases  from  the  accompanying  air.  Of  the 
entire  quantity  of  nitrous  gases  passed  through  the 
absorption  system  about  97  per  cent,  is  absorbed. 
The  finished  nitric  acid  from  the  towers,  which  has  a 
strength  of  about  30  per  cent,  by  volume,  is  collected 
in  granite  cisterns,  from  which  it  is  drawn  to  what  is 
called  the  "dissolution  works."  These  consist  of 
granite  vats  filled  with  limestone,  over  which  the  acid 
is  poured.  This  drives  off  with  violent  effervescence, 
the  carbonic  acid  contained  in  the  limestone,  while  the 
nitric  acid  takes  its  place  and  forms  a  watery  solution 
of  nitrate  of  lime  or  calcium  nitrate.  The  rest  of  the 
acid  is  neutralized  in  small  towers  filled  with  milk  of 
lime,  and  is  now  pumped  into  vacuum  evaporating 
apparatus.  The  object  of  boiling  in  vacuum  is  the 
great  saving  in  the  heat  required. 

The  steam  required  for  the  evaporation  is  obtained 
from  the  steam  boilers,  heated,  as  before  mentioned, 
by  the  furnace  gases.  The  concentration  of  the 
nitrate  solution  in  the  evaporizing  plant  is  continued 
until  the  specific  weight  of  the  liquid  at  an  even  tem- 
perature shows  a  content  of  13  per  cent,  of  nitrogen. 
This  solution  is  then  sufficiently  evaporated  and  can 
be  pumped  up  into  the  solidification  chambers,  where 
it  is  conducted  upon  a  revolving  cylinder,  cooled  on 
the  inside,  where  it  stiffens  so  quickly  that  it  springs 
off  in  small  leaf-like  pieces,  which  can  be  granulated  in 
the  crushing  mill.  The  coarse  powder  so  produced 
is  raised  by  an  elevator  to  a  vat,  from  the  bottom 
of  which  it  is  tapped  into  casks  holding  100  kilos  net 
weight. 

The  gas  led  into,  the  iron  tower  forms  with  the 
solution  of  caustic  soda  a  solution  of  nearly  pure 
sodium  nitrite.  This  is  concentrated  by  evaporation 
in  the  same  sort  of  apparatus  as  above,  and  is  allowed 
to  crystallize.  The  crystals  are  dried  in  a  centrifuge 
and  tapped  into  casks. 

The  barrels  are  made  at  our  own  cooper's  shop  and 
are  lined  with  paper  to  guard  against  the  damp. 

Besides  these  two  products,  nitrate  of  lime  and 
nitrite  of  soda,  we  have  during  the  last  years  at  our 


Notodden  Works  taken  up  the  manufacture  of  con- 
centrated nitric  acid  and  of  nitrate  of  ammonia,  which 
products  have  already  won  a  good  reputation,  and  in 
comparatively  large  quantities  are  shipped  to  the 
U.  S.  A.  and  other  countries. 

We  are,  however,  in  our  industry  not  confined  to 
these  products  hitherto  mentioned.  We  have  possi- 
bilities for  the  development  of  a  whole  series  of  new 
industries. 

Visitors  to  our  factories  are  often  under  the  impres- 
sion that  the  works  are  not  running  at  all.  There  is 
but  little  noise  and  hardly  any  workmen  are  visible. 
Indeed  it  is  remarkable  how  few  people  are  required 
to  run  the  establishments  in  our  industry.  Compara- 
tively large  working  forces  are  needed  only  in  the 
packing  and  wrapping  departments. 

For  the  development  of  the  atmospheric  nitrogen 
industry  the  question  of  water  power  is  a  vital  one. 
Our  industry  cannot  exist  unless  it  can  procure  for 
itself  cheap  water  power.  There  is  hardly  a  country 
in  the  entire  world  that  can  boast  of  more  favorable 
conditions  in  this  respect  than  Norway,  and  the  enor- 
mous rise  of  our  industry  must  be  attributed  to  a  very 
large  extent  just  to  Norway's  magnificent  oppor- 
tunities regarding  the  supply  of  the  factories  with 
water  power.  It  must  be  borne  in  mind  that  Norway 
has  not  only  her  magnificent  and  high  waterfalls,  but 
that  she  has  big  lakes  likewise  in  her  mountains,  allow- 
ing the  construction  of  enormous  natural  reservoirs  for 
leading  the  water  to  the  power  stations.  Especially  in 
the  districts  of  our  industry  we  enjoy  most  favorable 
conditions  in  this  respect.  The  wrorks  now  built  are 
all  situated  in  the  southeastern  part  of  Norway,  in  the 
Telemark  River  district. 

The  first  works,  the  Notodden  Nitrate  Factories,  are 
admirably  situated  at  the  lake  of  Hiterdal,  about  fifty 
feet  above  the  level.  A  short  channel  with  a  series  of 
locks  permits  communication  with  the  town  of  Skien, 
an  important  seaport  at  the  head  of  the  fjord.  Under 
the  present  conditions  vessels  of  100  tons  burden 
can  ascend  to  Notodden.  It  is  planned  to  enlarge  the 
locks  so  as  to  allow  the  passage  of  seagoing  vessels  of 
2,000  tons. 

The  Notodden  factories,  which  now  have  about 
60,000  H.  P.  working,  get  this  power  from  two 
neighboring  waterfalls,  Lienfos  and  Svaelgfos.  At 
Lienfos,  about  two  miles  from  Notodden,  a  dam  with 
a  fall  of  about  fifty-five  feet  was  completed  in  191 1. 
The  volume  of  water  is  seventy-five  cubic  meters  per 
second.  The  power  station  is  equipped  with  four 
units,  each  of  5,000  H.  P. 

The  Svaelgfos  power  house  is  situated  above,  about 
one  mile  from  Lienfos.  The  volume  of  water  is  the 
same  as  at  Lienfos.  The  dam  secures,  however,-  a 
fall  of  about  165  feet.  A  tunnel  takes  the  water  to  the 
reservoir,  from  which  four  flumes  cut  in  the  solid  rock 
conduct  the  water  to  the  station  where  there  are  four 
sets  of  turbine  generators,  each  of  10,000  H.  P.  The 
generators  are  capable  of  evolving  13,000  H.  P.,  and 
rank  among  the  largest  units  in  the  world. 

The  power  of  these  two  waterfalls  is  transmitted 
to  Notodden    by    six    separate  lines.     Each   line  con- 


774 


THE  J0URNA1    Of   INDUSTRIAL  AND  ENGINEERING  (  HEMISTRY. 


0«  t 


i  9  r  2 


sists  oi  si\  cables  twelve  millimeters  in  diameter.  The 
three-phase  alternating  currenl  oi  fifty  periods  is 
transmitted  with  a  voltage  of  10,000. 

A  second  power  station  al  Svaelgfos  is  now  under 
construction.  As  the  normal  volume  oi  water  by  an 
additional  regulation  of  distant  lakes  in  the  same 
watershed  soon  will  increase  to  ninety  cubic  meters,  in 
the  new  power  station  likewise  two  additional  units 
of  10,060  H.  P.  each  are  built. 

About  sixteen  miles  farther  up  the  river  the  first 
regulating  dam  at  the  Lake  of  Tinn  was  constructed 
at  the  same  time  as  the  water  station  of  Svaelgfos  and 
the  factories  at  Notoddcn.  The  immense  basin  regu- 
lated by  this  dam  makes  it  possible  to  store  up  fully 
300,000,000  cubic  meters  of  water. 

For  the  regulation  of  the  water  supply  a  dam  was 
built  at  the  Lake  Mosvand  by  means  of  which  the 
level  of  the  lake  is  raised  over  46  feet.  As  the  surface 
of  the  lake  is  not  less  than  23  square  miles,  nearly 
900,000,000  cubic  meters  can  be  retained.  The  mini- 
mum flow  in  the  river  is  in  this  way  increased  from  5-47 
cubic  meters  per  second,  or  the  water  power  at  Rjukan 
only  from  30,000  to  250,000  H.  P. 

To  give  you  some  idea  of  the  development  of  our 
industry  I  let  pass  in  review  the  factories  we  have 
had  at  the  different  times: 

H.  P.  Employ-  Work- 
Dates.                 Factories.  utilized.  ees.  men. 

July    1903     Frognerkilens  Fabrik 25  2  2 

Oct.    1903     Anterlokken 150  4  10 

Sept.  1904     Vasmoen  and  Arendal 1,000  6  20 

May    1905     Notodden 2,500  4  35 

May    1907      Notodden  and  Svaelgfos 42,500  12  103 

Nov.   1911      Notodden,    Svaelgfos,    Lienfos 

and  Rjukan  1 200,000  143  1,340 

According  to  the  results  of  the  use  of  our  nitrate  of 
lime,  it  is  stated  that  it  is  the  same  as  the  Chile  salt- 
peter and  for  certain  soils  it  is  even  better.  I  have 
the  pleasure  of  telling  you  that  we  to-day  are  sending 
many  thousands  of  tons  of  the  Norgersalpeter  to 
California  and  Hawaii  to  be  applied  to  the  fruit  orchards 
and  sugar  plantations;  and  the  demand  is  twice  as 
large  as  last  year. 

That  our  nitric  acid  and  nitrate  of  ammonia  are 
enjoying  a  good  reputation  is  shown  by  the  following 
extract  from  an  English  periodical,  "The  Sphere." 
It  was  a  peculiar  coincidence  that  just  on  my  trip  over 
here  I  happened  to  see  this  paper  and  the  article  in 
question.     There   it  reads — "Nitric   acid   is   the   main 


Constituent     of     gUnCOtton,     dynamite     and     smokeless 

powders.     One  of  the  chemicals  made  a1    Notodden 

greatly  reduces  the  heat  of  discharge,  thereby  pro- 
longing the  life  of  a  big  gun,"  and  further:      "Nil! 

of  ammonia  obtained  at  Notodden  by  the  marvelous 
electric  process  described  here,  is  the  principal  con- 
Stituent  of  many  of  the  explosives  for  mines  and  is, 
therefore,  of  high  importance  to  the  navy."  I  could 
not  wish  anything  better  to  be  said  in  favor  of  our 
products;  you  would  believe  I  had  put  it  into  the 
newspaper  myself. 

If  you  ask  me  what  above  all  has  contributed  to 
such  a  rapid  development  of  our  industry,  then  I 
wish  to  mention  the  confidence  the  financial  people 
gave  and  the  good  collaboration  between  engineers 
and  myself.  We  all  were  filled  with  the  same  thought, 
to  create  something  great  and  useful  for  our  country, 
and  we  all  had  in  view  the  great  importance  this  new 
industry  would  have  from  an  international  point  of 
view. 

There  is,  however,  one  thing  which  I  wish  to  tell 
you  and  which  more  than  anything  else  has  contributed 
to  the  great  success  attained  in  the  development  of 
this  industry,  and  that  is  that  I  mainly. have  employed 
young  men  for  this  work.  This  assertion  may  appear 
strange  but,  I  assure  you  that  it  is  the  "lack"  of  ex- 
perience which  has  created  this  industry.  If  I  had 
paid  attention  to  all  the  doubt  and  hesitation  brought 
forward  by  the  so-called  authorities  during  the  de- 
velopment of  our  enterprise,  the  Norwegian  people 
to-day  would  never  have  their  nitrate  industry. 
Thanks  to  the  young  people,  to  their  undaunted 
courage,  energy  and  love  of  action  the  work  has  been 
done,  and  it  is  in  grateful  remembrance  of  all  our 
struggles  in  joy  and  sorrow,  that  I  look  backward  to 
the  work  that  has  been  done  and  the  good  results  we 
have  obtained  to-day.  The  Norwegian  nitrate  in- 
dustry is  not  alone  a  technical  but  also  a  financial 
success,  and  I  have  been  able  to  keep  my  promise  to 
the  big  financial  institutions,  the  Banque  de  Paris  and 
the  Soci^te"  Generate,  and  also  to  our  German  associa- 
ates,  who  to-day  all  are  proud  of  the  assistance  and 
confidence  they  gave  to  the  industry. 

My  own  country,  the  small  Norway,  who  is  the 
youngest  daughter  of  the  family  of  the  electrical 
industries,  does  no  more  need  to  be  proud  alone  of  the 
discovery  of  the  South  Pole,  but  is  glad  to  be  able  to 
contribute  her  share  in  the  solution  of  the  most  im- 
portant questions  relating  to  the  world's  household. 


CURRENT  INDUSTRIAL  NEWS 


By  W.  A.  Hamor. 


A  NEW  WOOD  PRESERVATIVE. 

"Aezol"  is  a  new  wood-preserving  material,  consisting  of 
metallic  ammoniates  and  an  antiseptic  acid.  It  is  said  to  exert 
no  harmful  action  on  cither  wood  or  metal.  Evidently  the  use 
of  "Aczol"  is  based  upon  the  process  of  permanently  fixing  large 
quantities  of  metallic  salts  in  the  wood,  as  in  the  patented  pro- 
cess of  Gerlache,  wherein  wood  is  impregnated  with  an  aqueous 
solution  containing  free  ammonia  and  amrronia  compounds  of 


copper  and  zinc  (e.  g.,  ammoniacal  solutions  of  copper  sulphate 
and  zinc  chloride). 

AIR  COMPRESSOR  LUBRICATION. 

It  is  noted  in  The  Engineering  and  Mining  Journal  (93,  No. 
23,  1 125)  that  explosions  within  the  cylinders  of  an  air  compressor 
are  usually  caused  by  the  ignition  of  inflammable  gas  arising 
from  the  use  of  too  much  lubricating  oil  of  low  flash-point;. 
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it  is  further  pointed  out  that  excessive  use  of  oil  tends  to  give 
rise  to  sticking  of  the  valves.  Attention  is  called  to  a  lubricant 
which  is  free  from  these  objections,  namely,  soapy  water  with 
which  a  small  amount  of  flake  graphite  has  been  mixed.  The 
graphite  flakes  remain  suspended  in  the  water  until  admitted 
to  the  interior  of  the  cylinder,  where  they  exhibit  a  tendency 
to  attach  themselves  to  the  metallic  surfaces,  imparting  a  super- 
ficial glaze  which  is  smooth,  acquires  a  high  polish  and  prevents 
actual  contact  of  metal  with  metal.  The  soapy  water  may, 
however,  cause  rusting,  so  it  is  advisable  to  introduce  a  little 
oil  into  the  cylinder  when  shutting  down  the  compressor. 

THE  OXYGRAPH. 

The  oxygraph,  described  in  The  Engineering  Record  (65, 
No.  25,  701),  is  the  latest  appliance  developed  in  connection 
with  the  oxy-acetylene-cutting  process.  It  is  constructed 
along  the  lines  of  the  pantograph,  the  novel  feature  being  a 
mechanically  propelled  tracer  which  gives  uniform  speed.  The 
geared  tracer  is  driven  by  an  electric  motor  attached  to  the 
head  of  the  machine.  The  oxygraph  is  said  to  cut  steel  3  in. 
thick  or  less,  at  a  speed  of  6  in.  per  minute,  and  to  be  capable 
of  cutting  curves  and  right-angled  corners.  With  high  quality 
oxygen,  the  kerf  is  very  narrow,  and  the  cuts  clean  and  sharp. 
The  work  is  performed  by  guiding  the  tracer  along  the  lines  of 
the  drawing  on  the  tracer  table,  the  torch  cutting  a  reproduc- 
tion in  the  steel  K  the  size  of  the  drawing.  The  appliance  is 
said  to  be  useful  in  die-making  and  for  getting  out  difficult 
forms,  as  blanks  for  crank  shafts  of  moderate  dimensions. 

THE  MANUFACTURE  OF  LITHOPONE. 

Lemaire  states  (Set.  Am.  SuppL,  74,  147)  that  the  manu- 
facture of  lithopone  is  almost  confined,  in  Europe,  to  Germany. 
A  good  deal  of  secrecy  is  observed  in  the  manufacture — a  fact 
which  seems  strange  in  view  of  the  simplicity  of  the  chemistry 
involved,  but  which  is  justified  by  the  necessity  of  employing 
special  machines  in  order  to  assure  the  cheapness  and  uniform 
quality  of  the  product. 

The  quality  of  the  lithopone  depends  largely  upon  the  care 
exercised  in  the  preparation  of  the  two  soluble  salts,  barium 
sulphide  and  zinc  sulphate.  These  salts  therefore  are  always 
prepared  in  the  lithopone  factory.  Some  German  firms  make  a 
lithopone  of  the  best  quality,  containing  a  large  proportion  of 
zinc  sulphide,  from  which  they  obtain  lower  grades  by  admix- 
tures of  pulverized  natural  barium  sulphate  (heavy-spar),  which 
is  very  cheap,  but  which  absorbs  oil  far  less  perfectly  than  the 
precipitated  barium  sulphate  which  is  contained  in  genuine 
lithopone. 

The  soluble  barium  sulphide'  is  obtained  by  reducing  heavy- 
spar  (natural  barium  sulphate)  by  charcoal  at  a  red  heat,  and 


Fig.  1. — Hakdinge  Tube  Mill 

leaching  the  mass  after  cooling  with  water.  The  heavy-spar 
and  charcoal,  according  to  Nagel,  should  be  ground  and  mixed 
together  in  revolving  tube  mills,  which  can  be  cheaply  operated. 
In  the  United  States,  the  Hardinge  tube  mill  (Fig.  1)  is  coming 
into  use.  The  heavy-spar  and  charcoal  arc  introduced  at  the 
end  A  and  the  pulverized  mixture  passes  out  at  the  opposite  cud 
B.     Although  the  apparatus  contains  no  sieve,  the  conical  form 


of  the  vessel  and  its  rotary  movement  produce  an  automatic 
gradation,  so  that  only  a  finely  ground  mixture  escapes  at  B, 
while  the  coarser  particles  remain  in  the  mill  for  additional 
grinding.  The  reduction  is  accomplished  in  reverbcratory 
furnaces,  retorts  or  muffles.  The  operation  may  be  either 
intermittent  or  continuous.  In  the  latter  case,  the  usual  one 
when  a  reverbcratory  furnace  is  used,  the  mixture  is  deposited 
near  the  front  of  the  furnace  and  pushed  back  at  regular  intervals. 
Continuously  operating  groups  of  vertical  retorts  (Fig.  2)  or 
intermittently  operating  muffle  ovens  (Fig.  3)  are  also  employed. 


Fig.  2. — Vertical  Retorts:     C, 

Retorts;  £,  Extractor: 

F,  Furnace. 


Fig.  3. — Muffle  Ovens:     M, 
Muffler  ;  F,  Furnace. 


In  both  of  these  cases  the  losses  which  are  occasioned  by  oxida- 
tion in  the  revcrberatory  furnace  are  avoided,  but  the  consump- 
tion of  fuel  is  greatly  increased. 

In  the  United  States,  a  revolving  furnace  like  the  Bruckner 
apparatus  used  in  soda  factories  is  employed.  This  furnace 
gives  very  good  results,  but  its  continuous  rotation  produces 
and  disseminates  dust,  which  must  be  removed  by  a  collecting 
chamber  placed  between  the  furnace  and  the  chimney.  A 
furnace  of  this  kind,  6  feet  in  diameter,  13  feet  long,  and  making 
one  complete  revolution  in  two  minutes,  suffices  for  the  pro- 
duction of  10  tons  of  lithopone  per  day.  Nagel  suggests  the 
employment  of  the  revolving  furnace  which  is  used  for  producing 
cement  clinker,  and  which  operates  continuously  and  consumes 
little  fuel. 

The  hot  reduced  mass  is  placed  in  iron  cars,  provided  with 
sheet-iron  covers,  in  order  to  prevent  oxidation  of  the  barium 
sulphide    to    sulphate,    and    allowed    to   cool.     The   leaching   is 


Fig.  4. — Gas-Heated  Muffle  Ovens:     G,  Recuperator;  M.  Muffler, 
P,  Gas  Generator;  V.  Gas  Valve;  V,  Air  Valve. 

accomplished  in  double-bottomed  vats  or  in  the  Shank  apparatus 
employed  for  the  leaching  of  crude  soda  in  the  Leblanc  process. 
The  operation  must  be  conducted  rapidly  in  order  to  prevent 
oxidation. 

All  that  part  of  the  factory  which  is  devoted  to  the  preparation 
of  barium  sulphide  should  be  separate  and  distant  from  the 
rooms  in  which  (he  manufacture  of  lithopone  takes  place,  for 
the  smallest  trace  of  charcoal  dust  or  natural  barium  sulphate 
would  destroy  the  whiteness  of  the  lithopone.  Natural  barium 
sulphate  is  often  very  impure  and  frequently  contains  salts  of 
iron  and  other  metals.  A  trace  of  iron  salt  in  the  barium  sul- 
phide makes  the  lithopone  sensitive  to  the  action  of  light.  Such 
traces  of  impurity  are  removed  by  methods  which  have  been 
kept  secret. 

In    Germany    the    zinc   sulphate  employed  is  obtained  from 
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complex  ores  rich  in  rinc  blende  (natural  sine  sulphide)  These 
roasted  until  the  blende  is  converted  into  oxide  and  are 
then  treated  with  sulphuric  acid.  In  the  United  States,  rinc 
w  bite  of  inferior  quality  and  natural  oxides  "t  sine  are  sometimes 
used.  It  is  also  possible  to  employ  rinc  scraps  dissolved  in 
sulphuric  acid.    The  crude  solution  of  rinc  sulphate  is  placed  in 

B  vat  and  mixed  with  granulated  zinc  or  zinc  scraps,  which 
precipitate  any  copper  and  lead  which  may  he  present.  The 
deal  liquid  is  decanted  and  boiled  with  an  admixture  of  chloride 
of   lime,   which  oxidizes  and   precipitates   the  salts  of   iron   and 

manganese  as  insoluble  oxides.  The  mass  is  passed  through  a 
filter  press  and  the  clear  liquid  is  collected  in  reservoirs. 

In  order  to  produce  lithoponc  the  solutions  of  zinc  sulphate 
and  barium  sulphide  are  mixed  in  the  desired  proportions  in  a 
precipitating  vat.  The  mixture  is  heated  by  steam  lor  some 
time  and  the  precipitate  formed  is  separated  in  a  filter  press  and 
washed  with  water.  The  drying  is  effected  continuously  in 
drying  tunnels  provided  with  blowers  and  heated  by  steam. 
The  precipitate  is  placed  in  layers  on  wooden  shelves  in  cars, 
which  arc  drawn  through  the  tunnel. 

The  dry  product  is  heated  to  a  dull  red  in  muffles.  The  ovens 
arc  heated  with  charcoal  or  now,  preferably,  by  recuperating 
gas  generators  (.Fig.  4).  The  hot  hard  mass  resulting  is  quenched 
in  cold  water,  which  causes  it  to  crumble.  It  is  again  filtered 
out  and  dried,  and  is  then  pulverized  and  sifted.  In  general 
the  final  grinding  is  applied  to  the  moist  product  before  the  final 
drying,  unless  it  is  possible  to  employ  dry  grinding  in  a  tube  mill 
of  the  Hardinge  type. 

THE  POLLUTION  OF  STREAMS  BY  SPENT  GAS  LIQUOR. 

H.  M.  M.  Wilson  (Industrial  Hygiene  Section,  Royal  Sanitary- 
Institute,  York,  July  31,  1912)  states  that  hitherto  the  large 
quantities  of  gas  liquor  produced  in  the  manufacture  of  gas  in 
England  were  regarded  entirely  as  trade  refuse,  but  are  now 
considered  of  value,  as  considerable  profit  is  derived  from  the 
recovery  of  ammonia  from  the  liquor.  The  ever-increasing 
production  of  gas  liquor  is  not  dependent  upon  the  manufacture 
of  gas  for  illuminating  purposes,  but  is  also  due  to  improved 
methods  of  coke  manufacture  and  to  the  increased  manufacture 
of  power  gas.  Gas  liquor  contains  ammonia  in  a  free  state  and 
in  combination  with  acids;  this  is  recovered  by  distillation  in 
two  stages:  by  means  of  live  steam  and  afterwards  with  the 
addition  of  lime.  The  hot  vapors  which  pass  from  the  still 
through  sulphuric  acid  are  cooled  and  condensed  in  a  series  of 
pipes  into  a  grossly-  polluting  liquid  ("devil  water").  This 
liquor  is  sometimes  discharged  as  refuse,  but  is  generally  re- 
turned to  the  storage  tank  for  gas  liquors  and  is  circulated  again 
through  the  still.  The  bulk  of  the  refuse  comes  from  the  still, 
being  spent  gas  liquor  after  the  ammonia  has  been  expelled, 
along  with  lime  added  during  the  process.  The  spent  gas  liquor 
leaving  the  ammonia  stills  is  a  light  brown'liquid,  of  a  tempera- 
ture of  some  ioo°  C,  turbid  from  particles  of  spent  lime  and 
tarry  matters,  and  having  a  peculiarly  offensive  odor;  it  is 
strongly  alkaline  and  exceedingly  hard.  The  effect  of  a  discharge 
like  this  upon  a  small  stream  is  disastrous,  the  water  being 
rendered  poisonous,  offensive,  discolored,  and  unfit  for  ordinary- 
use.  Moreover,  the  great  capacity  of  the  refuse  for  absorbing 
oxygen  is  very  detrimental  to  the  stream  in  preventing  self- 
purification.  The  purification  of  this  kind  of  refuse  has  been  a 
problem  difficult  to  solve.  It  is  easy  to  eliminate  suspended 
solids  by  means  of  settling  tanks;  but  these,  though  objection- 
able, are  innocuous  compared  with  the  matters  in  solution. 
When  diluted,  the  liquid  is  amenable  to  treatment  on  biological 
filters.  Fowler  has  constructed  a  percolating  filter  of  some- 
what coarse  material.  9  feet  deep,  and  prepared  it  either  by  using 
material  which  had  previously  formed  part  of  a  sewage  filter  or 
by  ripening  the  filter  by-  the  application  of  a  weak  sewage  until 
nitrification  was  induced.     To  such  a  filter  he  has  applied  spent 


liquor  from  gas-works    rlwrififd  bj   settlement  and  diluted  t<> 

hi  times  its  original  volume  either  with  clean  water  or  with 
filter  effluent  at  the  rate  of  100  gallons  "I  Hn-  diluted  liquor 
-i,  said  pel  day.  This  treatment  effects  a  marked 
reduction  in  the  oxygen  absorbed  figure,  and  sulphi "  J  snidl  and 
phenols  are  also  greatly  reduced.  llowc\cr,  the  cost  ot  1 
out  the  Fowler  process  is  considerable,  2  to  3  cubic  yards  of 
filtering  material  being  required  foi  e\ ery  10  gallons  of  the  etude 

refuse  produced  daily.  For  a  battery  of  40  coke  ovens  \  1.  [ding 
2ii,ihk)  gallons  of  spent  liquor  daily,  nearly  '/a  acre  of  filter  C>  to  9 
feel  dee])  would  be  required;  even  after  this  purification,  the 

liquor  would  still  deleteriously  affect  a  pure  stream  of  small 
volume.  It  could,  however,  be  used  for  many  colliery  purposes, 
e.  g.,  coke  quenching  and  coal  washing.  Two  methods  of  partial 
purification  of  spent  liquor  have  been  introduced  by  J.  Rad- 
cliffc,  who  claims  that  all  solids  in  suspension,  all  free  lime,  all 
hydrocyanic  acid,  70  per  cent,  of  the  sulphocyanides,  and  60 
per  cent,  of  the  solids  in  solution,  can  be  removed,  and  that  the 
oxygen  absorbed  figure  can  be  reduced  by  75  per  cent.  In  some 
collieries,  the  spent  gas  liquor  is  discharged  into  old  pit  workings, 
while  in  others  the  refuse  is  disposed  of  by  passing  it  into  trenches 
on  the  top  of  the  spoil  bank.  Direct  evaporation  of  the  refuse 
in  specially  constructed  furnaces  has  also  been  adopted  in  several 
instances.  The  latest  developments  in  coke-oven  plants  will 
reduce  the  volume  and  alter  the  character  of  the  refuse,  so  that 
the  problem  will  be  made  easier. 


THE  MELTING  POINTS  OF  FIRE  BRICKS. 
Kanolt  (/.  Wash.  Acad.  Sci.,  2,  No.  14,  337)  has  determined 
the  melting  points  of  fire  bricks,  taking  as  the  melting  point  the 
lowest  temperature  at  which  a  small  brick  piece  could  "be  dis- 
tinctly seen  to  flow.  The  experiments  w-ere  conducted  in  an 
Arsem  graphite  resistance  vacuum  furnace,  and  the  samples, 
which  were  from  1  to  2  cm.  in  diameter,  were  usually  enclosed 
in  a  refractory  tube  to  protect  them  from  reducing  gas  and  were 
heated  at  the  rate  of  about  io°  F.  per  minute  when  near  the 
melting  point.  The  temperatures  were  determined  by  means 
of  a  Morse  optical  pyrometer  of  the  Holborn-Kurlbaum  type. 

It  was  found  that  in  the  case  of  certain  bricks  made  of  hetero- 
geneous material  of  relatively  low  melting  point,  the  melting 
points  were  slightly  higher  after  six  hours'  heating  to  15500, 
apparently  as  the  result  of  the  gradual  running  together  of  dis- 
similar particles  to  form  a  mixture  having  a  higher  melting  point 
than  the  most  fusible  of  the  original  materials. 
The  results  are  summarized  in  the  follow-ing  table: 
Meltin-g  Points  of  Fire  Bricks. 

Number  of  Melting  point 
Material.  samples.      Centigrade. 

Fire  clay  brick 41  1555-1725 

mean  1649 

Bauxite  brick 8  1565-1785 

Silica  brick 3  1077-1705 

Chromite  brick 1  2050 

Magnesia  brick 1  2165 

Kaolin 3  1735-1740 

Bauxite 1  1820 

Bauxite  clay 1  1795 

Chromite ......         1  2180 

Pure  alumina 2010 

Pure  silica 1750 

The  value  17500  given  for  silica  is  not  the  true  melting  point, 
but  represents  approximately  the  temperature  at  which  the 
silica  flows  distinctly.  It  was  found  that  silicon  carbide  does  not 
melt  below  2  7000;  it  becomes  unstable  at  much  lower  temperatures. 


"PERSIL"  AS  A  BLEACHING  AGENT. 

According  to  Revue  Set.,  13,  407,  sodium  perborate,  under  the 

name  of  "Persil,"  is  now  used  for  bleaching  linen.     A  solution  of 

sodium  perborate  heated  to  6o°  C.  gives  sodium  metaborate  and 

oxygenated  water.     For  bleaching  cotton,  it  is  first  boiled  witht 
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"alkasil"  (sodium  monosilicatc),  and  then  in  a  bath  containing 
5  per  cent,  of  sodium  perborate.  The  temperature  should  be 
below  25 °  C.  for  bleaching  flax,  hemp,  jute,  and  ramie,  in  which 
cases  hypochlorites,  sodium  peroxide  and  sodium  perborate  are 
used  concurrently.  Sodium  perborate  gives  a  decided  white 
'  color  after  steeping  several  hours  at  700  to  8o°  C.  and  maceration, 
and  after  the  use  of  hypochlorites  acts  as  an  antichlor.  Straw 
may  be  bleached  by  the  use  of  sodium  peroxide  or  perborate  in 
a  solution  acidified  with  oxalic  acid,  and  a  1  per  cent,  solution 
of  sodium  hydrosulphite  ("blankit")  is  also  employed.  Wool 
is  bleached  by  sodium  perborate,  preferably  in  water  acidified 
with  lactic  acid;  but  to  bleach  silk  it  is  first  necessary  to  wash 
in  soapy  water  mixed  with  benzine,  to  remove  the  fatty  matters, 
and  then  to  treat  with  a  bath  of  1,000  liters  of  water  containing 
10  kilograms  of  cocoanut-oil  soap  and  2  to  3  kilograms  of  sodium 
perborate. 

THE  DISINFECTION  OF  POTABLE  WATERS  BY  CHLORIDE 
OF  LIME. 

At  the  Fifty-third  General  Convention  of  the  German  Union 
of  Gas  and  Water-gas  Manufacturers  at  Miinchen,  on  June  24-28, 
1912,  Professor  Bruns  gave  an  account  of  the  disinfection  of 
drinking  water  by  means  of  chloride  of  lime.  Twenty  years 
ago  Traube  used  chloride  of  lime  for  the  disinfection  of  water. 
His  experiments  were  confirmed  by  Kratsehmer  and  others, 
but  were  contradicted  by  Engel,  who  claimed  that  it  is  impossible 
to  kill  all  pathogenic  bacteria  completely.  This  process  has 
not  been  employed  in  Germany,  but  has  been  used  for  a  number 
of  years  in  the  United  States  for  the  purpose  of  disinfecting  water. 
The  employment  of  this  method  is  dependent  upon  the  cheapness 
of  chloride  of  lime,  which  varies  with  its  hypochlorite  content, 
the  average  being  from  35  to  38  per  cent.  The  disinfecting 
action  of  chloride  of  lime  was  first  determined  by  Robert  Koch, 
who  showed  that  chlorine  is  one  of  the  strongest  disinfecting 
agents,  and  his  experiments  were  confirmed  later.  Bruns  states 
that  the  "chlorine"  is  dissolved  in  100  parts  of  water  and  allowed 
to  flow  into  the  main  stream  so  that  the  relation  becomes 
1  :  500,000.  The  number  of  bacteria  is  greatly  reduced,  but 
the  taste  is  impaired,  although  this  is  not  generally  complained 
of.  With  larger  amounts  of  chlorine,  the  results  were  bacterio- 
logically  satisfactory,  but  complaints  were  received  on  account 
of  the  foreign  taste.  Bruns  performed  experiments  wherein 
equal  quantities  of  chloride  of  lime  and  calcium  thiosulphate 
were  used;  the  thiosulphate  served  to  render  the  free  chlorine 
in  the  water  inactive.  When  sodium  thiosulphate  was  used, 
many  complaints  were  received  on  account  of  the  bad  taste  of 
the  water.  Bruns  considers  that  chloride  of  lime  can  not  be 
used  for  every  purpose,  but  is  still  valuable  for  purposes  of 
sterilization;  this  process  can  not  be  used  in  the  purification  of 
dirty  waters  unless  filtration  is  also  resorted  to.  It  should 
always  be  borne  in  mind  that  chloride  of  lime  is  a  disinfectant 
and  not  a  purifying  agent. 

AMMONIA  EVAPORATION  AND  TRANSFORMATION  IN  SOILS. 
The  lower  fertilizing  efficiency  of  ammonium  sulphate  as 
compared  with  sodium  nitrate  has  been  ascribed  to  various 
reasons,  including  slowness  of  nitrification,  fixation  of  nitrogen 
in  organic  forms,  and  evaporation  of  ammonia.  Von  Wlodeck 
{Chem.  World,  1,  287)  reports  experiments  on  soils  in  sunken 
cylinders  to  determine  the  loss  and  transformation  of  ammonia 


from  soils  containing  varying  amounts  of  lime,  silt,  and  clay. 
In  the  course  of  his  experiments,  varying  applications  of  ammo- 
nium sulphate,  either  alone  or  in  combination  with  superphos- 
phate, were  made.  The  loss  of  ammonia  by  evaporation,  when 
the  ammonium  sulphate  was  used  under  conditions  as  nearly 
natural  as  possible,  was  very  small.  With  a  high  lime  content 
of  the  soil,  and  heavy  application  of  ammonium  sulphate,  the 
loss  was  larger.  There  was  little  or  no  loss  where  a  mixture  of 
ammonium  sulphate  and  superphosphate  was  used,  and  the  deep 
application  of  the  ammonium  sulphate  greatly  reduced  the  loss. 
The  results  of  the  observations  of  von  Wlodeck  on  the  fixation 
of  the  ammonia  in  organic  forms  were  not  entirely  conclusive, 
but  indicated  that  the  fixation  in  the  case  of  a  loam  soil  was 
practically  the  same  whether  ammonium  sulphate  was  used 
alone  or  mixed  with  superphosphate.  On  a  light  soil,  super- 
phosphate seemed  to  increase  nitrogen  fixation,  and  the  addition 
of  superphosphate  apparently  did  not  effect  nitrification. 


THE  LOCATION  OF  UNDERGROUND  PIPES. 

A  device  for  indicating  the  positions  of  pipes  in  waterworks 
systems,  in  cases  wherein  repairs  or  new  connections  are  to  be 
made,  is  being  manufactured  by  a  Quincy,  111.,  concern  and  is 
now  being  used  by  a  number  of  water  companies.  It  is  based 
upon  the  principle  of  causing  a  slight  flow  of  electric  current  in 
the  pipe,  which  thereby  becomes  a  conductor.  When  an  electric 
coil  is  brought  within  the  field  of  this  conductor,  a  current  will 
be  induced  in  the  coil  and  cause  a  sound  in  a  telephone  receiver 
connected  to  the  coil.  The  sound  increases  or  decreases  as  the 
coil  is  carried  nearer  to  or  farther  from  the  underground  con- 
ductor, but  ceases  when  nearest  to  it,  that  is,  when  directly  over 
it.  The  situation  of  the  pipe  is  thus  determined  by  locating  a 
number  of  points  directly  over  it.  In  making  use  of  the  instru- 
ment, wires  from  a  portable  battery  are  attached  to  suitable 
connections  and  the  operator,  carrying  the  instrument  in  his 
hand  and  the  receiver  at  his  ear,  walks  across  the  supposed  line 
of  the  pipe,  the  exact  position  being  indicated  by  the  absence  of 
sound.  In  locating  a  service  pipe,  the  battery  wires  are  con- 
nected to  the  house  cock  and  hydrant,  causing  a  current  along 
the  service  line. 


THE  CASTING  OF  MAGNESIUM  ALLOYS. 

Owing  to  the  affinity  of  magnesium  for  oxygen,  difficulties 
arise  in  casting  alloys  containing  this  metal.  According  to  U.  S. 
Patent  1,028,216,  of  June  4,  1912,  Hoffman  and  Suchy  have 
found  that  this  reaction  is  mitigated  by  the  addition  of  a  small 
amount  of  calcium  to  the  alloy.  It  is  claimed  that  alloys  thus 
formed  may  be  cast  without  the  formation  of  either  magnesium 
oxide  or  nitride,  or  any  other  injurious  action  occurring.  For 
example,  magnesium  and  its  alloys,  when  mixed  with  from  0.1 
per  cent,  to  0.5  per  cent,  of  calcium,  flow  without  the  occurrence 
of  burning  or  the  formation  of  a  dark  skin  on  the  surface  of  the 
metal.  The  castings,  moreover,  do  not  effloresce  in  air  and  fill 
the  molds  perfectly,  and  the  property  imparted  by  the  calcium 
is  not  lost  on  repeated  fusion  and  casting.  The  calcium  may  be 
applied  in  the  form  of  calcium  oxide  or  may  be  added  during 
the  electrolytic  production  of  magnesium.  No  characteristics 
of  a  calcium  alloy  are  imparted,  as  the  calcium  or  calcium  oxide 
is  used  in  such  small  quantities. 


NOTES  AND  CORRESPONDENCE 


OBITUARY— FREDERICK  J.  MAYER. 
Mr.  Frederick  J.  Mayer  was  born  at  Bremerhaven,  Germany, 
July  4,  1853.     He  received  his  early  education  at  the  University  of 
Stuttgart,  Germany,  and  came  to  this  country  in  1870  after  the 


Franco-Prussian  War,  in  which  he  saw  active  service.  Being 
an  engineer,  he  engaged  with  the  Bartlett  Hayward  Company  of 
Baltimore,  Md.,  as  draftsman  and  while  with  them,  up  to  1906  as 
Chief  Engineer,  he  designed,  erected  and  operated  many  of  the 
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plants  constructed  by  thai  company,  la  1906  Mi 
Maya  severed  his  connection  with  the  Bartletl  rlayward  Com 
i>.ui\  and  organized  and  established  the  Didiei  March  Company 
in  the  United  States,  taking  the  position  of  Genera]  Manage) 

Having  made  a  life  study  of  the  carbonization  of  coal  foi 
metallurgical  and  domestic  purposes,  to  him  musl  be  credited 
the  establishing  <>f  some  oi  the  besl  foreign  apparatus  in  the 
United  States  for  the  carbonization  of  coal  by  both  the  inter 
mil  tent  and  continuous  system  in  vertical  retorts  for  gas  house 
practice.  He  not  only  secured  these  rights  for  the  United 
.statis.  but  ho  promoted  the  companies,  erected  the  plants  and 
put  them  in  successful  operation. 

.Mr.  Mayer  had  invented  many  improvements  for  the  manu- 
facture of  illuminating  gas,  patents  of  which  were  secured  in 
the  United  States,  Germany,  France  and  England. 

At  the  time  of  his  death  Mr.  Mayer  was  59  years  old,  an  ardent 
and  tireless  worker,  well  known  in  the  United  States  and  abroad; 
a  member  of  the  American  Gas  Institute,  the  American  Societ} 
of  Mechanical  Engineers,  the  Illuminating  Engineering  Society. 
Chemists'  Club,  American  Peat  Society,  German  Club  and  many 
other  social  and  technical  organizations. 

Mr.  Mayer  is  survived  by  his  widow. 

Jas.  V.  V.  Colwell. 


THIRD  INTERNATIONAL  RUBBER  CONFERENCE. 

The  Third  International  Rubber  Conference  convened  at  the 
Grand  Central  Palace  in  New  York  City,  September  24-30,  191 2. 

After  a  careful  consideration  of  the  subjects  discussed 
at  the  International  Congress  of  Applied  Chemistry,  it  was  con- 
sidered desirable  to  take  up  at  the  Rubber  Conference  those 
topics  which  appeared  to  be  of  more  immediate  importance  to 
the  manufacturer  and  consumer.  Specifications  for  Materials, 
especially  fire  hose,  were  considered  in  detail.  Probably  the  first 
attempt  which  was  made  to  bring  rubber  goods  manufacturers 
in  consultation  with  the  consumer  was  the  Navy  Conference, 
which  was  held  within  the  past  year,  and  which  brought  out  such 
a  frank  expression  of  opinion. 

The  Executive  Committee,  which  was  formed  to  act  in  an 
advisory  capacity  to  the  Conference,  consisted  of  the  following: 

Henry  C.  Pearson,  New  York,  President;  Frederic  Dannerth, 
Ph.D.,  Honorary  Secretary;  E.  S.  Land,  U.  S.  N.,  Washington; 
D.  A.  Cutler,  New  York;  Dr.  Lothar  Weber,  Boston;  Dr.  W. 
C.  Geer,  Akron,  Ohio;  Dr.  S.  P.  Sharpies,  Boston;  Dr.  Eugenio 
Dahne,  Brazil;  C.  E.  S.  Baxendale,  Federated  Malay  States;  F. 
Crosbie-Roles,  Ceylon;  A.  Staines  Manders,  London. 

Fifteen  of  the  principal  American  railways  were  represented 
at  the  Conference  through  their  chief  chemists  and  engineers  of 
tests. 

The  following  organizations  and  Governments  were  repre- 
sented by  official  delegates: 

American  Chemical  Society,  American  Society  for  Testing 
Materials,  Society  of  Chemical  Industry,  American  Institute  of 
Chemical  Engineers,  German-American  Technical  Society,  Insti- 
tute of  Operating  Engineers,  U.  S.  Department  of  the  Navy,  U. 
S.  Department  of  Commerce  and  Labor,  U.  S.  Department  of  the 
Interior,  U.  S.  Isthmian  Canal  Commission,  The  Official  Material 
Testing  Bureaus  of  the  principal  foreign  Governments,  The  Fac- 
tory Mutual  Laboratories  of  Boston,  Mass.,  Federal  Government 
of  Brazil,  Federated  Malay  States  and  Straits  Settlements, 
Ceylon,  Hawaiian  Islands,  Province  of  Moro,  Philippine  Islands, 
Burma  (India),  The  State  of  Amazonas  (Brazil),  The  State  of 
Matto  Grosso  (Brazil),  The  State  of  Para  (Brazil),  The  State  of 
Acre  (Brazil),  The  State  of  Minas  Geraes  (Brazil),  Bolivia,  Re- 
public of  Honduras,  State  of  Bahia  (Brazil). 

Schedule  of  Meetings. 
Tuesday,  Sept.  24th,  at  2  p.m. — An    address    of    welcome    by 


ih,    Pn   ident,  Mi    Henrj  C   Pearson     Topic  discussed, 
Rubbi  1  "     Special  pap  1  1 

"Rubbei  <  ontracts,"  \1il1m  \v.  Stedman, 

"The  Plantation  Industry,"  Cyril  E.  S  Bax<  ndale,  Esq  ,  ol  thi 
Fedi  rated  Malay  States. 

"Various    Xtaniholt   Producing    Rubbei    in  tin   Central  States 

oj  Urn   il,"  J.  Santiago  Cardvvell  Ouinn.  Commissioner. 

"Possible  Rubbei  Producers   in  the    Temperate  Zone,"  1 
P.   Fox,  Akron. 

"Sonu  Effects  of  Acclimatization  u/xdi  Gvayule.  Par  then- 
nun    Wgentatum,"  Francis  H.   Lloyd,   Montreal,  Canada. 

Wednesday,  Sept.  25th,  at  10  a.m.  : 
I '1  oh/cms  in  Vacuum  Drying,"  J.  P.   Devine. 

"Manufacture  of  Dipped  Goods,"  T.  W.  Miller. 

"  Physical  Methods  of  Testing  Rubber  and  Rubber  Products," 
P.  L.  Wormeley,  Bureau  of  .Standards,  Washington. 

"Factory  Management  and  Organization  Methods,"  J.  C. 
Jurgensen  (President  of  the  Institute  of  Operating  Engineers), 
and  Frederic  Dannerth  (Consulting  Chemist). 

Thursday,  Sept.  26th,  10  a.m.: 

"A  Brief  History  of  Fire   Hose  Specifications,"  E.  A.  Barrier. 

Topical  discussion  on  specifications  (mechanical  rubber  goods 
for  railroads,  Federal  and  Municipal  Governments),  including 
as  sub- topics:  Air  brake  hose,  railroad  steam  hose,  fire  hose, 
navy  packings,  etc. 

"The  Commercial  Possibilities  of  Synthetic  Rubber,"  L.  E. 
Weber,  Boston,  Mass. 

Friday,  Sept.  27th,  at  10  a.m. — A  report  of  the  transactions 
of  the  Navy  Conference  at  Washington,  December,  1911,  E.  S. 
Land,  U.  S.  N.  Topical  discussion  on  specifications:  (a) 
Materials  for  insulated  wire;  (b)  Textile  materials  (sheeting, 
duck  and  yarns). 

A  preliminary  report  of  activity  by  the  "Railroad  Committee" 
on  "Standard  Methods  of  Testing  Rubber  Products." 

At  7  p.m. — Informal  dinner  for  rubber  chemists  and  engineers. 

Saturday,  Sept.  28th,  at  10  a.m. — Meeting  for  the  presentation 
of  resolutions  and  recommendation  of  official  methods  for  physical 
testing  and  chemical  analysis  of  crude  gum  and  manufactured 
rubber  goods. 


MUNICIPAL  WATER  CONSERVATION  EXHIBIT  OF  THE  CITY 
OF  PHILADELPHIA. 

The  Department  of  Public  Works  of  the  City  of  Philadelphia 
is  to  open  on  or  about  the  seventh  day  of  October  this  year, 
and  continue  for  two  weeks,  a  noteworthy  exhibit  pertaining 
to  the  use  and  waste  of  the  municipal  water  supply.  This 
exhibit  will  be  held  in  the  courtyard  of  City  Hall  and  every 
endeavor  will  be  made  to  make  it  of  great  educational  value  to 
the  people. 

Suitable  booths  will  be  erected  so  that  all  the  interesting 
exhibits  displayed  at  the  time  will  be  properly  protected  from 
any  adverse  weather  conditions. 

In  addition  to  the  official  display  of  the  Department  of  Public 
Works,  all  the  local  manufacturing  and  jobbing  trade  in  water 
appliances  have  been  invited  to  show  every  device  and  apparatus 
pertaining  to  the  use,  but  particularly  to  the  conservation  of 
water. 

It  is  the  idea  of  the  Department  of  Public  Works  to  make 
this  exhibit  entirely  along  popular  lines,  easily  understood  by 
everyone  and  to  so  educate  the  consumer  of  water  that  the 
enormous  waste  which  now  obtains  in  this  City  may  be  reduced 
thereby  to  a  minimum. 

There  will  be  much  in  this  exhibit  of  interest  to  Engineers, 
and  all  those  connected  in  any  way  with  municipal  water  plants, 
architects,  and  students  of  civic  affairs  in  general.  All  inquiries 
on  the  subject  should  be  addressed  to  H.  W.  Benjamin,  Room 
790,  City  Hall,  Philadelphia,  Pa. 
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NEW  PUBLICATIONS 


By  D.  D.  Berolzheimer,  Librarian,  Chemists'  Club,  New  York. 


PAPERS  OF  SPECIAL  INTEREST  TO  INDUSTRIAL  CHEMISTS 
AND  CHEMICAL  ENGINEERS  FROM  THE  PROCEED- 
INGS   OF   THE   EIGHTH   INTERNATIONAL 
CONGRESS  OF  APPLIED  CHEMISTRY. 
Alcohol;  Equilibria  in  Systems  Containing  Alcohols,  Salts  and 

Water,  Including  a  New  Method  of —  Analysis.     By  Geo.  B.  Frank- 

forter  and  Francis  C.  Frary.     Vol.  22,  pp.  87-127. 
Alcohol;  The  Production  of —  and  Sugar  from  the  Sap  of  the  Nlpa 

Palm.      By  H.  D.  Gibbs.     Vol.  8,  pp.   13-19. 
Aldehydes;  A  Study  of  some  Methods  for  the  Determination  of — . 

By  B.  G.  Feinberg.     Vol.  1,  pp.  187-203. 
Alkaline  Salts;  On  Recent  Progress  in  the  Electrolysis  of — .     By 

M.  Wilderman.     Vol.  21,  pp.  185-196. 
Alloy;  A  New —  with  Acid  Resisting  Properties.     By  S.  W.  Parr. 

Vol.  2,  pp.  209-213. 
Aluminium;  The  Influence  of  Pouring  Temperature  upon —  Alloys. 

By  H.  W.  Gillett.     Vol.  2,  pp.  105-112. 
Analysis;  Cadmium  Nitrate  in  Qualitative — .     By  Anton  Vorisek. 

Vol.  17,  pp.  91-102. 
Analytical;  A  Plan  for  Organized  Research  and—  Chemistry  in 

Successful  Chemical  Manufacturing.     By  William  C.  Ferguson. 

Vol.  2,  pp.  95-102. 
Arsenic ;  Some  Factors  Influencing  the  Quantitative  Determination 

Of —  in  Soils.     By  J.  E.  Greaves.     Vol.  15,  pp.  121-128. 
Assaying;   Sampling   and—   of   Silver    Ores,    Containing    Cobalt, 

Nickel  and  Arsenic.     By  James  Otis  Handy.     Vol.  3,  pp.  89-95. 
Bituminous;    Classification    of —    and    Resinous    Substances.     By 

Herbert  Abraham.     Vol.  10,  pp.  7-15. 
Brass;  The  Tensile  Strength  of  Copper-Zinc  Alloys.     By  Wilder 

D.  Bancroft  and  J.  M.  Lohr.     Vol.  2,  pp.  9-16. 
Calorimeter;  A  New — Bomb,  with  Special  Advantages  as  to  Material 

of  Construction  and  Method  of  Operation.     By  S.  W.  Parr.     Vol. 

1,  pp.  389-393. 
Cane  Sugar;  The  Inversion  of —  by  Means  of  Ammonium  Chlorid. 

By  F.  Spohmer  and  O.  Fallada.     Vol.  8,  pp.  85-92.     (German.) 
Caoutchouc;  The  Application  of  Osmosis  to  the  Dereslnlflcatlon 

and  to  the  Regeneration  of — .     By  P.   Bary.     Vol.  9,  pp.   7-15. 

(French.) 
Cellulose  Acetate  Industry.     By  L.  Clement  and  C.  Riviere.     Vol. 

9,  pp.  59-69.     (French.) 
Cellulose;  Bamboo — .      By  William  Raitt.      Vol.  13,  pp.  219-232. 
Cement;  The  Control  of  Dust  In  Portland      Manufacture  by  the 

Cottrell    Electrical    Precipitation     Processes.     By    Walter    A. 

Schmidt.     Vol.  5.  pp.  117-124. 
Cement;  The   Physical  and   Chemical   Properties   of   Portland-   . 

By  W.  C  Reibling  and  F.  D.  Reyes.     Vol.  5,  pp.  91-116. 
Cement;  The  Use  of  the  Higher  Phenols  In  Testing  for  Free  Lime 

in   Portland — .     By  Harry   F.   Hadley  and  David  F.   McFarland. 

Vol.  5,  pp.  83-90. 
Chemical  Industry ;  The  Relation  of  the—  to  the   Annual  Fire 

Loss  Of  the  United  States.     By  J.  Albert  Robinson.     Vol.  24,  pp. 

143-179. 
Coal;  Our  Anthracite—  Supply  and  Its  Conservation.     By  William 

Griffith  and  Eli  T.  Conner.     Vol.  24.  pp.  79-1 13. 
Coal;  Errors  In  the  Determination  of  Moisture  in — .     By  W.  F. 

Hillebrand  and  W.  L.  Badger.      Vol.   10.  pp.  187-194. 
Coal;  The  Influence  of  the  Size  of  the  Grains  in  the  Analysis  of—. 

By  P.  Nicolardot.     Vol.  10,  po.  203-206.      (French.) 
Coal;  Influences  of  Temperature  on  the  Determination  of  Volatile 

Matter  In — .     By  A.  C.  Fieldner  and  A.  E.  Hall.     Vol.  K).  pp.  139- 

152. 
Coals;  Investigation  Relative  to  the  Better  Utilization  of  Non- 
coking   Low-grade  Lignitic     .     By   E.  .1     Babcock:.     Vol.    10,  pp. 

41-52. 

Coal;  The   Oxidation  and  Deterioration  of  By   Ai.vin  j.   Cox. 

Vol    10,  pp.  109-128. 
Coal  Washing  Efficiency.     By  c,    R.  Dblamater     Vol.   10,  pp    129- 

137. 
Coke;  Neutral — .      By  J.  R.  Campbell.     Vol.  10.  pp.  73-89. 
Coke   Oven;  The   Beehive—   Industry   in   the  United   States.     By 

A.  W.  Belden.     Vol.  10.  pp.  53-62. 
Coloring;  The  Power  of  Iron  Compounds  in  Burned  Clay  -.     By 

Charles  F.  Bemis  and  C.  II    Makei  r  v      Vol.  5,  pi>    7-16. 
Corrosive;  A  Method  for  Testing  the  Mutual-  Effect  in  Metals. 

By  Hugo  H.  Hanson  and  WarRbn  K    Lewis      Vol    21.  pp.  43-51. 


Corrosion:  Mill  Scale  as  a  Cause  of  the  Pitting  of  Steel  Pipes.     By 

George  C.  Whipple  and  Melville  C.  Whipple.     Vol.  21,  pp.  IS5-183. 
Corrosion;    Can    Paints    Accelerate — ?     By    Erik   Libbrbich.     Vol. 

12,  pp.  143-154.      (German.) 
Cotton-seed;  Factory  Method  for  the  Determination  of  Total  Fatty 

Acids  in —  Foots.     By  F.  N.  Smalley.     Vol.  11,  pp.  27-29. 
Cotton-seed;  Investigation  of  the  Methods  for  the  Determination 

of  Total  Fatty  Acids   in —  Foods.     By  Frank  N.  Smalley      Vol. 

11,  pp.  31-35. 
Densimeter;    Improved — .     By   Walter    O.    Snelling.     Vol     4,    pp. 

105-116. 

Destructive  Distillation;  The  Relative  Yields  Obtained  by  the  — 
of  Different  Forms  and  Species  of  Hardwoods.     By  I..  F.  Hawley. 

Vol.  6.  pp.  138-146. 

Dextrines;  The  Effect  of  Acidity  and  Time  in  the  Roasting  of — . 

By  H.  F.  Bauer       Vol    13.  pp.  9-19. 
Dyes;  Rapid  Testing  of —  and  Pigments.     By  Wilder  D.  Bancroft, 

Arthur  S.  Elsenbast  and  George  E.  Grant.     Vol.  20,  pp.  91-99. 
Electric   Furnaces;   The   Present   Status   of   the   Development   of 

Large — .     By  Rudolf  Taussig.     Vol.  21,  pp.  105-115.     (German.) 
Electro-Analysis  of  Copper,  Antimony,  Bismuth  and  Tin  with 

Acidified  Chlorid  Electrodes.     By  Eugene  P.  Schoch  and  Denton 

J.Brown.     Vol.  21,  pp.  81-91. 
Emulsiflcation;   Prevention   of —   In   Extractions   by   Immiscible 

Solvents.      By  G.  H.  Meeker.     Vol.  17,  pp.  45-t9. 
Essential  Oils;  The  Oxidation  Assay  of — .     By  Francis  D.  Dodgb. 

Vol.  6,  pp.  86-92. 

Fermentation;  Recent   Progress   in   the   Study   of   Yeasts   and — . 

By   Francis  Wyatt,   Emil  Schlichting  and  H.   Winther.     Vol.    14, 

pp.  253-275. 
Filter;  The  Materials  Used  In  the  Manufacture  of —  Mass.     By 

Carl  A.  Nowak.     Vol.  14,  pp.  117-136. 
Fire  Bricks;  The   Melting   Points   of — .     By  C   W.'Kanolt      Vol. 

22,  pp.  171-186. 
Fuels;  A  New  Coking  Test  for — .     By  R.  Lessing.     Vol.  10,  pp.  195- 

198. 
Fuels;  Dry  Fusion  of      with  Alkalies  and  Subsequent  Oxidation 

with  Bromin.     By  Irving  C.  Allen  and  T.  W.   Robertson.     Vol. 

10,  pp.  25-31. 
Fuel;  The —  Efficiency  of  the  Cupola.     By  John  Jermain  Porter. 

Vol.  3,  pp.  135-145. 
Furnace;  Development  of  the  Reverberatory —  for  Smelting  Copper 

Ores.     By  E.  P.  Mathewson.      Vol.  3,  pp.  113-134. 
Furnace;  Study  of  a  Small  Carborundum — .     By  Wilder  D.  Ban- 
croft. L    V.  Walker  and  C.  F.  Miller.     Vol.  21.  pp.  19-33. 
Gas;  The  Burkhelser  Wet  Sulfuretted  Hydrogen,    Cyanogen  and 

Ammonia    Purifying    and    Recovery    Process    for    Coal — .     By 

Karl  Burkheiser.      Vol.  10.  pp.  63-72. 
Gas;  The  Continuous  Purification  of  Coal —  with  Weak  Ammonia 

Liquor.     By  J.  G.  O'Neill.     Vol.  10,  pp.  207-213. 
Glucose;   Composition   of   Commercial — .     By   Arthur    P.    Bryant. 

Vol.  13,  pp.  47-50. 
Hydrocarbons ;  The  Synthesis  of —  at  High  Temperatures  and  Pres- 
sures.     By  J.  N.  Pring  and  D.  M.  Fairlie.      Vol.  21,  pp.  65-80. 
Industries;  The  Chemical —  of  Canada.     By  J.  Watson  Bain.     Vol. 

24.  pp.  7-14. 
Invert  Sugar;  An  Electrolytic  Apparatus  for  Use  In      Determina- 
tions.    By  B.  B.  Ross.     Vol.  8.  pp.  75-77. 
Invert  Sugar;  Expanded  Meisel-Hiller  Table  for     .     By  E.  W.  Rice. 

Vol.  8,  pp.  47-51. 
Lead;  Industrial-  Poisoning.     By  w.  O    Oilman  Thompson.     Vol. 

16.  pp.  49-56. 
Lignites;  The  Briquetting  of  American — .     By  Charles  i.   Wright. 

Vol.  10,  pp.  317-334. 
Linseed  Oil;  The  Decomposition  of —  During  Drying.     By    l    C. 

Olsen  and  A.  E.  Ratner.     Vol.  12,  pp.  165-173. 
Lubricating  Oils;  Apparatus  for  the  Examination  and  Study  of 

the  Behavior  of  Valve  and  Cylinder  Oils  and  other  Petroleum  — 

in  Saturated  and  Superheated  Steam,  CarboniDioxid,  Air  and 

other  Gases.     By  P.  II    Conradson.     Vol.  1.  pp.  124-129. 
Lubricating   Oils;   Apparatus   and  Method  for   Carbon   Test   and 

Ash  Residue  in  Petroleum  — .     By  P.  II.  Conradson.     Vol.   1.  pp. 

131-132. 

Lubricating  Oils;  Apparatus  and  Method  for  Sulfur  Determination 
in  Petroleum,  Illuminating  and — .     By  P.   il    Conradson,     Vol, 

1.  pp.   13'    1  )6 
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Metallurgical;  Chemistry  of  the      Reduction  Procetsei  In  Use  at 

Anaconda,  Montana.     By   1 >iu   I  mm       Vol    3,  pp   97   110. 

Metallurgical;  Notes  on       Bag   Filtration   Plants.     By    \     1; n  1  ks 

Vol    3    i>i>    11   77. 
Molasses;  The  Determination  of  Water  In     .    By  Ciiari  isc  Robsrts. 

Vol   B,  pp    I  • 
Nitrate  of  Soda;  The       Industry   In   Chile.      iiy     Bhlibakh   Dias 

OSSA       Vol    -'    DP    185    10*       ■  It.  11.  1 1 
Nitroglycerine;   Preparation.   Crystalline   Structure   and   Physical 

Properties  of  the  Two  Forms  of  By  Harold  Htwum      Vol 

4.  pp    I 
Nitroglycerine ;  Separation  of     from  Nltrosubstltutlon  Compounds. 

By  A    1.    Hvdi       Vol   *,  pp   69  7i, 
Nutrition;   Progress    Report    of       Investigations    In    the    United 

States.     By  C.  F.  Lanqworthy.     Vol.  18.  pp.  149-228. 
Oil;  Coal  Tar  Light       In  the  United  States:     The  Manufacture, 

Nature  and  Uses  of  Products  Derived  therefrom.     By  John  Morris 

Wbqi      Vol.  10.  pp.  287-301 
Oils ;  A  Comparison  of  the  Engler  and  Saybolt  Viscosities  of  Mixed  - 

By  T.  T    Gray       Vol.  10.  pp.  153-158. 
Oils;   Experimental   Data   on   the   "Cold   Test"    of — .     By  Arthur 

LoWF.NSTEIN   AND   LoUlS    BoELIO         Vol.    11.   pp.    17-26. 

Oil;  Uniform  Inspection  from  a  Legal  Point  of  View.  By  C.  D. 
Chamberlin       Vol.  10,  pp.  91-101. 

Paint;  Cobalt —  Driers.     By  V   r.  Krauss.     Vol.  12.  pp.  127-131. 

Paint  Oils;  The  Rarer — .     By  Henry  A.  Gardner.     Vol.  12.  33^10. 

Paper;  Analysis  of  i  Quantity  of  Fibers).  By  B.  Setlik.  Vol 
13.  pp    251-260       (French.) 

Patent;  The  Research  Corporation,  An  Experiment  in  Public 
Administration  of—  Rights.  By  F.  G.  Cottrell  Vol.  24.  op. 
59-69. 

Peat;  The  Production  and  Utilization  of —  for  Power  Purposes. 
By  B.  F.  Haanel.     Vol.  10.  pp.  159-185. 

Petroleum;  Method  for  the  Determination  of  Water  in —  and  its 
Products.  By  Irving  C.  Allen  and  Walter  A.  Jacobs  Vol  10. 
pp    17-23. 

Photochemistry;  A  Review  of  the  Progress  in      since  the  last  In- 
ternational   Congress.     By    George    W.    Heise    and    J.    Howard 
Mathews.     Vol    20.  pp    181-187. 

Pig  Iron;  Methods  of  the  United  States  Steel  Corporations  for  the 
Commercial  Sampling  and  Analysis  of — .  By  The  Chemists'  Com- 
mittee of  the  United  States  Steel  Corporation.     Vol.  1,  pp.  91-122. 

Pinene;  Two  New  Sources  of — .  By  M  Vezes.  Vol.  12.  pp.  211-218. 
(French.) 

Potash;  Alunite  as  a  Source  of — .     By  w.  H    Waggaman.     Vol.  15. 

pp    375-379. 

Potash;   The   Extraction   of —  from   Silicate   Rocks.     By  William 

H.  Ross.      Vol.  15,  pp.  217-229. 
Potash;  The  Production  of  Available      from  the  Natural  Silicates. 

By    George    W.    Coggeshall    and    Allerton    S.    Cush.man      Vol.    5, 

pp.  33-49. 
Potassium;  The  Salines  of  the  United  States  as  a  Source  of —  Salts. 

By  J.  W.  Turrentine.      Vol.  15.  pp.  319-332. 
Potassium;  A  Study  of  Soil — .         By  B.  E.  Curry  and  T.  O.  Smith. 

Vol.  15.  pp.  51-71. 

Pressure;  A  New  Method  of  Measuring  the —  of  Corrosive  Gases 
at  Constant  Volume.  By  George  S.  Forbes  and  Leslie  B.  Coombs. 
Vol.  22.  pp.  79-85. 

Refractometry.     By  Hermann  C  Lythgoe.     Vol.  1.  pp.  295-331. 

Resinous  Wood;  Distillation  of—  by  Saturated  Steam.  By  L.  F. 
Hawley-  and  R.  C.  Palmer.     Vol.  13,  pp.  151-176. 

Roasting;  The  Dwight  and  Lloyd  Process  of —  and  Sintering. 
By  Arthur  S.  Dwight.     Vol.  3.  pp.  31—40. 

Rubber;  A  Direct  Determination  of — .  Applicable  to  Specifica- 
tions on  Vulcanized  Rubber  Goods.  By  C.  R.  Boggs.  Vol.  9, 
45-58. 

Rubber;  An  Investigation  into  the  Chemistry,  Nature  and  Proper- 
ties of  Hevea  Latex.  By  Clayton  Beadle  and  Henry'  P.  Stevens. 
Vol.  9.  pp.  17-13. 

Shellac  Analysis  and'the  Detection  of  Small  Amount  of  Colophony 
in  Shellac.     By  Edwin  F.  Hicks      Vol.  12.  pp.  115-121. 

Shellacs;  Tests  and  Critique  of  the  Mcllhiney  Method  for  the 
Analysis  Of — .  By  G.  Bochand  and  P.  Gillet.  Vol.  12.  pp.  7-12. 
(French.) 

Soaps;  Heavy  Metal—,  Formation  and  Solubility  in  Spirits  of 
Turpentine,  Linseed  Oil  and  Petroleum  Oils.  By  Irving  W.  Fay 
and  S.  G.  Hamilton.     Vol.  11,  pp.  7-11. 


Spelter;  A   New   Technical   Method  of       Analysis.     »y   Uric  John 

\  ..1    1 .  IMI    is  1    186 

Spontaneous  Combustion;  The       of   Coal.     By   Horace  C    PortM 

and  !■'    K.    Ovirz.      Vol.  10.  pp.  251-267. 
Starch;  The  Chemistry  of  iiy  0    11    Pranxvortrr.     Vol.  13.  pp. 

I  il    145 

Starch;  Research  on  Llntner's  Polarlmetrlc  Method  for  the  De- 
termination of  By  Ckrirtiam  B  <'.   Porm  and  Harry  A.  crown. 

Vol.  13,  pp.  213-218. 
Starches;  A  Study  of  some  of  the  Physical  Properties  of—.     By 

Hambdi  n  Bui  l      Vol.  13,  pp  63   16 
Steel;  The  Determination  of  Oxygen  In  Iron  and      by  Reduction 

in  an  Electric  Vacuum  Furnace.     By  w.m.  h    Walker  and  Walter 

a    Patrick.     Vol.  21,  pp.  139-148. 
Steel;  The  Function  of  Slag   in  Electric      Refining.      By  Richard 

Amiierg       Vol    21.  pp    7-18. 
Still;  An  Electric      Adapted  for  Difficult  Distillations.     By  Irving 

C  Allen.      Vol.  6.  pp.  15-36. 
Sugar;    Action    of    Disinfectants    on —    Solutions.     By    George   P. 

Meade.      Vol.  8.  pp.  33—45. 
Sugar;  Objectionable  Nitrogenous  Compounds  in       Cane  Juices. 

By  Fritz  Zerban.     Vol.  8.  pp.  103-111. 
Sulfur;  An  Exact  Method  for  the  Determination  of —  In    Pyrites 

Ores.     By  Walter  S.    Allen  and  Howard   B.    Bishop.     Vol.    1 ,   pp. 

33-51. 
Sulfuric   Acid;   Contact  -  from  Brimstone.     By  G.   W.   Patterson 

and  L.  B    Cheney.      Vol.  2,  pp.  215-220. 
Sulfurous    Acid    in    Wine-Making    and    its    ESects.     By    Frederic 

T.  Bioletti.     Vol.   14.  pp.  31-59. 
Tar  Distillation  in  the  United  States.     By  R.   P.  Perry.     Vol.   10, 

pp.  233-249. 
Temperature;  The  Present  Status  of  the —  Scale.     By  George  K. 

Burgess.     Vol.  22.  pp.  53-63. 
Terpene;  Syntheses   in  the —  Group.     By  William  Henry  Perkin, 

Jr.     Vol.  6.  pp.  224-264. 
Textiles;  Action  of  Formaldehyde  upon  Artificial  Silks,  the  Cellu- 
loses and  the  Amidons.     By  Francis  J.  G.   Beltzer.     Vol.   7,  pp. 

7-21.      (French.) 
Turpentines;  Wood—;  Their  Analysis,  Refining,  Composition  and 

Properties.     By  L.  F.  Hawley.     Vol.  12,  pp.  41-100. 
Varnish;  The  Technology  of —  Manufacture  with  Notes  on  an  Im- 
proved Scientific  Process.     By  J.  Cruikshank  Smith  and  Gaston 

de  Pierres.      Vol.  12.  pp.  185-194. 
Wood  Preservatives;  Tests  to  Determine  the  Commercial  Value 

Of—.     By  Howard  F.  Weiss.     Vol.  13,  pp.  279-300. 

NEW  BOOKS. 

Analysis;  The  Ignition  of  Precipitates  without  the  Use  of  the 

Blast  Lamp.     By  Percy  H.  Walker  and  J.  B.  Wilson.     8vo.,  8  pp. 

U.  S.  Dept.  of  Agriculture.  Bureau  of  Chemistry,  Circular  101. 
Analysis;  Methods  in  Chemical — .     By  Frank  Austin  Gooch.     8vo. 

536  pp.      Price.  $4.00.     John  Wiley  &  Sons,  New  York. 
Analysis  of  the  Rare  Earths  and  their  Acids.     By  R.  J.  Meyer  and 

O.   Hauser.     8vo..   320  pp.      Price.   $2.50.      Ferdinand  Enke.   Stuttgart 

(German.) 
Analysis    of    Wine   by    Physico-chemical    Volumetric     Methods. 

P.  Dutoit  andM.  Duboux.      8vo..      F.  Rouge  &  Co..  Lausanne.    (French.) 
Arsenic;  Analytical  Chemistry  of — .     By  A.   Ruedisueue.     L.  8vo. 

Price.  $1.75.     Berne.  1912.     (German.) 
Boilers;  Transmission  of  Heat  into  Steam — .     By  Henry  Kreisinger 

and  Walter  T.  Ray.     8vo..  180  pp.      U.  S.  Bureau  of  Mines.  Bulletin  18. 
Celluloid.      (Translated    from    the    French.)     By    Masselon,    Roberts 

and  Cillard.      8vo..   550  pp.      Price,  $6  00.      Union   Deutsche  Verlags- 

gesellschaft.  Berlin 
Cellulose;  Researches  on  — ;  III;  1905-1910.     By  Cross  and  Bevan. 

8vo..  173  pp.      Price.  $2.50.     Longmans.  Green  &  Co..  New  York. 
Chemistry;    Elementary    Applied — .     By    Lewis    b.    Allyn.     8vo. 

Price.  $0.60.     Ginn  &  Co..  New  York. 
Chemistry;  Treatise  of  Inorganic  and  Organic — .     By  G.  Frerichs. 

L.  8vo.,  480  pp.      Price.  $2.50.      F.  Enke.  Stuttgart.      (German.) 
Colloid     Chemistry.      By     R.     Zsigmondy.     8vo.      Price,     $3.75.     Otto 

Spamer,  Leipzig.      (German.) 
Copper;  Hydrometallurgy  of — .     By  William  E.  Greenawalt.     8vo., 

500  pp.     Price.  $5.00.     McGraw  Hill  Book  Co.,  New  York. 
Effluents;  Treatment  of —  from  Dyehouses  and  Textile  Factories. 

By  J.   H.  Garner.     4to.,  26  pp.      Price,  $0.75.     Society  of  Dyers  and 

Colourists.  Bradford. 
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Electrotechnical  Measurements.     By  p.  B.  A.  Linker.     8vo.,  527  pp. 

Julius  Springer,  Berlin.      (German  ) 
Engines;  Gas  and  Oil—.     By  A.  Kirschke.     Cr.  8vo.,   168  pp.     Price. 

$0.75.     Scott,  Greenwood  &  Co.,  London. 
.   Essential  Oils;  Scientific  and  Industrial  Bulletin,  Roure  Bertrand 

Fils.     Series  3,  No.  5.     8vo.,  160  pp.      Roure  Bertrand  Fils,  New  York.. 
Explosives;  The  Effect  of  Hemming  on  the  Efficiency  of—.     By 

Walter  O.  Snelling  and  Clarence  Hall.     8vo..  20  pp.     U.  S.  Bureau 

of  Mines.  Technical  Paper  17. 

Explosives,  High—.      By  W.   R.  Quinan.     8vo..  210  pp.      Price.  $5.25. 

Critchley  Parker,  Melbourne. 
Explosives;    Magazines    and    Thaw    Houses    for—.     By    Clarence 

Hall  and  Spencer  P.  Howell.     8vo..  34  pp.     U.  S.  Bureau  of  Mines. 

Technical  Paper  18. 

Feuerungstechnik.     New  Journal.     Editor.  W.  Hassenstein.     Semi- 
monthly.     Price.  $4.00.     Otto  Spamer,  Leipzig. 
Foods;  Their  Origin,  Composition  and  Manufacture.     By  William 

Tibbles.      8vo..  950  pp.      Price.  $4.50.      Balliere.  Tindall  &  Co..  London. 
Industrial   Chemistry.     By  Allen  Rogers  and  Alfred  B.  Aubert. 

8vo  ,  872  pp.      Price.  $5.00.      D.  Van  Nostrand  Co.,  New  York. 
Inorganic   Chemistry.     By  Hamilton  Perkins  Cady.     8vo..   606  pp. 

Price,  $2.50.     McGraw-Hill  Book  Co.,  New  York. 
Inorganic;   A   Laboratory   Manual   of—   Chemistry.     By  John   B. 

Ekeley.     8vo..  128  pp.     Price,  $1.00.     John  Wiley  &  Sons.  New  York. 
Iron;  Metallography   of—   and   Steel.     By  Albert  Sauveur.     8vo., 

400  pp.     Price,  $6.00.      McGraw-Hill  Book  Co.,  New  York. 
Iron;  Sampling  and  Analysis  of—  and  Steel.     By  o.  Bauer  and 

E.  Deiss.      8vo.,  258  pp.      Price.  $2.25.     Julius  Springer.  Berlin.      (Ger- 
man.) 
Lubrication  and  Lubricants.     By  L.  Archbutt  and  R.  M.  Deeley. 

8vo.,  636  pp.     Price.  $6  25.     C.  Griffin.  London. 
Metabolism;  The  Physiology   of  Protein—.     By  E.   P.   Cathxakt. 

8vo..  142  pp.      Price.  $1.25.      Longmans.  Green  &  Co..  New  York. 
Metallurgical;  A  Text-Book  of  Rand—  Practice.     By  R.  Stokes, 

J.  E.  Thomas,  et  al.     8vo  .  468  pp.      Price,  $5.25.     C.  Griffin.  London. 
Mineral  Industry,  1911,  Vol.  20.     By  Charles  Op.     L.  8vo.,  1000  pp. 

Price,  $10.00.     McGraw-Hill  Book  Co.,  New  York. 
Mineral;  Notes  on—  Waste.     By  Charles  L.  Parsons.     8vo.     U.  S. 

Bureau  of  Mines,  Bulletin  47. 
Microscope;  The—  and  its  Use.     By  H.  Hager  and  C   Mez.     8vo. 

llth  Ed.     Price.  $2.50.     Julius  Springer,  Berlin. 
Organic;   The   Principles   of—   Chemistry.     By   James   F.    Norris. 

8vo.,  566  pp.     Price.  $2.50.     McGraw-Hill  Book  Co.,  New  York. 
Paints;  Preparation  of  Uses  of  White  Zinc—.     By  P.  Fleury.     Cr. 

8vo,  278  pp.      Price.  $1.50.     Scott.  Greenwood  &  Co  .  London. 
Per-acids  and  their  Salts.     By  T.  Slater  Price.     8vo.,  123  pp.     Price, 

$1.00.      Longmans.  Green  &  Co.,  New  York. 
Resins  used  for  Embalming.      By  A.  Tschirch.      Archie  der  Pharmazie, 

Vol.  250,  1912,  No.  3.  pp.  170-185. 
Sugar;   The    Crystallization    of—   in   Practice.     By   H.    Claassen. 

Zeilschrift  fuer  angewandle  Chemie.  Vol.  25.  1912,  No.   19,  pp.  930-935. 
Sugar;  A  Handbook  of  -  Analysis.     By  C.  A.  Browne.     8vo.,  977  pp. 

Price.  $6.00.     John  Wiley  &  Sons.  New  York. 
Sugar;  Practical  and  Theoretical  Treatise  on  Beet —  Manufacture. 

By  P.   Horsin-Deon.     3rd  Ed.     8vo..   1292   pp.     Price.  $6.00.     Paris. 

(French.) 

Technology;  Lectures  on  Chemical— .     By  11.  Wichelhaus.     3rd  Ed. 

8vo..  880  pp.     Price,  $5.50.     Theodor  Steinkopff,  Dresden.     (German.) 
Wood   Pulp;   Testing   of—.     By   R.   W.   Sindall  and  W.    N.    Bacon. 

8vo.,  146  pp.      Price.  $1.25.     Marchant  Singer  &  Co.,  London. 
Works;    Chemical     :    Their    Design,    Erection    and    Equipment. 

By  S.   S.   Dyson   and  S.   S.   Clarkson.     8vo.,   207   pp.     Price.   $5.25. 

Scott,  Greenwood  &  Son,  London. 

RECENT  JOURNAL  ARTICLES. 
Alloys    by    Superposition.     By    Henry    le    Chatelier.     Proceedings 

of  the  International  Association  for  Testing  Materials.  Vol.  2,  1912,  No.  8, 

PP.  1-8. 
Analysis;  Burner  for—  Made  of  Porcelain.     By  Ernst  Beckmann. 

Zeitschrift  fuer  angewandle  Chemie,  Vol.  25,  1912,  No.  30,  pp.  1515-1518. 


Carbon;  Determination  of  —  by  Wet  Methods.  By  11.  Simonis  and 
P.  H.  Thies.     Chemiker  Zeitung,  Vol.  36,  1912.  No.  97.  pp.  917-918. 

Dry  Cell;  The  Modern  ,  Its  Development,  Construction  and 
Manufacture.  By  H,  K  RICHARDSON.  Metallurgical  and  Chemical 
Engineering,  Vol.  10,  \<)\2.  No.  9,  pp.  531-533. 

Electric  Furnace;  An  Efficient—  for  High  Temperatures.  By  D. 
I'.  Calhane  and  E.  E.  Zard.  Metallurgical  and  Chemical  Engineering. 
Vol.  10.  1917.  No.  8.  pp.  461-163. 

Electrolysis  from  Stray  Electric  Currents.  By  Albert  F.  Ganz. 
American  Gas  Light  Journal.  Vol.  97,  1912.  No.  9.  pp.  129-133. 

Gas;  Blast  Furnaces  as-  Producers.  By  s.  L.  Goodals.  Industrial 
World.  Vol    46.  1912,  No.  35,  pp.  1035-1036. 

Gas;  Efficiency  of—  Compressors.  By  P.  F.  Walker.  Progressive 
Age.  Vol.  30,  1912.  No.  18.  pp.  789-793. 

Iron;  Method  for  the  Rapid  Determination  of  Total  Carbon  in- 
Steel,  Cast  Iron  and  in  the  Iron  Alloys.  By  H  de  Xally.  Pro- 
ceedings of  the  International  Association  for  Testing  Materials.  Vol.  2, 
1912.  No.  8.  pp.   1-9. 

Iron;  Modifications  of  below  700°.  By  Felix  Robin  Proceed- 
ings of  the  International  Association  for  Testing  Materials,  Vol.  2.  1912, 
No.  8.  pp.  111. 

Iron;  Rapid  and  Accurate  Determination  of  Traces  of—  in  Cane 
and  Beet  Sugar  Factory  and  Refinery  Products.     By  J.  J.  Eastick, 

J.   P.  Ogilvie  and  J.  H.  Lindfield.     International  Sugar  Journal,  Vol. 
14.  1912,  No.  164,  pp.  428-135. 

Irons;  A  Suggested  System»of  Test  Bars  for  Chillable— .     Thomas 

D.  West.     Industrial  World,  Vol.  46.  1912,  No.  37,  pp.  1090-1092. 
Kaolin  or  China  Clay.     Anonymous.     Paper,  Vol.  8.  1912.  Nos.  9  and 

10,  pp.  15-17  and  15-16. 
Oil;    Methods     of—    Analysis.     By    Charles    Eachus.      Journal    of 

the   American  Leather   Chemists   Association,   Vol.    7,    1912,    No.    9,   pp. 

452-157. 

OXycellulose.  By  J.  Merritt  Matthews.  Textile  American.  Xo\.  18, 
1912.  No.  1.  pp.  22-23. 

Peat  Briquetting.      By  G.   J.    Mashek.     Journal  of   the   American  Peat 

Society,  Vol.  5,  1912,  No.  1,  pp.  10-17. 
Potash;  Extraction  of—  from  Silicate  Rocks.     By  William  h.  Ross. 

American  Fertilizer,  Vol.  37,  1912,  No.  4,  pp.  44-19. 
Pyrometry;   Practical—    in   the   Iron   and    Steel   Industries.     By 

S.    H.    Stupakoff.     Proceedings    of    the   Engineers'    Society    of  Western 

Pennsylvania.  Vol.  28,  1912.  No.  6,  pp.  499-567. 
Retort;  A  Zinc —  with  a  Copper  Bottom.     By  F.  Le  Clerc.     Metal- 
lurgical and  Chemical  Engineering,  Vol.  10,  1912,  No.  8.  pp.  463—167. 
Rubber;  Theory  of  the  Vulcanization  of — .     By  Heinrich  Loewbn. 

Zeitschrift  fuer  angewandle  Chemie,  Vol.  25,  1912,  No.  31,  pp.  1553-1560. 
Smoke;   Coal—  and   its  Practical  Abatement.     By  J.   M.  Searlb. 

Proceedings  of   the  Engineers'  Society  of  Western  Pennsylvania,  Vol.  28, 

1912.  No.  6.  pp.  459-498. 
Soya  Bean  Oil  and  its  Most  Efficient  Driers.     By  Henry  A  Gardner. 
►    Paint  and  Varnish  Record.  Vol.  5,  1912.  No.  9,  pp.  24-25. 
Steel;    Exothermic—.     By    Walter    O.    Amsler.     Metallurgical    and 

Chemical  Engineering,  Vol.  10.  1912,  No.  9.  pp.  559-662. 
Sucrose;  Direct  Determination  of—  in  Presence  of  Reducing  Sugars. 

By  William  E.  Cross  and  W.  G.  Taggart.     International  Sugar  Jdurnal. 

Vol.  14,  1912,  No.  164,  pp.  444—148. 
Sulfite   Pulp;  The   Scientific   Manufacture   of—.     By   Charles  M. 

Bullard.     Paper,  Vol.  8,  1912.  No.  13.  pp.  15-16. 
Tannin;  Notes  on  the  Use  of—  Materials  and  their  Analysis  from 

the    Dyer's    Standpoint.      By    G.    E.    Knowles.      Textile    Colorist. 

Vol.  34,  1912.  No.  404,  pp.  210-212. 

Vanadium;  The  Extraction  of—  from  Carnotite  and  Vanadlferous 
Sandstone  Concentrates.  By  Siegfried  Fischer.  Metallurgica 
and  Chemical  Engineering.  Vol.   10.   1912.  No.  8,  pp.  469-471. 

Water;  Hard  -  and  Water  Softening.  By  Arnold  V.  Dahlberg. 
American  Sugar  Industry,  Vol.  14,  1912.  No.  9,  pp.  41-14. 

Water;  The  Permutit  System  of—  Treatment.  ByL.  H.  Harrison. 
Chemical  World.  Vol.  1,  1912,  pp.  238-240. 

Water;  Pollution  of  Streams  by  Spent  Gas  Liquors.  By  H.  H. 
Maclean.  Chemical  Trade  Journal,  Vol.  51,  1912.  No.  1316,  pp.  135- 
136. 
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AVRRAGS   WIlOLttSALU   PRICISS   OK   STANDARD 
ORGANIC   CHEMICALS. 

Acetanilld Lb. 

Acetone  (drums) I.l>. 

Alcohol,  grain  (188  proof) I  .ii 

Alcohol,  wood  (95  per  cent.) Gal. 

Alcohol,  denatured  (180  proof) Gal. 

Ainyl  Acetate Gal. 

Acetic  Acid  (28  per  cent.) C. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn) C. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid  crystals Lb. 

INORGANIC   CHEMICALS 

Acetate  of  Lime  (gray) C. 

Acetate  of  Lead  (brown,  broken) Lb. 

Alum  (lump) C. 

Ammonium  Carbonate,  domestic Lb.  8 

Ammonium  Chloride,  gray Lb.  6'/8 

Aluminum  Sulphate C.  90 

Aqua  Ammonia  (drums)  160 Lb.  21/, 

Arsenic,  white Lb.  43/4 


20V, 

'7 
255 

50 

40 
2  75 
2.00 

10% 

23 
1 1 

14 

20 

«4 

38'A 
44 
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14       @ 

8' A  @ 

17%  @ 

7T/.@ 

•35       @ 

3i       @ 

•45       @ 

574® 

35       @ 
3o7.  @ 

•  50       @ 

7s/4@ 

•75       @ 


23 

18 
2-57 

52 

42 
2-95 
215 

1 1 'A 

27 
16 

15 
30 

>5 
39 

7 

3-31 

20 

97, 
1 8  y4 

8V. 

1-45 

33 

2.56 

5% 

357, 
3i 

2.60 


Brimstone  (crude,  domestic) Ton  22 .  00       @ 

Barium  Chloride C.  1 .  40       @ 

Barium  Nitrate Lb.  43A  @ 

Borax,  crystals  (bags) Lb.  3  A  @ 

Boric  Acid,  crystals  (powd.) Lb.  7       @ 

Bromine,  bulk Lb.  25       @ 

Bleaching  Powder  (35  per  cent.) C.  1.25       @ 

Barytes  (prime  white,  foreign) Ton  18.50       @ 

Blue  Vitriol Lb.  5>A  @ 

Calcium  Chloride C.  65       @ 

Chalk  (light  precipitated) Lb.  4" A  @ 

China  Clay  (imported) Ton  11 .50       @ 

Feldspar Ton  7 .00       @ 

Fuller's  Earth,  powdered C.  80       @ 

Green  Vitriol  (bulk) C.  55       @ 

Hydrochloric  Acid  (18  °) C.  1 .  15       @ 

Iodine  (resublimed) Lb.  3 .05     @ 

Lead  Nitrate Lb.  83/8  @ 

Lithium  Carbonate Lb.  65       @ 

Magnesite  (raw) Ton  7 .  50       @ 

Nitric  Acid,  360 Lb.  37/8  @ 

Phosphorus Lb.  35       @ 

Phosphoric  Acid,  sp.  gr.  1.75 Lb.  22    .  @ 

Plaster  of  Paris Bbl.  1 .  50       @ 

Potassium  Bromide Lb.  31       @ 

Potassium  Permanganate  (bulk) Lb.  9%  @ 

Potassium  Cyanide  (bulk)  98-99% ....  Lb.  19       @ 

Potassium  Iodide  (bulk) Lb.  2  .  60       @ 

Potassium  Chlorate,  crystals Lb.  8 'A  @ 

Potassium  Nitrate  (crude) Lb.  5       @ 

Potassium  Bichromate,  500 Lb.  67/8  @ 


8'A 
67* 
i-75 
2  7, 
5 

22.50 

i-55 

5 

4 

7V, 
30 
1-45 
22.50 

574 

90 

6 

18.00 

9.00 

85 
60 

i-55 

3  10 

8>A 

70 

8.50 

474 

90 
26 

1.70 

34 
10 

24 
2.65 

97, 

57a 

7 


CHEMICALS,   BTC.i   i'or   month  OP  B8PTK1CHHL 

Quicksilver,  Flask 42. 

Salt  Cake  (glass-makers') C. 

Silver  Nitrate Oz. 

Soapstone  in  bags Ton  10. 

Sodium  Acetate Lb. 

Sodium  Chlorate Lb. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Hydroxide,  60  per  cent C.        1 . 

Sodium  Hyposulfite C.        1 . 

Sodium  Nitrate,  95  per  cent.,  spot C.        2  . 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulphur,  Roll C.        1 . 

Sulphur,  Flowers  (sublimed) C.       2  . 

Sulphuric  Acid,  6o°  B C. 

Talc  (American) Ton  15 . 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (50 °) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C.       6. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill. . .  .Gal. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (double-boiled) Gal. 

Paraffine  Oil  (high  viscosity) Gal. 

Paraffine  (crude  120  &  122  m.  p.) Lb. 

Rosin  Oil  (first  run) Gal. 

Spindle  Oil,  No.  1 Gal. 

Sperm  Oil  (bleached  winter),  38 ° Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

i  METALS. 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb.     2 . 

Copper  (electrolytic) Lb.   17 . 

Copper  (lake) Lb. 

Lead,  N.  Y Lb.     5. 

Nickel Lb. 

Platinum  (refined) Oz.  46 . 

Silver Oz. 
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EDITORIALS 


MORRIS  LOEB. 

"Cist  forth  thy  Act,  thy  Word,  into  the 
ever-living,  ever-working  Universe;  it  is  a 
seed-grain  thai  cannot  die;  unnoticed  to-day, 
it  will  be  found  flourishing  as  a  banyan  grove 
after  a  thousand  years." — -Carlyle. 

Many  sad  happenings  in  this  world  are  accepted 
with  silent  stoicism  because  we  are,  in  some  measure, 
prepared  for  them.  There  are  others  which  strike 
like  a  thunderbolt  from  a  clear  sky.  Such  was  the 
announcement  of  the  death  of  Morris  Loeb. 

Not  so  many  days  ago,  he  was  among  us  in  all  the 
intensity  of  his  active  life,  eagerly  busy  with  the 
success  of  the  International  Congress  of  Applied 
Chemistry  ;  guiding  us  by  his  example,  helping  us 
by  every  means  at  his  disposal,  sacrificing  his  per- 
sonal comfort,  taking  no  rest  even  after  the  first 
symptoms  of  the  illness  which  has  carried  him  away 
made  his  work  very  difficult — ever  striving  not  to 
neglect  anything  that  might  contribute  to  the  interest 
or  the  enjoyment  of  the  visitors  to  the  Congress. 

He  passed  away  as  he  has  lived:  never  minding 
himself  when  catering  to  the  welfare  and  the  comforts 
of  others. 

If  I  had  to  sum  up  the  character  of  Morris  Loeb,  if  I 
had  to  give  the  key  to  his  whole  life,  I  would  call  him 
the  incarnation  of  the  sentiment  of  duty  and  service. 

Most  men  act  by  necessity ;  others  by  example ;  others 
again  are  animated  by  greed,  by  vanity,  or  other 
regrettable  impulse.  Whoever  knew  Morris  Loeb 
intimately  could  perceive  in  every  action,  every 
thought,  every  effort,  this  sternly  simple  but  sublime 
impulse  of  duty  and  service.  Sometimes,  his  aus- 
terity in  that  direction  went  even  to  the  point  of 
disturbing  his  best  friends,  as  well  as  heaping  discom- 
fort  and  sacrifice  on  himself. 

I  made  his  acquaintance  some  twenty  years  ago: 
met  him  regularly  at  our  chemical  meetings;  then  met 
him  more  intimately  in  the  circle  of  his  home  life. 
The  longer  I  knew  him,  the  higher  went  my  esteem, 
my  affection  for  that  unusual  man,  and  the  more  his 
noble  example  stimulated  me,  as  it  has  inspired  so 
many  others  to  better  efforts. 

I  have  had  more  than  one  lively  discussion  with 
him,  where  each  of  us  was  convinced  of  the  strength 
of  our  own  point  of  view;  but  in  every  instance  did 
I  leave  him  with  greater  respect  and  admiration. 
Those  who  saw  him  engaged  in  any  action  where  he 
was  combating  with  all  the  directness  of  his  honest 
convictions,  anything  he  believed  was  not  for  the  best 
of  purposes,  had  to  know  him  intimately  in  order  to 
grasp  fully  the  intense  underlying  kindness,  the  con- 
sideration for  the  feelings  of  others,  which  he  har- 
bored in  his  big  soul.  An  insincere  or  selfish  thought 
never  crossed  his  mind. 

His  way  of  doing  good  was  different  from  the 
drowsy  apathy  or  the  contemplative  attitude  of  some 
dreamy  reformers;  neither  did  he  fret  away  his  ener- 


gies "ii  ideals  oi  the  unattainable  kind;  his  life  was 
.1  life  "i  action,  of  work  -not  of  dreams,  and  his 
action  was  always  measured  with  rare  I  "i-'thought 
Is  a  well  defined  purpose. 

His  parents,  whose  memory  he  worshiped,  left  him 
a  large  fortune;  to  their  son  this  fortune  appeared 
only  as  a  large  responsibility — as  a  power  to  do  good 
— as  a  means  to  help  other  men  to  do  more  good. 

His  philanthropy  was  not  of  the  kind  which 
limits  itself  to  signing  a  substantial  check,  or  organ- 
izing a  charity-festival,  or  other  similar  kinds  of 
aim-charities  which  perpetuate  poverty  and  misery 
and  make  the  poor  poorer  and  the  weak  more  help- 
less. His  philanthropic  work  went  to  the  root  of 
things:  it  meant  the  fulness  of  his  own  personal  efforts 
with  all  the  discomforts  or  self-abnegation  this 
frequently  implied.  Then  again,  this  same  austere  man 
could  often  unbend  to  the  point  of  great  joviality 
when  his  ever-ready  wit  saw  a  humorous  point  in  a 
situation.  I  was  never  able  to  discover  the  slightest 
trace  of  vanity  or  conceit  in  him,  and  this  made  him 
invulnerable  against  scheming  flatterers. 

Dr.  Baskerville  has  well  described  the  scientist  and 
the  professor  in  his  review  of  the  career  of  our  departed 
brother  (p.  845).  But  what  appeals  to  me  as  the 
greatest  claim  of  gratitude  from  our  profession,  is  the 
leading  part  Morris  Loeb  took  in  making  the  Chemists' 
Club  building  an  accomplished  fact  by  infusing  his 
own  idealism  throughout  the  whole  enterprise.  Thus 
he  has  succeeded  in  making  of  the  Chemists'  Club  an 
institution  whose  good  influence  is  already  reaching 
out  near  and  far  over  the  whole  country;  not  only  has 
it  hastened  the  healthy  development  of  our  chemical 
organizations,  but  it  is  at  the  same  time  contributing 
to  the  growing  importance  and  increased  usefulness 
of  the  chemical  profession  to  the  community  itself. 

Whoever  saw  him  at  work  in  this  instance,  knows 
how  he  conceived  and  carried  out  practically  every 
part  of  that  project  from  the  financial  start  to  the 
successful  operation  thereof;  how  he  attended,  per- 
sonally, to  the  most  trifling  details,  when  he  thought 
that  by  doing  so  he  might  better  insure  the  proper 
working  of  his  carefully  planned  organization.  Many 
a  nook  or  corner  of  our  Club  house  reminds  us  of  his 
personal  solicitude, — nay,  of  the  very  touch  of  his 
hands,  where  he  helped  to  place  a  work  of  art  or  some 
other  object  of  interest  gathered  purposely  by  him 
for  the  Club  during  his  late  travels. 

The  day  of  his  death,  October  the  eighth,  was 
exactly  the  third  anniversary  of  the  date  on  which  he 
signed  the  incorporation  papers  of  the  Chemists' 
Building  Company. 

Vividly  do  I  remember  the  day  when  he  first  out- 
lined to  me  the  whole  project:  "It  can  be  done," 
said  he,  "if  we  all  work  together.  We  can  do  it  in 
such  a  dignified  and  direct  way  that  nobody  can  claim 
that  it  is  a  one-man's  affair  or  a  gift.  Neither  should 
it   be   a   cold-blooded   business   proposition,    although 
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it  ought  to  be  carried  out  on  business  lines.  I  know- 
already  a  few  men  who  are  willing  to  guarantee  a 
substantial  subscription,  and  who  may  help  me  to 
find  others  to  help  us  along."  With  characteristic 
consideration,  he  added:  "Above  all,  it  should  be 
well  understood  that  he  who  is  unable  to  help  finan- 
cially, can  still  be  a  great  contributor  to  the  success 
of  the  work,  if  he  will  aid  us  by  any  personal  effort, 
even  if  it  be  only  by  his  enthusiasm." 

In  this  instance,  as  always,  he  never  mentioned  his 
own  name,  and  tried  for  a  while  to  shield  his  identity 
by  referring  to  "his  acquaintances"  or  "some  friends 
ul  his. "  This  was  ever  his  favorite  way  of  designating 
any  financial  help  he  intended  to  furnish  himself. 

Even  after  the  meeting  at  Toch's  residence,  where 
Bogert,  Baskerville,  Toch  and  myself,  were  present, 
several  did  not  yet  fully  realize  that  Morris  Loeb  was 
going  to  furnish  the  initial  funds. 

If,  in  this  instance,  he  contributed  freely  with  his 
money,  he  rendered  much  greater  service  by  his  con- 
tinuous personal  work  for  three  full  years,  until  he 
was  convinced  that  everything  was  as  it  ought  to  be, 
and  the  Chemists'  Club  was  safe  and  sure. 

Wherever  he  was,  he  found  some  way  of  being  of 
service  or  help  towards  others.  I  am  told  that  when 
he  went  to  study  in  Germany  after  graduating  from 
Harvard,  he  there  led  the  quiet,  modest  life  of  a  hard- 
working student,  and  that  of  the  allowance  his  rich 
father  sent  him,  very  little  was  used  for  his  own  per- 
sonal comfort,  but  most  of  it  found  its  way  to  help 
others  who  never  knew  who  had  assisted  them.  What- 
ever he  did  in  the  matter  of  money  contributions,  he 
carefully  arranged  everything  so  as  to  keep  himself 
in  the  background,  but  his  personal  work  was  ever 
so  much  the  more  in  evidence. 

Another  one  of  his  traits  was  that  great  feeling  of 
reverence  and  gratitude  towards  some  qf  his  former 
professors  as  well  as  to  his  Harvard  Alma  Mater;  but 
whatever  he  did  was  done  as  if  he  were  a  mere  incident 
in  it;  even  his  intimate  friends,  who  did  not  belong  to 
Harvard,  learned  only  by  accident  how  he  and  his 
brother  had  made  a  foundation  in  honor  of  his  de- 
parted professor,  Wolcott  Gibbs.  And  when  last 
3'ear,  he  organized  the  Wolcott  Gibbs'  Memorial  Day 
at  the  Chemists'  Club,  and  presented  the  bust  of 
Wolcott  Gibbs  on  that  occasion,  he  kept  himself  very 
much  in  the  background,  although  attending  pains- 
takingly to  every  detail  so  as  to  make  sure  that  nothing 
should  mar  the  success  of  the  event,  which  he  had 
planned  alone  in  his  great  love  for  his  former  teacher. 

He  abhorred  any 'display  of  wealth  or  self-impor- 
tance, and  this  made  his  company  so  much  the  more 
liked  by  his  fellow  chemists. 

Those  who  knew  his  home  life,  will  remember  how 
he  filled  his  days,  alternating  his  devotion  to  his  duties 
and  philanthropies  with  acts  of  kindness  and  con- 
sideration to  his  family,  and  his  friends:  all  this  fre- 
quently interwoven  with  banter  and  wit. 

Having  no  children,  he  and  his  distinguished  wife 
gave  an  outlet  to  their  natural  feelings  by  furthering 
the  comfort   and   happiness   of  the  children   of   their 


friends  and    by   assisting   the   unfortunate   children   of 
the  poor  or  helpless. 

Of  some  men,  it  can  be  said:  The  whole  world  is 
their  country,  humanity  is  their  family,  and  to  do  good 
is  their  religion.     Morris  Loeb  was  one  of  such  men. 

Whatever  there  was  to  be  done,  one  could  count  on 
him.  Whether  the  matter  was  very  important  or  not, 
once  he  had  accepted  to  serve,  he  never  disappointed. 
When  he  had  accepted  membership  on  some  committee 
or  another,  he  was  punctual  at  the  meetings,  and  only 
very  urgent  matters  could  keep  him  away.  When- 
ever he  participated  in  anything,  he  gave  body  and 
soul  to  it. 

His  frank  speech,  simple  words,  direct  arguments 
never  strove  for  rhetorical  effect,  but  aimed  only  at 
convincing  others  of  his  own  earnest  opinion.  I  still 
see  him  with  his  manly  bearing,  his  handsome  head, 
his  deep-thinking,  big,  honest  eyes,  which  flashed 
conviction  and  sincerity  into  every  one  of  his  argu- 
ments, and  gathered  respect  from  all  who  listened 
to  him,  whether  they  were  of  his  opinion  or  not. 

Noble  friend,  all  who  have  known  you  enough 
have  been  made  better  by  your  example. 

We  shall  miss  much,  yes  very  much,  your  inspiring 
personality. 

Yet,  the  mention  of  your  name  will  often  serve  to 
every  one  of  us,  as  the  guiding  flash  of  a  beacon,  till 
we,  too,  shall  reach  the  other  shore. 

L.   H.   Baekeland. 


THE  INCONGRUITIES  OF  AMERICAN  PATENT   LITIGATION. 

Whoever  was  present  at  the  White  House  Garden 
Party  in  honor  of  the  members  of  the  Eighth  Inter- 
national Congress  of  Applied  Chemistry  must  have  been 
impressed  by  the  directness  of  speech  of  President  Taft. 

One  of  our  foreign  visitors  remarked  to  me:  "Your 
President  does  not  waste  his  time  in  pure  formalities. 
Undaunted  by  his  strained  ankle  and  the  hot  weather, 
he  left  the  comforts  of  Beverly  to  receive  us  here, 
and  he  gave  us,  at  the  same  time,  a  refreshing  sensa- 
tion of  the  simple  directness  of  your  democratic 
government.  Up  till  now,  we  were  accustomed  to 
the  cut-and-dried  speeches  full  of  the  usual  meaning- 
less platitudes  with  which  royalty  opened  these 
Congresses.  But  the  chief  of  your  Republic  gave  us, 
in  a  few  precise  words,  his  opinion  on  what  I  consider 
one  of  the  most  important  factors  in  the  healthy  in- 
dustrial development  of  all  civilized  nations." 

The  speech  of  President  Taft  has  been  reported 
in  full  by  This  Journal  (IV,  710).  The  following  is 
the  most  striking  part  of  it: 

"Patents  have  played  a  very  great  part  in  the  development 
of  the  United  States,  and  we  have  given  to  patentees  a  very 
valuable  monopoly  for  the  purpose  of  discovering  by  their  in- 
dustries new  methods  of  accomplishing  useful  results.  Whether 
we  have  made  this  monopoly  too  great  or  not  is  the  subject 
of  consideration  by  a  commission  provided  for  by  Congress. 

"There  is  certainly  great  room  for  improvement  in  the  machin- 
ery of  our  patent  office,  and  it  would  be  well  if  more  value  could 
inhere  in  the  issuing  of  a  patent  as  an  evidence  of  real  property. 
Now,  however,  until  a  patent  has  beeen  fought  through  the 
courts,  people  do  not  seem  to  regard  it  as  of  a  great  deal  of 
monopoly  value. 
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"l  ma)  .uld  1l1.1i  one  of  the  great  opportunities  fur  reform, 
in  my  judgment,  i-  in  the  shortening  of  patent  litigation  and 
the  reducing  of  its  expenditure  I  know  very  little  about 
chemistry,  but  1  know  .1  good  deal  about  paten)  litigation. 
1  kn.>\\  the  amount  of  money  that  has  been  unnecessarily  wasted 
.md  the  inequality  thai  has  been  produced  between  the-  rich 
litigant  and  the  poor  litigant  by  reason  of  the  unnecessary  ex- 
pense of  that  litigation.  This  is  one  of  the  things  that  calls 
for  an  immediate  remedy. 

"It  is  not  essential  that  we  should  make  a  record  of  10,000 
printed  pages  at  $50  a  day  for  experts  and  Sioo  a  dav  for 
patent  lawyers.  I  have  no  objection  to  experts.  I  have  no 
objection  to  patent  lawyers,  but  I  think  we  can  have  too  much 
of  both  of  them." 

Mr.  Taft,  as  a  former  judge,  has  had  ample  oppor- 
tunities to  observe  the  delays,  absurdities,  and  in- 
iquities of  patent  litigation  in  this  country.  He  has 
seen  how  patent  suits  degenerate  into  mere  jockeying 
and  in  lawyers'  acrobatics,  and  thus  defeat  the  very 
purposes  for  which  our  patent  system  was  created. 
In  expressing  his  opinion  in  such  non-equivocal 
terms,  he  put  his  finger  on  the  sorest  spot  of  our  patent 
system.  His  statements  are  in  direct  accord  with 
the  views  expressed  so  often  by  others.  (See  Judge 
Hough's  opinion  in  the  Seidell  case;  Backeland.  The 
Abuses  of  our  Patent  Syste-jn,  This  Journal,  April, 
1912;  Editorial  Metallurgical  and  Chemical  Engineer- 
ing. Vol.  X.  p.  387,  July.  191 2;  Robert  X.  Kenyon, 
The  United  States  Patent  System,  Transactions  0}  the 
American  Institute  of  Chemical  Engineers,  191 2,  etc.) 

Whether  Mr.  Taft  be  reelected  or  not,  it  is  of  the 
utmost  importance  that  his  wise  words  should  not  be 
lost  to  the  next  administration  upon  whom,  according 
to  all  appearances,  will  devolve  the  long  deferred  task 
of  introducing  some  much  needed  reforms  in  our 
patent  system. 

Some  time  ago,  in  referring  to  the  hearings  of  the 
Oldfield  bill  for  a  Revision  of  the  Patent  Statutes, 
I  remarked  (Met.  and  Chan.  Eng..  Vol.  X,  191 2,  p.  387): 

"Never  before  was  so  much  direct  information  collected  on 
the  subject  of  the  working  of  the  U.  S.  patent  system.  A  large 
number  of  representative  men,  including  inventors,  lawyers, 
manufacturers  and  business  men,  have  appeared  voluntarily 
before  the  House  Committee  on  Patents;  they  have  had  ample 
opportunity  to  present  their  views  orally  and  in  writing,  and 
the  chairman  of  the  committee,  Mr.  Oldfield,  has  shown  un- 
failing courtesy  and  patience  to  all  who  appeared  before  him. 

"It  is  a  noteworthy  fact  that  although  there  clearly  exists 
a  great  diversity  of  opinion  among  the  witnesses  as  to  details 
of  proposed  reforms,  there  seems  to  be  a  practically  unanimous 
opinion  among  those  who  ought  to  know  best,  that  the  defects 
of  the  patent  system  of  this  country,  as  it  is  now,  do  not  reside 
in  the  fundamental  patent  law,  but  in  the  way  the  law  is  ad- 
ministered before  the  courts.  Lawyers  and  inventors  alike 
point  out  that  the  methods  of  patent  litigation  in  this  country 
are  so  absurd,  so  slowT,  so  complicated  and  so  expensive,  that 
only  rich  individuals  or  wealthy  corporations  can  afford  to 
defend  a  valid  patent  against  infringers,  or  to  contest  the  validity 
of  a  worthless  patent. 

"From  this  standpoint,  the  patent  system  of  the  United 
States  is,  as  has  been  said,  'a  godsend  for  wealthy  corporations, 
lawyers,  and  experts.' 

"During  the  hearings  it  has  been  pointed  out  repeatedly 
how  this  could  be  lemedied  by  adopting  the  methods  of  England, 
Germany,    and    other    countries,    by    eliminating    the    present 


absurd  system  of  taking  testimony  in  patent  suits  and  by  the 
creation  of  a  single  final  court  of  patent  appeals,  instead  of  tin- 
nine  circuit  courts  of  appeal  which  may  render  conflicting 
decisions,  so  that  a  patent  is  declared  valid  in  one  circuit  and 
invalid  in  another." 

Lately,  Mr.  Oldfield  has  published  his  report. 
(Report  Xo.  Il6l,  Aug.,  1912.  from  the  Committee  on 
PaU  nts.  House  of  Representatives.)  He  too  lays  special 
stress  on  the  delays  and  vagaries  of  court  practice  in 
litigation  and  fully  recognizes  the  evil  thereof: 

"Two  vital  changes  are  essential — the  present  method  of 
trying  patent  causes  must  be  abandoned  for  a  new  one,  and  a 
court  of  patent  appeals  must  be  established. 

First.  The  trial  of  patent  causes. 

Nearly  all  suits  involving  infringement  of  patents  are  tried 
in  the  equity  courts,  where,  according  to  the  Federal  practice, 
the  testimony  is  taken  and  evidence  introduced  not  in  the  pres- 
ence of  a  judge  but  before  an  examiner.  The  duties  of  the  ex- 
aminer arc  little  more  than  nominal.  He  has  no  power  to  direct 
or  limit  the  inquiry,  to  enforce  the  attendance  of,  or  answers 
from,  witnesses  or  the  production  of  other  evidence.  He  can 
not  control  the  examination  or  cross-examination  of  witnesses, 
or  determine  the  relevancy  or  value  of  evidence  offered,  or  the 
propriety  of  adding  to  volume.  He  does  not  pass  upon  the 
evidence — its  character,  its  weight,  or  its  effect.  The  court, 
on  the  other  hand,  does  not  in  practice  undertake  to  exercise 
any  supervision  over  the  proceedings  conducted  before  the 
examiner.  The  judge  who  is  to  hear  the  case  knows  little  or 
nothing  about  it  until  the  printed  record  embodying  the  mass 
of  evidence  put  in  before  the  examiner,  and  supplemented  by 
printed  briefs  discussing  it,  is  laid  upon  the  desk  when  the  oral 
argument  begins. 

"The  examiner,  the  judicial  officer  who  has  seen  and  heard 
the  witnesses,  has  no  function  to  perform  at  the  argument  or 
decision  of  the  case;  and  the  judge  hears  the  argument  upon 
evidence  which  he  has  not  heard,  and  which  he  has  not  read. 
Often  when  he  hears  the  argument,  he  is  entirely  ignorant  too 
of  the  art  and  the  trade  to  which  it  relates.  The  issues  of  fact 
in  the  case  depend  often  upon  the  credibility  of  witnesses; 
and  everyone  recognizes  that  the  credibility  of  witnesses  can 
not  be  effectively  determined  except  by  those  who  have  seen 
and  heard  them.  The  printed  word  frequently  conveys  but  an 
inadequate  and  incorrect  measure  of  the  value  of  testimony. 
Decisions  rendered  under  such  conditions  are  apt  to  be  unsatis- 
factory-, but  this  method  of  trial  results  in  evils  far  greater  than 
erroneous  decisions. 

"The  time  and  money  wasted  in  having  testimony  given 
orally  before  the  examiner  who  does  not  listen  to  it,  then  written 
out  by  the  reporter,  and  ultimately  printed  for  submission  to 
the  judge,  who  often  does  not  have  time  to  read  all  of  it,  is  neces- 
sarily great.  Days  or  weeks  may  be  honestly  consumed  with 
the  introduction  of  evidence  on  points  which  the  judge,  if  pres- 
ent, would  declare  to  be  clearly  immaterial,  or  if  material,  to 
be  adequately  established  in  the  absence  of  evidence  to  the  con- 
trary. 

"The  fact  that  no  means  exist  for  determining  the  materiality, 
propriety  or  necessity  of  introducing  material  evidence  in  the 
course  of  the  taking  of  testimony,  results  inevitably  in  great 
waste  of  time  and  money.  But  the  fact  that  the  proceedings 
before  the  examiner  are  practically  uncontrolled  affords  also 
unequaled  opportunity  for  serious  abuse  of  legal  processes — 
opportunities  which  are  unfortunately  availed  of  all  too  frequently. 
Proceedings  are  often  dragged  along  actively  for  years,  and  made 
to  involve  expenses  so  great  as  to  be  prohibitive  for  any  but  the 
rich.  Powerful  trusts,  litigating  with  manufacturers  of  modest 
means,  have  found  in  those  legal  proceedings  one  of  the  most 
effective  instruments  of  oppression  and  of  confiscation.     Law- 
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suits  conducted  under  such  conditions  are  apt  to  result  not  in 
determining  whether  a  patent  is  valid  or  has  been  infringed,  but 
whether  the  limit  of  endurance  has  been  reached.  The  immedi- 
ate result  is  often  a  triumph  of  might  over  right  followed  by 
a  rankling  sense  of  injustice  and  a  deep-seated  contempt  for  the 
law. 

"This  inefficiency  of  legal  procedure  in  patent  causes  tends 
to  accelerate  the  growth  of  the  trust.  Many  a  small  concern 
has  found  that  it  is  futile  to  attempt  to  seek  in  the  courts  redress 
for  infringement  of  its  patents  by  a  powerful  trust  or  that  it 
is  disastrous  to  try  to  repel  a  determined  attack  made  under  the 
guise  of  a  patent  suit.  The  small  manufacturer  yields  to  the 
demands  of  the  combination — his  poverty  and  not  his  will  con- 
senting; and  relinquishes,  often  reluctantly,  liberty  and  individ- 
uality. On  the  other  hand,  when  the  contest  is  waged  between 
equal  competitors,  the  long-continued  uncertainty  due  to  the 
necessarily  protracted  proceedings  and  the  huge  expense  are 
apt  to  suggest  combination  as  a  solution  of  their  differences; 
and  in  the  end  they  join  together  in  exploiting  the  public. 

"The  failure  of  our  law  to  provide  adequate  means  of  de- 
termining and  enforcing  patent  rights  detracts  also  greatly  from 
the  value  of  patents  to  the  inventor  and  other  interested  persons. 
It  often  results  also  in  depriving  the  public  of  the  benefits 
which  would  flow  from  the  development  of  inventions.  This 
defect  in  the  legal  machinery  exaggerates  the  power  of  the 
financier.  Large  capital  thus  becomes  necessary,  not  for  the 
development  of  the  invention  but  to  protect  it.  For  this  reason, 
the  relative  value  of  the  required  capital  as  compared  with  the 
value  of  the  invention  itself  is  greatly  increased,  for  the  most 
useful  invention  has  been  proven  to  be  financially  worthless 
unless  buttressed  by  the  large  capital  necessary  to  defend  the 
invention  legally  from  attack,  either  by  punishing  infringers 
or  by  establishing  that  the  invention  does  not  infringe  the  pat- 
ents of  others.  To  give  due  value  to  an  invention  in  the  hands 
of  he  inventor  or  of  the  small  manufacturer,  and  to  insure  in 
the  interest  of  the  public  the  development  of  all  useful  inven- 
tions, it  is  essential  that  an  efficient,  simple,  inexpensive  machin- 
ery for  determining  rights  under  the  patent  be  provided. 

"Fortunately,  the  opportunity  for  introducing  such  machinery 
lies  at  hand.  We  have  but  to  follow  the  methods  of  trial  pur- 
sued in  patent  causes  in  Germany  and  in  England,  which  is 
similar  to  that  prevailing  in  some  of  our  own  States  in  ordinary 
equity  suits.  The  evidence  should  be  introduced  in  open  court 
before  the  judge  who  is  to  hear  the  argument  as  soon  as  the 
evidence  is  concluded.  The  judge  is  thus  in  a  position  to  deal 
promptly  and  effectively  with  the  whole  proceeding.  The 
amount  of  evidence  introduced  is  greatly  lessened  because 
immaterial  issues,  irrelevant  inquiries,  impertinent  questions 
may  be  ruled  out.  The  value  of  the  evidence  also  may  be  prop- 
erly determined  because  the  judge  hears  and  sees  the  witnesses 
and  may  infer  from  their  behavior,  intonation,  and  appearance, 
as  well  as  from  the  words  spoken,  their  relative  credibility. 
Litigation  which  now  takes  years  would,  through  such  a  trial, 
be  disposed  of  in  as  many  months,  and  where  desired  could  even 
be  disposed  of  in  a  few  weeks.  In  the  presence  of  an  able  judge 
armed  with  power  to  exclude  evidence  or  to  enforce  its  produc- 
tion, and  instructed,  through  his  continued  presence,  in  the 
merits  of  the  controversy,  that  abuse  of  the  legal  process  which 
has  become  the  scandal  of  the  patent  practice  and  one  of  the 
most  potent  instruments  of  oppression  would  cease.  Justice, 
swift  and  more  certain,  would  prevail.  Such  has  been  the  ex- 
perience in  the  disposition  of  patent  cases  in  England  and  in 
Germany,  and  no  less  satisfactory  results  might  be  expected  in 
America. 

"Second.  Adequate  legal  machinery  demands  also  the  crea- 
tion of  a  court  of  patent  appeals. 

"The  present  system  under  which  it  is  possible  that  diametri- 
cally opposite  decisions  may  be  given  by  the  courts  of  appeal 


in  different  circuits,  so  that  the  ultimate  decision  of  rights  can 
be  determined  only  after  years  of  litigation,  and  the  allowance 
of  a  writ  of  certiorari  to  the  Supreme  Court  of  the  United  States, 
presents  further  opportunity  for  oppression  by  the  wealthy  and 
powerful  combination. 

"In  the  patent  office  vital  changes  also  are  necessary. 

"Third.  There  is  great  waste  of  time  and  expense  (which 
proves  a  particular  hardship  to  the  poor  inventor)  flowing  from 
interference  proceedings  designed  to  determine  which  of  several 
inventors  was  the  first.  The  community  is  really  not  interested 
in  determining  who  was  the  first  inventor.  The  interest  of 
the  public  is  to  secure  disclosure  of  the  invention.  The  reward 
which  the  public  should  give  in  the  form  of  a  patent  monopoly 
is  to  him  who  makes  and  first  discloses  an  invention,  and  every 
incentive  should  be  given  to  disclosure  at  the  earliest  possible 
date.  The  present  law  gives  rather  a  premium  on  the  with- 
holding of  an  invention.  A  man  who  believes  himself  to  be 
the  original  inventor  can  keep  his  invention  secret,  lying  by 
until  some  other  inventor  makes  application  for  a  patent.  A 
change  of  the  existing  rule  so  as  to  make  the  inventor  who  first 
discloses,  that  is,  who  first  files  application,  the  one  who  is 
entitled  to  a  patent,  would  advance  the  interest  of  the  community 
and  at  the  same  I  ime  remove  a  large  part  of  the  evils  and  op- 
pression incident  to  the  expensive  interference  proceedings  in 
the  Patent  Office. 

"Fourth.  Changes  should  be  made  in  the  equipment  and 
organization  of  the  Patent  Office  to  increase  its  efficiency  and 
to  secure  for  the  public  and  the  inventors  whom  it  serves  the 
best  possible  service.  To  this  end  greater  opportunities  should 
be  afforded  the  officers  and  employees  of  the  Patent  Office 
to  secure  promotion,  distinction,  and  adequate  compensation. 
It  should  not  be  necessary  for  able,  faithful,  and  zealous  em- 
ployees, who  are  eager  to  advance  the  interests  of  the  public, 
to  feel  obliged  to  quit  the  service  in  order  to  secure  in  private 
patent  practice  adequate  compensation  and  recognition  of  their 
ability  and  service. 

"If  the  changes  respecting  the  courts  and  Patent  Office 
outlined  above  were  made,  the  public  and  the  inventor  would 
secure  further  protection  from  those  abuses  incident  to  the 
great  corporations  which  have  been  thus  described  by  an  emi- 
nent inventor,  who  is  the  president  of  the  American  Institute 
of  Chemical  Engineers  (Baekeland,  This  Journal,  IV,  333): 

"  'As  for  wealthy  corporations,  it  has  become  obvious  that 
the  skilful  handling  of  patent  cases  places  them  at  an  untold 
advantage  against  their  smaller  competitors.  For  them, 
a  well-organized  patent  department  is  a  reliable  machine, 
where  money  is  the  lubricant.  This  machine,  in  its  slow-but- 
surc  grinding  way,  can  reduce  to  pulp  any  of  the  smaller  com- 
petitors. For  large  corporations,  the  maintenance  of  such 
a  machine  with  a  staff  of  lawyers  and  experts  is  merely  a  small 
side  expense.  By  its  aid  they  can  bluff  their  weaker  competitors 
into  quick  submission.  If  this  is  not  successful,  they  can  drag 
out  a  patent  suit  indefinitely,  until  the  weak  opponent,  unable 
to  bear  the  ever-increasing  expenses,  collapses  and  withdraws. 

"  'These  tactics  are  well  known  and  have  been  played  success- 
fully, whether  it  was  to  uphold  a  worthless  patent  or  to  obtain 
immunity  in  case  of  infringement.  In  every  case,  the  wealthy 
corporation  is  sure  of  the  outcome  of  the  game,  and  plays, 
"  Heads  I  win,  tails  you  lose."  ' 

"The  Inventors'  Guild  in  its  memorial  describes  the  situation 
as  follows: 

"  'Under  existing  methods  of  trying  patent  causes  an  inventor- 
patentee  of  average  means  could  not,  at  his  own  expense,  carry 
to  a  conclusion  an  average  patent  litigation  against  a  wealthy 
opponent,  and,  therefore,  a  few  wealthy  concerns  usually  ac- 
quire nearly  all  important  patents  in  their  field,  to  the  great 
damage  of  the  nation,  because  of  the    restraint  of  competition 
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and  because  <>t  the  resulting  tendency  of  such  inventors  to  seek 
protection  for  their  inventions  l>y  trade  secrets  or  else  too 

inventive  work'." 

Judging  from  this  able  and  snappy  report,  there 
is  not  the  slightest  doubt  thai  the  public  hearings 
before  the  Oldfield  committee  have  brought  out  the 
most  salient  vices  of  our  patent  system.  While 
presenting  this  report,  Mr.  Oldfield  has  modified  con- 
siderably his  first  bill;  in  fact,  he  has  practically  stricken 
out  the  original  text.  Unfortunately,  his  revised 
bill  does  not  go  at  the  root  of  the  evil  of  defective 
patent  litigation,  and  introduces  amendments  which, 
although  full  of  good  intentions,  carry  in  themselves 
dangerous  opportunities  for  clever  lawyers  to  defeat 
the  very  purposes  for  which  the  bill  is  intended.  Some 
of  the  provisions  of  the  bill  are  so  unfortunately  worded 
that  they  might  kill  those  features  of  our  patent  law 
which  aim  most  at  stimulating  private  research  and 
private  enterprise  of  men  of  moderate  means. 

It  is  an  unfortunate  fact  that  most  of  our  legislators, 
when  they  speak  of  patents,  have  ordinarily  in  view 
mechanical  patents  or  secondary  inventions:  articles 
like  safety  razors,  alarm-clocks,  or  other  objects  of 
simple  description  which  can  readily  be  identified 
and  understood  by  an  average  intelligent  man  without 
scientific  or  technical  training.  To  the  public  at  large, 
most  of  these  inventions  seem  merely  the  result  of 
a  lucky  inspiration,  somewhat  in  the  same  way  as 
a  lucky  prospector  finds  a  gold  mine,  or  a  lottery 
ticket  draws  the  grand  prize.  Even  educated  men 
leave  frequently  out  of  sight  those  far-reaching  inven- 
tions which  involve  long  years  of  painstaking  and 
expensive  research  work,  where  progress  is  measured 
only  step  by  step ;  where  able  investigators,  sometimes 
groups  of  specialists  trained  in  science  and  technology, 
devote  their  lives,  their  efforts — and  often  all  their 
cash — to  elaborate  a  difficult  industrial  problem. 

To  such  a  class  of  inventions  belong  many  of  the  chem- 
ical processes.  Yet  one  of  the  men  of  the  Congres- 
sional Committee  on  Patents  seemed  to  be  under  the 
impression  that  chemical  inventions  were  mostly 
intended  for  the  manufacturer  of  pharmaceutical 
substances.  To  the  uneducated  public,  the  thought 
of  "patent  medicine"  enters  easily  in  the  mind  as  soon 
as  reference  is  made  to  chemical  patents.  Few, 
indeed,  realize  that  some  of  the  chemical  processes 
have  brought  about  far-reaching  developments  not 
only  in  other  industries,  but  in  civilization  itself; 
we  might  mention,  for  instance,  the  Goodyear  rubber 
process,  which  made  the  automobile  possible,  the  in- 
vention of  dynamite  without  which  gigantic  engi- 
neering enterprises  like  the  Panama  Canal  would  be 
utterly  impossible,  the  cellulose  processes,  which  con- 
tributed more  to  the  diffusion  of  knowledge  and  cul- 
ture by  the  printing  press  than  any  other  factor, 
the  Bessemer  Steel  process  which  furnished  us  cheaply 
and  abundantly  the  main  raw  material  for  all  our 
engineering,  the  synthetic  processes  of  the  coal  tar 
products  which  brought  forth  the  most  astounding 
series  of  applications  in  therapeutics,  surgery,  hygiene, 
art,  and  general  technology,  etc.,  etc.  Fewer  still 
are  aware   that   most   chemical  patents  are   so-called 


"process  patents,"  and  on  this  account  are  least  pro- 
tected against,  pirating  infringers,  who  always  lay  in 
,.ui  for  the  pioneer,  as  soon  as  the  latter  has,  aft 
untiring  efforts,  succeeded  in  demonstrating  the  value 
of  a  new  process.  Only  those  who  have  passi  d 
through  the  worry  and  trying  ordeal  of  pioneer  ship, 
know  what  it  means  to  bring  to  successful  issue  a  new 
untried  chemical  process. 

Even  the  theoretical  or  laboratory  chemist,  who 
never  was  engaged  in  any  industrial  pioneer  work 
himself,  can  hardly  conceive  that  after  an  invention 
has  been  thoroughly  studied  in  the  laboratory,  nay 
even  after  it  has  been  run  on  a  small  industrial  scale, 
in  most  cases,  only  about  ten  per  cent,  of  the  real 
work  of  pioneering  has  been  accomplished.  In  the 
majority  of  cases,  lack  of  funds,  lack  of  manufacturing 
talent,  defective  commercial  organization,  and  many 
other  conditions  bring  forth  failure,  sorrow  and  finan- 
cial loss. 

Again,  in  many  instances,  it  is  easier  to  make  the 
invention  and  to  bring  it  to  technical  perfection,  than 
to  persuade  the  public  of  its  advantages.  The  latter 
attempt  means  long  tactful  and  expensive  educational 
work.  Unless  the  pioneer  feels  that  for  a  short  period 
at  least,  he  may  have  the  absolute  monopoly  of  his 
inventions,  what  inducement  is  there  to  sacrifice  his 
time  and  money  on  a  result  already  too  doubtful  in 
itself?  Many  inventions  have  gained  recognition  only 
because  they  were  patented  and  thus  it  was  worth  while 
to  spend  money  and  to  show  their  merits  to  the  public. 
Other  inventions  have  never  received  the  attention 
they  deserved,  because  nobody  cared  to  take  the  risk 
of  educating  the  public  up  to  them.  The  metric  system 
was  invented  by  the  Arabs  many  centuries  ago,  and 
its  benefits  are  not  yet  recognized  by  the  business 
men  of  this  country.  If  the  metric  system  had  been 
patented,  it  might,  after  one  generation,  have  become 
as  popular  as  "national  cash  registers." 

But  just  this  work  of  education  means,  in  many 
cases,  an  immense  amount  of  money  and  effort,  with 
all  the  risks  of  loss.  And  then,  after  you  have  dis- 
closed accurately  your  intention  in  the  text  of  your 
patent,  as  the  law  demands;  after  you  have  educated 
the  conservative  public  to  the  advantages  of  your 
process,  then  it  happens  almost  regularly  that  those 
who  at  first  most  strongly  denied  the  advantages  of 
your  invention,  nay  sneered  at  its  claimed  possibili- 
ties, then  simply  turn  infringers;  after  every  detail 
of  the  invention  has  been  carefully  explained  to  them, 
they  calmly  declare  that  there  is  no  invention,  and  be- 
gin to  appropriate  to  themselves  all  the  work  of  your 
pioneership.  These  modern  buccaneers  have  no  use 
for  good  patent  law,  or  if  they  tolerate  any  patent  law 
at  all,  it  must  be  of  such  a  nature  that  it  can  not  be 
enforced.  They,  too,  howl  for  "patent  reform," 
and  unfortunately,  howl  loudest,  but  they  want  patent 
reform  which  would  kill  the  best  there  is  in  our  patent 
system,  and  they  speak  little  about  reform  in  court 
practice.  //  our  system  of  court  practice  had  purposely 
been  devised  to  help  the  patent  pirate,  tt  could  not  much 
be  improved  upon. 
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Our  laws  are  painfully  strict  in  protecting  so-called 
"vested  property  rights,''  and  this  protection  extends 
to  the  most  trivial  matters.  If  Tom  steals  Dick's 
two-dollar  scarf  pin,  Dick  will  have  no  trouble  in  putting 
Tom  in  jail,  even  if  Dick  himself  has  obtained  his 
pin  by  questionable  methods.  But  when  it  comes  to 
protecting  even  for  the  short  period  of  seventeen  years, 
the  most  legitimate,  the  most  truly  personal  property, 


namely,  intellectual  property,  with  all  that  it  involves, 
with  enterprises  depending  thereon,  based  often  on  the 
work  of  a  lifetime,  then  our  law  courts  are  wofully 
deficient. 

Any  system,  of  law  which  does  not  adequately  protect 
intellectual  property  so  that  rich  and  poor  alike  can 
uphold  their  rights,  is  an  anachronism  in  modern  civili- 
zation. L.  H.  Baekeland. 


ORIGINAL  PAPERS 


DISTILLATION     OF     RESINOUS     WOOD     BY     SATURATED 

STEAM.1 

By  L.  F.  Hawley  and  R.  C.   Palmer. 

COMMERCIAL  STEAM  DISTILLATION   PROCESSES. 

The  steam  distillation  process  for  obtaining  the 
volatile  oils  from  the  wood  of  the  longleaf  pine  has 
been  the  basis  of  a  small  industry  since  about  1903, 
being  introduced  apparently  in  an  attempt  to  pro- 
duce wood  turpentines  at  temperatures  lower  than 
those  used  in  the  destructive  distillation  processes 
then  in  operation,  and  thus  to  obtain  a  product  un- 
contaminated  by  the  decomposition  products  of 
wood  and  rosin.  Quite  a  large  number  of  plants 
have  been  built  to  use  either  sawmill  waste  or  light- 
wood,  or  both,  but  many  have  been  abandoned,  prob- 
ably only  12  or  15  being  in  operation  in  1911.  The 
quality  of  the  crude  turpentine  produced  has  usually 
been  very  good,  but  because  this  is  the  only  product 
obtained,  or  because  the  yield  of  this  product  is  often 
lower  than  that  of  "crude  turpentines"  from  other 
processes,  the  plants  have  been  successful  only  under 
especially  favorable  conditions. 

This  process  seems  to  be  very  promising,  however, 
when  combined  with  other  processes  for  the  utiliza- 
tion of  the  steamed  chips,  as  for  instance  the  extrac- 
tion of  the  chips  with  volatile  solvents  for  the  removal 
of  the  rosin.  Conditions  are  also  favorable  for  this 
process  in  cases  where  the  material  would  be  largely 
used  as  fuel  or  wasted,  or  is  very  cheap  or  so  poor  in 
quality  that  more  complicated  processes  would  not  be 
profitable;  these  conditions  are  commonly  realized 
in  the  case  of  that  part  of  the  waste  wood  of  sawmills 
now  used  as  fuel  at  the  plant  or  burned  on  the  rub- 
bish pile. 

PURPOSE   OF  INVESTIGATION. 

In  the  fields  mentioned  above  the  steam  distilla- 
tion of  resinous  woods  will  undoubtedly  expand  and 
it  was  in  the  hope  of  promoting  this  expansion  and 
thus  increasing  the  utilization  of  a  class  of  material 
now  wasted  that  this  investigation  on  the  fundamen- 
tals of  the  process  was  undertaken.  There  has  been 
no  uniformity  in  commercial  practice  or  in  the  opinions 
of  the  various  operators  and  no  experimental  data 
have  been  published  on  the  effects  produced  by  the 
different  readily  controlled  variables,  such  as  steam 
pressure,  size  of  chips,  or  rapidity  of  distillation. 
In  the  methods  described  in  various  patent  specifica- 
tions the  greatest  stress  has  been  laid  on  the  mechan- 

1  Paper   presented    ;it    the    Eighth    International    Congress   of   Applied 
Chemistry,  New  York,  September,  1912. 


ical  features  of  charging  and  discharging,  and  of  dis- 
tributing the  steam  throughout  the  retort,  which, 
although  of  great  importance  in  the  economy  of  a 
commercial  method,  throw  no  light  on  other  equally 
important  factors. 

There  seemed  to  be,  therefore,  a  profitable  field  for 
investigation  in  determining  the  relations  between 
the  conditions  under  which  the  distillation  is  con- 
ducted, on  one  hand,  and  on  the  other  hand  the  amount 
and  kind  of  products  and  the  readiness  with  which 
they  are  obtained. 

THEORETICAL  CONSIDERATIONS. 

In  the  description  of  the  experimental  work  and 
the  discussion  of  the  results  it  will  be  necessary  to 
refer  constantly  to  certain  theoretical  principles  which 
apply  to  the  distillation  of  volatile  oils  with  steam, 
and  in  order  to  make  the  future  discussions  clearer, 
a  brief  presentation  of  these  principles  is  given  at 
this  time. 

In  order  to  simplify  the  deductions,  the  following 
assumptions  are  made  in  regard  to  the  resinous  ma- 
terial contained  in  the  "light wood"  from  the  long- 
leaf  pine:1 

i.  It  is  composed  only  of  turpentine,  pine  oil,' 
and  rosin. 

2.  The  components  are  all  simple  substances  com- 
pletely soluble  in  one  another. 

3.  None  of  the  components  are  soluble  in  water. 

4.  The  turpentine  and  pine  oil  are  both  volatile, 
but  the  turpentine  has  the  lower  boiling  point. 

5.  Rosin  is  nonvolatile. 

While  these  assumptions  are  not  strictly  true  in 
all  cases,  none  of  them  are  sufficiently  incorrect  to 
affect  seriously  the  conclusions. 

Concerning  the  distillation  with  steam  of  the  resin- 
ous material  defined  by  the  above  assumptions,  the 
following  deductions  can  be  made: 

1  M  Vezes  (Bull.  Soc.  Chim..  29,  470-478  (1903))  has  given  a  very 
clear  and  complete  discussion  of  the  principles  underlying  the  distil- 
lation of  the  oleoresin  from  the  Maritime  pine  of  France.  For  the  simpli- 
fication of  the  discussion  the  following  assumptions  were  made: 

1.  That  the  oeloresin  is  composed  only  of  essence  (turpentine)  and 
colophony  (rosin). 

2.  That  these  components  are  both  simple  substances  completely  sol- 
uble in  each  other. 

3.  That  neither  is  soluble  in  water. 

4.  That  rosin  is  nonvolatile. 

In  regard  to  the  oleoresin  obtained  by  chipping  the  livelong  leaf  pine 
tree  of  the  United  State,  the  same  assumption  can  be  made,  but  the  oleo- 
resin contained  in  the  pitchy  "lightwood"  from  this  species  has  another 
component,  the  heavy,  high  boiling  "pine  oil"  which  must  be  taken  into 
consideration  in  the  discussion  of  the  steam  distillation  of  such  wood. 

2  A  discussion  of  the  occurrence  of  pine  oil  in  the  "lightwood"  of  long- 
leaf  pine  is  given  in  Forest  Service  Bulletin  105  ("Wood  Turpentines,  their 
Analysis,  Refining  and  Composition,"  by  L.  F.  Hawley). 
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i.  There  will  be  a  separation   of  t lit-  two    volatile 
tituents,  the  turpentine  being  in   greater   propor- 
tion  m  the  first  ]>;irt  <>i   the  distillate  and  the    pine 

oil    in  the  latter  part. 

2.  The  temperature  of  the  distillation  under  nor- 
mal pressure  will  be  slightly  above  950  C.  at  the 
beginning, and  will  rise  throughout  the  distillation, never 
quite  reaching  1000  C,  however,  as  long 
as  any  of  the  turpentine  or  pine  oil  re- 
mains undistilled. 

3.  It'  the  pressure'  at  which  the  distil- 
lation is  earried  on  is  increased  the  tem- 
perature will  be  increased,  the  tempera- 
ture depending  upon  the  pressure  and  on 
the  concentrations  of  the  turpentine,  pine 
oil,  and  rosin ;  the  temperature  will,  how- 
ever, never  reach  the  steam  temperature 
corresponding  to  the  pressures  used  as 
long  as  any  turpentine  or  pine  oil  re- 
mains undistilled. 

4.  The  proportion  of  water  to  oil  in 
the  distillate  will  increase  as  the  distil- 
lation progresses,  this  proportion  being 
influenced  only  by  the  relative  amounts 
of  the  different  constituents  present  in 
the  oleoresin  being  distilled.1 

In  these  deductions  it  is  considered 
that  the  system  is  in  complete  equili- 
brium and  under  such  conditions  the 
behavior  of  this  oleoresin  when  distilled 
with  steam  could  be  foretold  with 
considerable  accuracy,  but  in  the  distil- 
lation of  wood  containing  the  oleoresin, 
there  is  a  disturbing  factor  introduced 
which  makes  necessary  the  investiga- 
tion of  the  variable  mentioned  in  the 
introduction.  This  disturbing  factor  is 
the  difficulty  of  keeping  a  complete 
equilibrium  between  the  oleoresin  and 
the  steam,  due  to  the  fact  that  the  wood  surrounds 
the  oleoresin  and  tends  to  keep  the  steam  from 
coming  in  contact  with  it. 

The  effects  of  the  size  of  chips  and  the  rapidity  of 
distillation  are  not  due  to  a  change  of  the  laws  gov- 
erning the  distillation  of  the  oleoresin  with  steam,  but 
to  the  manner  in  which  they  affect  the  completeness 
of  the  equilibrium  in  the  system,  or  in  other  words, 
the  completeness  of  contact  between  the  oleoresin 
and  the  steam.  In  the  same  way  the  effects  (other 
than  temperature  changes)  of  steam  pressure  on  the 
results  of  the  distillation  are  also  due  to  its  influence 
on  the  completeness  of  contact  between  steam  and 
oleoresin  rather  than  to  any  influence  on  the  behavior 
of  the  steam  and  oleoresin  when  completely  in  equi- 
librium. 

EXPERIMENTAL  METHODS. 
Apparatus  and  Materials. 

The  general  procedure  was  to  distil  charges  of  the 
same  sized  chips  under  different  conditions,  and  of  dif- 

1  A  change  in  the  pressure  at  which  the  distillation  is  carried  on  might 
change  the  proportion  of  water  to  oil  in  the  distillate  but  this  change  would 
be  only  slight  and  there  is  not  sufficient  data  available  to  decide  even  the 
direction  of  this  change. 


ferent  sized  chips  under  identical  conditions,  and  to 
note  carefully  the  variations  in  the  results  of  the  dis- 
tillations. It.  was  not  practicable  to  make  all  the  runs 
on  exactly  comparable  material,  because  a  large  num- 
ber of  charges  of  equal  resin  content  could  not  be  se- 
cured, and  because  the  material  could  not  be  kept  with- 
out some  loss  of  volatile  oil  by  evaporation.     The  runs 


VtflTlCAt.  itCtfON  OF  KCTOKT 


Fig.  1. — Experimental  retort. 

were  therefore  made  in  groups  with  comparable  material 
in  each  group ;  the  results  from  each  group  were  made 
comparable  to  some  extent  with  those  from  other 
groups  by  a  comparison  of  the  resin  content  of  the  dif- 
ferent groups.  This  was  readily  accomplished  by  dis- 
tilling the  sawdust  obtained  in  the  preparation  of  the 
material  for  each  group,  as  this  sawdust  was  a  good 
average  sample  of  the  whole  group. 

A  sketch  of  the  retort  used  for  the  distillations  is 
shown  in  Fig.  1.  This  retort  was  designed  for  use  in 
extraction  of  tannin  from  wood  and  bark,  as  well  as  for 
distillation  experiments;  it  was  therefore  made  of  cop- 
per and  had  the  closed  steam  coils  B.  The  perforated 
plate  C  was  designed  to  hold  up  the  charge  while  the 
lower  head  of  the  retort  was  taken  off;  then  by  revolv- 
ing the  plate  until  the  slots  E  came  opposite  the  sup- 
porting lugs  F,  the  plate  falls  and  the  charge  can  be  re- 
moved. The  pressure  gage  was  attached  at  D.  The 
other  parts  of  the  retort  require  no  special  description. 
An  ordinary  copper  worm  condenser  was  used  and  the 
distillate  was  caught  in  1 -liter  graduated  cylinders. 

The  J.  G.  Newman  Lumber  Co.,  of  Hattiesburg,  Miss., 
furnished  for  the  experiments  a  large  log  of  pitchy  light- 
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wood  in  which  the  pitch  was  distributed  with  unusual 
evenness.  From  this  log  it  was  possible  to  prepare  a 
number  of  charges  of  chips,  of  which  all  from  one  por- 
tion of  the  log  were  similar  in  resin  content. 

Preparation  of  Material. 

The  method  of  selecting  material  so  that  each  charge 
should  be  comparable  with  the  other  charges  in  the 
same    group   is  shown  in  Table    I  and    Fig.    2.     The 

Table  I.- — Experimental  Runs  Made  and  Material  I'sed  in  Each. 

0 

r,      Z       •  Material  used. 


Remarks. 


I  to  VII .  . 
I  to  VII.. 
I  to  VII.. 
I  to  VII.. 


Size  of  chips. 
Inches. 

Sawdust    Obtained  in  cutting 
sections. 


\\  to  VII        <  13,  15,  19  21  VVix'/s^ 
)  (23,  26.  27,  31  J  ( 


Sections  of  slabs. 


Ill      14     A     I  to  VII... 


15     A     I  to  VII 
IV       16     B      


17  B  I  to  VII... 

18  B  I  to  VII... 

19  B  I  to  VII... 

20  B  I  to  VII... 


} 


10,  22,  28 lxl 

6,  18,  29 ViX  Vg 

4.  17,  30 >/2x  Vt 

2,14,25 '/,xVi 

Chips  from  each  sec- 
tion divided  among 
the  three  runs. 
Sawdust    Obtained  in  sawing 
slabs. 
1  x  variable  ] 
6  x  same 
Inches. 
1,  7,  8,  12,  16  V32  of  section')  One-half  of  each 
>   section  used  in 
20,  24,  32,  33    >/2  of  section  )    each  run. 
Sawdust    Obtained     in    cut- 
ting sections. 
(  Chips  from  each  sec- 
All  odd  numbers   VixVs-C     tion    divided     be- 
(^    tween  each  run. 

•  All  even  numbers  V2  x  V2 


}• 


(  I.  IV,  VII. 
C<  III,  VI 

In.  v 

1  III,  vi. ... 

C<  II.  V 

(  I.  IV,  VII. 

in,  v 

..<  I.  IV.  VII. 
(ill,  VI.  ... 


Sawdust     Obtained     in    cut- 
ting sections. 


1 

4. 

7, 

10 

2, 

5. 

8, 

11 

3, 

6, 

9, 

12 

1 

4, 

7, 

10 

2 

5, 

8, 

11 

!* 


VI       25      D 


26     D     I  to  VIII. 


VII      29      E 


I  to  VIII. 
I  to  VIII. 

I,  V 

II,  VI.  .  . 

III,  VII.. 
IV 

h.  v 

II,  VI.  .  . 

III.  VII.. 
IV 

f  II.  V 

I  II,   VI.  .. 

III.  VII.. 

I  IV 

h.v 

I  II,  VI.... 
I  II.  VII... 

IV 


3. 


1,  5,  9,  13.. 
4,  8,  12,    16. 

3,  7.  11,  15. 

2,  6,  10,  14. 

3,  7,  11.  15. 
2,  6,  10,  14. 

1.  5.  9.  13.. 

4,  8,  12,  16. 

2,  6.  10,  14. 

1,  5,  9,  13.  . 

4,  8,  12,  16. 

3,  7,  11,  15. 

4.  8,  12,  16. 
3.  7,  11,  15. 

2,  6,   10,   14. 
1,  5,  9.  13.. 


4x4 

Sawdust  Obtained  in  cut- 
ting sections  and 
in  slabbing  blocks 

1  x  1  Obtained    in    cut- 

ting sections. 

1  x  1 

1  x  1 

Sawdust 

Shavings 


V2  x  V2 


V2  x  >/2 


sticks  were  sawed  into  sections  at  one  time,  but  usually 
the  sections  were  chipped  only  as  required ;  that  is,  just 
before  each  distillation.     Thus  the  sections  for  the  last 


runs  of  a  group  had  been  longer  cut  than  those  of  the 
first  runs,  and  although  they  were  kept  in  covered 
cans,  or  if  without  cover  were  piled  close  together, 
there  was  still  some  chance  of  loss  by  volatilization, 
especially  when  some  time  intervened,  as  in  the  large 
number  of  runs  in  Group  I.  To  lessen  the  loss  by 
volatilization  during  the  chipping  process,  the  chips 
were  covered  with  water  as  fast  as  they  were  made. 
The  sawdust  charges  were  put  into  the  retort  without 
any  delay  after  collection,  except  in  runs  2  and  3,  which 
were  prepared  and  collected  but  not  distilled  at  the 
same  time  with  run  1. 

Distillation. 

Only  a  general  description  of  the  procedure  will  be 
given  here;  the  same  general  methods  were  used  in 
all  cases  and  the  details  are  given  later  in  the  tabu- 
lated record  of  the  runs. 

Regulation. 

The  speed  and  pressure  of  the  distillations  were  regu- 
lated simply  by  the  inlet  valve  at  the  bottom  and  by 
the  outlet  valve  at  the  top  of  the  retort.  During  dis- 
tillation at  atmospheric  pressure  the  outlet  valve  was 
left  open  and  the  speed  regulated  by  the  inlet  valve 
alone ;  but  during  distillation  at  higher  pressure  it  was, 
of  course,  necessary  to  use  both  valves  in  order  to  keep 
both  speed  and  pressure  at  the  required  values.  The 
variation  in  speed  was  never  more  than  one-half  minute 
per  liter  of  distillate,  and  in  pressure  never  more  than 
2  pounds  per  square  inch  from  the  required  values. 

Data  Obtained. — A  typical  data  sheet  giving  an  ex- 
ample of  the  records  obtained  in  each  distillation  is 
shown  in  Table  II.  The  distillate  was  caught  in  one- 
liter  fractions  and  the  time  and  pressure  were  recorded 
with  every  fraction.  The  amount  of  oil  in  each  liter 
of  distillate  was  determined  as  accurately  as  possible 
while  in  the  original  receiver  (one-liter  cylinders 
graduated  to  10  cc.) ;  the  oil  was  then  separated  from 
the  water  in  a  separatory  funnel  and  its  specific 
gravity  determined.  When  the  amount  of  oil  in  the 
fractions  was  so  small  that  a  specific  gravity  deter- 
mination could  not  readily  be  made  on  a  single  frac- 
tion, the  oil  from  a  sufficient  number  of  fractions  was 
combined  to  make  the  determination  possible.  As  a 
check  on  the  total  amount  of  oil  computed  from  the 
rough  measurements  on  the  separate  fractions,  the  com- 
bined oil  from  all  the  fractions  or  from  the  fractions 
of  different  portions  of  the  distillation  was  accurately 
measured. 

The  detailed  records  for  each  distillation  will  not  be 
given  in  this  report,  but  instead  the  essential  part 
of  this  data  will  be  tabulated  together  with  other  fac- 
tors computed  from  the  data.  The  discussion  of  the 
data  from  all  groups  will  be  taken  up  together  after 
the  experimental  work  has  been  described. 

End  Point. — It  will  be  noticed  in  Table  II  that  the 
amount  of  oil  in  one  liter  of  distillate  gradually  de- 
creased and  decreased  very  slowly  toward  the  end  of  a 
distillation.  On  this  account  it  became  necessary 
to  arbitrarily  choose  a  ratio  of  oil  to  water  which  might 
be  considered  as  the  end  of  a  distillation  under  one 
set  of  conditions  in  order  to  make  the  results  of  differ- 
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ent  distillations  comparable  and  at  the  same  time  to 
keep  the  time  required  within  practicable  limits.  In 
the  first  five  runs  the  end  poinl  was  too  high  and  too 
variable,  since  it  was  not  recognized  that  the  end 
point  must  be  very  carefully  regulated  in  order  to 
obtain  comparable  results.  These  first  five  runs  are, 
therefore,  not  comparable  with  those  which  follow,  in 
which  the  end  point  was  carefully  regulated  at  some- 
what lower  values.  It  was  also  found  that  after  dis- 
tilling a  charge  under  one  set  of  conditions  until  a 
certain  end  point  was  reached,  if  the  distillation  was 


as  important  until  after  Run  5  was  finished,  so  that 
for  another  reason  Runs  1  to  5  are  not  comparable 
with    those    which  follow. 

The  proper  end  point  for  any  distillation  after  Run 
5  was  considered  to  be  reached  only  when  the  re- 
quired ratio  of  oil  to  water  in  the  distillate  had  been 
attained  both  before  and  after  interruption  of  the  dis- 
tillation. 

DISCUSSION  OF  RESULTS. 

The  data  obtained  by  the  distillation  of  the  various 
runs  are  given  in  Table  III,  together  with  the  condi- 


METHOO  OF  CUTTING 
ALL  BLOCKS  INTO  STICKS 


SECTIONS  CUT  FROM  SECTIONS  CUT  FROM 

STICKS  OF  BLOCKS  Burnt  STICKS  OF  BLOCK  0 

showing  metbod  of  cutting  up  material.    (In  thickness  the  sections  are  drawn  to  scale,  the  smallest  being  1  inch  tbick.) 


interrupted  for  an  hour  or  more  and  then  continued 
under  the  same  conditions  as  before,  a  further  sup- 
ply of  oil  could  be  obtained  before  the  same  end  point 
was  reached  again.  This  additional  amount  of  oil 
obtained  as  a  result  of  interrupting  the  distillation 
amounted  to  from  2  per  cent,  to  18.8  per  cent,  of  the 
oil  already  obtained  before  the  distillation  was  inter- 
rupted. The  highest  increases  in  yields  due  to  this 
manipulation  were  those  runs  where  there  wTas  still 
considerable  oil  present  in  the  wood  when  the  distilla- 
tion was  interrupted  (although,  of  course,  all  the  oil 
possible  had  been  removed  under  the  prevailing  con- 
ditions). For  instance,  in  Runs  14  and  15,  after  all 
the  oil  possible  had  been  distilled  at  50  pounds  pressure, 
interruption  of  the  distillations  over  night  made  it 
possible  to  distil  respectively  18.8  per  cent,  and  15. 1 
per  cent,  more  oil  under  the  same  conditions;  in  both 
these  cases  there  wras  still  considerable  oil  present  in 
the  wood  as  shown  by  further  distillation  at  increased 
pressures.  In  Runs  11  and  21,  however,  after  all  the 
oil  possible  had  been  distilled  at  atmospheric  pressure, 
interruption  of  the  distillations  made  it  possible  to 
obtain  only  2.9  per  cent,  and  4.0  per  cent,  more  oil 
under  the  same  conditions;  in  these  cases  there  were 
much  smaller  quantities  of  oil  left  in  the  wood  than  in 
Runs  14  and  15.     This  effect  also  was  not  recognized 


tions  under  which  the  distillations  were  made.  In 
the  table  the  size  of  the  chip  as  given  in  column  two 
is  expressed  in  inches  with  the  length  parallel  to  the 
grain  given  first.  The  values  given  in  the  columns 
headed  "yield"  are  expressed  in  cc.  of  oil  per  pound 
of  wood.  The  possible  error  in  these  determinations 
of  yields  is  apparently  about  6  to  7  per  cent,  and  is 
due  to  difficulties  in  sampling,  in  regulating  evapora- 
tion during  the  preparation  of  material,  and  in  ob- 
taining comparable  end  points  in  different  distilla- 
tions. 

An  example  of  results  which  must  be  due  to  such 
errors  is  seen  in  Runs  23  and  24.  The  chips  in  Run  24 
are  larger  than  those  in  Run  23  and  the  yield  should 
be  perhaps  less  and  certainly  not  greater  from  the 
larger  chips,  and  yet  the  yields  obtained  from  Run 
23  are  5.0  per  cent,  less  than  those  from  Run  24. 
Another  similar  example  is  shown  in  Runs  30  and  31. 
It  might  be  thought  that  some  of  these  variations 
in  yields  were  due  to  incomplete  distillation  caused 
by  the  "channeling"  of  the  steam  through  the  charge 
in  such  a  way  that  part  of  the  wood  was  never  touched 
by  the  steam,  but  in  several  runs  after  all  the  oil  pos- 
sible had  been  distilled  under  some  one  set  of  condi- 
tions the  top  of  the  retort  was  removed,  the  charge 
well  stirred,  and  the  distillation  continued  under  the 
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same  conditions  as  before  without  any  indications 
that  the  stirring  had  discovered  undistilled  material 
in  the  charge.  It  seems  probable,  therefore,  that  with 
a  retort  of  the  shape  and  size  used  in  these  distilla- 
tions, the  effect  of  incomplete  distillation  due  to  in- 

Table  II. — Typical  Data  Sheet.  Illustrating  the  Records  Taken  of 
the  Distillations. 
Project  123— Run  No.  23.     Chips  1"   X  2"   X  2". 


cubic  centimeters  "i! 


Weight  of  can  +  water — 

160  lbs. 

W< 

ight  of  can  +  water  +  chips — 

215  lbs. 

Weight  of  chips — 

55  lbs. 

Steam  turned  on 

9.23 

Distillate  began  to  f 

ow — 

9.28.30 

Cc. 

Cc.  of  oil 

T 

ime. 

Liters 

of  oil 

total 

Cc.  of 

Specific 

of  dis- 
tillate. 

in  dis 
tillate 

oil  total       gravity 
determined,    of  oil.    Pre 

Hrs. 

Min. 

puted. 

ssure 

9 

36 

1 

88 

88 

0.8810 

70 

9 

48 

2 

154 

242 

0.8794 

72 

9 

59  M 

3 

110 

352 

362 

0.8851 

71 

10 
10 

8 
17 

4 
5 

73 
60 

425 

485 

1 

0.8944 

71 
68 

10 
10 

29  % 

40  y 

6 

7 

55 
50 

540 
590 

! 

0 . 8980 

71 
70 

10 
11 

51  J* 

8 
9 

44 
39 

634 
673 

1 

0  8981 

72 
70 

11 

11 

&y 
\8'A 

10 
11 

24 
27 

697 
724 

! 

0.9010 

69 

72 

11 

28 

12 

26 

750 

i 

69 

11 

38 

13 

19 

769 

72 

11 
11 

47  % 

STA 

14 
15 

22 
17 

791 
808 

.... 

0.9016 

68 
69 

12 

7 

16 

17 

825 

839 

69 

12 

17 

17 

16 

841 

69 

12 

27  y 

18 

16 

857 

i 

0.8987 

72 

12 

i&y 

19 

18 

875 

! 

72 

12 

50 

20 

19 

894 

1 

64 

1 

0 

21 

15 

909 

71 

1 

9 

22 

13 

922 

0 .  8965 

72 

1 

18M 

23 

11 

933 

— 

71 

1 

27 y 

24 

10 

943 

. 

69 

1 

39 

25 

12 

955 

979 

68 

1 

48 

26 

10 

965 

70 

2 

0 

27 

11 

976 

70 

2 
2 

\\y 
23  y 

28 
29 

10 

12 

986 
998 

0.9858 

68 
72 

2 

34  Ji 

30 

8 

1006 

73 

2 

45  y 

31 

8 

1016 

72 

2 

56  y 

32 

10 

1026 

1047 

63 

3 

ny 

33 

13 

1039 

45 

3 

17 

34 

6 

1045 

32 

3 

2ty 

35 

5 

1050 

20 

3 

37 

36 

4 

1054 

0.8936 

12 

3 

43 

37 

1 

1055 

4 

3 

45 

38 

1 

1056 

1095 

0 

Distillation  interrupted  over 

night. 

9 

9 

23  y 

35 

39 
40 

22 

17 

1078 
1095 

0.8934 

72 
73 

9 

46 

41 

15 

1110 

71 

9 

46 

41 

15 

1110 

71 

9 
10 

57 
8 

42 
43 

10 
9 

1120 
1129 

0.9003 

72 
70 

10 

19 

44 

8 

1137 

72 

10 

30 

45 

7 

1143 

58 

10 

43 

46 

15 

1158 

34 

10 
11 

53 
4 

47 
48 

8 
6 

1166 
1172 

0.8935 

19 
6 

11 

6 

49 

2 

1174 

1235 

0 

No 

of  liters. 

Yie 

Id  cc.  lb. 

Efficiency. 

16 

15.3 

0.95 

25 

17.8 

0.71 

38 
49 

19.9 

22.4 

0.51 
0.46 

complete  contact  between  the  steam  and  the  surface 
of  the  chips  is  negligible. 

The  values  given  under  "efficiency"  are  obtained  by 
dividing  the  yields  per  pound  of  wood  by  the  number  of 
liters  of  total  distillate,  the  efficiency  factor  being  cubic 
centimeters  of  oil  per  pound  of  wood  per  liter  of  distillate 


,    .      It  might  be  thought  that 

pounds  wood  x  liters  distillate.'        iv  ""&     "  o 

this  "efficiency  factor"  would  have  more  significance 
if  it  represented  only  the  relation  between  oil  and  total 
distillate,  but,  as  will  be  seen  later,1  this  relation  would 
be  affected  by  the  amount  of  wood  distilled.  Of 
course,  the  effect  may  not  be  in  exact  proportion 
to  the  amount  of  wood  distilled  as  represented  in  the 
factor  used,  but  it  is  thought  that  more  nearly  com- 
parable efficiency  factors  are  obtained  by  including 
the  amount  of  wood  as  above.  These  factors  repre- 
sent approximately  the  relative  amounts  of  oil  ob- 
tained in  the  different  runs  per  unit  of  steam  consumed, 
exclusive  of  the  steam  which  supplies  the  heat  lost 
by  radiation. 

Effect  of  Size  of  Chip  on  Yield  and  Efficiency. 

In  general,  other  conditions  being  the  same,  the 
smaller  the  chip,  the  larger  the  yields  and  the  higher 
the  efficiency.  This  is  shown  in  Table  IV,  which 
contains  selected  data  from  Table  III.  Four  groups 
of  distillations  are  given,  in  each  of  which  all  the  other 
conditions  except  size  of  chip  are  as  nearly  as  possi- 
ble the  same,  and  in  every  case  the  smaller-sized  chips 
show  the  larger  yield  and  higher  efficiency.  The  effect 
on  yield  is  not  so  marked  in  the  case  of  Runs  26  and  27 
(and  some  of  the  other  runs  given  in  Table  III),  but 
this  is  accounted  for  by  the  fact  that  the  pressure  was 
high  enough  so  that  nearly  all  the  oil  was  removed 
even  from  the  larger-sized  chips.  In  the  case  of  two 
runs  in  which  all  the  oil  was  removed  even  from  the 
larger  chips,  the  yields  would  of  course  be  the  same, 
but  the  efficiency  would  probably  be  higher  with  the 
smaller-sized  chips. 

Effect  of  Pressure  on  Yield  and  Efficiency. 

In  general,  other  conditions  being  the  same,  higher 
pressures  give  larger  yields  without  lowering  the 
efficiency.  This  is  shown  in  Table  V,  which  gives 
three  groups  of  runs,  in  each  of  which  all  conditions 
except  steam  pressure  are  as  nearly  as  possible  the 
same.  In  all  cases  the  higher  steam  pressure  produced 
the  larger  yield  and  with  the  same  or  higher  efficiency. 
The  effect  of  pressure  on  yields  is  also  shown  in  an- 
other way  in  many  of  the  runs  in  Table  III,  in  which, 
after  obtaining  all  the  oil  possible  by  distilling  under 
one  pressure,  a  further  yield  of  oil  was  obtained  by 
continuing  the  distillation  under  a  higher  pressure. 
Effect  of  Speed  of  Distillation  on  Yield  and  Efficiency. 

Other  conditions  being  the  same,  increased  speed 
of  distillation  decreases  both  the  yield  and  the  effi- 
ciency. This  is  shown  clearly  in  Table  VI,  which 
gives  the  results  of  two  sets  of  two  runs  each,  all  the 
conditions  except  the  speed  being  the  same  in  each 
set.  The  more  rapid  passage  of  the  steam  through 
the  charge  probably  causes  it  to  be  less  saturated  with 
the  oil  vapors,  thus  directly  decreasing  the  efficiency. 
The  yield  is  decreased  probably  because  the  same  end 
point  is  reached  sooner  when  the  steam  is  less  com- 
pletely saturated.  This  is  indicated  by  the  more 
nearly  equal  total  yields  obtained  in  each  set  of  runs 
by  finishing  up  the  distillations  at  the  same  pressure 

1  The  same  reasoning  as  is  given  on  page  794  regarding  the  effect  of 
the  size  of  retort  on  the  efficiency  applies  also  to  the  effect  of  the  amount 
of  wood  distilled  on  the  efficiency. 
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I    U'l   I      III.         Si    MM  llil     Kin 

H)   hi. I 


(i  ll>s  pressure. 

30  lbs  pressure 

50  lbs 

pressure. 

1  ..1  .1 

mill. 

Group  Kun 

Y..UI      IT. 

Bffi- 

Yield  co.          lilli 

Yi.  lil.  .  . 

Yn  111.   it 

Bffl- 

End  point) 

V          V- 

Sice  »•!  chips 

per  lb, 

,1. 11,  \ 

per  lb         clem  v 

pel  lb 

lent  \ 

.    1.    II.    V 

pi  r  lb. 

per  liter 

cc.  per  liter 

1 

Sawdust 

1    71 

.... 

9  91 

0  45 

30  5 

0.90 

4 

2S  and  12 

2 

Sawdust 

32. 7« 

1    26 

32.7 

1    26 

4 

18 

3 

Sawdust 

12.5 

1 

56 

8   2« 

(i   41 

20.7 

0  74 

4 

17  and  12 

4 

20  3 

0  33 

20.3 

0  33 

5 

12 

I.     5 

'  X  Vs' 

6.4 

0 

61 

5.8            0.45 

3.9' 

9.1 

0  33 

25.2 

0.38 

4 

12 

6 

X  '/,' 

8.0 

0 

55 

5    1'          0  28 

6    13 

0.24 

19.2 

0.34 

10 

10 

7 

■ 

15.7 

0 

63 

4  6'          0  29 

5.33 

0    14 

25.6 

0.40 

10 

10 

8 

1"  X    '  . 

10  2 

0 

n, 

6.5'          0.25 

6.23 

0.19 

23.0 

0  29 

10 

10 

9 

1"  X    '2"  X  '/.* 

22 .4=          0.46 

3.0« 

(1   19 

4.5 

0.21 

299 

0.34 

10 

10 

10 

1"  X  Vi*  X  V," 

27.2* 

0.46 

1.5 

0.12 

28.7 

0.40 

10 

10 

11 

Sawdust 

27.7 

46 

2.0> 

0.25 

29.7 

1.1 

10 

10 

II.    12 

1"  X  variable 

25.7 

0.49 

25.7 

0.49 

10 

10 

13 

6*  X  variable 

12.3 

0.29 

12.3 

0.29 

10 

10 

III.    14 

1"  X  5*  X  8* 

19.7* 

0.35 

5.9 

0.17 

25.6 

0.28 

10 

10 

15 

1                '  X  \'A" 

24. 5« 

0.41 

4.7 

0.15 

29.2 

0.32 

10 

10 

16 

Sawdust 

25.2 

(1 

97 

4.03 

0.31 

29.1 

0.75 

10 

10 

17 

1"  X  >/«'  X  Vs" 

24 

5*          0.50 

10 

10 

IV.    IS 

1*  XVi'  X  '/•■ 

26. 8« 

0.50 

10 

10 

19 

1"  X  }.-"  X  X' 

25  3* 

0.55 

10 

10 

20 

1*  X  V  X  A" 

29.8 

0.63 

29.8 

0.63 

10 

10 

21 

Sawdust 

24.6 

05 

1.73 

0.23 

26.3 

0.82 

10 

10 

V.   22 

1*  X  2'  X  2" 

23.1 

0.39 

23.1 

0.39 

10 

10 

23 

1*  X  2"  X  2" 

22.4 

0.46 

22.4 

0.46 

10 

10 

24 

1'  X  4*  X  4" 

23.6 

0.44 

23.8 

0.44 

10 

10 

25 

Sawdust 

24.0 

0 

89 

2.63 

0.26 

26.6 

0.70 

10 

10 

VI.  26 

1"  X  1*  X  1* 

22.8 

0.45 

22.8 

0.45 

10 

10 

27 

2*  X  1*  X  1* 

21.4 

0.31 

21.4 

0.31 

10 

10 

28 

3"  X  1*  X  1* 

12.9 

0.29 

12.9 

0.29 

10 

10 

29 

Sawdust 

19.3 

0 

84 

1.73 

0.17 

21.0 

0.64 

10 

10 

30 

Shavings 

18.8 
0.6 
19.4 

0 
0 

94 

85 

3.13 

0.39 

22.5 

0.73 

6 
10 

6  and  10 
10 

6  and  10 

5 
7 

5  and  7 
10 
5  and  7 

VII.  31 

Shavings 

16.0 

1.4 

17.4 

0 
0 

S4 
70 

3.83 

0.38 

21.2 

0.60 

3 
10 

3  and  10 
10 

3  and  10 

5 
7 

5  and  7 
10 
5  and  7 

32 

1"  X  A"  X  A" 

20.1 
0.7 
20.8 

0.43 
0.39 

20.8 

0.39 

6 
10 
6  and  10 

5 
7 
5  and  7 

33 

1"  X  W  X  A" 

18.1 

2.2 

20.3 

0.39 
0.33 

20.3 

0.33 

3 
10 
3  and  10 

5 
7 
5  and  7 

1 

=  20  lbs. 

2 

=  30  1 

bs. 

3   =  40  lbs. 

4 

=  50  lbs. 

but  at  lower  speeds.  The  variation  in  efficiency  is 
not,  however,  as  might  be  expected,  exactly  propor- 
tional to  the  speed,  since  doubling  the  speed  decreases 
the  efficiency  by  only  about  10  per  cent,  from  0.94 
to  0.84  in  Runs  30  and  31,  and  from  0.43  to  0.39  in 
Runs  32  and  33. 

Table  IV. — Effect  of  Size  of  Chip  on"  Yield  and  Efficiency. 


large,  since  a  unit  of  steam  would  be  in  contact  with 
a  unit  of  wood  for  the  same  length  of  time  in  either 
case. 

Relations  between  End  Point,  Yield  and  Efficiency. 
As  shown  in  Table  II,  the  amount  of  oil  in  a  liter  of 
total  distillate  is  greatest  at  the  beginning  of  the  dis- 
tillation    and     decreases    steadily    as    the    distillation 


Run  Xo.         Size  of  chip. 

7  1*  X  Vi*  X  Vs' 

S  1*   X   A"    X  V( 

1 2  1*  sections  from  slabs 

13  6*  sections  from  same 

14  1*   X  5*   X  8" 

15  I'  X  llA"   X  I'A 


26 


1'  X  1'  X  l'| 
2*  X  1'  X  1'  > 
'   X  1"  X  l'J 


.  „  [■ Atmospheric 

!•  70  pounds 
>      50  pounds 


70  pounds 


End  point, 
Speed,     cc. 
min.    oil  per 
Effi-     per   liter  dis- 

Table  V. — Effect 

of  Pressure  on 

Yield  i 

iND  Efficiency. 

End  point. 
Speed,      cc. 

ields. 
15.7 
10.2 
25.7 

ciency. 
0.63  ) 
0.46  J 
0.49  \ 
0.29  ) 
0.35  j 
0.41  J 

0.45  } 

iter, 

10 

tillate. 
10 

Run  No.         Size  of  chip. 
8        1"   X    'A"   X  V**. . 

Pressures. 
Atmospheric 

Yields. 
10.2 

Effi- 
ciency. 
0.46 

mm.  oil  per 

per  liter  dis- 

liter.   tillate. 

10         10 

12.3 

10 

10 

9 

1"  X   A"  X  Vt'.. 

30  pounds 

22.4 

0.46 

10 

10 

19.7 

10 

I"  X  A"  X  VS.. 

50  pounds 

27.2 

0.46 

10 

10 

24.5 

10 

10 

17 

1*  X  >/V  X  Vs"  . 

30  pounds 

24.5 

0.50 

10 

10 

22.8 

18 

1*  X  >/«*  X  Vs'  . 

50  pounds 

26.8 

0.50 

10 

10 

21 .4 

0.31   > 

10 

10 

19 

1"  X  A"  X  A".. 

50  pounds 

25.3 

0.55 

10 

10 

12.9 

0.29  I 

20 

1"  X  A"  X  A".. 

70  pounds 

29.8 

0.63 

10 

10 

If,  as  seems  probable,  the  effects  of  speed  are  due  to 
the  variations  in  the  time  during  which  the  steam  is 
in  contact  with  the  wood,  then  the  size  of  the  retort 
would  have  a  similar  effect,  that  is,  a  speed  of  10  min- 
utes per  liter  in  a  certain  sized  retort  would  be 
equivalent  to  5  minutes  per  liter  in  a  retort  twice  as 


progresses,  except  when  the  conditions  of  distillation  are 
changed,  and  then  the  increase  in  the  amount  of  oil 
per  liter  is  usually  only  slight  and  temporary.  This 
was  true  in  all  the  distillations  and  it  is  evident,  there- 
fore, that  the  efficiency  factor  will  decrease  steadily 
throughout    the    distillation    and    its    final    value    will 
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depend  on  the  end  point  used.  Therefore,  the  efficiency 
can  be  increased  by  stopping  the  distillation  before 
all  the  oil  possible  has  been  obtained  and  thus  de- 
creasing the  total  yield  of  oil.  For  the  same  reason 
the  efficiency  will  be  decreased  by  continuing  the  dis- 

Table  VI — Effect  of  Speed  on  Yield  and  Efficiency. 


W 


w 


I  Atmospheric 

30  Shavings <  Atmospheric 

(,  40  pounds 
(  Atmospheric 

31  Shavings <  Atmospheric 

\  40  pounds 


32      VXYSXYi" 


33      l"X'A"X'A"... 


70  pounds 
70  pounds 


\i 


6       5      18.8  18.8  0.94  0  94 

10       7       0.6  19.4  0.85 

10      10       3.1  22.5  0.39  0.73 

3  5      16  0  16  0  0.84  0.84 

10       7        1.4  17.4  0.70 

10      10       3.8  21.2  0  38  0.60 

6       5     20.1  20.1  0.43  0  43 

0.7  20.8  0.39 

18    1  18    1  0  39  0  39 

2.2  20  3  0  33 


tillation  until  all  the  oil  possible  has  been  obtained 
and  thus  increasing  the  total  yield  of  oil.  For  in- 
stance, in  Run  No.  23  (Table  III)  if  the  distillation 
had  been  stopped  with  an  end  point  of  12  cc.  per  liter, 
at  the  25th  liter  the  yield  would  have  been  only  15.3 
cc.  per  pound  while  the  efficiency  would  have  been 
0.95.  By  continuing  the  distillation  until  the  end 
point  (after  an  interruption  of  the  distillation)  was  10 
cc.  per  liter,  a  much  larger  yield,  22.4  cc.  per  pound, 
was  obtained,  but  only  at  the  expense  of  a  much  de- 
creased   efficiency  (0.46). 

The  Pressures  Required   to   Distil   Completely   Different  sizes  of 
Material. 

Sawdust. — The  volatile  oil  cannot  be  completely 
distilled  at  atmospheric  pressure  even  from  a  ma- 
terial as  finely  divided  as  sawdust.  This  can  be  seen 
from  Runs  11,  16,  21,  25  and  29  (Table  III)  in  which, 
after  removing  all  the  oil  possible  at  atmospheric  pres- 
sure, a  further  distillation  at  40  pounds  pressure  re- 
moved from  6 . 6  to  1 5  . 8  per  cent,  more  oil.  It  was  found 
that  after  distilling  at  40  pounds  pressure  a  further 
distillation  at  70  pounds  was  without  appreciable 
effect.  It  can  be  safely  stated  that  40  pounds  pressure 
is  sufficient  for  the  removal  of  all  the  volatile  oil  from 
material  as  small  as  sawdust.  It  is  possible  that 
lower  pressures  might  give  almost  as  good  results, 
but  this  point  cannot  be  determined  from  the  data 
on  hand. 

Chips  1"  X  •/**  x  xl %'• — This  size  material  cannot 
be  completely  distilled  at  30  pounds  pressure  (Run 
17)  and  probably  not  at  50  pounds  pressure  (Run  18). 
In  Run  18  the  yield  obtained  from  chips  1"  X  '/«"  X 
Vs"  is  almost  the  same,  within  the  limit  of  possible 
variation,  as  from  the  sawdust  of  Run  16,  but  appar- 
ently not  quite  all  the  oil  has  been  removed. 

Chips  1"  X  V2"  X  T/2". — Chips  of  this  size  cannot 
be  completely  distilled  at  50  pounds  pressure  (Run 
19),  but  can  at  70  pounds  (Runs  20,  32,  and  3^). 

Chips  larger  than  1"  X  '/,"  X  1/2". — At  the  maxi- 
mum pressure  used,  70  pounds,  chips  larger  than  1"  X 
"/»*  X  "A"  cannot  be  completely  distilled,  but  as  the 
size  of  chips  is  increased  there  is  no  sudden  drop  in 
the    yields    obtainable    at    this    pressure    until    sizes 


larger  than  2  inches  with  the  grain  (Runs  27  and  28)1 
and  4  by  4  inches  across  the  grain  are  used  (Runs  14 
and  24).  It  is  probable  that  80  to  85  per  cent,  of  the 
oil  could  be  removed  from  chips  2"  X  4"  X  4"  by  dis- 
tillation at  70  pounds  pressure. 

Effect  of  Pressure  on  Composition  of  Oil. 

Analyses  were  made  by  the  method  described  in 
Forest  Service  Bulletin  105  of  part  or  all  of  the  oil 
from  each  of  the  runs,  but  there  was  not  enough  differ- 
ence between  the  various  samples  so  that  all  of  the 
analyses  will  need  to  be  given.  A  few  distillation  curves 
showing  the  main  points  of  interest  will  be  given. 

Pine  Oil. — The  proportion  of  pine  oil  in  the  crude 
turpentine  did  not  vary  except  in  cases  which  could  be 
explained  by  variation  in  other  factors  besides  pres- 
sure and,  therefore,  so  far  as  the  results  show,  the 
pressure  has  no  influence  on  the  proportion  of  pine 
oil  except  the  influence  due  to  increasing  the  total 
yields.  In  all  cases  where  the  total  oil  obtained  was 
analyzed,  and  where  the  oil  was  nearly  completely 
removed  from  the  wood,  the  percentage  of  pine  oil 
by  weight  varied  only  between  48  per  cent,  and  52 
per  cent.2  In  cases  where  only  part  of  the  oil  was  re- 
moved by  the  distillation,  as  in  Run  4,  the  propor- 
tion of  pine  oil  was  less. 

Dipentene. — The  detection  of  small  differences  in 
the  proportion  of  dipentene  present  cannot  be  made 
by  the  method  of  examination  used,  especially  when 
such  large  proportions  of  pine  oil  are  present.  There 
seemed  to  be,  however,  more  dipentene  in  the  crude 
turpentines  produced  at  higher  pressures.  Figs. 
3  and  4,  representing  the  distillation  curves  obtained 
in  the  analyses  of  the  oils  from  Runs  21  and  23,  respect- 
ively, illustrate  this  point.  The  oil  obtained  from 
sawdust  mostly  at  atmospheric  pressure  (Fig.  3) 
apparently  contains  less  dipentene  than  the  oil  dis- 
tilled entirely  at  60  pounds  pressure  (Fig.  4),  the 
specific  gravity  values  being  lower  and  the  propor- 
tion of  the  oil  boiling  between  165  °  and  1800  larger 
in  the  latter  case.  It  had  formerly  been  thought  that 
the  dipentene  which  had  been  found  in  wood  tur- 
pentines was  caused  by  the  temperature  used  in  dis- 
tilling the  oil  from  the  wood,  but  indications  of  di- 
pentene were  found  in  all  the  samples  of  oil  obtained 
in  this  investigation,  even  in  those  produced  at  atmos- 

1  In  determining  the  percentage  of  total  oil  obtained  in  the  runs  of  Group 
VI  it  must  be  remembered  that  the  sawdust  of  Run  25  was  not  exactly  a 
representative  sample  of  the  material  of  that  group  but  that  it  was  mixed 
with  the  sawdust  obtained  in  cutting  the  slabs  from  the  blocks.  In  several 
cases  similar  samples  of  sawdust  obtained  in  cutting  the  slabs  had  been 
distilled  and  found  to  contain  more  volatile  oil  than  the  sawdust  obtained 
in  cutting  the  blocks.  It  is  probable,  therefore,  that  the  proportion  of 
volatile  oil  in  the  mixed  sample  of  sawdust  was  somewhat  greater  than  in 
the  rest  of  the  material  in  this  group.  This  point  is  further  indicated  by  a 
comparison  of  the  yields  obtained  from  the  sawdust  runs  in  the  different 
groups.  With  the  exception  of  Group  VI  (Run  25)  the  yields  from  the 
sawdust  decrease,  as  might  be  expected,  for  the  reason  that  the  material 
for  the  groups  was  cut  from  the  same  log  in  order  of  the  group  number. 
beginning  at  the  butt  end  and  the  content  of  volatile  oil  iu  the  butt  end 
was  higher  than  in  the  upper  portions  of  the  log.  It  is  probable,  therefore, 
that  a  value  of  24  to  25  cc.  oil  per  pound  of  wood  would  more  nearly 
represent  the  volatile  oil  content  of  the  group. 

2  Exceptions  were  found  to  this  in  the  oils  from  Group  II  which  con- 
tained about  28  percent,  pine  oil.  But  the  material  for  this  group  did  not 
represent  a  complete  cross  section  of  the  log,  being  composed  instead  only 
of  the  outside  pieces,  the  slabs.  The  outer  layers  of  this  log  evidently 
contained  a  smaller  proportion  of  pine  oil  than  the  rest  of  the  wood. 
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pheric  pressure,  and  it  is  very  probable  that  dipen- 
tene  was  present  as  such  in  the  wood  distilled.  In 
order  to  make  sure  that  this  material  with  low  specific 
gravity  and  high  boiling  point  was  dipentene  and  not 
some  other  terpene  with  similar  physical  properties, 
a  chemical  examination  was  made  of  the  fractions 
165°  to  185°  from  some  of  the  turpentines  produced 
at  atmospheric  pressure  and  dipentene  was  identified 
by  means  of  the  tetrabromide,  m.  p.    i25°-i26°. 


ISS        60        65        170        175        60        86        SI         99        B9        90         9         32         S3        Si 
MLM  POUTS    ICOUKCIED)  SPOTK  CMVITT  «  S't 

Fig.  3. — Boiling    point    and    specific    gravity  curves  for    oil    from 
Run  21. 

In  order  to  determine  the  possibility  of  the  trans- 
formation of  pinene  into  dipentene  under  the  condi- 
tion of  steam  distillation  the  sawdust  from  Run  29 
was  air-dried  and  moistened  with  1175  cc.  of  gum 
turpentine  (an  amount  equal  to  the  total  volatile 
oil  originally  present)  and  distilled  at  atmospheric 
pressure.  The  oil,  on  analysis,  showed  no  indications 
of  dipentene.  The  experiment  was  repeated,  making 
the  distillation  at  50  pounds  pressure,  but  with  the 
same  result.  These  results  preclude  the  possibility 
of  formation  of  dipentene  from  pinene  under  the  con- 
ditions of  steam  distillation  pressures  below  50  pounds 
and  indicate  very  strongly  that  dipentene  occurs  as 
such  in  lightwood. 

Light  Oils. — Figs.  3  and  4  also  illustrate  another 
effect  of  pressure  on  the  composition  of  the  crude 
turpentines.  In  these  analyses,  as  in  many  others, 
the  crude  turpentines  produced  at  pressures  as  high 
as  70  pounds  show  a  considerably  higher  value  for  the 
specific  gravity  of  the  first  fraction  than  do  the  tur- 
pentines produced  at  lower  pressures.  This  indicates 
that  some  substance  with  low  boiling  point  and  high 
gravity  (above  0.870  at  15 °  C.)  is  produced  at  the 
higher  pressures;  this  substance  might  come  from  the 
incipient  decomposition  of  some  portion  of  the  resin 


at  the  temperature  to  which  it  is  subjected.  The  first 
fractions  from  the  analyses  which  contained  this  sub- 
stance were  slightly  yellow  and  had  a  peculiar  odor, 
different  from  the  rest  of  the  fractions.  A  treatment 
with  caustic  soda  reduced  the  gravity  of  these  frac- 
tions but  increased  the  yellow  color.  It  was  found, 
however,  that  by  the  treatment  of  a  turpentine  like 
that  shown  in  Fig.  4  with  caustic  Boda  followed 
by  a  distillation  it  was  possible  to  prepare  a  refined 
turpentine  which  showed  no  abnormality  of  the  lirst 
fraction  in  color,  odor,  or  gravity.  The  preseno  oi 
this  substance  sin  mid  not,  therefore,  introduce  any 
difficulty  in  the  refining  process. 

Another  test  for  the  presence  of  decomposition 
products  was  made  on  several  of  the  samples  produced 
at  different  pressures  by  treating  the  oil  with  concen- 
trated hydrochloric  acid;  a  red  color  produced  in  this 
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Fig.  4. — Boiling   point  and   specific   gravity   curves    for    oil    from 
Run  23. 

way  is  supposed  to  indicate  the  presence  of  rosin  oil. 
There  was  only  a  very  slight  coloration  of  the  oils 
produced  at  atmospheric  pressure,  but  this  colora- 
tion increased  with  the  pressure,  becoming  very 
marked  in  the  oils  produced  at  50  pounds  and  70 
pounds  pressure. 

Fractionation  of  the  Oil  during  Distillation. 
Some  very  interesting  conclusions  regarding  the  de- 
tails of  the  manner  in  which  the  volatile  oil  leaves  the 
wood  can  be  obtained  by  comparing  the  values  of  the 
specific  gravity  of  various  portions  of  the  distillate. 
As  was  previously  stated,  the  specific  gravity  of  the 
oil  was  determined  from  each  liter  of  distillate,  or 
from  as  many  liters  as  were  necessary  to  furnish  the 
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amount  of  oil  required    for    a    determination.      Figs. 
5,  6  and  7   show  these  values  of  the  specific  gravity 
obtained  in  Runs   16,   20  and  7,  respectively,  plotted 
against  the  percentages  of  the  total  oil  obtained. 
Fig.   5   shows  the  changes  in  the  specific  gravity  of 


,_ 

90 

!         i 

PRESSURE  »K»E»SED  TO  ULIt  — 

80 

Dl 

STIL 

L*T 

ON 

WTI 

»u 

PTE 

D  - 

70 

60 

"« 

£ 

r* 

50 

8* 

(** 

^ 

40 

30 

20 

10 

.86         .67        .86        .89        .90        .91         .92        .93        .94 
SPECIFIC  GRAVITY  AT  15°  C. 

Fig.  5. — Curve  showing  fractionation  of  oil  during  Run  16. 

the  oil  obtained  during  the  distillation  of  a  charge  of 
sawdust,  first  at  atmospheric  pressure  and  then  at 
40  pounds  pressure.  The  first  portions  of  the  oil 
were  nearly  pure  turpentine,  but  after  about  44  per 
cent,  had  been  distilled  the  gravity  increased  rapidly, 
indicating  the  presence  of  pine  oil  in  increasing  quan- 
tities; when  the  distillation  was  from  about  67  per 
cent,  to  83  per  cent,  completed  the  oil  was  nearly 
pure  pine  oil.  The  part  of  the  curve  up  to  83  per  cent, 
resembles  very  closely  the  distillation  curve  which 
could  be  obtained  from  the  distillation  with  steam  of 
a  crude  turpentine;  that  is,  the  presence  of  the  wood 
seems  to  have  no  effect  on  the  manner  in  which  the 
volatile  oils  are  distilled.  A  difference  is  seen,  how- 
ever, in  that  portion  of  the  curve  beyond  83  per  cent. ; 
after  practically  all  the  oil  possible  had  been  removed 
by  a  continuous  distillation  at  atmospheric  pressure, 


the  interruption  of  the  distillation  followed  by  a 
further  distillation  under  the  same  pressure  produced 
a  small  further  yield  of  oil  with  a  lower  gravity,  and 
on  increasing  the  steam  pressure,  still  more  oil  was 
obtained  with  a  still  lower  gravity.  This  indicates 
that  both  the  interruption  of  the  distillation  and  the 
increase  in  steam  pressure  brought  more  oil  into  con- 
tact with  the  steam  and  that  this  oil  contained  some 
of  the  low-gravity  turpentine  material. 

A  very  different  behavior  is  shown  in  Fig.  6, 
which  represents  the  distillation  of  chips  1"  X  '/»*  X 
1/2"  at  a  pressure  of  70  pounds.  In  distillation  under 
these  conditions  there  was  much  less  tendency  for  the 
oil  to  be  separated  as  it  is  distilled,  the  gravity  of  the 
very  first  fraction  being  higher  than  that  of  pure  tur- 
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Fig.  6. — Curve  showing  fractionation  of  oil  during  Run  20. 

pentine  and  the  gravity  of  the  later  fractions  never 
reaching  that  of  pure  oil;  that  is,  the  turpentine  and 
pine  oil  distilled  together  throughout  the  run.  This 
indicates  that  new  supplies  of  volatile  oils  were  brought 
into  contact  with  the  steam  more  or  less  continuously 
throughout  the  distillation,  since  otherwise  the  tur- 
pentine would  have  distilled  first  and  the  last  frac- 
tions would  have  been  nearly  pure  pine  oil. 

A  still  more  striking  picture  of  the  variation  in  the 
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gravity  of  the  distillate  due  to  changes  in  the 
tions  of  distillation  is  shown  in  Pig.  7;  this  repre- 
sents the  gravities  of  different  parts  of  the  oil  obtained 
during  the  distillation  of  chips  1"  X  '//  X  Vt"  at 
atmospheric,  at  20  pounds,  and  then  at  40  pounds 
pressure.  During  the  first  of  the  run  at  atmospheric 
pressure  the  gravity  gradually  increased,  but  never 
quite  reached  that  of  pure  pine  oil.  By  a  continuous 
distillation  at  atmospheric  pressure  only  about  50.5 
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-Curve  showing  fractionation  of  oil  during  Run  7. 


per  cent,  of  the  total  oil  could  be  removed,  but  on  in- 
terrupting the  distillation  for  about  fourteen  hours 
and  continuing  again  at  atmospheric  pressure,  7  per 
cent,  more  oil  was  obtained,  the  gravity  of  the  first 
part  of  this  7  per  cent,  being  much  lower  and  of  the 
last  part  only  slightly  lower  than  that  of  the  last  frac- 
tion of  the  continuous  run.  On  increasing  the  pres- 
sure to  20  pounds,  about  16.8  per  cent,  more  oil  was 
obtained,  the  gravity  suddenly  dropping  and  then 
gradually  rising  during  the  distillation  of  this  16.8 
per  cent.  On  increasing  the  pressure  to  40  pounds 
and  distilling  continuously,  a  further  yield  of  19.5 
per  cent,  was  obtained,  the  gravity  of  this  19.5  per 
cent,  dropping  suddenly  at  first  and  then  gradually 
rising.  A  similar  additional  yield  was  obtained  by 
another  interruption  of  the  distillation,  about  6  per 
cent,    more   oil   being   obtained. 


Here  again  I  "i  interrupting  the  distillation 

and  of  increasing  the  pressure  are  very  plainly  shown, 
viz.,  increased  yield  of  oil  with  gravity  lower  than  the  last 
fraction  obtained   before  the  conditions  were  changed. 

This  effect  of  the  increased  pressure  in  increasing 
the  yields  is  due  then  to  bringing  more  steam  and  oil 
into  contact  with  each  other  than  is  possible  at  lower 
pressures.  This  could  result  either  from  a  penetra- 
tion of  the  steam  further  into  the  wood  at  the  higher 
pressures  or  from  a  flow  of  resin  toward  the  surface 
of  the  wood  due  to  the  decreased  viscosity  at  the 
higher  temperatures.  It  seems  probable  that  both 
these  have  some  influence,  but  the  effect  of  the  latter 
is  quite  certain,  since  it  was  noticeable  that  in  the  dis- 
tillations made  at  high  pressures  a  considerable 
amount  of  rosin  would  collect  in  the  bottom  of  the  re- 
tort or  the  outside  of  many  of  the  chips  would  be 
coated  with  thin  layers  of  rosin. 

The  effect  due  to  the  interruption  of  the  distillation 
and  continuing  it  again  under  the  same  conditions 
cannot  be  explained  so  readily,  but  it  is  probably  due 
to  a  slow  flow  of  rosin  toward  the  surface  or  to  the 
diffusion  of  the  volatile  oils  in  the  rosin  from  the  in- 
terior of  the  chip  to  the  rosin  at  the  surface  from  which 
the  oil  has  been  removed. 

Application  op  Results. 

The  foregoing  discussions  have  considered  the 
effects  of  the  different  variables  (1)  size  of  chip,  (2) 
pressure  of  steam,  (3)  speed  of  distillation,  and  (4) 
end  point  at  which  distillation  is  stopped,  on  (a)  the 
yield  of  total  oil,  (6)  the  composition  of  the  oil,  and  (c) 
the  amount  of  steam  required  to  remove  the  oil.  It 
can  be  seen  that  there  should  be  a  certain  combina- 
tion of  values  for  these  variables  which  would  give 
a  most  economical  method  of  operation  for  a  steam 
distillation  plant;  but  there  are  other  factors  which 
must  be  taken  into  consideration  in  determining  the 
proper  combination  of  values.  For  instance,  the  best 
size  of  the  chip  will  not  be  determined  entirely  by  the 
effect  of  size  on  yield  and  efficiency,  but  also  by  the 
relative  costs  of  preparing  different-sized  chips  and  the 
use  to  which  the  chips  are  to  be  put  after  steaming; 
the  best  pressure  of  steam  will  not  be  determined 
entirely  by  the  effect  of  pressure  on  yield  and  efficiency, 
but  also  by  the  relative  costs  of  high  and  low  pressure 
steam  and  of  apparatus  designed  for  use  with  differ- 
ent pressures;  the  best  speed  for  the  distillation  will 
not  depend  entirely  upon  the  effect  of  speed  on  the 
yield  of  products  and  on  the .  amount  of  steam  re- 
quired, but  also  upon  the  cost  of  steam  and  the  over- 
head charges;  the  best  end  point  at  which  to  stop 
the  distillation  will  not  depend  entirely  upon  the 
effect  of  end  point  on  yield  and  efficiency,  but  also 
upon  the  cost  of  the  raw  material,  the  value  of  the 
products,  etc. 

Sufficient  experimental  data  have  been  given,  how- 
ever, so  that  a  knowledge  of  the  various  cost  factors 
mentioned  above  (which  would  naturally  vary  a  great 
deal  in  different  plants)  would  make  it  possible  to  decide 
readily  on  the  most  economical  methods  for  operating. 

Forest  Products  Laboratory, 
Madison.  Wisconsin. 


Nov.,  1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


799 


THE   DETERMINATION  OF  OXYGEN    IN   IRON    AND   STEEL 
BY  REDUCTION  IN  AN  ELECTRIC  VACUUM  FURNACE.1 
By  W.v.   H.   Walker  and  Walter  A.  Patrick. 

At  the  fifth  meeting  of  this  Congress,  held  in  Ber- 
lin in  1903,  F.  Lurman  presented  a  paper  on  the  de- 
termination of  oxygen  in  iron  and  steel  in  which  he 
pointed  out  the  necessity  of  a  new  method  which 
would  measure  the  total  oxygen  in  the  sample,  and 
especially  that  portion  which  is  combined  with  man- 
ganese, aluminium,  silicon,  and  the  other  oxides  not 
reducible  with  hydrogen.  Since  that  time  no  advance 
has  been  made  in  this  important  field  of  metallurgical 
work. 

The  important  role  which  the  oxides  of  iron  and  the 
other  metals  play  in  determining  the  physical  and 
chemical  properties  of  iron  and  steel  was  first  clearly 
brought  out  by  Prof.  Ledebur  in  1882.  At  this  time 
Ledebur  proposed  the  analytical  method  for  deter- 
mining oxygen  which  bears  his  name  and  which  is 
based  upon  the  reduction  of  the  oxide  at  a  red  heat 
by  hydrogen,  and  weighing  the  water  thus  formed. 
Owing  to  the  fact  that  at  a  high  temperature  hydro- 
gen reduces  only  the  oxides  of  iron,  leaving  unattacked 
to  a  large  extent  the  oxides  of  manganese,  aluminium, 
silicon,  titanium,  etc.,  it  is  obvious  that  the  method 
is  not  a  satisfactory  one,  although  up  to  the  present 
the  only  one  available  for  the  purpose. 

Other  methods  have  been  proposed  for  determining 
the  oxygen  in  iron  and  steel  based  upon  the  solution 
of  the  constituents  not  oxides.  As  examples,  may  be 
mentioned  the  method  of  dissolving  the  sample  in 
ethereal  solutions  of  iodine  and  bromine;  or  that  based 
upon  the  volatilization  of  the  iron  in  a  stream  of  chlor- 
ine gas  at  a  high  temperature;  but  none  of  these 
methods  have  proven  of  any  value. 

Although  the  detrimental  effect  of  combined  oxy- 
gen in  iron  and  steel  has  been  known  since  the  time 
of  Ledebur's  first  paper,  it  is  only  within  the  last  few 
years  that  the  full  significance  of  these  effects  has  been 
appreciated.  That  iron  oxide  can  exist  in  iron  and 
steel  in  more  than  one  form  seems  certain,  and  that 
the  oxides  of  the  different  metals  associated  with  the 
iron  should  have  characteristic  effects  is  surely  to  be 
expected.  But  in  the  absence  of  any  satisfactory 
analytical  method  for  determining  the  oxide  present, 
the  relation  between  cause  and  effect  has  been  of 
necessity  a  most  imperfect  one.  It  is  hoped  that  the 
method  of  determining  oxygen  now  to  be  described 
will  be  an  aid  in  establishing  the  connection  between 
the  oxygen  content  and  the  physical  and  chemical 
properties  of  iron  and  steel. 

In  the  now  well  known  reaction  wherein  the  oxides 
of  the  elements  are  converted  into  the  corresponding 
carbides  by  heating  them  with  an  excess  of  carbon 
to  a  high  temperature  in  an  electric  furnace,  the  oxy- 
gen is  given  off  quantitatively  as  carbon  monoxide. 
The  quantitative  formation  of  carbon  monoxide  is 
aided  by  an  excess  of  carbon  at  high  temperatures, 
and  by  a  low  pressure;  also,  as  has  been  pointed  out 
by  Moissan,  the  refractory  oxides  are  more  readily 
reduced  in  the  presence  of  metallic  iron. 

1  Paper  presented    at   the    Eighth    International   Congress   of  Applied 
Chemistry.  New  York.  September.  1912. 


The  details  of  the  method  as  at  present  worked  out 
are  as  follows: 

A  vacuum  furnace  of  the  Arsem  type  as  supplied 
by  the  General  Electric  Co.  is  employed,  and  is 
shown  in  Fig.  i.  The  gun  metal  chamber  A  of  the 
furnace    of   20  cu.  in.   capacity  rests  inside  the  water 


jacket  R.  The  cover  B  is  fastened  to  the  cham- 
ber by  means  of  18  cap  screws,  D,  and  the  joint  is 
made  tight  by  a  rigid  lead  gasket.  The  tube  J, 
through  which  the  air  is  exhausted,  is  soldered  into 
the  cover.  The  window  tube  G  is  fastened  to  the 
cover  by  six  cap  screws,  the  joint  made  tight  by  an- 
other lead  washer.  The  mica  window  E  is  placed 
in  the  top  of  the  window  tube.  Current  is  led  in 
through  the  electrodes  W,  which  are  brass  tubes 
containing  running  water.  The  graphite  heater  L 
is  fastened  to  the  electrodes  by  means  of  the  clamps 
U.  The  crucible  is  supported  by  the  stand  as  shown 
in  the  figure  and  is  thus  placed  in  the  hottest  part 
of  the  furnace. 

Twenty  to  twenty-five  grams  of  the  sample  of 
metal  in  which  the  oxygen  is  to  be  determined  are 
placed  in  a  small  graphite  crucible  and  about  four  or 
five  grams  of  finely  powdered  graphite  added.  The 
crucible  is  then  placed  in  the  furnace,  the  cover  bolted 
down,  and  by  means  of  a  small  rotary  oil  pump  oper- 
ated in  series  with  a  Geryk  pump  a  vacuum  of  0.01 
of  a  mm.  is  obtained  in  the  furnace  in  less  than  fifteen 
minutes.  After  thoroughly  exhausting  the  furnace, 
the  cooling  water  is  turned  on  and  the  crucible  and 
contents  heated  to  about  5oo°-6oo°  with  the  pump 
still  running.  This  is  necessary  in  order  to  pull 
away  as  completely  as  possible  the  oxygen  absorbed 
by  the  heater  and  crucible.  As  carbon  does  not  be- 
gin to  reduce  the  oxides  below  900  °  there  is  no  danger 
in  heating  the  crucible  up  to  500  °.  After  fifteen 
minutes  the  furnace  is  allowed  to  cool,  which  it  does 
very  rapidly.  Nitrogen  that  has  been  dried  over 
sulphuric  acid  and  phosphorus  pentoxide  is  now  al- 
lowed to  enter  the  furnace  until  the  latter  is  about 
half  full.     This  is  then  pumped  out  and  the  crucible 
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again  gently  heated,  Only  by  such  a  treatment  is 
it  possible  to  reduce  the  oxygen  left  in  the  furnace 
to  a  reasonably  small  value.  It  seems  impossible 
to  pump  the  absorbed  oxygen  entirely  out  of  the  fur- 
nace, but  by  washing  with  dry  nitrogen  it  can  be 
almost  eliminated. 

The  stopcock  leading  to  the  pump  is  now  turned 
otT  and  seventy  volts  applied  to  the  electrodes  which 
causes  a  current  of  about  200  amperes  to  flow  through 
the  heater.  A  high  temperature  is  reached  very 
rapidly,  the  metal  melting  in  three  or  four  minutes. 
Just  as  the  metal  melts,  violent  ebullition  very  often 
occurs.  This  is  prevented  by  opening  the  circuit 
for  a  short  time  and  allowing  the  charge  to  cool.  The 
metal  soon  becomes  quiet  and  the  heating  is  continued 
for  twenty  minutes.  The  furnace  is  then  allowed  to 
cool  thoroughly,  after  which  fresh  air,  or  better  nitro- 
gen, that  has  been  dried  over  sulphuric  acid  and  phos- 
phorus pentoxide  is  allowed  to  completely  fill  the  fur- 
nace. 

The  gas  now  in  the  furnace  is  analyzed  for  carbon 
monoxide  in  the  following  manner: 

The  vessel  C  in  Fig.  2  is   exhausted  by  means  of  a 


/•;,  and  we  are  thus  able  to  calculate  the  fraction  oi 

gas    taken     from    the    furnace.      By    this    method    we 

LCtically   free   from   any  errors  due   to   ten 
ture  variation. 

The  gas  is  now  slowly  forced  over  iodine  pentoxide 
which  is  heated  to  1300  C.  and  here  the  carbon  mon- 
oxide is  oxidized  to  carbon  dioxide,  liberating  an  equiv- 
alent amount  of  iodine.  The  latter  is  absorbed  in  a 
10  per  cent,  solution  of  potassium  iodine  and  subse- 
quently titrated  with  N/100  sodium  thiosulphate." 

A  much  more  simple  method  of  withdrawing  an 
aliquot  part  of  the  gas  for  analysis,  if  a  large  quantity 
of  mercury  is  available,  is  to  use  a  mercury  aspirator 
instead  of  the  Toepler  pump.  By  replacing  the 
reservoir  C  by  a  liter  bottle  which  may  be  filled  with 
mercury,  a  known  fraction  of  the  contents  of  the  fur- 
nace may  be  withdrawn,  and  forced  directly  through 
the  iodine  pentoxide  tube. 

The  first  point  to  be  definitely  determined  was, 
how  free  from  oxygen  can  the  furnace  and  its  heat- 
ing element  be  made;  in  other  words,  using  a  sample 
of  iron  known  to  be  free  from  oxygen,  what  amount 
of  oxygen  will  be  shown  in  a  blank  experiment?     It 
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Toepler  pump,  and  connections  made  with  the  fur- 
nace as  shown  in  the  diagram.  The  stopcock  from  the 
furnace  is  opened  and  if  the  gas  in  the  furnace  is  un- 
der a  pressure  other  than  atmospheric,  the  difference 
is  shown  by  the  differential  gage  E.  Correcting  the 
barometric  pressure  by  this  amount  gives  the  pressure 
of  the  gas  inside  the  furnace.  Stopcock  F  is  now 
opened  and  the  vessel  and  the  pump  filled  with  gas. 
A  decrease  in  pressure  corresponding  to  the  volume 
of  gas  taken  from  the  furnace  is  shown  by   the   gage 


was  found  that  the  oxygen  indicated  by  the  iodine 
liberated  from  the  iodine  pentoxide  was  due  to  three 
factors:  first,  a  certain  practically  constant  amount 
of  iodine  set  free  from  the  iodine  pentoxide  when  air 
or  nitrogen  free  from  carbon  monoxide  was  led  over 
it;  second,  the  actual  oxygen  absorbed  on  the  walls 
and  on  the  heater  of  the  furnace;  third,  the  moisture 
in  the  furnace. 

That  iodine  pentoxide  when  heated  to  1500  in  a  cur- 
rent of  dry  air  or  nitrogen  would  give  up  small  amounts 
of  iodine  has  been  recognized  by  previous  investiga- 
tors (L.  A.  Levy,  Soc.  Chetn.  Iudust.,  30,  1437).  We 
have  found  that  by  reducing  the  temperature  to  1300 
the  oxidation  of  the  carbon  monoxide  is  complete, 
while  the  decomposition  of  the  pentoxide  is  reduced 
to  a  minimum.  By  withdrawing  from  the  furnace 
at  each  analysis  a  constant  volume  of  gas  and  drying 
the  same  over  phosphorus  pentoxide,  a  uniform 
blank  amounting  to  o .  006  gram  oxygen  for  the  fur- 
nace contents  was  obtained.  The  weight  of  oxygen 
absorbed  on  the  walls  of  the  furnace  and  in  the  heater 
when  a  vacuum  of  0.01  mm.  was  maintained  was 
found  in  blank  analysis  using  iron  free  from  oxygen 
to  be  0.02  gram.  If  the  air  used  to  dilute  the  furnace 
contents  previous  to  withdrawing  the  sample  of  gas 
for  the  carbon  monoxide  determination  be  not  dried 
over   phosphorus   pentoxide,    the    amount    of   oxygen 

1  Xicloux  and  Gautier,  Compt.  rend..  126,  746;   Kinnicut    and  Sanford, 
J.  Am.  Chem.  Soc.  22,   14. 
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indicated  may  rise  to  0.035  gram.  By  first  exhaust- 
ing the  air  from  the  furnace,  and  then  filling  with 
nitrogen  and  re-exhausting  the  amount  of  oxygen 
shown  by  a  blank,  analysis  was  found  to  be  between 
0.0120  and  0.0129  gram. 

The  accuracy  of  the  method,  so  far  as  the  ability 
to  carry  out  the  operations  without  introducing  er- 
rors not  corrected  for  as  above,  was  shown  by  the 
fact  that  a  sample  of  iron  or  steel  containing  oxygen 
may  be  heated,  and  the  oxygen  determined;  upon 
reheating  the  same  charge  with  additional  carbon 
no  further  formation  of  carbon  monoxide  is  obtained. 

To  determine  the  accuracy  with  which  the  oxygen 
of  a  sample  of  iron  or  steel  will  be  converted  to  car- 
bon monoxide,  a  number  of  analyses  were  made  using 
an  iron  of  very  low  oxygen  content,  and  adding 
known  quantities  of  the  various  oxides  in  the  pure 
form.  In  addition  to  iron  oxide,  only  the  very  re- 
fractory oxides  of  aluminium  and  silicon  were  used ; 
other  easily  reducible  oxides  such  as  manganese  and 
copper  will  introduce  no  difficulties.  The  weighed 
amount  of  the  pure  oxide  together  with  a  known 
weight  of  iron  was  placed  in  the  graphite  crucible 
and  covered  with  powdered  graphite  and  heated  as 
described.  From  the  oxygen  as  determined  was  sub- 
tracted that  due  to  the  blank  and  the  iron  and  the 
following  results  were  obtained: 

Weight  of     Oxygen  Oxygen 

oxide,     calculated.  found. 

Ferric  oxide 0.5650  0.1695  0.1700 

Ferric  oxide 0.6525  0.1960  0.1940 

Ferric  oxide 0  8400  0.2520  0.2440 

Ferric  oxide 0.1516  0.0455  0.0480 

Aluminium  oxide 0.4925  0.2310  0.2040 

Aluminium  oxide 0.1860  0.0875  0.0810 

Aluminium  oxide 0  3065  0.1440  0.1260 

Silica 0.0673  0.0360  0.0342 

Silica 0.0320  0.0181  0.0171 

While  the  results  as  obtained  are  not  so  accurate 
as  is  desired,  the  reduction  being  somewhat  incom- 
plete, and  therefore  the  results  uniformly  low,  the 
method  has  served  to  explain  the  discrepancies  noted 
between  the  oxygen  content  as  determined  by  the 
Ledebur  method  in  certain  samples  and  their  phys- 
ical and  chemical  properties.  As  examples  of  such 
analyses  may  be  mentioned  the  following: 

Sample  No.  1  is  a  special  heat  of  an  open  hearth  steel  to  which  iron  ore 
and  an  excess  of  manganese  was  added  in  the  ladle.  The  finished  steel 
gave  every  evidence  of  having  a  high  oxygen  content,  although,  by  the 
Ledebur  method,  but  0  006  per  cent,  oxygen  was  obtained.  When  deter- 
mined by  the  vacuum  furnace  reduction  method  the  real  oxygen  content 
of  the  steel  proved  to  be  0.20  per  cent. 

Sample  No.  2  is  a  high  grade  of  open  hearth  steel  in  which  the  Ledebur 
method  detected  no  oxygen.  The  vacuum  method  showed  that  there  was 
0.09  per  cent,  present. 

No.  3,  open  hearth  steel. 

No.  4,  same  as  No.  3  but  from  ingot  to  which  ore  was  added. 
Samples  No.  5  and  6  represent  two  ingots  from  the  same  heat  of  open 
hearth  steel  of  high  quality.  To  No.  5  was  added  some  iron  oxide  as  the 
ingot  was  poured.  The  oxygen  content  of  the  ingot  giving  satisfactory 
results  was  0.065  per  cent,  while  that  to  which  the  ore  was  added  and  which 
was  highly  unsatisfactory  proved  to  be  0.31  per  cent. 

No.  7,  open  hearth  steel. 

No.  8,  open  hearth  steel. 

No.  9,  open  hearth  iron. 

No.  10,  open  hearth  iron, 

Nos.  11a  and  116  are  duplicate  analyses  of  an  ingot  iron  of  early  manu- 
facture. The  vacuum  furnace  method  indicates  about  three  times  as  much 
oxygen  as  the  Ledebur  method. 

Nos.  12a  and  126  are  ingot  iron  of  later  make  and  show  an  oxygen 
content  of  but  0.10  per  cent.  The  full  analyses  are  given  in  the  following 
table: 


O. 

O. 

Vacuum 

No. 

C. 

Mn. 

S. 

P. 

Si. 

Cu. 

Ledebur. 

furnace. 

1 

0.19 

0.92 

0.052 

0.123 

0.006 

0.29 

2 

0.000 

0.09 

3 

0.17 

0.65 

0.097 

0.064 

0.017 

0.11 

4 

0.12 

0.17 

0.065 

0.088 

0  015 

0.33 

5 

0.09 

0.18 

0.061 

0.087 

0.019 

0.31 

6 

0.14 

0.24 

0.070 

0.092 

0.009 

0.065 

7 

0.09 

0.33 

0.065 

0.068 

0.006 

0.17 

0.009 

0.021 

8 

0  08 

0.33 

0.036 

0.070 

0.005 

0.22 

0.010 

0.039 

9 

0.01 

0.03 

0.050 

0.007 

0.003 

0.20 

0.037 

0.056 

10 

0.01 

0.04 

0.015 

0.008 

0.004 

0.19 

0.052 

0.064 

11a 

0.01 

trace 

0.015 

0.002 

0.069 

0.23 

116 

0.01 

trace 

0  015 

0.002 

0.076 

0.21 

12a 

0.02 

0.03 

0.029 

0.004 

0.0014 

0.043 

0.10 

126 

0.02 

0  03 

0.029 

0.004 

0.0014 

0.043 

0.11 

It  is  intended  that  this  paper  be  considered  a  pre- 
liminary communication,  and  it  is  hoped  that  the 
method  will  be  both  simplified  and  improved  by  further 
work.  It  is  published  at  this  time  in  the  hope  that 
others  interested  in  the  effect  of  oxygen  on  steel  will 
find  in  the  idea  something  of  value. 

Massachusetts  Institute  of  Technology, 
Boston. 


THE  METHODS  OF  THE  UNITED    STATES    STEEL    CORPO- 
RATION FOR  THE  COMMERCIAL  SAMPLING  AND 
ANALYSIS  OF  PIG  IRON.1 

By  the  Chemists'  Committee  of  the  U.  S.  Steel  Corporation. 
PREFACE. 

In  conformity  with  the  design  of  the  officials  of  the 
United  States  Steel  Corporation  for  the  standardiza- 
tion of  the  methods  employed  in  the  sampling  and 
analysis  of  all  materials  encountered  in  their  various 
lines  of  manufacture,  the  Chemists'  Committee  pre- 
sents this  compilation  of  standard  methods  for  the 
sampling  and  subsequent  analysis  of  molten  pig  iron. 

In  selecting  the  methods,  the  committee  employed 
the  same  line  of  procedure  as  in  former  cases,  viz., 
the  careful  consideration  of  all  the  methods  employed 
in  each  laboratory  of  the  corporation,  evolving  there- 
from the  several  methods  herein  described,  the  im- 
mediate adoption  of  which  is  desired. 

The  services  of  Messrs.  W.  B.  N.  Hawk,  Wm.  Brady 
and  C.  H.  Rich,  a  sub-committee  appointed  for  the 
preparation  of  this  pamphlet,  are  gratefully  acknow- 
ledged. 

INTRODUCTION. 

A  quite  obvious  cause  of  nonconformity  of  results 
of  comparative  analyses  in  the  various  laboratories 
of  the  Corporation  has  been  an  apparent  lack  of  uni- 
formity of  method  in  the  sampling  and  analysis  of 
molten  iron. 

This  condition  is  particularly  apparent  with  regard 
to  the  determination  of  the  sulphur,  numerous  dis- 
crepancies in  which  would  appear  to  indicate  the  ab- 
sence of,  and  the  necessity  for,  some  uniform  method 
of  procedure.  The  estimation  of  the  sulphur  by  the 
gravimetric  method  and  the  determination  of  the 
remaining  constituent  elements  of  the  iron,  are  sus- 
ceptible of  a  most  satisfactory  degree  of  accuracy. 
The  successful  issue  of  the  volumetric  determination 
of   the   sulphur,   however,    is  largely   dependent  upon 

1  Paper  presented  at  the  Kighth  International  CongTess  of  Applied 
Chemistry.  New  York  City,  September.  1912.  Copyright  1912  by  J.  M. 
Camp,  Chairman  Chemists'  Committee.  Munshall,  Pa. 
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ide  of  the  iron  and  the  conditions  under  which 
tin-  tesl  is  takes  A  disturbing  factor  in  establishing 
a  satisfactory  standard  ol  comparative  values  in  such 

analyses  is  the  loss  of  uncertain  and  varying  propor- 
tions of  the  sulphur,  due  to  the  formation  of  volatile 
and  difficultly  oxidizable  organic  sulphides,  upon 
solution  of  white  or  chilled  iron  in  hydrochloric  acid. 
Comparative  tests  by  a  number  of  chemists  of  the  Cor- 
poration having  shown  quite  satisfactory  agreement 
in  sulphur  values  as  obtained  by  the  evolution  method 
in  sand  cast  and  properly  taken  so-called  chilled,  test 
samples,  it  has  been  decided  to  adopt  for  all  purposes 
the  more  convenient  chilled  test,  which,  it  is  be- 
lieved, will  tend  to  conserve  the  desired  comparative 
accuracy.  True  values  may  be  obtained  in  the  crushed 
shot  sample  by  annealing  the  powder  in  a  current 
of  natural  gas  or  under  any  convenient  non-oxidizing 
conditions,  but  the  exigencies  of  the  routine  of  the 
works  laboratory,  as  demanded  by  the  conditions 
necessarily  involved  in  the  manufacture  of  iron  and 
steel,  would,  in  most  cases,  prohibit  this  metallurgical 
refinement. 

The  methods  of  analysis  herein  described  represent 
the  best  present-day  practice  and  it  is  hoped  that 
their  adoption  will  go  far  toward  reconciling  those 
too  often  variant  conditions,  convenience  of  manipu- 
lation and  accuracy  of  result. 

The  solutions  as  prescribed  are  indicated  in  their 
various  proportions  on  a  one-liter  basis.  It  will  be 
found  convenient,  however,  in  most  cases  to  employ 
in  actual  practice  corresponding  multiples  of  a  greater 
volume. 

SAMPLING. 

Character  of  the  Sample. — Two  optional  methods 
are  prescribed  for  taking  the  test: 

i.  Plate  or  Pat  Test. — With  a  suitable  hand  ladle 
a  portion  is  dipped  from  the  stream  of  molten  iron 
and,  with  the  spoon  of  the  ladle  resting  upon  a  clean, 
dry,  iron  plate,  a  pat  of  such  size  as  may  be  desired 
is  poured  thereon. 

2.  Chilled  Mould  Test. — With  the  spoon  of  the  hand 
ladle  resting  upon  the  dry,  clean  mould  (later  to  be 
described)  a  portion  is  poured  sufficient  to  fill  the 
mould. 

The  use  of  the  water  shot  sample  is  to  be  considered 
as  in  violation  of  the  standard  method.  The  sand 
cast  sample  may  be  used  but  the  uniform  adoption 
of  the  pat  or  the  chilled  mould  test  is  urged. 

Number  of  Samples  to  be  Taken. — As  tending 
to  a  reasonable  degree  of  accuracy,  it  is  recommended 
that  a  portion  be  secured,  timed  as  nearly  as  may  be 
practicable  for  the  middle  of  each  ladle  of  iron  repre- 
senting the  cast.  Equal  portions  from  each  of  these 
samples  are  conveniently  combined  for  the  subsequent 
analysis. 

Preparation  of  the  Sample. — The  tests  are  either 
drilled  or  crushed  as  required.  If  crushed,  only  that 
portion  passing  an  eighty-mesh  sieve  is  used  for  the 
subsequent  analysis. 

Description  of  the  Mould. — Two  convenient 
forms  of  mould  are  recommended,  either  of  which 
may  be  used  to  advantage. 


The   mould   (Fig.    i)   furnishes  a  test  which   may  be 
conveniently   broken   and    crushed.     The    number   of 

the    furnace-    may    be   cast    in    the    mould    with   Roman 
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FlG.    1. IRON   MOULD  AND  TEST. 

numerals  or  any  other  suitable  form  of  designation. 
The  two  ridges  shown  in  the  test  in  this  figure  indicate 
that  the  test  is  taken  from  furnace  No.  2. 

The  mould  (Fig.  2)  furnishes  a  test  which  may  be 
either  drilled  or  crushed.  If  the  sample  is  to  be 
crushed,  the  notched  prolongation  (T)  is  broken  and 
crushed  and  the  main  body  of  the  test  reserved  for 
the  furnace  man's  fracture  test.  The  furnace  number 
may  also  be  indicated  in  this  form  of  mould  in  the 
same  manner  but  not  so  conveniently  and  only  in 
the  main  body  of  the  test. 

The  moulds  are  made  of  cast  iron  and  are  illustrated 
in  detail,  with  complete  dimensions,  in  Figs.  1  and  2. 

METHODS  OF  ANALYSIS. 
determination  of  silicon. 
Drown's  Method. — A  single  or  double  factor  weight, 
0.4693  or  0.9386  gram,  of  the  sample  is  transferred 
to  a  glazed  porcelain  dish,  15-25  cc.  of  the  silicon 
mixture  added,  gentle  heat  applied  to  the  uncovered 
dish,  and  the  solution  evaporated  to  pronounced 
fumes  of  sulphuric  anlrydride.  The  dish  is  removed 
from    the    heat    and    allowed    to    cool,    the    residue 
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moistened  with  10  cc.  of  the  dilute  hydrochloric  acid, 
50  cc.  "i  hoi  water  added  and  the  solution  heated  with 

out  boiling  until  the  soluble  salts  dissolve.  The  residue 
of  silica  and  graphite  is  collected  on  a  9  cm.  ashless 
filter,  washed  alternately  with  hot  dilute  hydrochloric 
arid  and   water  to  the  disappearance  of  the  soluble 

in>n,  and  finally  with  hot  water  until  free  from  chlor- 
ides. The  residue  is  ignited  uncovered  in  a  weighed 
crucible  at  a  moderate  temperature  until  the  carbon 
is  completely  oxidized,  and  finally  for  a  few  minutes 
at  a  higher  temperature  to  the  dehydration  of  the 
silica.  The  residual  weight  in  milligrams  divided 
by  ten  and  corrected  in  conformity  with  the  initial 
weight  of  the  sample  equals  per  cent,  silicon. 

Ford's  Hydrochloric  Acid  Method. — This  well  known 
method  is  useful  in  point  of  rapidity,  yielding  satis- 
factory results  in  a  shorter  time  than  the  more  refined 
Drown's  method.  A  single  or  double  factor  weight 
of  the  sample  is  transferred  to  a  porcelain  or  platinum 
dish  with  cover  glass,  20  or  30  cc.  of  concentrated 
hydrochloric  acid  added  and  the  solution  boiled 
rapidly  to  complete  dryness;  the  residue  is  not  baked. 
Ordinarily,  decomposition  is  complete  by  the  time 
the  evaporation  is  effected.  To  the  dry  residue  in 
the  platinum  dish  there  is  added  at  once,  or  in  the 
porcelain  dish  when  sufficiently  cooled,  20  cc.  of  the 
dilute  hydrochloric  acid.  The  solution  is  heated 
gently  for  a  few  minutes  with  the  addition  of  50-60 
cc.  water,  and  the  heating  continued  until  the  soluble 
salts  dissolve.  The  residue  is  collected  and  finally 
weighed  as  in  the  previously  described  Drown's 
method.  The  use  of  suction  in  the  filtrations  and 
the  ignition  of  the  residue  in  an  atmosphere  of  oxygen 
will  be  appreciated  as  factors  affecting  the  rapidity 
of  the  analyses  in  both  of  the  above  methods. 

SOLUTIONS  REQUIRED. 

Sp.  gr.  Cc. 

,._.,.  (  nitric  acid 1 .  20  750 

(i)  Silicon  mixture  <       .   .       .         ..  ...  _.. 

(  sulphuric  acid 1  .  50  250 

.   _*,        .     .      ,,     .         ..  {  hydrochloric   acid.      1.20  500 

(2)  Dilute  hydrochloric  acid  K  ... 

(  water   500 

DETERMINATION    OF    SULPHUR. 

Volumetric  Method — Evolution  Iodine  Titration. — 
It  is  apparent  that  the  evolution  method  is  of  com- 
parative value  only  and  is  in  no  sense  to  be  regarded 
as  yielding  the  exact  measure  of  the  sulphur  content 
of  the  iron,  a  fact  of  which  due  cognizance  should  be 
taken  by  all  users  of  pig  iron.  Equally  apparent, 
however,  is  the  undoubted  usefulness  of  the  method 
in  connection  with  the  routine  requirements  of  the 
iron  laboratory  and  of  the  various  metallurgical  pro- 
cesses in  conjunction  with  which  it  is  used. 

The  apparatus  as  recommended  for  this  determina- 
tion consists  of  a  flask  of  suitable  form  and  size,  pref- 
erably sixteen-ounce  Florence  ring  neck  with  a  two- 
hole  rubber  stopper  equipped  with  an  ordinary  funnel 
or  thistle  tube  and  a  short  piece  of  glass  tubing  bent 
at  right  angles  (exit  tube)  in  the  respective  apertures. 
The  exit  or  delivery  tube  is  connected  with  the  ab- 
sorption vessel  in  such  manner  as  to  conduct  the 
evolved  gases  to  the  bottom  of  the  vessel.  The 
absorption   may  be  effected   either  in  the  beaker    in 


which   the  titration  is  to  be  conducted,  or  in 
tube,  preferably   to*  by  i",  suitably  sup].. 

A  minimum  oi  2.5  grams  or. a  maximum  oi  5  grams 

of    the   sample   is   transferred    to   the   flask,    the   stopper 

inserted  and  the  flask  conveniently  connected  with 
the  vessel  containing  the  absorbent;  40-60  cc.  of  dilute 
hydrochloric  acid  are  introduced  through  the  funnel 
and  heat  applied,  a  brisk  evolution  of  the  gases  being 
maintained  until  the  powder  is  decomposed.  The 
temperature  is  then  raised  until  the  steam  formed 
has  forced  the  last  trace  of  the  hydrogen  sulphide- 
gas  into  the  absorbent.  The  heat  is  removed,  the 
apparatus  disconnected  and  the  titration  conducted. 

Ten  cc.  of  the  starch  solution  are  added  to  the  ti- 
trating beaker  and  the  contents  of  the  absorption 
tube  transferred  thereto.  Both  the  absorption  and 
delivery  tube  are  rinsed  with  cold  water  and  any 
adhering  precipitate  is  dissolved  by  means  of  a  fine 
jet  of  the  dilute  hydrochloric  acid.  Care  is  exercised 
that  the  acid  solution  be  not  unduly  agitated  before 
the  introduction  of  the  iodine  solution.  If  the  ab- 
sorption is  effected  in  the  beaker,  the  delivery  tube  is 
removed  first,  cleansed  with  the  acid  and  water  and, 
with  the  precaution  suggested  above,  an  excess  of  the 
dilute  acid  is  added.  The  final  volume  of  the  solution 
should  approximate  400  cc.  The  solution  is  stirred 
gently  in  order  to  neutralize  the  alkali  of  the  absorb- 
ent, which,  if  left  undisturbed,  reacts  with  the  iodine 
with  formation  of  a  substitution  product  from  which 
the  iodine  is  but  partially  liberated  upon  acidifying 
the  solution.  The  iodine  solution  is  then  added  in 
successive  portions,  while  the  solution  is  stirred  as 
the  color  fades,  until  the  addition  of  a  final  drop  yields 
the  permanent  blue  color  of  the  adopted  end  point. 
The  number  of  cc.  of  the  iodine  required  multiplied 
by  0.01  is  equivalent  to  per  cent,  sulphur. 

The  volume  of  the  solution  in  the  absorption  vessel 
is  so  adjusted  as  to  insure  a  sufficient  body  for  the 
absorption  of  all  the  gas,  and  a  sufficient  excess  of 
the  stock  absorbent  is  maintained  in  proportion  to 
the  total  volume  of  the  solution.  The  proportions 
as  used  in  the  10  in.  by  1  in.  test  tube  (15  cc.  of  any  of 
the  stock  absorbents  diluted  to  60  cc.)  may  be  taken 
as  a  basis  therefor.  If  desired,  the  starch  indicator 
solution  may  be  added  to  any  of  the  stock  absorbent 
solutions  in  such  proportions  as  to  furnish  the  equiva- 
lent of  10  cc.  of  the  indicator  in  the  titration. 

SOLUTIONS    REQUIRED. 

(7)  Starch  Indicator. — To  one  liter  of  boiling  water  in  a  suitable  flask, 
a  cold  emulsion  of  six  grams  of  starch  suspended  in  100  cc.  of  cold  water 
is  cautiously  added,  and  the  boiling  continued  five  minutes  after  the  final 
addition.  The  solution  is  cooled  to  room  temperature,  and,  with  the  addi- 
tion of  six  grams  of  zinc  chloride  in  50  cc.  of  cold  water,  mixed  thoroughly 
and  set  aside  for  a  day  or  two  with  occasional  shaking.  After  the  final 
subsidence  of  the  heavier  residue,  the  starch  solution  is  siphoned  into  the 
container  and  the  settings  rejected.  The  zinc  chloride  is  added  as  a  pre- 
servative. Preliminary  boiling  of  the  water  tends  to  lessen  the  frothing 
or  formation  of  large  bubbles  on  the  addition  of  the  starch. 

(2)  Standard  Iodine. — Ten  grams  of  potassium  iodide  crystals,  fol- 
lowed by  4  .5  grams  of  resublimed  iodine,  are  transferred  to  a  glass-stoppered 
graduated  flask ;  25  cc.  of  cold  water  are  added  and  the  flask  is  shaken  un- 
til the  iodine  is  completely  dissolved.  The  solution  is  diluted  to  volume  of 
one  liter  and  set  aside  for  not  less  than  twenty-four  hours  before  standard- 
izing. The  known  sulphur  of  a  standard  steel,  as  determined  both  by  the 
evolution  and  oxidation  methods,  is  used  as  the  basis  of  standardization 
with  final  adjustment  so  that  1  cc.  is  equivalent  to  0.01  per  cent,  sulphur 
on  the  basis  of  the  weight  of  sample  used. 
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(3)  Dilute  Hydrochloric  Acid: 

Concentrated  acid 500  cc. 

Water 500  cc. 

ABSORBENTS. 

Ammonia*  -1/  Solution  of  Cadmium  Chloride: 

Cadmium  chloride 5  grams 

Water 375  cc. 

Ammonia 625  cc. 

Caustic  Alkali: 

Caustic  potash  or  soda 5  grams 

Water 1000  cc. 

Ammoniacal  Solution  of  Zinc  Sulphate: 

Zinc  sulphate 10  grams 

Strong  ammonia 625  cc. 

Water 37.5  cc. 

Gravimetric  Method. — Five  grams  of  the  sample 
are  transferred  to  a  clean  No.  4  beaker  or  twelve-ounce 
Erlenmeyer  flask,  and  with  the  addition  of  100  cc.  of 
concentrated  nitric  acid,  gentle  heat  applied  until 
solution  is  complete.  It  is  sometimes  necessary  to 
check  a  too  violent  action  of  the  acid,  which  might 
result  in  loss  of  unoxidized  sulphur,  by  placing  the 
beaker  or  flask  in  cold  water.  The  solution  is  boiled 
briskly  to  low  bulk,  and  after  cooling  somewhat,  30 
cc.  of  strong  hydrochloric  acid  are  added,  the  solution 
is  again  concentrated,  and  following  the  precautionary 
addition  of  one  gram  of  pure  sodium  carbonate,  trans- 
ferred to  a  clean  porcelain  dish  and  evaporated  to 
complete  dryness  and  the  residue  baked  a  short  time 
at  a  moderate  temperature. 

The  dish  is  allowed  to  cool,  35  cc.  of  concentrated 
hydrochloric  acid  are  added  and  heat  is  applied  until  the 
soluble  salts  dissolve ;  the  solution  is  again  evaporated 
to  complete  dryness  and  the  residue  baked  as  before. 
This  procedure  insures  the  elimination  of  the  nitric 
acid.  The  dish  is  cooled,  35  cc.  of  concentrated 
hydrochloric  acid  are  added  and  heat  is  applied  until 
the  soluble  salts  are  again  dissolved.  The  cover  is 
removed,  and  with  the  dish  placed  upon  a  suitable 
asbestos  ring  in  order  to  prevent  the  formation  of  a 
crust  of  the  metallic  salts  upon  the  sides,  the  solution 
is  evaporated  to  the  first  appearance  of  the  separation 
of  the  chlorides,  which  are  then  dissolved  by  the 
addition  of  a  few  drops  of  concentrated  hydrochloric 
acid;  three  drops  should  suffice.  Cold  water  is  added 
to  volume  of  about  75  cc,  the  residue  collected 
upon  an  1  r  cm.  filter  and  the  filtrate  received  in  a 
No.  2  beaker.  The  residue  and  filter  are  washed  with 
the  least  possible  amount  of  the  hot  dilute  hydrochloric 
acid,  alternated  with  cold  water,  to  the  disappearance 
of  the  iron  stains  and  finally  with  hot  water  to  volume 
of  about  200  cc.  To  this  cold  solution  10  cc.  of  a  ten 
per  cent,  solution  of  barium  chloride  are  added  and 
the  solution  is  allowed  to  stand  with  occasional  stirring 
not  less  than  twelve  hours. 

When  the  precipitate  of  barium  sulphate  has  sub- 
sided, it  is  collected  upon  a  9  cm.  close  ashless  filter, 
washed  with  dilute  hydrochloric  acid  (five  per  cent.) 
to  the  disappearance  of  the  iron  and  finally  with  hot 
water  until  free  from  chlorides.  The  filter  and  residue 
are  ignited  uncovered  in  a  weighed  crucible  at  a  mod- 
erate temperature  to  the  disappearance  of  the  carbon 
of  the  paper  and  finally  at  a  somewhat  increased  tem- 
perature for  ten  minutes.  The  residual  weight  multi- 
plied by  13.74  and  divided  by  5  equals  per  cent,  sul- 


phur. The  filtrate  is  set  aside  until  satisfied  that  no 
further  precipitation  ensues. 

The  carbonaceous  siliceous  residue  of  the  original 
solution  usually  retains  some  sulphur  and  is  ignited 
in  platinum  under  cover  of  pure  sodium  carbonate 
and  decomposed  by  fusion  with  further  addition  of 
the  carbonate  and  two-tenths  gram  of  niter;  the  sub- 
sequent hydrochloric  acid  solution  is  freed  from  its 
silica  and  added  to  the  original  filtrate,  or  examined 
separately  for  sulphur. 

It  is  apparent  that  absolute  purity  of  reagents  and 
cleanliness  of  utensils  and  the  final  weighing  of  the 
barium  sulphate  effected  under  the  most  exact  condi- 
tions are  determining  factors  in  the  successful  issue 
of  analyses  by  this  method. 

DETERMINATION  OF  PHOSPHORUS. 

VOLUMETRIC  METHOD. 

I.  Acid  Alkali  Titration. — One  to  two  grams  of  the 
sample  are  transferred  to  a  flask,  preferably  twelve- 
ounce  Erlenmeyer,  40  cc.  of  nitric  acid  (1.13  sp.  gr.) 
added  and  heat  applied  until  the  sample  is  decomposed. 
The  sides  of  the  flask  are  washed  down,  one  gram  of 
ammonium  persulphate  is  added  and  the  solution 
boiled  until  the  combined  carbon  is  completely  oxi- 
dized. The  residue  is  caught  on  an  n  cm.  filter  and 
washed  with  dilute  nitric  acid  (2  per  cent.)  and  hot 
water  to  the  disappearance  of  the  soluble  iron.  The 
filtrate  is  heated  to  boiling  in  a  suitable  flask,  a  slight 
excess  of  a  solution  of  potassium  permanganate  added 
and  the  boiling  continued  until  the  excess  of  the 
permanganate  is  decomposed.  The  resultant  pre- 
cipitate of  manganese  dioxide  is  reduced  to  its  soluble 
nitrate  by  means  of  the  chosen  reducing  agent  and  the 
boiling  continued  until  the  excess  thereof  is  decom- 
posed. 

With  the  solution  at  a  temperature  of  80  °  C,  40-60 
cc.  of  ammonium  molybdate  solution  are  introduced 
and  the  flask  is  shaken  for  five  minutes.  The  pre- 
cipitate quickly  subsides  and  is  at  once  collected  upon 
a  9  cm.  filter,  washed  with  dilute  nitric  acid  (2  per  cent.) 
until  free  from  iron,  and  then  with  solution  of  potas- 
sium nitrate  (1  per  cent.)  to  the  removal  of  the  last 
trace  of  free  acid. 

The  titration  may  be  conducted  in  a  beaker  or  in 
the  flask  in  which  the  precipitation  was  effected. 
Care  is  exercised  in  the  latter  case  to  wash  the  flask 
thoroughly  with  the  neutral  wash,  as  any  acid  present 
of  course  reacts  with  the  standard  alkali.  The  filter 
and  precipitate  are  transferred  to  the  beaker  or  flask 
and  the  standard  alkali  is  added  in  excess  sufficient 
to  render  easy  the  subsequent  maceration  of  the  filter, 
which  is  accomplished  by  breaking  up  with  a  clean 
glass  rod,  or,  if  in  a  flask,  by  shaking  the  flask  closed 
by  a  clean  rubber  stopper.  When  the  precipitate  has 
dissolved  and  the  paper  is  thoroughly  disintegrated, 
the  solution  is  diluted  and  three  drops  of  the  indicator 
are  added.  The  standard  acid  is  then  added  to  the 
disappearance  of  the  pink  tint,  the  sides  of  the  titrating 
vessel  washed  down  with  cold  water  and,  with  a  final 
volume  of  about  150  cc,  the  standard  alkali  is  added 
to  the  adopted  pink  end  point.     The  number  of  cc.  of 


8o6 


THE  JOURh  \l    01   INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


Nov.. 


I(;l  2 


the    alkali    used    in    excess    of    the    acid,    multiplied    by 

0.01  or  0.0.',  is  the  equivalent  of  phosphorus  in  hun- 
dredths per  cent. 

Sill  U  I  IONS     Kl  OC1K1  I). 

(jl   Standard  Caustic  Soda.      Six   .mil  six  (rntlis  grams  "I    pUTC  BOditim 

hydroxide  are  dissolved  In  100  cc.  oi  boiled  water.     The  solution  is  freed 

iroin  any  t/arliimic  acid  introduced  i>v  the  caustic  alkali,  by  the  addition 
oJ  about  1  cc.  of  a  standard  solution  of  barium  hydroxide  with  subsequent 
filtration,  and  the  solution  finally  diluted  to  volume  of  one  liter.  If  de- 
sired, a  stock  solution  may  be  carried,  a  convenient  aliquot  portion  of 
which  is  diluted  for  the  working  solution. 

(2)  Stantltirit  Nitric  Acid. — Ten  cc.  of  concentrated  aeid  diluted  to 
one  liter.  The  aeid  and  alkali  solutions  are  standardized  against  the  known 
phosphorus  of  a  standard  steel  with  final  correction  so  that  they  are  ex- 
actly agreeing  and  1  ec.  is  equivalent  to  0.01  per  cent,  phosphorus  on  the 
basis  of  two  grams  of  the  sample. 

O)  Ammonium  Molybdate. — To  65  grams  of  molybdic  acid  (85  per 
cent.)  suspended  in  142  cc.  of  cold  water  in  a  suitable  flask,  143  cc.  of  strong 
ammonia  are  added  and  the  flask  is  rotated  until  the  molybdic  acid  is  com- 
pletely dissolved.  The  solution  is  cooled  and  added  slowly  to  715  cc.  of 
nitric  acid  of  1 .20  sp.  gr.  while  the  acid  solution  is  vigorously  stirred. 

Molybdic  acid  is,  at  times,  encountered  which  fails  to  yield  a  perma- 
nently clear  solution  of  the  ammonium  molybdate;  the  addition  of  one  or 
more  drops  of  a  10  per  cent,  solution  of  ammonium  phosphate  assisted  in 
clarifying  the  solution.  The  solution  is  allowed  to  stand  over  night,  when 
it  is  filtered  into  the  container,  preferably  through  purified  asbestos  and 
with  the  aid  of  suction. 

(4)  Phcnolphthalein. — One  gram  dissolved  in  one  liter  of  ethyl  alcohol. 

(5)  Nitric  Acid  (1.13  sp.  gr): 

Nitric  acid — concentrated 240  ec. 

Water 760  cc. 

(<5)  Potassium  Permanganate  Oxidant. — Twenty-five  grams  to  one 
liter. 

REDUCING  AGENTS. 

Ammonium  Bisulphite. — Five  per  cent,  solution. 

Ferrous  Sulphate: 

Ferrous  sulphate 50  grams 

Water 1000  cc. 

Potassium  Nitrite: 

Potassium  nitrite 50  grams 

Water 1000  cc. 

Sugar. — Saturated  solution. 

77.  Potassium  Permanganate  Titration. — The  yellow 
precipitate  as  above  obtained  is  washed  with  am- 
monium sulphate  solution,  or  if  desired,  dilute  sul- 
phuric acid  (2  per  cent.)  until  free  from  iron  and 
molybdenum  salts.  Dilute  ammonia  (i  part  am- 
monia and  3  parts  water)  is  poured  over  the  precipitate 
and  the  filter  washed  with  hot  water,  and  the  solution 
caught  in  a  flask  in  which  the  precipitation  was  effected. 
The  volume  of  the  solution  should  not  exceed  25  cc. 
Eight  grams  of  granulated  zinc,  20-mesh,  followed 
by  75  cc.  of  dilute  sulphuric  acid  are  added  and  the 
solution  is  gently  boiled  until  reduction  is  complete. 
The  undissolved  zinc  is  then  collected  upon  a  glass 
wool  filter  and  both  flask  and  filter  are  washed  with 
cold  water.  To  the  cold  filtrate,  standard  potassium 
permanganate  solution  is  added  until  a  slight  per- 
manent pink  tint  is  obtained.  The  measure  of  the 
permanganate  solution  required  multiplied  by  its 
value  in  terms  of  phosphorus  and  divided  by  the 
initial  weight  of  the  sample  equals  per  cent,  phosphorus. 

SOLUTIONS  REQUIRED. 

(1)  Acid  Ammonium  Sulphate: 

Strong  ammonia 15  cc. 

Sulphuric  acid  (1  part  acid  to  1  part  water).  .      502  cc. 
Diluted  to  one  liter. 

(2)  Standard  Potassium  Permanganate. — Two  grams  potassium  perman- 
ganate dissolved  in  one  liter  of  water.  One  cc.  equals  approximately 
0  0056  per  cent,  phosphorus  on  a  one-gram  basis.  The  known  phosphorus 
of  a  standard  steel  is  used  as  the  basis  of  standardization. 

GRAVIMETRIC  METHOD. 
I.   Weighing     as     Ammonium     Phosphomolybdate. — 


one  to  five  grams  of  the  sample  are  transferred  to  a 
No.  5  glazed   porcelain  dish   with  cover  glass,   25-60 

cc.  of  nitric  acid  (1.13  sp.  gr.)  are  cautiously  added, 
gentle  heat  is  applied  until  thi  sample  is  completely 
decomposed,  and  the  solution  is  then  rapidly  boiled 
to  dryness.  The  temperature  is  raised  gradually 
with  final  heating  of  the  uncovered  dish  over  the  full 
flame  of  an  Argand  or  Bunsen  burner  to  the  complete 
expulsion  of  the  acid.  After  cooling  sufficiently  to 
avoid  danger  of  breaking  the  dish,  30  cc.  of  concen- 
trated hydrochloric  acid  are  added,  heat  is  applied 
until  the  soluble  salts  are  dissolved,  and  the  solution 
rapidly  boiled  to  the  first  appearance  of  the  separation 
of  the  chlorides.  This  evaporation  is  conducted  with 
the  same  regard  to  the  prevention  of  the  formation 
of  a  crust  upon  the  sides  of  the  dish  as  in  the  previously 
described  method  for  the  determination  of  sulphur. 
The  dish  is  removed  from  the  heat,  10  cc.  of  strong 
nitric  acid  are  added  and  heat  is  again  applied  for  about 
one  minute.  Cold  water  is  added  to  volume  of  about 
60  cc,  the  solution  stirred  with  a  clean  glass  rod  and 
filtered  into  a  suitable  flask;  the  residue,  collected 
upon  an  1 1  cm.  filter,  is  washed  with  2  per  cent,  nitric 
acid  and  hot  water  alternately  until  free  from  iron, 
which  insures  also  the  complete  removal  of  the  soluble 
phosphate. 

When  the  iron  contains  titanium  in  amount- suffi- 
cient to  interfere  with  the  precipitation  of  the  phos- 
phorus and  an  exact  determination  is  required,  the 
residue  of  silica  and  graphitic  carbon  is  ignited  in  a 
platinum  crucible,  the  silica  volatilized  with  hydro- 
fluoric acid  in  the  presence  of  a  few  drops  of  sulphuric 
acid  and  the  resultant  residue  ignited  and  fused  with 
sodium  carbonate.  The  melt  is  boiled  with  hot  water 
until  disintegrated,  the  insoluble  titanate  collected 
upon  a  filter  and  the  soluble  phosphate  added  to  the 
main  solution. 

To  the  clear  filtrate  with  a  volume  of  about  150  cc, 
25  cc.  of  strong  ammonia  are  added  at  once  and  the 
flask  is  shaken  until  the  resultant  precipitate  has 
coagulated.  The  addition  now  of  25  cc.  of  strong 
nitric  acid  renders  the  solution  clear  and  furnishes 
an  excess  of  about  10  cc.  of  strong  nitric  acid — which, 
it  is  found,  yields  a  pure  crystalline  precipitate  of  the 
phosphomolybdate  with  no  tendency  to  creep.  The 
relatively  large  amounts  of  ammonia  and  nitric  acid 
added  are  prescribed  in  the  case  of  5-gram  samples 
and  are  essential  in  that  they  insure  a  sufficient  pro- 
portion of  ammonium  nitrate  in  the  solution.  It  is 
evident  that  these  additions  may  be  decreased  with 
smaller  initial  weights  of  the  sample,  but  it  will  be 
found  advantageous  to  maintain  approximately  the 
excess  of  10  cc.  of  the  nitric  acid. 

With  the  solution  at  a  temperature  of  80  °  C,  50- 
75  cc.  of  the  molybdate  solution  are  introduced  and 
the  solution  agitated  for  about  five  minutes.  When 
the  yellow  precipitate  has  finally  subsided,  it  is  col- 
lected upon  a  previously  dried  and  weighed  9  cm. 
filter,  the  filter  and  contents  are  washed  thoroughly 
with  2  per  cent,  nitric  acid,  dried  for  one  hour  in  an 
air  bath  at  a  temperature  of  about  1 15  °  C.  and  weighed 
between  watch  glasses  with  ground  edges  and  enclosed 
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in  a  suitable  clip.  It  is  of  course  essential  that  the 
light  weight  of  the  previously  dried  paper  shall  have  been 
obtained  under  the  same  conditions.  The  increase  in 
weight  multiplied  by  1.63  and  divided  by  the  initial 
weight  taken  is  equivalent  to  per  cent,  phosphorus. 
II.  Weighing  as  Magnesium  Pyrophosphate. — The 
yellow  precipitate  as  above  obtained  is  dissolved  on 
the  filter  with  hot  ammonium  citrate  solution  and  the 
filter  thoroughly  washed  with  hot  water,  and  the 
solution  retained  in  a  No.  o  beaker.  To  this  cold 
solution,  5-10  cc.  of  the  magnesia  mixture  are  added, 
the  solution  is  well  stirred  and  allowed  to  stand  in  the 
cold  not  less  than  three  hours.  The  precipitate  of 
magnesium  phosphate  is  collected  upon  a  9  cm.  close 
ashless  filter,  washed  with  dilute  ammonia,  ignited 
at  a  low  temperature  to  the  disappearance  of  the 
carbon  of  the  filter  and  finally  for  ten  minutes  at  the 
full  temperature  of  the  blast.  The  weight  of  the 
magnesium  pyrophosphate  multiplied  by  27.87  and 
divided  by  the  initial  weight  taken  is  equivalent  to 
per  cent,  phosphorus. 

SOLUTIONS  REQUIRED. 

(1)  Ammonium  Citrate: 

Citric  acid SO  grams 

Strong  ammonia 350  cc. 

Water 650  cc. 

(2)  Magnesia  Mixture: 

Magnesium  sulphate 84  grams 

Ammonium  chloride 250  grams 

Water 665  cc. 

Ammonia 335  cc. 

(j)  Dilute  Ammonia: 

Strong  ammonia 200  cc. 

Water 800  cc. 

DETERMINATION    OF    MANGANESE. 

/.  Walters'  Color  Comparison  Method. — Fifty  to 
two  hundred  mg.  of  the  sample  are  transferred  to  a 
suitable  tube  or  flask,  preferably  an  8  inch  by  i  inch 
test  tube  or  a  two  ounce  Erlenmeyer  flask,  10  cc.  of 
nitric  acid  (1.20  sp.  gr.)  added  and  heat  applied  in  a 
water  bath  or  on  a  hot  plate  until  the  sample  is  de- 
composed. About  one-half  gram  of  moist  ammonium 
persulphate,  or  its  equivalent  solution,  is  added  and 
the  heating  continued  until  the  combined  carbon  is 
completely  oxidized.  If  silica  or  graphitic  carbon 
separate  in  amount  sufficient  to  render  it  necessary, 
the  solution  is  filtered  into  a  similar  vessel  and  the 
residue  retained  on  a  small  filter.  The  filter  and  resi- 
due are  washed  with  the  minimum  of  water,  or  the 
15  cc.  of  silver  nitrate  solution  required  for  the  sub- 
sequent oxidation.  The  silver  nitrate  is  introduced 
either  through  the  filter  or  into  the  unfiltered  solution, 
one  gram  of  moist  persulphate  added  and  the  heating 
continued  until  the  characteristic  pink  tint  of  the 
permanganic  acid  is  well  defined.  The  solution  is 
cooled,  transferred  to  the  comparison  tube  and  the 
color  matched  against  a  suitable  standard  which  has 
been  treated  in  exactly  the  same  manner  and  with 
the  same  relative  initial  weight.  The  relative  volume 
of  the  solution  as  required  to  match  the  color  of  the 
standard  is  equivalent  to  hundredths  per  cent,  man- 
ganese. 

77.    Volumetric    Method. — The     solution,    of     per- 
manganic acid  is  transferred  to  a  beaker  or  flask,  and 


following  the  addition  of  10  cc.  of  sodium  chloride 
solution,  the  standard  sodium  arsenite  is  added  to  the 
definite  end  point  of  the  disappearance  of  the  pink 
tint.  The  volume  of  the  solution  should  not  exceed 
75  cc.  If  the  silver  is  not  precipitated,  the  reaction 
of  the  persulphate  with  the  silver  nitrate  renders  the 
end  point  somewhat  fleeting  and  recurring.  If  con- 
ducted without  delay,  however,  the  titration  may  be 
accomplished  with  perfect  satisfaction.  The  end 
point  in  this  case  while  not  so  permanent  is  perhaps 
somewhat  sharper  than  in  the  presence  of  the  chloride. 
When  desired,  a  greater  initial  weight  of  the  sample 
may  be  taken,  the  solution  thereof  diluted  to  a  definite 
volume,  the  graphite  and  silica  allowed  to  subside 
and  aliquot  portions  withdrawn  with  a  pipette. 

SOLUTIONS  REQUIRED. 

(1)  Sodium  Chloride. — Two  and  one-half  grams  sodium  chloride  to  one 
liter  of  water. 

(2)  Silver  Nitrate. — About  66 . 5  grams  of  silver  nitrate  are  dissolved  in 
one  liter  of  water.  Twenty  cc.  of  this  diluted  to  one  liter  affords  a  solu- 
tion of  which  15  cc.  is  equivalent  to  approximately  0.02  gram  of  silver 
nitrate. 

(j)  Sodium  Arsenite. — A  stock  solution  is  prepared  by  dissolving  10  grams 
of  c.  p.  arsenious  acid  in  a  boiling  aqueous  solution  of  sodium  carbonate 
(30  grams  dissolved  in  250  cc.  of  water),  with  final  dilution  of  the  cold  solu- 
tion to  volume  of  one  liter.  Sixty-two  and  one-half  cc.  of  this  solution  are 
diluted  to  volume  of  one  liter  for  the  working  solution  of  which  each  cc. 
is  equivalent  to  approximately  one-tenth  per  cent,  manganese,  with  an 
initial  weight  of  two-tenths  gram  of  the  sample.  The  known  manganese 
of  a  standard  steel  or  iron  is  used  as  the  basis  of  standardization. 

III.  Ford's  Gravimetric  Method. — Five  grams  of 
the  sample  are  transferred  to  a  No.  5.  glazed  porcelain 
dish  with  cover  glass,  75  cc.  of  nitric  acid  (1.20  sp.  gr.) 
cautiously  added  and  gentle  heat  applied  until  the 
sample  is  decomposed,  and  the  solution  then  rapidly 
boiled  to  complete  dryness.  The  residue  is  baked  a 
short  time  at  a  moderate  temperature.  The  dish  is 
cooled,  35  cc.  of  strong  hydrochloric  acid  are  added 
and  heat  is  applied  until  the  soluble  salts  dissolve. 
Cold  water  is  added  to  approximately  60  cc,  the  solu- 
tion filtered  into  a  No.  5  beaker  and  the  residue 
caught  on  an  11  cm.  filter  and  washed  with  the  least 
amount  necessary  of  hot  dilute  hydrochloric  acid  and 
cold  water  alternately,  to  the  disappearance  of  the 
soluble  metallic  salts.  The  filtrate  is  boiled  to  low 
bulk,  cooled,  50  cc.  of  strong  nitric  acid  are  added  and 
the  solution  is  again  boiled  down  to  low  bulk.  The 
evaporation  is  repeated  with  successive  portions  of 
nitric  acid  to  the  complete  expulsion  of  the  hydrochloric 
acid  and  with  conversion  of  the  chlorides  to  their 
corresponding  nitrates;  the  evaporation  at  this  point 
is  carried  to  the  first  indication  of  the  separation  of 
the  nitrates  as  observed  in  the  formation  of  a  small 
nucleus  of  scum  floating  on  the  surface  of  the  solution. 
After  the  solution  has  cooled  somewhat,  75  cc.  of 
strong  nitric  acid  are  added  and  the  solution  is  again 
brought  to  the  boiling  point.  To  the  boiling  solution, 
crystals  of  potassium  chlorate  (five  grams  will  be  found 
sufficient)  are  cautiously  added  in  small  portions  from 
a  glass  spoon,  and  the  solution  is  boiled  for  five  minutes. 

The  solution  is  allowed  to  cool  before  filtering. 
Filtration  is  effected  through  the  medium  of  an  asbestos 
plug  held  in  a  carbon  filtering  tube.  The  asbestos 
is  prepared  for  use  by  heating  with  aqua  regia  to 
remove  soluble  lime  salts  and  the  plug  is  washed  with 
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strong  nitric  arid  before  using.  The  precipitated 
manganese  dioxide  on  the  filter  is  then  washed  with 
successive  additions  of   strong  id    (frei    irom 

nitrous  fumes)  to  the  practical  elimination  oi  the  iron; 
the  and  is  added  firsl  to  the  beaker  and  transferred 
from  thence  to  the  filter.  Alter  the  final  washing, 
suction  is  continued  until  the  plug  is  practically  dry, 
when  the  rubber  stopper  carrying  the  (liter  is  trans- 
ferred to  a  clean  flask.  The  filtering  tube  is  filled 
with  1  per  cent,  solution  of  ammonium  bisulphite  and 
allowed  to  stand  about  one  minute,  suction  is  then 
applied,  successive  portions  of  the  bisulphite  solution 
being  added  until  the  last  trace  of  manganese  dioxide 
is  dissolved;  the  soluble  manganese  salt  is  finally 
washed  from  the  abestos  filter  with  hot  water.  The 
solution  is  transferred  to  a  No.  4  beaker  or,  if  pre- 
ferred, retained  in  the  flask,  10  cc.  of  strong  nitric 
acid  are  added  and  the  excess  of  the  bisulphite  is  decom- 
posed by  boiling.  The  manganese  dioxide  could  be 
dissolved  perhaps  more  conveniently  by  means  of 
hot  hydrochloric  acid,  but  the  use  of  the  bisulphite 
solution  obviates  the  possible  danger  of  contamination 
by  traces  of  soluble  lime  or  magnesia,  which  in  some 
grades  of  asbestos  seem  to  be  in  evidence  notwith- 
standing numerous  successive  treatments  with  the 
hot  acid. 

The  solution  is  cooled  somewhat  and  ammonia  is 
added  to  the  point  of  a  faint  permanent  precipitate, 
followed  by  the  addition  of  15  cc.  of  a  20  per  cent, 
solution  of  ammonium  acetate.  The  solution  is 
boiled  two  minutes,  filtered  in  a  No.  5  beaker  and 
the  precipitate  of  the  basic  acetate  of  iron  collected 
on  an  11  cm.  filter.  The  beaker  or  flask  and  the  filter 
are  washed  twice  with  hot  water,  the  precipitate  is 
dissolved  with  hot  dilute  nitric  acid  and  the  solution 
returned  to  the  vessel  in  which  the  precipitation  was 
effected.  The  filter '  is  washed  with  hot  water  until 
free  from  iron  and  the  basic  acetate  precipitation  and 
subsequent  filtration  repeated. 

To  the  combined  filtrates  5  cc.  of  glacial  acetic  acid 
are  added  and  the  solution  is  again  brought  to  the 
boiling  point;  the  cover  glass  is  removed,  10  cc.  of  a 
10  per  cent,  solution  of  ammonium  or  sodium  phos- 
phate added,  and  with  the  solution  still  at  the  boiling 
point  and  with  constant  stirring,  strong  ammonia  is 
added  to  the  first  appearance  of  an  incipient  opales- 
cence. The  stirring  is  continued  until  the  opales- 
cence has  developed  into  the  characteristic  crystalline 
precipitate,  at  which  point  the  addition  of  the  ammonia 
is  continued,  drop  by  drop  and  with  constant  stirring, 
until  the  total  of  25  cc.  has  been  added. 

The  precipitate  is  filtered  at  once  upon  an  11  cm. 
ashless  filter  and  washed  with  dilute  ammonia  water 
(2  per  cent.)  until  free  from  soluble  salts.  The  filter 
and  residue  are  ignited  in  a  weighed  porcelain  or 
alundum  crucible  at  a  low  temperature  until  the 
paper  is  burned  off,  and  finally  at  a  somewhat  higher 
but     still    moderate    temperature    for    ten    minutes. 

Residual  weight  X   28.69 
5. z.  =  per  cent,  manganese. 


1    i!   KMINATION    OF    TOTAL    CARBON 

Direct  Combustion  Method.  The  direct  combustion 
of  the  carbon  of  iron  or  steel  and  their  various  alloys 
is  fast  coming  to  supersede  the  more  tedious  wet 
method  Certain  limitations  of  this  most  excellent 
method,  however,  are  to  be  noted.  The  inheres! 
difficulty  of  successfully  burning  particles  of  steel  of 
too  great  mass  is  apparent.  Certain  samples  of  both 
iron  and  steel  or  their  alloys  have  been  encountered 
of  such  a  character  as  to  necessitate  the  intimate 
admixture  therewith  of  a  finely  divided  metallic  oxide, 
or,  in  the  case  of  certain  irons,  fine  drillings  of  low- 
carbon  steel  to  assist  in  the  oxidation.  The  powder 
of  the  crushed  test  of  white  iron  requires  a  somewhat 
longer  time  for  complete  combustion  than  the  drillings 
from  the  test  of  gray  iron  but  with  proper  care  may  be 
burned  with  perfect  satisfaction.  An  essential  re- 
quirement in  the  conditions  of  the  method  is  the  close 
control  of  the  temperature  which  should  approximate 
a  constant  of  10000  C.  and  should  not  fall  below  960  ° 
C.  A  pyrometer  couple  will  be  found  convenient  in 
controlling  the  temperature. 

The  combustion  is  conducted  preferably  in  a  fused 
quartz  tube  in  either  an  electric  or  suitable  gas-fired 
furnace.  A  platinum  tube  may  be  used  but  is  subject 
to  damage  from  possible  splashing  of  the  oxidized 
metal  and  is,  moreover,  much  more  expensive  than 
the  quartz.  The  use  of  litharge  or  other  volatile  and 
easily  reducible  oxides  is,  of  course,  prohibited  in  the 
platinum  tube.  The  quartz  tube  is  24  inches  long  by 
V4  inch  or  7/s  inch  inside  diameter,  free  from  seams 
and  selected  of  uniform  diameter.  Platinized  asbestos, 
which  may  be  secured  at  either  end  by  short  plugs  of 
platinum  gauze,  is  inserted  for  a  space  of  5  or  6  inches 
in  the  tube  immediately  following  the  position  to  be 
occupied  by  the  boat.  The  rubber  stopper  at  the  end 
of  the  tube  may  be  protected  by  the  insertion  of  a 
removable  plug  of  asbestos  conveniently  enclosed  in 
a  thin  roll  of  platinum  gauze.  Platinum,  nickel, 
alundum,  porcelain  or  clay  boats  may  be  used.  The 
dimensions,  3  to  3V2  inches  long,  by  */t  inch  deep, 
V,  inch  wide  at  the  bottom,  flaring  to  s/,  inch  at  the 
top,  all  inside  measurements,  will  be  found  convenient. 
Suitable  furnaces  for  either  direct  or  alternating 
current,  with  transformers,  rheostats,  etc.,  to  suit 
the  individual  requirements  may  be  obtained  of  the 
trade. 

The  oxygen  from  the  high  pressure  cylinder  under 
control  of  the  reducing  valve  is  purified  by  passing 
through  caustic  potash  solution  of  1.27  sp.  gr.  contained 
in  washing  bottles,  preferably  two  arranged  in  tandem. 
A  glass  tube  of  convenient  form  and  size,  filled  with 
granulated  zinc,  may  be  connected  to  the  exit  end  of 
the  combustion  tube  to  retain  possible  fumes  of  sul- 
phuric anhydride  formed  in  the  combustion  of  high 
sulphur  irons.  When  the  potash  absorbent  is  used, 
a  calcium  chloride  drying  tube  preceding  the  bulb  or 
bottle  is  necessary. 

Factor  weights  may  conveniently  be  used  in  the 
direct  combustion  as  follows:  For  the  potash  absorp- 
tion and  weighing  of  the  bulb,  0.2727  gram  or  0.5454 
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gram,  where  each  one-tenth  mg.  gain  in  weight  of  the 
bulb  is  equivalent  to  0.01  per  cent,  of  0.005  Per  cent, 
carbon,  respectively.  For  the  barium  hydrate  absorp- 
tion, with  ignition  of  the  barium  carbonate,  0.304 
gram  or  0.608  gram,  where  each  one-tenth  mg.  of  the 
weight  of  barium  carbonate  is  equivalent  to  0.002 
per  cent,  and  0.00 1  per  cent,  carbon,  respectively.  For 
the  titration  methods  it  is  convenient  to  employ  for 
the  initial  weight  even  gram  multiples,  preferably 
250  mg.  to  500  mg. 

One-quarter  or  one-half  gram  or  the  suitable  factor 
weight  of  the  sample  is  transferred  to  the  boat.  The 
boat  is  partially  filled  with  ignited  alundum  depressed 
in  the  center  in  the  form  of  a  V  about  one  inch  in  length, 
and  in  which  the  sample  is  spread  in  a  compact  mass. 
This  intimate  contact  of  the  particles  of  iron  conserves 
the  heat  for  the  continuous  combustion  of  the  carbon. 
The  weighed  potash  container  or  the  Meyer  bulb  tube, 
to  which  has  been  added  80-100  cc.  of  the  barium 
hydroxide  solution  or  50  cc.  of  the  standard  potash 
solution,  is  connected  with  the  tube  and  the  boat  is 
carefully  pushed  to  its  position  in  the  center  of  the 
heat  zone.  The  stopper  of  the  tube  is  replaced  and, 
with  all  connections  tight,  the  current  of  oxygen  is 
started  at  a  rate  approximating  a  continuous  bubbling, 
as  observed  in  the  purifying  solutions.  It  is  essential 
that  the  tube  should  have  acquired  the  maximum  tem- 
perature before  the  introduction  of  the  boat,  a  con- 
dition which  will  naturally  obtain  in  the  case  of  a 
continuous  routine  of  combustion. 

The  first  indication  of  the  oxidation  is  observed  in 
the  sudden  decrease  of  the  bubbling  of  the  oxygen 
through  the  absorption  vessel.  As  the  rate  decreases 
the  flow  of  oxygen  is  somewhat  accelerated  until  the 
conclusion  of  the  oxidation  process  as  indicated  by 
the  recurrence  of  the  rapid  flow  through  the  exit; 
the  flow  of  oxygen  is  then  reduced  to  the  normal  rate 
which  is  maintained  for  ten  minutes  to  insure  the 
complete  oxidation  of  all  the  carbon  and  the  final 
absorption  of  the  resultant  carbon  dioxide.  The  ab- 
sorption vessel  is  disconnected,  the  current  of  o-xygen 
discontinued  and  the  analysis  concluded  by  either 
weighing  the  potash  bulb,  titrating  the  standard 
solution  of  caustic  potash,  filtering,  igniting  and 
weighing*  the  precipitated  barium  carbonate,  or  titra- 
ting the  excess  of  the  barium  hydrate  solution  with  a 
weak  solution  of  hydrochloric  acid  and  without  pre- 
liminary filtration. 

/.  By  Increase  of  the  Weight  of  the  Potash  Bulb  or 
Bottle. — The  perfectly  clean  and  dry  bulb  or  bottle 
is  at  once  weighed.  •  The  increase  in  weight  as  noted 
in  connection  with  the  initial  weight  of  the  sample 
is  corrected  to  per  cent,  carbon. 

The  potash  container  is  prepared  for  use  by  care- 
fully introducing  the  required  volume  of  the  solution, 
connecting  with  the  apparatus  and  passing  a  current 
of  oxygen  through  the  hot  combustion  tube  to  the 
complete  displacement  of  the  air  in  the  container. 
The  vessel  is  disconnected  and  at  once  weighed.  The 
weight  so  obtained  furnishes  the  light  weight  for  the 
succeeding  combustion. 

//.    Titration  of  the  Caustic  Alkali. — The  absorption 


in  this  case  is  effected  in  a  Meyer  bulb  tube  containing 
50  cc.  of  the  potash  solution,  accurately  measured. 
The  contents  of  the  tube  are  transferred  to  a  flask, 
the  tube  is  cleansed  with  freshly  boiled  water,  three 
drops  of  the  phenolphthalein  solution  are  introduced 
and  dilute  hydrochloric  acid  (one  part  acid  to  one  part 
water)  carefully  added  until  the  color  begins  to  fade. 
The  more  dilute  standard  acid  is  then  added  until 
the  addition  of  one  drop  just  discharges  the  pink  tint. 
The  excess  alkali  which  has  not  entered  into  combi- 
nation with  the  carbon  dioxide  has  now  been  neutral- 
ized and  the  solution  is  ready  for  the  actual  titration. 
One  drop  of  the  methyl  orange  or  methyl  red  solution 
is  added  and  the  standard  acid  added  in  successive 
portions  until  the  addition  of  one  drop  causes  the 
characteristic  change  from  the  yellow  to  the  rose  tint 
in  the  solution.  The  measure  of  the  acid  required  for 
this  titration  minus  the  equivalent  required  in  the 
blank  titration  and  multiplied  by  the  carbon  value 
of  the  solution  equals  per  cent,  carbon. 

If  preferred,  the  titration  may  be  conducted  with  the 
phenolphthalein  indicator,  the  measure  of  the  stand- 
ard acid  required  to  discharge  the  pink  tint  being 
deducted  from  the  blank  equivalent  and  calculated 
to  per  cent,  carbon  as  above.  This  method,  however, 
would  not  appear  to  offer  any  advantage  over  the  other 
and  obviously  requires  more  of  the  standard  acid. 

The  blank  equivalent  is  established  by  passing  the 
oxygen  through  the  hot  combustion  tube  and  into  the 
measured  volume  of  the  absorbent  solution  with  final 
titration  as  outlined  above.  The  carbon  value  of  the 
acid  solution  is  established  by  titration  of  the  meas- 
ured volume  of  the  potash  solution  following  the 
combustion  of  a  standard  steel.  Additional  confir- 
mation may  be  had  by  titrating  against  a  standard 
solution  of  sodium  carbonate.  The  use  of  sodium 
oxalate  in  this  connection  is  recommended 

SOLUTIONS  REQUIRED. 

(i)  Standard  Acid,  One-sixth  Normal. — Fifteen  cc.  hydrochloric  acid 
(1  .20  sp.  gr.)  diluted  to  one  liter. 

(2)  Caustic  Potash,  One-sixth  Normal. — Nine  and  one-half  grams  diluted 
to  one  liter.  This  solution  need  not  of  necessity  be  absolutely  one  sixth 
normal. 

(3)  Phenolphthalein. — One  gram  dissolved  in  one  liter  of  ethyl  alcohol. 

(4)  Methyl  Orange. — ■  One  gram  dissolved  in  one  liter  of  water. 

(5)  Methyl  Red. — One  gram  dissolved  in  one  liter  of  ethyl  alcohol. 

III.  Filtration  and  Ignition  of  the  Barium  Carbonate. 
— The  bulb  tube  is  detached  from  the  train,  the  index 
finger  of  the  left  hand  being  simultaneously  placed 
over  the  exit  end  in  order  to  prevent  the  solution  from 
flowing  back  in  the  tube.  The  solution  is  filtered 
through  an  11  cm.  ashless  filter,  the  filter  and  pre- 
cipitate are  washed  with  freshly  boiled  water  (six 
good  washings  will  be  found  sufficient),  ignited  in  a 
weighed  platinum  crucible  at  a  moderate  temperature 
to  the  disappearance  of  the  carbon  of  the  filter  and 
finally  at  a  good  full  heat  for  five  minutes.  The  weight 
of  the  barium  carbonate  multiplied  by  6.08  and 
divided  by  the  weight  taken,  or  with  correction  in 
agreement  with  the  initial  factor  weight,  is  equivalent 
to  per  cent,  carbon.  The  solution  and  precipitate 
are  transferred  to  the  filter  either  by  way  of  the  bulb 
entrance  with  control  of  the  flow  by  the  index  finger 
upon  the  open  exit  end  of  the  tube  or  by  control  with 
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the   thumb  placed   over  the  bulb  entrance   with   the 

ition   poured   through   the  exil    end.     The  pri 
tate  may  be  readily  removed  by  shaking  the  tube  after 
successive   additions   of    the    water.     The    washing   is 

iducted  as  thoroughly  and  expeditiously  as  possible 
and  care  is  exercised  to  avoid  the  passage  of  air  unduly 
through  the  filter. 

/\\  Titration  of  the  Excess  Barium  Hydroxide. — 
The  bulb  tube  is  detached  as  before,  the  solution  and 
precipitate  are  transferred  to  a  twelve-ounce  Erlen- 
meyer  flask,  and  the  tube  thoroughly  washed  with 
1'roshly  boiled  water.  Three  drops  of  the  indicator 
solution  are  introduced  and  the  standard  hydrochloric 
acid  is  added  in  successive  small  portions,  while  the 
flask  is  shaken,  to  the  disappearance  of  the  pink  tint. 
The  agitation  of  the  solution  insures  the  recovery  of 
any  carbon  dioxide  liberated  upon  the  addition  of  the 
acid.  The  equivalent  of  the  acid  required  in  a  pre- 
liminary blank  titration  minus  the  measure  required 
in  the  actual  titration,  multiplied  by  the  factor  of  the 
solution  as  determined  by  frequent  combustions  of  a 
standard  steel  and  in  agreement  with  the  initial 
weight  of  the  sample,  is  equivalent  to  per  cent,  carbon. 

SOLUTIONS  REQUIRED. 

(/)  Standard  Hydrochloric  Acid. — Eight  cc.  of  strong  hydrochloric  acid 
diluted  to  one  liter.  Freshly  boiled  water  should  be  used  in  making  up 
the  solution.  One  cc.  of  this  solution  is  equivalent  to  approximately  0.05 
per  cent,  carbon  on  a  one-gram  basis. 

(2)  Barium  Hydroxide. — Twenty  grams  of  barium  hydroxide  crystals 
are  dissolved  in  one  liter  of  hot  freshly  boiled  water  and  the  flask  covered 
and  set  aside  to  cool.  When  the  solution  has  reached  the  room  tempera- 
ture, it  is  filtered  as  rapidly  as  possible  through  a  25  cm.  filter  into  the  con- 
tainer. The  solution  is  preferably  withdrawn  from  the  container  by  means 
of  an  overflow  pipette  in  conjunction  with  a  suitable  guard  tube  filled  with 
soda  lime  or  caustic  potash  solution. 

(3)  Phenol  phihalein. — One  gram  dissolved  in  one  liter  of  ethyl  alcohol. 

Solution  and  Combustion  Method. — The  conditions 
involved  in  the  operation  of  this  method  admit  of  the 
employment  of  a  greater  initial  weight  of  sample  than 
in  the  previously  described  Direct  Combustion  Method. 

One  gram,  or  if  the  barium  hydroxide  absorbent  is 
to  be  used,  a  ten  factor  weight  (0.608  gram)  of  the 
sample  is  transferred  to  a  No.  2  beaker  or  four-ounce 
Erlenmeyer  flask,  100  cc.  of  the  solution  of  copper 
and  ammonium  chloride  or  the  potassium  salt  are 
added  and  the  covered  beaker  is  placed  on  a  suitable 
stirring  machine  or  stirred  by  hand,  at  a  temperature 
of  60-700  C.  until  in  solution,  or,  if  a  flask  is  used, 
it  is  placed  on  a  shaking  machine  or  closed  with  a 
clean  rubber  stopper  and  shaken  by  hand  until  solution 
is  complete. 

The  carbonaceous  residue  is  collected  upon  a  filter 
of  purified  ignited  asbestos  made  up  in  a  perforated 
platinum  boat,  Gooch  crucible  or  other  suitable  form 
of  holder.  The  residue  is  washed  by  decantation  with 
dilute  hydrochloric  acid  to  the  disappearance  of  color 
in  the  washings,  then  transferred  to  the  filter  and 
washed  with  cold  water  until  the  acid  is  completely 
removed.  Preliminary  drying  of  the  residue  is  not 
essential  in  routine  work,  but  where  the  refinement 
of  accuracy  is  desired,  it  is  recommended  that  the 
residue  be  dried  in  a  hot  air  or  steam  bath  at  a  tem- 
perature of  ioo°-io5°  C.  The  residue  is  ignited  in  a 
platinum  or  silica  tube,  combustion  crucible  or  other 
form    of    apparatus    and    in    an    atmosphere    of    pure 


oxygen  or  air  free  in  mi  carbon  dioxide.     The  apparatus 

.Mid  the  subsequent  treatment  of  this  carbonaceous 
residue  may  conveniently  conform  to  the  description 
of  the  method  by  direct  combustion,  and  the  final 
measure  of  the  carbon  established  by  any  of  the 
several  optional  methods  therein  described. 

"  SOLUTIONS  RBQ1    UtI    □ 

1  1)  Copper  and  1  m ma u mm  (  hi, a al.  Three  hundred  trains  of  the  pnr.- 
salt  are  dissolved  in  one  liter  of  boiling  water  Vitei  cooling,  60  cc.  of 
stroun  hydrochloric  acid  are  added  and  the  solution  is  filtered  through  a 

purified  asbestos  plug  into  the  container. 

(2)  Copper  and  Potassium  Chloridi       One  pound  dissolved  in  one  liter  of 

water,   as  above,   with  subsequent  similar  treatment. 

(j)  Caustic  Potash  (1  27  sp.  gr.). —  Three  hundred  grams  dissolved  in 
one  liter  of  water 

DETERMINATION    OF    GRAPHITIC    CARBON. 

One  gram  or  the  ten-factor  weight  (0.608  gram)  is 
transferred  to  a  No.  2  beaker  or  a  four-ounce  Erlen- 
meyer flask,  40  cc.  of  nitric  acid  (1.13  sp.gr.)  are  added 
and  gentle  heat  is  applied  until  solution  is  complete. 
The  solution  is  then  boiled  for  a  few  minutes,  the 
residue  is  collected  upon  a  suitable  asbestos  or  paper 
filter,  washed  alternately  with  hot  dilute  hydrochloric 
acid  and  water  until  free  from  iron  and  finally  with 
hot  water  until  free  from  acid.  If  the  filtration  has 
been  conducted  through  an  asbestos  filter,  the  residue 
may  be  washed  with  hot  caustic  potash  solution 
(1.10  sp.  gr.)  to  remove  separated  silica.  If  pre- 
ferred, a  few  drops  of  hydrofluoric  acid  may  be  added 
to  the  acid  solution  to  dissolve  the  silica  which  might 
otherwise  interfere  with  the  filtration. 

The  analysis  may  be  concluded  in  either  of  the 
following  optional  ways: 

I.  The  graphitic  residue  is  collected  upon  a  suitable 
filter,  washed  with  dilute  hydrochloric  acid  and  water 
and  ignited  in  the  combustion  apparatus,  and  the 
measure  of  the  graphitic  content  established  as  in  the 
case  of  total  carbon.  It  will  be  found  convenient  in 
this  case  to  use  the  ten-factor  weight  of  the  sample. 

II.  The  filter  and  graphitic  residue  are  placed  in  a 
crucible  and  dried  to  constant  weight  at  a  temperature 
of  1100  C,  then  ignited  until  the  graphitic  carbon  and 
the  filter  paper  are  completely  oxidized  and  again 
weighed.  The  loss  in  weight  minus  the  weight  of  the 
filter  paper  when  used  and  multiplied  by  one  hundred 
is  equivalent  to  per  cent,  graphitic  carbon  on  a  i-gram 
sample. 

DETERMINATION    OF    COMBINED    CARBON. 

I.  Indirect  Method. — The  per  cent,  graphitic  carbon 
as  found  above  subtracted  from  that  of  the  total 
yields  the  measure  of  the  combined  carbon.  If  de- 
sired, a  direct  estimation  of  the  combined  carbon  may 
be  conducted  by  the  color  comparison  method. 

II.  Color  Comparison  Method. — The  relatively  exact 
chemical  characteristics  and  preliminary  heat  treat- 
ment of  the  test  piece  and  standard  are  universally 
recognized  as  fundamental  bases  of  accuracy  in  the 
determination  of  the  combined  carbon  of  iron  or  steel 
by  the  color  comparison  method.  The  universal 
and  continued  use  of  this  most  convenient  method  in 
the  analysis  of  steel  products  attests  its  efficiency 
within  the  close  limits  of  control  possible  of  attainment 
in  the  preparation  of  the  steel  standards.     The  appli- 
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cation  of  the  method  to  the  determination  of  the  com- 
bined carbon  of  the  various  grades  of  iron  is  much 
more  limited,  owing  to  the  larger  and  varying  content 
of  manganese  and  sulphur,  the  principal  disturbing 
chemical  factors  affecting  the  color  of  the  solution 
to  be  compared.  It  is  apparent,  however,  that  with 
a  judicious  selection  of  standards  and  careful  control 
of  all  factors  involved,  the  color  comparison  method 
may  be  applied  to  the  determination  of  the  combined 
carbon  content  of  iron  with  a  quite  reasonable  degree 
of  accuracy. 

The  method  of  procedure  as  recommended  is  as 
follows:  One  gram  of  the  sample  is  transferred  to  a 
dry,  clean  beaker,  flask  or  tube,  as  desired.  In  the 
presence  of  graphitic  carbon,  the  use  of  a  magnetized 
spatula  or  wire  in  weighing  off  the  sample  is,  of  course, 
prohibited.  Thirty  cc.  of  nitric  acid  (1.20  sp.  gr.) 
are  added  and  heat  is  applied  until  the  sample  is 
decomposed.  Graphitic  carbon  and  silica  are  removed 
by  filtration,  and  the  filtrate  retained  in  a  100  cc. 
graduated  flask  or  cylinder.  The  filter  is  washed  with 
cold  water  to  the  disappearance  of  color;  the  solution 
is  diluted  to  volume,  thoroughly  mixed,  and  10  cc. 
withdrawn  with  a  pipette  and  transferred  to  the  com- 
parison tube.  The  color  is  then  compared  with  the 
color  of  the  solution  of  a  standard  iron  in  a  similar 
tube  and  which  has  been  treated  in  exactly  the  same 
manner  and  with  the  same  relative  initial  weight. 
The  simple  calculation  involved  in  the  relative  volumes 
of  the  two  solutions  yields  the  per  cent,  carbon  in  the 
sample. 

A  convenient  aliquot  portion  of  the  above  solution 
may  be  employed  for  the  determination  of  manganese 
by  the  persulphate  color  method. 

DETERMINATION    OF    TITANIUM. 

Five  grams  of  the  sample  are  transferred  to  a  No.  5 
glazed  porcelain  dish  or  to  a  No.  4  beaker,  with  cover 
glass;  50  cc.  of  strong  hydrochloric  acid  are  added 
and  the  sample  is  digested  until  completely  decomposed. 
Practically  all  of  the  titanium  is  said  to  remain  insoluble 
with  the  silica  and  graphitic  carbon.  The  insoluble 
residue  is  collected  upon  an  n  cm.  filter,  washed  a 
few  times  with  hot  water,  ignited  in  a  platinum  crucible 
and  the  silica  volatilized  with  hydrofluoric  acid  in 
the  presence  of  a  few  drops  of  sulphuric  acid.  The 
residue  is  then  carefully  ignited  to  the  complete 
expulsion  of  the  hydrofluoric  acid,  which  if  retained 
prohibits  the  subsequent  colorimetric  determination 
of  the  titanium. 

Should  it  be  desired  to  determine  the  usually  quite 
negligible  amount  of  titanium  in  the  filtrate  from  the 
insoluble  residue,  it  is  recovered  as  follows:  The 
filtrate  in  a  No.  5  beaker  is  diluted  to  250  cc.  and 
strong  ammonia  added  to  the  first  appearance  of  a 
precipitate  which  slowly  dissolves  upon  stirring. 
Dilute  ammonia  (2  per  cent.)  is  added  to  a  faint 
permanent  precipitate,  which  is  then  dissolved  by  the 
addition  of  15  cc.  of  a  10  per  cent,  solution  of  hydro- 
chloric acid.  The  precipitate  thus  formed  should 
dissolve  rather  slowly  following  vigorous  stirring  of 
the  solution.  One  hundred  cc.  or  more  of  a  20  per 
cent,  solution  of  sodium  hyposulphite  are  added  and 


the  solution  in  the  beaker  is  stirred  until  the  iron  is 
completely  reduced  and  the  free  sulphur  begins  to 
separate.  The  solution  is  then  boiled  for  ten  minutes 
and  the  precipitated  titanic  acid  allowed  to  subside 
and  collected  upon  an  n  cm.  filter.  The  filter  and 
precipitate  are  washed  free  from  soluble  salts  with 
dilute  acetic  acid  (2  per  cent.)  and  ignited  in  the 
crucible  containing  the  ignited  residue  from  the  pre- 
viously conducted  volatilization. 

The  combined  residues  are  fused  with  4  grams  of 
sodium  carbonate,  the  melt  is  disintegrated  by  boiling 
with  hot  water,  and  the  insoluble  sodium  titanate 
is  collected  upon  a  9  cm.  filter  and  washed  with  hot 
water  containing  a  little  sodium  carbonate.  Hot, 
dilute  sulphuric  acid  is  added  to  the  crucible  which  is 
then  heated  until  the  titanats  is  completely  dissolved. 
The  filter  is  spread  upon  the  bottom  of  a  No.  2  beaker, 
the  contents  of  the  crucible  transferred  thereto,  and 
the  crucible  washed  thoroughly  with  hot  water.  The 
beaker  is  then  heated  until  the  titanium  salt  dissolves, 
wmen  the  paper  is  removed  and  its  burden  of  titanium 
sulphate  returned  to  the  beaker  by  washing  with  hot 
water.  The  solution  is  then  transferred  to  the  color 
comparison  tube  or  if  necessary  to  a  graduated  flask 
and  aliquot  portions  taken.  Shreds  of  filter  paper 
which  may  be  observed  in  the  solution  are  removed 
by  filtration. 

In  the  color  comparison,  5  cc.  of  c.  p.  hydrogen 
peroxide  are  added  to  the  solution  in  the  comparison 
tube  and  the  solution  is  diluted  to  a  volume  yielding 
a  color  convenient  for  the  subsequent  comparison. 
A  color  equivalent  to  0.005  gram  of  titanium  in  100 
cc.  of  solution  will  be  found  convenient.  Water 
acidified  with  dilute  sulphuric  acid  (equal  parts  acid 
and  water)  is  then  added  to  the  standard  tube  to  a 
volume  allowing  of  subsequent  necessary  increase, 
5  cc.  of  the  hydrogen  peroxide  is  added  and  the  stand- 
ard titanium  solution  added  from  a  graduated  burette 
in  successive  small  additions  until  the  colors  agree. 
The  measure  of  the  standard  solution  required  multi- 
plied by  its  value  in  terms  of  titanium  and  corrected 
to  agreement  with  the  initial  volume  and  weight  is 
equivalent  to  per  cent,  titanium.  If  the  color  of  the 
solution  yielded  by  a  convenient  weight  of  the  sample 
is  of  insufficient  depth  for  an  accurate  cbmparison, 
adjustment  may  be  made  as  follows:  A  measured 
volume  of  the  standard  titanium  solution,  sufficient 
to  furnish  the  required  depth  of  color,  is  added  to  the 
solution  being  tested  and  the  comparison  conducted 
as  above  described.  The  volume  of  the  standard 
solution  required  in  the  comparison  minus  the  equiva- 
lent previously  added  to  the  test  solution  is  calculated 
to  per  cent,  titanium.  The  volume  of  the  two  solu- 
tions must,  of  course,  be  identical  in  the  final  com- 
parison. 

In  preparing  the  standard  titanium  solution  1.05 
grams  of  ignited  c.  p.  titanic  acid  are  fused  with  10 
grams  of  sodium  carbonate.  The  melt  is  digested 
with  100  cc.  of  hot  water  to  the  complete  solution  of 
the  soluble  alkali  which  is  then  filtered  from  the  in- 
soluble titanate.  The  residue  of  sodium  titanate  is 
washed    with    hot    water    containing    a    little    sodium 
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carbonate  and  dissolved  from  the  filter  with   100  cc. 
of  dilute  sulphuric  acid  (equal  parts  acid  and  water) 
and    the   solution   diluted    to    1    liter.     The   titanium 
equivalenl  oi   tins  solution  is  ascertained  by  ig 
and  weighing  the  precipitated  titanic  arid  of  an  aliquot 

1  following  a  separation  with  sodium  hyposul- 
phite as  previously  described.  The  ignited  salt  will 
be  found  to  contain  approximately  95.6  per  cent. 
titanic   acid.     One   cc.   of   the   solution   in   the   above 

lion  will  therefore  contain  0.6  mg.  of  titanium. 
A  gravimetric  determination  of  the  titanium  in  the 
iron  may  be  conducted  in  the  same  manner,  but 
inasmuch  as  in  the  colorimetric  method  the  titanic 
acid  as  separated  need  be  only  relatively  free  from 
contamination  by  occluded  salts,  it  is  apparent  that 
the  latter  method  may  be  used  to  advantage,  especially 
where  many  such  determinations  are  required. 

DETERMINATION    OF    COPPER. 

Gravimetric  Method. — Five  grams  of  the  sample  are 
transferred  to  a  glazed  porcelain  dish,  65  cc.  of  nitric 
acid  (1.20  sp.  gr.)  added  and  the  covered  dish 
is  heated  until  solution  is  practically  complete. 
Twenty-five  cc.  of  dilute  sulphuric  acid  (equal  parts 
acid  and  water)  are  then  added  and  the  solution  is 
evaporated  to  fumes  of  sulphuric  anhydride.  Ten  cc. 
of  the  dilute  sulphuric  acid  followed  by  50  cc.  of  hot 
water  are  added,  the  residue  is  heated  until  in  solution, 
and  the  solution  is  filtered  into  a  No.  4  beaker  and 
the  filter  washed  with  hot  water.  The  filtrate  is  di- 
luted to  300  cc,  heated  to  boiling  and,  with  the  ad- 
dition of  25  cc.  of  concentrated  ammonium  bisul- 
phite solution,  the  boiling  continued  to  the  complete 
reduction  of  the  iron.  Thirty  cc.  of  a  20  per  cent, 
solution  of  sodium  hyposulphite  are  then  added  and 
the  boiling  is  continued  for  five  minutes  or  until  the 
precipitated  copper  sulphide  has  coagulated.  The 
precipitate  is  collected  upon  an  ashless  11  cm.  filter, 
washed  with  dilute  nitric  acid  (2  per  cent.)  and  hot 
water,  carefully  ignited  and  weighed.  The  weight  of 
the  copper  oxide  as  noted,  multiplied  by  16  (80  divided 
by  5)>  equals  per  cent,  copper.  Too  great  a  tempera- 
ture in  the  ignition  causes  the  copper  oxide  to  fuse 
on  the  crucible.  As  the  copper  oxide  is  somewhat 
hygroscopic,  as  are  also  some  porcelain  crucibles, 
less  error  is  encountered  by  igniting  in  platinum. 

The  ignited  copper  oxide  carries  with  it  traces  of 
contaminating  iron.  If  it  be  desired  to  correct  this 
usually  negligible  error,  the  impure  oxide  is  dissolved 
in  the  crucible  with  10  cc.  of  strong  nitric  acid,  the 
solution  transferred  to  a  No.  2  beaker  and  diluted  to 
100  cc;  the  iron  is  then  removed  by  an  ammonia 
precipitation.  The  precipitate  so  obtained  is  collected 
upon  a  9  cm.  filter,  washed  with  hot  water,  ignited 
in  the  crucible  in  which  the  previous  ignition  was 
conducted  and  the  weight  of  ferric  oxide  noted.  This 
weight  is  deducted  from  the  weight  of  the  impure 
copper  oxide  and  the  correction  applied. 

Volumetric  Method. — The  nitric  acid  solution  of  the 
impure  copper  oxide  in  the  No.  2  beaker  obtained  as 
above  described,  is  rapidly  evaporated  to  the  removal 
of  the  bulk  of  the  free  acid,  and  the  solution  diluted  with 


eoM  water  to  volume  of  150  cc.  Strong  ammonia  is 
then  added  from  a  burette  until  the  addition  of  a 
final  drop  causes  the  permanent  bluing  of  the  solu- 
tion, .itter  which  there  is  added  by  means  of  a  pipette 
six  drop  ol  i' <tic  acid.  Ten  cc.  of  a  40  per  cent. 
solution  of  potassium  iodide  are  added  and  the  sta 
sodium  hyposulphite  solution  is  run  in  until  the  color 
of  the  liberated  iodine  has  almost  disappeared.  Ten 
cc.  of  the  starch  solution  are  now  added  and  the  ad- 
dition of  the  standard  sodium  hyposulphite  solution 
is  continued  to  the  final  disappearance  of  the  blue. 
The  number  of  cc.  of  the  standard  solution  required 
multiplied  by  its  value  in  terms  of  copper  and  divided 
by  five  equals  per  cent,  copper  in  the  sample. 

The  value  of  the  standard  hypo  solution  is  deter- 
mined by  titration  of  a  solution  of  pure  copper  or  by 
titrating  the  solution  of  a  steel  of  known  copper  con- 
tent. The  apparent  large  excess  of  the  potassium 
iodide  employed  is  because  of  its  relation  to  the  final 
end  point  in  the  titration,  the  sharpness  thereof  de- 
creasing in  proportion  as  the  excess  of  the  iodide  is 
decreased;  the  presence  of  ammonium  salts  in  the 
solution  also  tends  to  lessen  the  permanency  of  the 
end  point,  hence  the  necessity  for  the  preliminary 
evaporation  of  the  acid  solution. 

If  necessary,  the  time  required  for  the  volumetric 
determination  may  be  materially  lessened  by  initial 
solution  of  the  sample  in  50  cc.  of  dilute  sulphuric 
acid  (one  part  acid  to  three  parts  water),  and  the  evapo- 
ration to  dryness  and  filtration  from  the  siliceous 
residue  omitted.  The  iron  in  this  case  not  being 
oxidized,  the  boiling  with  the  ammonium  bisulphite 
is  also  omitted.  The  copper  oxide  so  obtained  is  con- 
taminated to  a  greater  degree  by  occluded  iron,  which 
if  it  be  present  in  the  final  titration  is  prejudicial  to  a 
satisfactory  end  point.  Thisiron  is,  however,  readily 
removed  by  filtration  following  the  evaporation  of 
the  nitric  acid  solution  previous  to  the  addition  of  the 
ammonia.  It  is  apparent,  also,  that  following  the  nitric 
acid  solution  of  the  sample,  the  preliminary  treatment 
with  ammonium  bisulphite  in  the  gravimetric  method 
may  be  dispensed  with,  as  the  reduction  may  be  ac- 
complished by  the  addition  of  a  sufficient  excess  of 
the  sodium  hyposulphite  solution  at  the  time  of  the 
precipitation  of  the  copper  sulphide.  The  precipitate 
formed  under  such  conditions,  however,  carries  an 
unduly  large  burden  of  separated  sulphur,  the  presence 
of  which  would  appear  undesirable. 

SOLUTIONS  REQUIRED. 

(7)  Standard  Sodium  Hyposulphite. — Eight  grams  to  one  liter.  One  cc. 
is  equivalent  to  approximately  0.002   gram  copper. 

(2)  Starch  Solution. — See  the  solution  used  in  the  volumetric  deter- 
mination of  sulphur. 


THE  SYNTHESIS  OF  HYDROCARBONS  AT  HIGH   TEMPERA- 
TURES AND  PRESSURES.1 
By  J.  N.  Pring  and  D.  M.  Fairlie. 

A  systematic  study  of  a  number  of  chemical  reac- 
tions at  high  gaseous  pressures,  in  a  specially  con- 
structed electric  furnace,  was  first  carried  out  by 
Hutton   and   Petavel.2     Such   reactions   were   studied 

1  Paper   presented    at   the   Eighth   International   Congress   of   Applied 
Chemistry,  New  York,  September,   1912. 

-Phil.  Trans.  London  (A),  207,  428  (1908). 
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as  the  formation  of  calcium  carbide,  silicon  carbide, 
the  reduction  of  alumina  by  carbon,  the  fusion  of 
silica,  and  the  synthesis  of  oxides  of  nitrogen.  Tem- 
peratures up  to  about  3000  °  C.  were  used  and  pres- 
sures   up    to    200    atmospheres. 

The  present  paper  deals  with  a  detailed  investiga- 
tion which  has  been  conducted  by  the  authors,  on 
the  synthesis  of  hydrocarbons  at  high  temperatures 
and  pressures.  The  apparatus  constructed  for  this 
work  is  a  modified  form  of  the  pressure  furnace  used 
by  Hutton  and  Petavel. 

The  investigation,  which  was  carried  out  at  tem- 
peratures and  pressures  which  were  carefully  measured 
and  controlled,  was  directed  mainly  to  the  determina- 
tion of  the  quantities  of  methane  which  are  in  equi- 
librium with  carbon  and  hydrogen  at  different  tem- 
peratures. In  this  way  it  has  been  possible  to  obtain 
data  which  will  correlate  the  values  for  the  specific 
heats  of  hydrogen,  methane,  and  different  forms  of 
carbon  at  high  temperatures.  The  influence  of  tem- 
perature on  the  displacement  of  the  equilibrium  con- 
stant of  a  chemical  reaction  is  a  function  of  the  heat 
change  which  accompanies  the  reaction  at  that  par- 
ticular temperature,  while  the  heat  of  reaction  itself 
changes  with  the  temperature  according  to  the  specific 
heats  of  the  substances  taking  part  in  the  equilib- 
rium. 

The  dependence  of  a  chemical  equilibrium  on  the 
various  heat  changes  involved  in  the  reaction  has 
been  pointed  out  by  van't  Hoff,  and  further  developed 
by  Nernst  and  Haber,  but  there  are  very  few  cases 
where  sufficiently  accurate  data  are  available  to  verify 
the  application  of  these  formulas  at  high  tempera- 
tures. 

In  all  cases  when  substances  in  a  condensed  system 
interact  chemically,  the  reaction  proceeds  until  a 
certain  equilibrium  stage  is  reached,  when  further 
action  ceases,  though  in  many  cases  the  equilibrium 
stage  is  so  far  developed  in  one  direction  that  the  re- 
action appears  to  be  complete. 

At  low  temperatures  equilibrium  values  are  often 
of  very  little  importance,  since  under  these  condi- 
tions the  rate  of  chemical  reaction  is  usually  so  slow 
that  the  equilibrium  value  is  never  reached  and  does 
not  come  into  question.  At  high  temperatures,  how- 
ever, the  conditions  are  usually  quite  different,  the 
final  equilibrium  stage  being  more  quickly  reached, 
so  that  usually  chemical  changes  do  not  complete 
themselves,  but  proceed  to  a  certain  stage,  at  which 
point  the  same  proportion  between  the  substances 
taking  part  and  the.  products  of  the  reaction  is  ob- 
tained from  whichever  side  the  equilibrium  is  ap- 
proached. At  low  temperatures,  many  substances 
are  in  an  unstable  or  "metastable"  condition,  though 
they  undergo  no  apparent  change  on  standing,  but 
at  high  temperatures  this  is  not  possible,  as  the  change 
into  the  stable  form  proceeds  with  a  velocity  which 
continually  increases  with  the  temperature. 

The  reactions  which  have  been  investigated  in  this 
work,  viz.,  the  synthesis  of  hydrocarbons,  involve  a 
case  of  the  interaction  of  a  solid  with  a  gas.  In  the 
case  of  each  hydrocarbon  a  certain  equilibrium  stage 


is  reached  when  the  particular  hydrocarbon  bears 
a  definite  ratio  to  the  quantity  of  hydrogen  present. 
The  quantity  of  carbon  does  not  come  into  consider- 
ation in  this  equilibrium,  since  its  active  mass  does 
not    vary    under    different    conditions. 

As  methane  is  an  exothermic  compound,  it  follows 
that  the  equilibrium  amount  decreases  with  increase 
of  temperature.  Below  10000,  carbon  and  hydrogen 
at  atmospheric  pressure  unite  so  slowly,  even  when 
the  former  is  in  presence  of  a  catalyst  like  platinum, 
that  equilibrium  in  the  yield  of  methane  cannot  be 
reached  in  any  reasonable  time. 

The  velocity  is  considerably  increased  at  high  pres- 
sures, but  even  in  this  case  it  was  not  found  prac- 
ticable to  determine  the  equilibrium  value  with  meth- 
ane below  about  noo°. 

Above  this  temperature,  this  synthesis  was  meas- 
ured by  heating  carbon  in  the  form  of  a  rod  in  pres- 
ence of  hydrogen.  The  heating  was  effected  by  the 
passage  of  an  electric  current  through  the  rod,  which 
was  thus  the  only  part  of  the  apparatus  to  be  heated. 
The  containing  walls  of  the  steel  vessel  were  cooled 
by  water. 

Since  methane  is  stable  in  larger  amounts  the  lower 
the  temperature,  it  follows  that  the  quantity  of  this 
hydrocarbon  finally  yielded  will  correspond  to  the 
equilibrium  at  the  temperature  of  the  heated  carbon,' 
since  no  decomposition  could  occur  in  passing  to  the 
colder  regions  of  the  apparatus.  A  large  amount 
of  work  has  been  carried  out  by  the  present  authors1 
on  the  synthesis  of  hydrocarbons  at  atmospheric 
pressure  and  it  has  been  found  that  traces  of  ethylene 
are  also  formed  at  13000  and  above,  but  the  quantity 
does  not  reach  any  considerable  magnitude  below 
15000  (at  14000  the  quantity  in  equilibrium  at  atmos- 
pheric pressure  is  about  0.005  Per  cent.). 

The  ethylene  will  react  rapidly  with  the  hydrogen 
in  the  cooler  part  of  the  vessel,  giving  methane,  and 
thus  gradually  raising  the  quantity  of  the  latter  above 
the  equilibrium  value  at  the  high  temperature.  How- 
ever, in  the  short  time  necessary  to  produce  equilib- 
rium with  methane  in  these  experiments  at  high  pres- 
sures it  was  calculated  that  this  disturbance  would 
not  reach  any  appreciable  magnitude  when  working 
below  1 5  oo°. 

With  regard  to  the  synthesis  of  acetylene,  it  was 
found  in  the  earlier  work  cited  above  that  this  first 
becomes  noticeable  (about  0.0001  per  cent.)  at  16500, 
and  the  amount  produced  increases  with  the  tempera- 
ture, in  accordance  with  the  fact  of  its  being  an  endo- 
thermic  compound. 

However,  it  has  not  been  possible  to  determine 
the  precise  equilibrium  values  with  acetylene  on  ac- 
count of  the  non-uniform  temperature  of  the  interior 
of  the  reaction  vessel,  which  causes  decomposition  of 
the  gas  produced  at  the  high  temperature  of  the  car- 
bon to  take  place  in  regions  of  lower  temperature. 
Moreover,  at  temperatures  where  the  quantity  of 
acetylene  attains  any  considerable  magnitude,  an  ex- 

'  rring  and  Hutton.  Trans.  Chem.  Soc.  {JLondoti),  89,  1591  (1906). 
Pring.  Ibid.,  97,  498  (1910).  Pring  and  Tairlie.  Ibid.,  99,  1796  (1911); 
101    91     li 
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acl  estimation  of  the  methane  equilibrium  is  no 
longer  possible  on  account  of  the  rapid  polymeriza- 
tion "i  the  acetylene  with  hydrogen,  giving  methane 
in  the  cooler  parts  of  the  vessel.  For  this  reason,  it 
has  only  been  found  possible  in  this  work  to  measure 
with  any  accuracy  the  equilibrium  with  methane, 
and  that  only  in  the  range  of  temperature  between 
iioo0  and  i6oo°,  though  the  experiments  were  ex- 
tended up  to  2ioo°.  It  has  been  shown,  moreover, 
that  in  this  range,  and  at  pressures  up  to  200  atmos- 
pheres, no  hydrocarbons  other  than  methane,  ethylene, 
and  acetylene  can  be  formed  or  can  exist  in  any  de- 
tectable quantity. 

Considering    the    synthesis   of    methane,     since    the 
equilibrium  is  expressed  by  the  equation 

C  +   2H2  =  CH„ 
it  follows  in  accordance  with  the  law  of  mass  action 
/>-CH4 


wards  raised  in  the  same  manner.  Water  circula- 
tion was  provided  in  the  annular  jacket  M,  the  gas 
admitted  through  the  valve  V,  and  the  pressure  read 
directly  on  a  gauge.        The  glass  window  IF  was  placed 


that 


=   K    or    the    concentration   of   methane 


/>-(H3)' 

divided  by  the  square  of  that  of  the  hydrogen  is  a 
constant  at  any  particular  temperature.  It  follows 
from  this  that  an  increase  in  the  pressure  of  n  times 
will  increase  the  ratio  of  methane  to  hydrogen  n 
times. 

A  proof  that  definite  equilibrium  values  are  ob- 
tained lies  in  the  fact  of  the  same  final  quantity  of 
methane  resulting  in  whichever  direction  the  reac- 
tion is  made  to  proceed,  and  further  by  the  same 
value  being  obtained  for  K,  the  equilibrium  constant, 
whatever  gaseous  pressures  were  employed. 

DESCRIPTION  OF  APPARATUS. 

The  pressure  cydinder  (V)  (Fig.  1)  was  forged  from 
a  piece  of  nickel  steel  of  high  tensile  strength.  The 
steel  tubes  E  E  which  served  to  lead  in  the  current 
were  cooled  by  wrater  circulation,  and  contact  with 
the  carbon  was  made  by  means  of  nickel  clamps, 
N  N,  which  were  brazed  to  the  ends  of  these  leads. 
The  arrangement  in  the  diagram  shows  provision  for 
heating  wider  carbon  tubes  in  which  crucibles  can  be 
placed,  but  for  the  present  purpose,  tubes  or  rods 
of  carbon  longer  and  narrower  than  the  one  shown  in 
the  diagram  were  used.  These  rods  or  tubes  C 
were  always  fitted  in  graphite  end  pieces,  which  were 
held  in  the  nickel  clamps.  The  steel  tubes  emerged 
from  the  furnace  at  the  stuffing  boxes  P  P  and  were 
insulated  from  the  walls  by  means  of  small  tubes  of 
ebonite  or  fiber,  F  F.  Asbestos  cord  mixed  with  a 
little  tallow  was  used  as  the  packing  material  for  the 
boxes  P  P,  and  was  compressed  by  the  brass  rings 
R  R,  which  were  forced  down  onto  the  ebonite  tubes 
by  6  bolts,  as  at  K  K.  The  outward  thrust  of  the  elec- 
trodes was  secured  by  the  bolts  T  T,  of  which  there 
were  two  at  each  end  of  the  furnace.  The  top  part 
of  the  furnace  was  fastened  down  by  6  bolts  as  at 
B  B,  and  a  gas-tight  joint  made  by  means  of  the  lead 
spigot  S  S.  By  opening  the  bottom  stuffing  box 
and  removing  the  packing,  the  bottom  electrode  could 
be  lifted  while  clamped  to  the  carbon  rod  which  was 
also  held  in  the  top  electrode.  The  two  electrodes 
and  the  carbon  tube  could  thus  be  all  lowered  into 
position    together    with   the   furnace    top,    and    after- 


at  a  sufficient  distance  to  be  protected  from  the  heat 
of  the  carbon.  Temperature  readings  were  taken  by 
means  of  a  Wanner  optical  pyrometer,  from  the  light 
radiated  from  the  carbon,  after  passing  through  the 
window  and  being  reflected  from  a  mirror  placed  in 
front  at  an  angle  of  45  °.  By  comparing  the  optical 
readings  in  the  case  of  graphite  with  those  given  at 
the  same  time  by  a  thermoj unction,  it  has  been  found 
that  there  was  no  appreciable  departure  at  13000, 
so  that  graphite  must  radiate  approximately  like  the 
theoretical  "black  body."  Measurements  were  made 
from  time  to  time  of  the  error  arising  from  the  absorp- 
tion of  the  window  and  mirror.  At  14000,  this  usually 
amounted    to    about    60  °.      The    absorption    at    any 
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other   temperature    can    be    calculated   from    the    for- 
mula —  =  —  C,  where  T,  is  the  real,  T2  the  ap- 

■'  1  •'2 

parent  temperature  after  absorption,  and  C  is  a  con- 
stant for  any  given  sample  of  glass.1 

The  window  could,  as  a  rule,  be  safely  used  with 
pressures  up  to  200  atmospheres  and  the  remainder  of 
the  furnace  was  capable  of  withstanding  a  pressure  of 
1000  atms. 

The  carbon  used  at  C  consisted  in  some  cases  of  the 
amorphous  retort  variety  in  the  form  of  tubes  12  cm. 
long  and  either  20  mm.  external  and  15  mm.  internal, 
or  15  mm.  external  and  7  mm.  internal  diameter. 

With  the  smaller  size,  a  current  of  500  amps,  at 
27  volts  would  raise  the  temperature  to  16000,  when 
using  hydrogen  at  150  atmospheres  pressure. 

In  other  experiments,  rods  of  graphite  (Acheson) 
12  cm.  long  and  9  mm.  diameter  were  used. 

In  the  case  of  amorphous  carbon,  when  given  no 
preliminary  purification,  after  mounting  in  the  fur- 
nace, a  partial  purification  was  obtained  by  heating 
to  about  1400  °  in  hydrogen  at  about  50  atmospheres 
pressure,  and  then  liberating  and  renewing  the  gas. 

The  quantity  of  combined  hydrogen  present  as  im- 
purity in  the  carbon  was  always  well  below  the  amount 
of  methane  subsequently  synthesized.  The  capacity 
of  the  furnace  was  about  750  cc.  A  number  of  experi- 
ments at  lower  pressures  were  carried  out  with  rods 
of  amorphous  carbon,  5  to  7  mm.  diam.  and  12  cm. 
long,  which  had  been  carefully  purified  by  heating 
electrically  in  chlorine  in  a  glass  vessel  to  about 
15000  for  a  few  hours,  and  then  in  hydrogen  in  the 
same  manner. 

On  account  of  the  corrosion  of  the  carbon,  it  was 
not  as  a  rule  possible  to  use  the  same  rod  or  tube  in 
more  than  one  experiment.  In  the  course  of  a  large 
amount  of  work  where  carbon  rods  and  tubes  have 
been  heated  at  atmospheric  pressure  under  different 
conditions,  it  has  been  found  that  the  heating,  in  the 
case  of  amorphous  carbon,  always  takes  place  with 
great  uniformity  throughout  the  whole  length  and 
up  to  the  cooled  points  of  support.  This  is  due  to  the 
negative  temperature  coefficient  of  resistance  which 
causes  a  greater  expenditure  of  electrical  energy  in 
places  which  tend  to  become  cooler.  With  graphite, 
however,  the  temperature  falls  near  the  cold  ends  of 
support. 

PREPARATION   OF  MATERIALS. 

Hydrogen. — Electrolytic  hydrogen  was  obtained 
commercially  in  steel  bottles  at  a  pressure  of  120  atms. 
On  analysis,  it  was  found  to  contain  0.2  per  cent,  of 
nitrogen,  and  no  appreciable  quantity  of  other  im- 
purity. After  admitting  the  gas  to  the  furnace,  the 
heating  of  the  carbon  enabled  the  pressure  to  be 
raised  to  200  atmospheres. 

Carbon. — Different  varieties  of  carbon  were  used 
as  explained  above,  and  in  some  cases  were  first  puri- 
fied by  heating  to  a  high  temperature  in  an  atmosphere 
of  chlorine. 

In  some  experiments  the  carbon  was  used  in  pres- 

1  Pring,  "Lab.  Exercises  in  Phys.  Chemistry."  page  15  L.  Manchester 
University  Press. 


ence  of  platinum  or  palladium,  to  act  as  a  catalyst. 
For  this  purpose  a  layer  of  the  metal  was  obtained 
by  electrodeposition  from  a  chloride  solution. 

Methane. — In  some  experiments  an  atmosphere  of 
methane  was  admitted  to  the  previously  evacuated  fur- 
nace, before  filling  in  the  hydrogen  at  high  pressure.  The 
hydrocarbon  for  this  purpose  was  prepared  by  decom- 
posing commercial  aluminium  carbide  with  water, 
washing  the  gas  with  ammoniacal  cuprous  chloride  to 
remove  acetylene  and  hydrogen  sulphide,  and  then 
liquefying  by  means  of  liquid  air.  After  evapora- 
tion, the  gas  was  collected  over  water  in  a  large  holder 
of  20  liters  capacity. 

ANALYSIS   OF  GASES. 

The  gas  obtained  in  these  experiments,  which  con- 
tained from  1  to  20  per  cent,  methane  was  analyzed, 
in  the  Sodeau  apparatus.  By  shaking  the  gas  with 
an  ammoniacal  silver  nitrate  solution,  acetylene  (if 
present)  was  completely,  and  ethylene,  partly  absorbed. 
The  remainder  of  the  ethylene  could  then  be  removed 
by  means  of  bromine.  Carbon  monoxide  was  then 
taken  out  by  shaking  with  a  freshly  prepared  solu- 
tion of  ammoniacal  cuprous  chloride.  The  hydrogen 
was  then  removed  by  mixing  with  an  excess  of  oxy- 
gen and  passing  a  few  times  over  palladium  sponge 
maintained  at  about  80°  in  a  water  bath.1 

The  saturated  hydrocarbon  could  then  be  identified 
and  estimated  by  the  relation  found  between  the  con- 
traction after  combustion  with  oxygen,  and  the  vol- 
ume of  carbon  dioxide  formed,  as  ascertained  by  ab- 
sorption with  potassium  hydrate  solution.  In  all 
these  cases,  methane  was  at  all  temperatures  found  to 
be  the  only  saturated  hydrocarbon  produced. 

In  an  experiment  carried  out  at  12750,  an  examina- 
tion was  made  for  traces  of  ethylene  by  circulating  a 
large  quantity  of  the  gas  (25  liters)  through  a  tube 
cooled  in  liquid  air.  Most  of  the  methane  was  thus 
condensed,  together  with  practically  the  whole  of  any 
ethylene  present,  as  the  latter  has  a  higher  boiling 
point  than  methane.  This  liquid  was  then  allowed 
to  evaporate  slowly,  and  the  last  portion  was  passed 
through  a  tube  containing  carefully  purified  cocoanut 
charcoal,  which  had  previously  been  heated  for  some 
time  at  a  red  heat  in  a  high  vacuum.  The  gas  absorbed 
by  the  charcoal  in  this  experiment  was  then  removed 
in  fractions  by  evacuating.  The  last  portion  of  50 
cc.  was  analyzed  and  found  to  contain  0.51  cc.  of 
ethylene  or  0.002  per  cent,  of  the  total  gas,  while  the 
amount  of  methane  in  this  particular  sample  was  21 
per  cent.  The  ratio  of  ethylene  to  methane  is  lower 
than  that  found  in  earlier  work  at  atmospheric  pres- 
sure, and  the  ratio  of  ethylene  to  hydrogen  is  higher. 
This  result  is  in  agreement  with  the  effect  which  would 
be  expected  theoretically  from  the  influence  of  pres- 
sure on  the  yield  of  the  different  hydrocarbons. 

CHANGE   OF  PRESSURE. 

The  formation  of  methane,  proceeding  according 
to  the  equation 

C  +  jH,  =  CH4, 
is  accompanied  by  a  contraction  of   volume  equiva- 

!  Compare  I'ring  and  Fairlie,  Trans.  Chcm.  Soc.  (London),  99, 
1796   (1911). 
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Lenl  to  the  volume  of  methane  formed.     In  thi 
periments  at  constant  volume  this  was  equivalent  to 
a  change  of  pressure. 

Consequently  by  reading  the  pressure  indicated  by 
the  gage,  the  course  of  the  reaction  could  usually  be 
followed,  and  the  attainment  of  equilibrium  recog- 
nized. However,  a  considerable  time  was  usually 
necessary  for  the  mean  temperature  of  the  enclosure 
to  become  constant  on  account  of  the  large  quantity 
of  metal  present.  Samples  of  gas  were  usually  with- 
drawn at  two  or  more  different  periods  during  the 
experiment,  in  order  to  ascertain  when  equilibrium 
had  been  reached. 

The  results  of  all  experiments  which  were  completed 
are  tabulated  below  according  to  the  particular 
variety  of  carbon,  and  in  order  of  temperature. 

As  follows  from  the  unstable  nature  of  amorphous 
carbon,  it  was  found  that  this  modification  gradually 
changed  into  graphite  during  the  experiments  in  which 
it  was  heated  at  temperatures  above  1100°,  in  pres- 
ence of  hydrogen.  This  change  took  place  more 
rapidly  the  higher  the  temperature.  It  was  found 
that  the  amorphous  carbon  which  had  been  purified 
by  heating  to  a  high  temperature  in  chlorine  and  then 
in  hydrogen  was  always  more  or  less  graphitized. 

Amorphous  carbon  was  found  to  give  a  considera- 
bly higher  percentage  of  methane  than  graphite,  and 
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on  beginning  an  experiment  with  amorphous  carbon, 
the  yield  of  methane  which  was  at  first  obtained 
gradually  fell  concomitantly  with  the  change  of 
amorphous  carbon  into  graphite.  The  increased  yield 
of  methane  with  amorphous  carbon  is  in  excess  of 
the  stable  equilibrium  value,  and  thus  denotes  a  false 
or  metastable  equilibrium.     This  is  possible  only  to 


such  a   degi  counl   of  the  great  inertness  of 

methane,    Or    the    slow    rate   at    which    it    breaks   down 

i  lion  and  hvdp 
These    false    equilibrium      values     with     amorphous 

i  have  also  been  noticed  by  Schenck  and  Heller,' 

who  studied  the  equilibrium  in  some  reactions  in  which 
carbon  in  different  modifications  takes  part. 

In  the  case  of  the  equilibrium  between  carbon  di- 
oxide, carbon  monoxide,  and  carbon,  the  reduction 
of  the  first  was  greatest  when  amorphous  carbon  was 
used. 

A  similar  result  was  obtained  in  the  reaction  be- 
tween iron  oxide  and  carbon,  thus  in  this  case,  at 
550°,  the  pressure  of  the  latter  when  in  "metastable" 
equilibrium  was,  with  amorphous  carbon,  59  mm.; 
diamond,  22  mm.;  and  the  stable  equilibrium  value 
with  graphite  was  12  mm. 

In  the  present  work  the  results  with  amorphous 
carbon  are  given  in  Table  I  below.  In  some  cases 
the  carbon  was  impure  (though  containing  less  total 
hydrogen  than  the  quantity  of  methane  subsequently 
formed) ;  in  others,  the  substance  was  partly  puri- 
fied in  chlorine  at  .a  temperature  too  low  to  cause  any 
appreciable  change  into  graphite.  In  all  cases  the 
results  in  this  table  refer  to  carbon  which  was  used 
for  the  first  time.  In  Table  II  are  given  the  experi- 
ments done  with  graphite.  This  was  either  Acheson 
graphite  or  else  carbon  which  had  been  used  in  a 
previous  experiment  and  heated  for  a  long  interval 
at  a  high  temperature  in  hydrogen,  or  else  it  had  been 
purified  at  a  high  temperature  in  chlorine  so  as  to 
cause  transformation  into  graphite.  The  carbon  in 
all  these  cases  was  practically  pure. 

In  Table  III  are  given  the  experiments  with  car- 
bon w7hich  by  previous  heating  or  purification  had  be- 
come partly  transformed  into  graphite.  In  some  cases 
a  thin  layer  of  platinum  or  palladium  was  coated  onto 
the  carbon  by  electrodeposition  as  explained  above 
to  serve  as  a  catalyst.  These  cases  are  pointed  out 
in  the  first  column  of  the  tables. 

The  whole  of  the  results  are  entered  in  Fig.  2,  though 
a  number  of  the  experiments  in  the  case  of  graphite 
were  not  quite  taken  to  the  equilibrium  point,  so  that 
the  curve  has  been  drawn  through  the  maximum 
values. 

The  values  obtained  in  experiments  below  about 
17000  do  not  represent  equilibrium  quantities,  as  the 
methane  in  these  cases  is  formed  chiefly  by  the  reac- 
tion of  ethylene  and  acetylene  with  hydrogen  in  the 
cooler  parts  of  the  vessel.  '  The  results  at  these 
higher  temperatures  are  consequently  not  plotted  in 
the  figure. 

RESULTS  AND  CONCLUSIONS. 

The  reaction  between  carbon  and  hydrogen  result- 
ing in  the  formation  of  methane  was  found  to  proceed 
with  increased  velocity  at  high  gaseous  pressures. 
Using  carbon  in  the  form  of  a  compact  rod  or  tube, 
and  either  in  presence  or  absence  of  a  catalyst,  the 
equilibrium  stage  was  reached  in  about  2  hours,  when 
the  temperature  was  i2oo°to  1 300 °  C,  and  the  pressure 
30  to  50  atms.    Above  14000  C,  equilibrium  was  reached 

'  Ber.  d.  chem.  Ces..  38,  2139  (.1905). 
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Table  I. — Amorphous  Carbon. 


Temperature. 
Nature  of  carbon.  Centigrade. 

Purified,  platinum-coated 1100° 

Impure,  platinum  coated 1220° 

Partly  purified 1275° 

Impure,  platinum-coated 1350° 

Purified,  platinum-coated 1400° 

Same  carbon  as  above: 

(To  show  effect  of  progressive  graphi-  ( 
tization)  I 

Impure 1550° 

Impure 1620° 

platinum  coated 1700° 

1775° 

1950° 

2050° 

Purified 2100° 


First  Time  of  Use. 

Percentage  composition. 


Atmospheres 

< 

flME. 

pressure. 

CO. 

CH4. 

0 

4.10 

2  H  brs. 

20 

1  1 

6  35 

Ohrs. 

4   1 

3  hrs. 

18 

1   4 

5.6 

3  hrs. 

100.0 

0.25 

21.5 

1  hr. 

166  0 

0.6 

18  5 

2!j  hrs. 

153.0 

0.7 

20.9 

0 

4.35 

I     I.'.-  hrs. 

3  hrs. 
I     4';  hrs. 

0 

1  ', i  hrs. 
20  mins. 
1  hr. 

4  hrs. 

7  mins. 

7  mins. 
[     0 
1     15  mins. 


17   5 

21.0 
20.0 
15.0 
117.0 
24.5 
23.0 


1.98 
1  .28 
4.65 


nil 
nil 
0.29 


0.1 

0  44 

1  10 


K  = 
PCH, 

/>-(H2)2  ' 


0  00390 


0.00376 
0 . 00359 
0.00173 
0  00224 

0.00245  J 

0.00138  \ 
0.00120  > 
0.00084  J 


0.00188  ] 
0.00058 
0  00120 


Table  II. — Nature  of  Graphite. 


Temperature. 
Nature  of  graphite.  Centigrade. 

Acheson 1200° 

Carbon  graphitized  by  heating,  platinum-coated >  1275° 

Carbon  graphitized  by  heating,  palladium  coated 1300° 

Acheson 1300  ° 

Carbon  graphitized  by  heating 1375  ° 

Acheson 1375° 

Graphitized  by  heating,  palladium-coated 1400° 

Graphitized  by  heating,  platinum  coated 1400° 

Same  carbon  as  above 1400° 

Carbon  graphitized  by  heating,  platinum-coated 1450° 

Carbon  graphitized  by  heating,  platinum-coated 1500° 

Carbon  graphitized  by  heating,  platinum-coated 1575° 


Perce: 

STAGE 

composition  of  gas. 

K  = 

Atmospheres 

/>-CH, 

Time. 

pressure. 

CO. 

CH4. 

p-f&t)*. 

2X  hrs. 

105.0 

0.0 

17.5 

0.00244 

0 

2.38 

) 

25  mins. 

37.0 

1.6 

4.23 

0.00133    V 

IV4  hrs. 

32.0 

2.4 

4.02 

0.00147   ) 

Mhr. 

37.0 

0.6 

4.69 

0  00120  ) 
0  00146    ) 

1        hr. 

35.5 

1.0 

4.55 

1   hr. 

117.0 

0.0 

11.2 

0.00126  ) 
0.00158   J 

2  l/4  hrs. 

106.0 

0.0 

12.6 

1  hr. 

28.0 

1  .4 

2.5 

0.00100 

3  hrs. 

115.0 

0.2 

10.6 

0.00117     ) 

0 

2.4 

Vihr. 

46.0 

0.1 

3.90 

0.000945 

UA  hrs. 

46.0 

0.2 

4.29 

0.00103  "J 

0 

1.6 

> 

I'Abi 

50.0 

1.3 

3.99 

0.00089  J 

0 

1.6 

) 

3A  hr. 

55.0 

0.5 

4.24 

0.00080    V 

l3/«  hrs. 

48.0 

1.0 

3.71 

0.00089  ) 

0 

2.3 

) 

20  mins. 

47.0 

2.0 

3.39 

0.000843  > 

1  hr. 

44.0 

2.4 

3.01 

0.000746^ 

0 

1.8 

) 

'A  hi. 

55.0 

0  8 

3.96 

0.00080    V 

1  hr. 
0 
12  mins. 

52.0 

1.2 

3.62 

0.00077  ) 

52.0 

0.7 

2.94 

0.00063    > 

IK  hrs. 

44.0 

1.0 

2.46 

0.00062   ) 

Table  III. — Partly  Graphitized  Carbon. 


Temperature. 
Nature  of  carbon.  Centigrade. 

Purified 1300° 

Impure,  platinum-coated 1350° 

Purified,  "  1450° 

Impure,  "  "        1475° 

Impure 1475° 

Impure 1540° 

in  about  15  minutes  under  the  same  conditions.     At 
200  atmospheres  the  reaction  was  still  more  rapid. 

The  results  indicate  the  probability  that  carbon  in  a 
fine  state  of  division  would,  at  still  higher  pressures, 
combine  with  hydrogen  with  extreme  rapidity,  as  the 


Percentage 

composition 

of  gas. 

K  = 

Atmospheres 

/>-CH4 

Time. 

pressure. 

CO. 

CH4. 

/.-(Hj)2- 

1V«  hrs. 

7 

7.3 

1.0 

0.00178 

2  hrs. 

11.5 

5.75 

1.71 

0.00178 

!«/«  hrs. 

136 

0.3 

17.1 

0.00186 

l'A  hrs. 

177 

0.3 

16.7 

0.00137  ] 

4>A  hrs. 

155 

0.3 

11.9 

0.00101  \ 

l'/i  hrs. 

200 

0.05 

13.1 

0.00087  ] 

3'/,  hrs. 

200 

0.25 

12.4 

0.00083  ) 

l'A  hrs. 

183 

0.05 

12.0 

0.000860 

action  is  exothermic.  In  this  way  the  preparation 
of  methane,  though  necessarily  present  with  a  small 
percentage  of  hydrogen,  might  most  conveniently  be 
carried  out  on  a  large  scale. 

The  relative  amount  of  methane  produced  increases 


8iS 


THE    fOl  RNAL  OF  INDl  STRIAL  AND  ENGINEERING  CHEMISTRY 


Nov. 


191 2 


with  the  pressure  to  the  extenl  demanded  by  the  law 
of  mass  action  as  applied  to  the  reaction 

C    1      11.       MI,. 

According  to  tins  the  value  of  -  '    should  be  con- 

stani  a1  any  given  temperature. 

In  all  experiments,   at    pressures   varying   from    io 

to  200  at ms.,  a  value  which  was  constant  within  the 
limits  of  experimental  error  was  always  obtained  for 
this  ratio  at  any  particular  temperature,  and  when  the 
same  modification  of  carbon  was  used.  In  some  ex- 
periments, where  an  amount  of  methane  in  excess  of 
this  value  was  added  to  the  gas  beforehand,  decom- 
position took  place  until  the  same  final  value  was  ob- 
tained. Consequently  this  represents  the  true  equi- 
librium constant. 

The  amount  of  methane  which  at  atmospheric 
pressure  is  in  equilibrium  with  hydrogen  and  graphite 
is  at  12000  equal  to  o.  24  per  cent.,  and  at  15000  o.  07 
percent.  For  amorphous  carbon,  the  "metastable" 
equilibrium  values  are  0.36  per  cent,  at  12000  and  o.  18 
per  cent,  at  15000.  At  a  pressure  of  n  atmospheres, 
the  ratio  of  methane  is  n  times  as  great  as  at  1  atmos- 
phere. 

The  values  found  in  this  work  for  the  equilibrium 
constants  in  the  case  of  carbon  and  graphite  enable  an 
approximate  calculation  to  be  made  of  the  heat  of 
reaction  in  the  transformation  of  amorphous  carbon 
into  graphite.  According  to  Berthelot,1  at  ordinary 
temperatures,  this  has  the  value  2840  cals.  per  gram 
atom.  This  value  at  first  falls  with  increase  of  tem- 
perature and  at  some  temperature  below  10000  be- 
comes zero.  Consequently  amorphous  carbon  is  the 
stable  form  at  this  temperature,  but  not  at  ordinary 
temperatures.  When  heated  above  this  stable  point, 
it  again  becomes  unstable,  and  consequently  passes 
more  or  less  rapidly  into  graphite  with  evolution  of 
heat. 

The  heat  evolved  in  this  transformation  at  different 
temperatures  can  be  calculated  by  means  of  a  formula 


deduced  by  van't  Hoff.     In  this  Q, 


RTln  5m. 


where  Q(/)  is  the  heat  of  reaction  at  the  absolute 
temperature  T;  R,  the  gas  constant  in  calories  (1.98); 
K/,)  the  equilibrium  constant  in  the  methane  formula 
with  amorphous  carbon;  and  K(2)  that  with  graphite. 
We  have  from  the  above  results  the  following  values 
for  the  heat  of  reaction  at  different  temperatures: 

Table  IV. — Partly  Graphitized  Carbon. 
Temperature 

^T       ~7'    >u     i   *  Tr,  >,  «-/  ^  Q(l)  =  RTln5i,)  ' 

Centigrade.     Absolute.  KG).  KL(2).  K(2) 

1200°  1473°  0.004  0.00245  1480 

1300°  1573°  0.003  0.0016  1950 

1400°  1673°  0.0023  0.0011  2450 

1550°  1823°  0.0019  0.0007  32.0 

It  has  been  shown  by  Kirchhoff  that  the  heat  of  a 
chemical  reaction  changes  with  the  temperature  in 
the  following  manner: 

Q»)  =  Q(o)  +  T[c(/)— C(P)] 
where  cf  is  the  mean  specific  heat    of    the  factors  (in 

1  Compt.  rend.,  108,  1 144  1 1889). 


this  case  carbon),  and  ( /;  thai  oi  the   products  of  the 
reaction   (in  this  case  graphiti 

Since   Q   increases  with   the  temperature,  it  follows 
i'    mean  specific  heal  o]  carbon  a1  temperatures 

i  too'   is  higher  than  that    of   graphite,   and   the 
difference  increases  rapidly  with  the  temperature. 

The  values  given  by  Kunz1  lor  carbon  and  by  Weber' 
for  graphite  show  the  opp  i  lation  at  all  tempera- 

tures above  200°  C,  and  are  consequently  not  applica- 
ble at  these  high  temperatures. 

It  would  indeed  follow  from  the  values  of  Kunz 
and  of  Weber  that  amorphous  carbon  would  be  stable 
at  all  temperatures. 

It  was  also  found  that  no  saturated  hydrocarbon 
other  than  methane  is  produced  or  is  stable  at  any 
temperature  or  pressure  employed  in  this  work. 
Manchester,  England. 


GLASS  FORMULAS:    A  CRITICISM.2 
By  Alexander  Silverman. 

Of  the  many  manufacturing  industries  in  which 
secret  processes  are  developed,  there  is  perhaps  hardly 
another  which  equals  that  of  glass  manufacture,  and 
there  is  little  doubt  in  the  minds  of  those  familiar  with 
its  methods  that  the  formulas  in  actual  use  may  be 
counted  by  thousands  or  even  tens  of  thousands. 
Each  manufacturer  has  made  some  change  in  a  fo'rmula, 
either  to  follow  the  dictates  of  his  fancy,  or  on  the 
basis  of  sound  scientific  principles.  Most  of  these 
changes  belong  to  the  former  class,  hence  the  thou- 
sands of  recipes. 

Occasionally  there  appears  on  the  market  a  new 
book  on  glass  manufacture.  This  may  belong  to  one 
of  three  classes:  First,  Publications  dwelling  entirely 
on  technical  principles ;  Second,  Those  dwelling  to  some 
extent  on  technical  and  scientific  principles  and  furnish 
ing  formulas;  and  Third,  Books  containing  formulas 
only.  The  writer  proposes  to  confine  his  attention 
to  classes  two  and  three,  as  he  has  found  quite  a  num- 
ber of  unreliable  recommendations  made  in  books  and 
journals  of  these  types.  The  criticism  is  in  some 
cases  based  on  fixed  scientific  principles,  but  in  most 
cases  is  backed  by  experiments  conducted  on  a  large 
scale,  i.  e.,  not  in  small  crucibles  in  the  laboratory 
but  in  regulation  pots  in  the  factory. 

As  examples  of  batches  which  have  failed  to  yield 
the  results  claimed  for  them  by  their  donors  the  follow- 
ing are  cited: 

Hohlbaum,  "Zeitgemasse  Herstellung,  Bearbeitung 
und  Verzierung  des  Feineren  Hohlglases,"      1910. 

Page  127.  Rosaglas  Nr.  7. 

Sand 100  Kg. 

Kohlensaurer  Baryt 16    " 

Soda  98% 43    " 

Gold 12  g. 

Absolutely  no  sign  of  color  was  obtained  though 
directions  were  followed  implicitly.  The  writer  of 
this  paper  has,  in  fact,  not  been  able  to  obtain  a  gold 
ruby   unless   reducing   agents   were   added,    and   then 

1  Ann.  Physik,  [4]  14,  327  0904);  Ber.  d.  chem.  Ges.,  5,  303  (1872). 

2  Paper  presented   at   the   Eighth   International   Congress   of   Applied 
Chemistry,  New  York.  September,  1912. 
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only    with   great    difficulty    when    a    lime    batch    was 
employed. 

On  page  127,  Rosaglas  Nr.  8  is  given  the  following 
formula  from  its  analysis: 

Sand 100  Kg. 

Kohlensaurer  Raryt 16    " 

Soda  98% 43    .. 

Gold 12  g. 

A  reducing  agent  should  have  been  employed,  and 
as  the  analysis  did  not  show  its  nature,  an  organic  or 
volatile  inorganic  body,  or  a  combination  of  the  two 
should  have  been  recommended. 

Rosaglas  Nr.  9,  same  page,  was  prepared  according 
to  the  formula: 

Sand 100  Kg. 

Pottasche 34    .. 

Kalkspat 17    <■ 

Selenig  Saures  Natron 120  g. 


Arsenii 


200  ' 


proper 


and  yielded  only  the  faintest  tinge  of  pink. 

On  page  146  the  formula  for  Granatrot  Nr.  107 
yielded  a  glass  so  soft  that  it  ran  from  the  blowpipe 
like  water.  It  yielded  not  a  vestige  of  color  though 
this  formula  was  employed  as  given : 

Sand 100  Kg. 

Soda 50  " 

Zinkoxyd 25    " 

Selen i/s     .. 

Schwefel  Kadmium \    << 

All  glasses  thus  far  given  and  those  ruby  glasses  yet 
to  be  mentioned  were  "warmed  in"  repeatedly  when 
no  color  made  itself  manifest  on  the  first  gathering 
and  blowing.  Pots  were  clayed  up  as  tightly  as  possi- 
ble and  all  precautions  necessary  for  the 
working  of  ruby  glasses  were  observed. 

These  batches  serve  as  examples  from  the  Hohlbaum 
publication. 

The  claim  may  be  made  that  furnace  conditions 
were  not  proper  as  evinced  by  the  soft  nature  of 
Granatrot  Nr.  107.  The  writer  wishes  to  say  that  he 
also  tried  some  of  Professor  Hohlbaum 's  Alabaster 
batches  and  found  that  they  were  sandy  and  would 
not  melt  completely  though  treated  in  the  same  furnace. 

If  the  furnace  was  too  hot  for  one  and  too  cold  for 
the  other,  it  shows  the  importance  of  giving  not  only 
batches  but  furnace  conditions  necessary  for  the 
successful  preparation  of  the  glass. 

This  criticism  and  those  yet  to  follow  concerning 
publications  by  other  authors  are  not  to  be  construed 
as  a  reflection  on  the  works  referred  to,  many  of  which 
are  most  admirable  in  other  respects,  but  are  intended 
to  point  out  their  weakness  in  publishing  a  lot  of  for- 
mulas, many  of  which  will  not  work  out  in  practice 
according  to  the  directions  accompanying  them. 
The  argument  may  also  be  made  that  many  formulas 
are  valuable  trade  secrets  and  dare  not  be  published. 
That  is  no  excuse  for  publishing  poor  ones,  or  even 
good  ones  with  some  important  direction  withheld. 
Schnurpfeil,  m  "Die  Schmelzung  der  Hohl,  Schliff, 
Press,  Tafel  und  Flaschenglaser,"  gives  the  following 
formulas   which  when  tried  yielded  colorless  glasses: 


Paee  97.  Rosarot  80. 

Sand 100  Kg. 

Soda 35    •• 

Kalk 14    .. 

Selen 55  g. 


ROSfe  ODER   RoSENROT.  82. 

Lead 100  Kg. 

Pottasche 15    " 

Soda 15    ■' 

Marrnor 12    " 

Saltpeter l/t    •• 

Selen 125  g. 


Rosarot  81. 

Sand 100  Kg. 

Pottasche. 


Soda 

Kalk. . .  . 

Rosa. 

83. 
100  Kg. 

Kaik 

Selensaui 

es  N'atron 

30  g. 

In  none  of  the  preceding  four  batches  is  a  reducing 
agent  employed,  though  this  is  essential  for  the  pro- 
duction of  a  red  color  by  selenium  and  in  82  the  author 
even  recommends  the  use  of  the  oxidizing  agent 
"saltpeter." 

In  Sprechsaal,  191 1,  page  706,  in  the  second  answer 
to  question  183,  a  batch  is  recommended  in  which 
litharge  is  used  for  a  selenium-red  glass,  in  presence 
of  a  reducing  agent.  With  lead  and  a  reducing  agent 
present  selenium  has  a  tendency  to  blacken  glass  just 
as  does  sulphur  or  its  compounds.  The  writer  has 
noticed  some  five  or  six  batches  recommended  in 
various  publications,  in  which  lead  compounds  are 
used  with  selenium,  but  objects  to  all  of  these  because 
of  the  danger  of  formation  of  lead  selenide.  In  the 
third  answer  to  question  183,  same  publication,  a 
gold  ruby  batch  is  recommended  without  a  reducing 
agent  and  in  the  fourth  answer  a  lime-selenium  batch 
is  given.  According  to  trials  made,  neither  of  these 
will  work.  The  writer's  statements  regarding  selenium 
glasses  are  largely  corroborated  by  Dipl.  Ing.  Fritz 
Kraze  in  his  article  entitled  "Selenglas"  which  ap- 
peared during  the  current  year  in  numbers  14  and  15 
of  Sprechsaal. 

Examples  thus  far  given  are  confined  to  red  or  ruby 
glasses  of  the  gold  and  selenium  types.  On  numerous 
occasions  copper-ruby  batches  have  been  published 
in  which  no  reducing  agent  was  prescribed.  Many  of 
the  copper-ruby  batches  contain  reducing  agents  in 
insufficient  quantity,  thus  yielding  green  glass  in  which 
no  amount  of  reheating  will  produce  a  red  color. 

Ruby  formulas  have  been  made  an  example  of, 
because  the  most  glaring  and  most  numerous  mistakes 
occur  in  that  class.  Next  in  order  are  the  opal  and 
alabaster  glasses,  and  no  class  escapes  entirely,  not 
even  the  colorless  transparent  glasses. 

To  continue  to  cite  incorrect  formulas  would  only 
make  this  article  monotonous.  Even  Henrivaux  in 
his  admirable  volume  has  given  formulas  which  do 
not  yield  the  practical  results  claimed  for  them,  and 
if  all  batches  given  in  every  other  glass  publication 
now  in  the  market  were  tried  not  many  would  be 
found  invulnerable.  Several  books  containing  only 
batches  have  been  published  anonymously,  and  one 
or  two  by  men  who  claim  to  be  expert  glass-makers. 
Few  of  these  batch  books  contain  much  that  is  worth  try- 
ing. Some  formulas  art'  wrong  in  principle,  others  in  the 
proportion  which  the  raw  materials  bear  to  each  other. 
If  subjected  to  a  close  scrutiny  hardly  a  single  publica- 
tion  containing  fromulas   would  go   unscathed. 

The  writer's  object  in  disclosures  here  made  is  to  bring 
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glass  manufacture  and  glass  literature  to  the  high 
plane  occupied  by  ether  exact  sciences.  11  the  worthy 
gentlemen  whose  publications  have  been  criticized 
and  others,  whom  the  limits  of  tin's  article  have  not 
included,  will  cooperate  by  publishing  only  formulas 

which  are  known  to  be  reliable,  and  will  give  proper 
directions  for  their  use,  thej  will  materially  assist  in 
raising  the  plane  of  this  important  branch  of  science. 


1    MY]  KSl  IV    01     Pi  c  rSBUROR, 
ll  1  rSBUKOH. 


ON  THE  DENSITY  OF  SOME  BORATE  AND  SILICATE 
GLASSES. 
By  Edwin  Ward  Tillotson,  Jr. 
Received  July  1.  1912. 
In  a  former  paper1    from  this  laboratory,  attention 
was  called  to  a  method  for  calculating  the  approxi- 
mate density  of  silicate  glasses,  and  new  density  factors 
were  proposed  for  several  of  the  glass-forming  oxides. 
In  calculating  the  density  of  some  borate  glasses  pre- 
pared in  this  laboratory,  it  became  evident  that  the 
density   of   boric    trioxide    in   the   glass    is   somewhat 
greater  than   the   figure    (1.9)    given   by   Winkelmann 
and  Schott.3     Comparison  with  other  published  data, 
giving  weight  to   the  more  careful  measurements  of 
density,  showed   2.24  as  the  most  probable  value  for 
the  density  of  boron  trioxide  in  these  glasses. 

Table  I  shows  the  composition,  the  observed  and 
calculated  densities  of  several  borate  glasses  from  various 
sources.     Table  II   shows  the  values  for  the  density 

Table  I. 
Percentages.  Density. 

B2O3.  Observed.  Calculated.  *  Calculated. « 

Ca(B02)2      55.5  CaO    44.5  2. 771'                 2.50                2.807 

Mg(BOj)j     63.6  MgO  36.4  2.5201                 2.40                2  667 

ZnlBOaV      46  2  ZnO   53.8  3.3201                 2.99                3.358 

Sr(B02)2       40.3  SrO     59.7  3.2541                 3.258 

W  11             41.0  ZnO    59.0  3.5272                 3.17                3.532 

W  16  42.8    i^b2O352  0  3  691'  3A2  3785 

Ba02B203   46.37      PbO  53.63  3.5223  3.12  3.526 

Ba04B203   63.40     PbO  36.60  2.9223  2.595  2.982 

Na2B407       69.3        NajO30.7  2.3704  2.01  2.387 

1  Tamman-Krystallisieren  und  Schmelzen,  p.  50. 

2  Winkelmann  and  Schott,  loc.  cit. 

3  Tillotson. 

4  Day  and  Allen,  "Isomorphism  and  Thermal  Properties  of  the  Feld- 
spars." 

5  Using  Winkelmann's  factors. 

6  Using  modified  factors. 

Table  II. 

Winkelmann  Modified 

factors.  factors. 

SiOj 2.3  2.3 

B203 19  2.24 

NajO 2.6  2.8 

CaO 3  3  4.1 

MgO 3.8  4.0 

Al203 4.1  2.75 

employed  by  "Winkelmann  and  Schott  and  those 
now  proposed  for  giving  a  more  accurate  calculated 
value  of  the  density  of  the  glass. 

Inspection  of  the  figures  in  Table  I  shows  that  in 
the  case  of  the  carefully  prepared  borates  the  observed 
and  calculated  densities  are  in  good  agreement.  Tam- 
man3  observed  that  in  the  preparation  of  these  borates 

1  This  Journal,  3,  897  (1911). 

2  Ann.  d.  Phys.  und.  Chem..  49,401  (1893);  61,  697  (1894);  "Jena Glass 
and  Its  Industrial  Application,"  Hovestadt  (English  Edition),  p.  148. 

3  Krystallisieren  und  Schmelzen. 


by  fusing  boric  acid  with  the  corresponding  carbonates, 
it  was  difficult  to  drive  off  the  last  traces  of  carbon 
dioxide.  This  phenomenon  was  not  observed  in  the 
preparation  of  the  barium  borates  in  this  laboratory, 
although  it  was  difficult  to  obtain  borates  containing 
high  percentages  of  B20„  free  from  minute  bubbles, 
on  account  of  the  high  viscosity  of  the  melt.  This 
doubtless  explains  some  of  the  lower  values  for  the 
observed  density. 

The  density  of  sodium  oxides  in  silicate  glasses  is 
apparently  somewhat  greater  than  that  assigned  to 
it  by  Winkelmann.  In  the  following  glasses  the  density 
was  calculated,  using  2.8  for  sodium  oxide: 


Percentages. 

Density. 

No. 

Si02. 

Obs. 

Calc. 

V  25 

71.0 

ZnO 

12 

Na20 

17 

0 

2.572 

2.566 

V    8 

68.3 

ZnO 
AI2O3 

5.0 
1.0 

Na20 
PbO 

10 
8 

8 
1 

2.629 

2.639 

This    is    further    illustrated    by    the    soda    barium 
silicates  shown  in  Table  III. 


sio2. 

Per 
cent. 
74  50 
66.15 
61.70 
53.00 
71.70 
67.60 
64.55 
61  30 
58.30 
55.34 
52.46 
49  95 
46.91 
44.25 
79.00 
75.85 
67.45 
62.60 
57.20 
51.14 
36.84 

1  Using 

2  Using 


BaO. 

Per 

cent. 

13.00 
19.10 
33.60 
5.65 
12.55 
18.45 
24.20 
29.70 


Na20. 

Per 
cent. 
25.50 
20.85 
18.50 
13.40 
22.65 
19.85 
17.00 
19.50 
12.00 
35 .10         9.56 


40.60 
46.00 
50.80 
55.75 
5.15 
9.35 
20.35 
26.60 
33.60 
41.50 
60.40 


6.94 

4.55 
2.29 

15.85 
14.80 
12.20 
10.80 


Found. 

2.437 

2.64 

2.752 

3.06 

2.491 

2.633 

2.759 

2.824 

2.934 

3.072 

3.212 

3.367 

3.476 

3.65 

2.46 


Calc1        Calc.2 


.514 
.722 
.845 
9 . 20       3 . 06 


7.36 


.224 
.95 


2.37 

2.59 

2.725 

3.03 

2.45 

2.57 

2.69 

2.80 

2.925 

3.05 

3.195 

3.35 

3.50 

3.67 

2  43 

2.50 

2.72 

2.84 

3.01 

3.265 

3.88 


.625 

.755 
.055 


3.69 

2.455 

2.523 


Error.1 

Per 
cent. 
+  2.0 
+  2.0 
+  2.0 
+  1.0 
+  1  .4 
+  2.4 
+  2.5 
+  0.8 
+  0.3 
+  0.7 
+  0.5 
+  0.5 
—0.8 
—0.5 
+  1.2 
+  0.6 
+  0.1 
+  0.2 
+  1.6 
—  1.3 
+  1.8 


Error.2 
Per 
cent. 
+  1   0 
+  0.6 

0.2 

+  0.1 
— 0.2 
+  0.7 
+  1.4 
—0.2 
—0.9 
—0.2 
— 0.2 
— 0.1 
—1.1 
— 0.5 
+  0.2 
— 0.4 
—0.3 
—0.9 
+  0.7 
—0.9 
+  1.2 


Winkelmann's  factors, 
modified  factors. 


It  will  be  seen  that  the  observed  and  calculated 
values  for  the  density  of  these  silicates  are  in  very 
good  agreement  and  as  the  compositions  of  the  glasses 
vary  over  wide  limits,  it  is  evident  that  the  method 
is  capable  of  giving  excellent  results  with  a  large 
variety  of  glasses. 

SUMMARY. 

1.  The  densities  of  some  pure  borate  glasses  have 
been  examined  and  an  empirical  factor  determined 
for  the  density  of  B203  in  the  glass.  The  factor 
adopted  is  2.24  instead  of  1.9  as  given  by  Winkelmann. 

2.  The  densities  of  some  soda  barium  glasses  have 
been  studied  and  the  factor  2.8  for  the  density  of 
Na20  has  been  adopted  in  place  of  2.6  employed  by 
Winkelmann. 

Department  of  Industrial  Research, 

University  of  Kansas. 

Lawrence. 
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EXTRACTION  OF  THORIA.1 
By  Charles  Haskerville. 

Thorium  dioxide  is  obtained  in  the  main  from 
monazite  sands,  which  in  round  numbers  may  be 
said  to  have  this  composition: 

Per  cent. 

P20s  (phosphates) 29 

CejAs  (earths) 31 

D12O3  (earths^ 31 

SiO*  (silicates) 1.50 

ThOj  (silicates  and  perhaps  phosphates) 6.5 

In  the  winnowing  it  is  necessary  to  get  rid  of  the 
phosphorus  compounds  as  they  materially  interfere 
with  the  efficiency  of  the  thoria  when  used  for  mantles. 
This  is  usually  accomplished  by  converting  the  earths 
into  insoluble  oxalates  after  solution  of  the  sand. 
Other  methods  have  been  proposed  and  some  are  now 
used  commercially  for  avoiding  this  by  fusion  with 
alkaline  carbonates  and  leaching  the  phosphates  out 
with  water,  dissolving  the  residue  in  suitable  acids, 
and  then  making  the  separation  of  the  earths. 

Troost2  prepared  thorium  carbide  (ThC2)  by  heating 
the  oxide  with  carbon.  Moissan  and  Etard*  made 
elaborate  studies  on  the  formation  and  properties  of 
thorium  carbide.  Muthmann,  Hofer  and  Weiss4  fused 
monazite  sand  with  carbon  and  dissolved  the  carbides 
and  phosphides  obtained  in  hydrochloric  acid.  Where- 
as the  objectionable  phosphoric  compounds  are  removed 
in  this  manner,  other  practical  difficulties  arise,  one 
being  the  hardness  of  the  product,  which  involves 
expense  in  grinding  the  fused  production. 

The  work  of  Kress  and  Metzger5  indicates  that  thor- 
ium does  not  occur  as  the  silicate  in  monazite.  It  is 
a  fact,  however,  that  silicaor  silicate  is  a  constant  but 
variable  constituent  of  the  sand  and  must  be  taken 
care  of  whatever  means  of  extraction  is  applied. 
When  the  carbides  are  made  by  electric  fusion  of  the 
sand  with  carbon,  some  silicon  carbide  is  produced 
which  cuts  the  grinding  machinery  in  the  later  process 
of  pulverizing.  We  have  found  that  the  addition  of  a 
small  amount  of  fluorspar  reduces  this  difficulty,  yet 
the  expense  of  some  grinding  remains. 

In  order  to  reduce  this  expense  to  a  minimum,  I 
decided  to  deliberately  produce  calcium  carbide  within 
the  mass,  which,  when  thrown  into  water,  would  dis- 
integrate.6 Although  Moissan  has  shown  that  thorium 
and  the  rare  earth(?)  carbides  are  attacked  by  water, 
the  speed  of  the  reaction  is  very  much  less  than  with 
calcium  carbide  and  is  also  much  dependent  upon  the 
fineness  of  the  particles.  Hence  comparatively  little 
of  the  thorium  and  rare  earth(?)  carbides  would  be 
decomposed  by  such  treatment.  Many  experiments 
were  carried  out,  with  theoretical  and  practical  mix- 
tures, in  various  types  of  furnaces  (Stockem,  Moissan, 
Heroult,  and  resistance),  with  direct  and  alternating 

1  Paper  presented  at  the  Eighth  International  Congress  of  Applied 
Chemistry,  New  York.  September,  1912. 

2  Compt.  rend.,  116,     1227  (1893). 

3  Ann.  chim.  phys..  [7],  9,302  (1896);  [7]  12,  427  (1897);  Compt. 
rend..  122,  573,  1462  (1896). 

*  Ann.,  320,  260  ( 1 90 1 ).  German  Patent  129.416,  Aug.,  1901. 

5  J.  Am.  Chem.  Soc,  31,  640  (1909^. 

6  Application  for  letters  patent  on  this  method  of  disintegration  of 
fused  masses  has  been  made. 


currents.  The  numerous  experimental  details'  need 
not  be  recited.  Suffice  it  to  say  that  a  satisfactory 
charge  may  be  with  a  sand  of  the  approximate  com- 
position given  above  as  follows: 

Lb. 

Monazite  sand • 1 .0 

Carbon  (petroleum  coke) 1.10 

Lime 0.8O 

Fluorspar 0.15 

The  best  results  were  obtained  with  such  charges  by 
using  a  current  of  35  volts  and  125  amperes  for  one  and 
one-half  hours. 

The  procedure  is  as  follows: 

The  mixture  (unground  sand  being  used)  is  made 
according  to  the  principles  outlined  above  and  then 
subjected  to  electric -heat  until  phosphorus  ceases  to 
come  off.3  The  mass  is  allowed  to  cool  and  then  to 
decompose  slowly  by  exposure  to  the  air  or  quickly 
by  placing  in  water.  In  the  latter  case  the  acetylene 
may  be  utilized,  the  mass  falling  to  a  fine  powder. 
The  dissolved  and  suspended  calcium  hydroxide  are 
removed  by  washing.  The  residue  is  treated  with 
hydrochloric  acid  and  the  thorium  separated  from  the 
solution  by  sodium  thiosulphate  or  other  methods. 
This  process  is  controlled  by  the  Welsbach  Light  Co.,  of 
Gloucester  City,  N.  J.,  and  is  published  with  their 
consent  and  approval. 

College  of  the  City  of  New  York. 


THE    PRODUCTION    OF    AVAILABLE    POTASH   FROM    THE 

NATURAL  SILICATES.3 

By  Allertox  S.  Cushman-  and  George  W.  Coggeshall. 

The  great  demand  which  has  recently  arisen  for 
an  American  supply  of  potash  in  available  form  for 
agriculture,  has  stimulated  not  only  the  search  for 
new  sources  of  this  material  but  also  experiments 
on  a  large  and  practical  scale  of  operation,  in  the  at- 
tempt to  develop  a  method  of  making  the  vast  supply 
of  potash  locked  up  in  feldspars  and  feldspathic  rocks 
either  directly  water-soluble  or  sufficiently  soluble  in 
dilute  acids  to  insure  a  product  which  shall  be  useful 
as  a  fertilizer.  The  natural  silicates  commerciallv 
available  as  sources  of  potash  are  chiefly  orthoclase 
and  leucite.  Both  of  these  minerals  are  potassium- 
aluminum  silicates.  The  theoretical  formula  for  ortho- 
clase is  written  K,O.Al,03.6Si02,  and  for  leucite 
K2O.Al2Or4Si02.  The  principal  sodium  feldspar,  al- 
bite,  has  the  theoretical  formula  Na2O.Al303.6Si03. 
It  is  well  known  that  these  feldspars  run  into  and  sub- 
stitute each  other  in  various  proportions  so  that  the 
products  from  different  quarries  will  vary  widely 
in  respect  to  their  soda  and  potash  contents.  There 
is  an  enormous  supply  of  feldspar  in  the  United 
States,  both  east  and  west,  which  could  be  made  eco- 
nomically possible  as  a  source  of  potash  supply,  pro- 
vided the  cost  of  production  can  be  made  low  enough 
to  compete  with  the  potash-holding  manure  salts 
which  are  at  present  so  largely  imported  from  Ger- 
many.    Although  it  must  be  admitted  that  the  im- 

1  The  experimental  work  was  done  by  Mr.  S.  G.  Warner  of  my  staff. 
-  This  phosphorus  may  be  condensed. 

3  Paper  presented  at  the  Eighth  International  Congress  of  Applied 
Chemistry.  New  York.  September.  1912. 


THE   JOURNAL  OF  TNDl  STRIAL    [ND  ENGINEERING  CHEMISTRY 


Nov. 


1912 


ported    salts    arc    richer    in    potash    than    any    product 

that  can  ever  he  made  from  American  feldspars,   it 

should   also   be   remembered  thai    the   crude  German 

manure  salts  contain  large  quantities  of  chloride,  and 

elements  which  .arc  not  only  undesirable 

in  the  fertilizer  but  which  may  do  actual  harm  under 
certain  conditions.  It  is  this  tact  which  gives  encour- 
agement to  the  attempt  to  produce  from  American 
feldspars  a  Straight  potash  fertilizer  which  could  be 
used  in  exactly  the  same  way  that  hardwood  ashes 
have  been  found  useful. 

Six  general  methods  have  been  proposed  for  de- 
composing the  natural  silicates,  in  the  effort  to  obtain 
water-soluble  potash   salts. 

I.  ADAPTATION  OF  NATURAL  AGENCIES. 

In  the  processes  of  Nature,  the  slow  action  of  mois- 
ture and  atmospheric  agencies,  including  the  action 
of  carbonic  acid  gas,  is  known  to  have  a  decomposing 
or  kaolinizing  action  upon  the  feldspars.  Immense 
deposits  of  feldspar  and  granitic  rocks  have  thus 
been  decomposed,  with  the  formation  of  large  beds 
of  kaolin  and  clays  from  which  the  potash  has  been 
leached  into  the  surrounding  valley.  For  this  reason, 
the  valleys  between  feldspathic  and  granitic  hills  are 
usually  highly  productive  of  the  crops  which  require 
large  amounts  of  potash,  such  as  tobacco,  potatoes, 
large  fruits,  berries,  etc.  There  have  been  a  few 
processes  proposed,  which  depend  principally  upon 
the  natural  reactions  hastened  by  pressure  and  other 
agencies.  In  1904  Blackmore  (U.  S.  Patent  772,206) 
proposed  the  action  of  carbon  dioxide  gas  under  five 
hundred  pounds  pressure  upon  a  cream  of  the  ground 
mineral,  repeated  intermittently  for  several  hours, 
in  the  attempt  to  produce  a  yield  of  carbonate  of 
potash.  Ten  years  earlier  the  same  experimenter 
(U.  S.  Patent  513,001)  had  proposed  using  lime, 
calcium  chloride  and  steam  pressure  in  an  autoclave 
to  produce  chloride.  In  1910  Coates  (U.  S.  Patent 
947-795)  proposed  the  addition  of  bacteria  for  the  de- 
composition of  feldspar.  In  19 10  Carpenter  (U.  S. 
Patent  959,841)  proposed  to  heat  the  mineral  intensely 
and  cool  suddenly  by  plunging  in  water,  in  the  effort 
to  render  the  feldspar  amorphous,  in  the  hope  of  mak- 
ing it  more  available  for  plant  growth.  None  of  the 
above  processes  have  as  yet  been  shown  to  possess 
industrial  possibilities. 

II.     WET   PROCESSES  OF  A   CHEMICAL  NATURE. 

Levi  in  1904  (French  Patent  344,246  and  English 
Patent  13,875)  and  Piva  in  1905  (French  Patent 
351,338)  proposed  methods  for  treating  leucite  by 
means  of  solutions  of  alkali  or  alkali  earth  hydrates. 
generally  under  increased  pressure.  The  same  gen- 
eral method  for  treating  feldspar  was  claimed  bv 
Swayrze  in  1907  (U.  S.  Patent  862,676)  and  by  Gibbs 
in  1909  (U.  S.  Patent  910,662). 

Also  Gibbs  in  1904  (U.  S.  Patents  772,612  and  772,- 
657)  proposed  a  process  of  treatment  with  hydro- 
fiuosilicic  acid,  and  subsequently  with  sulphuric  acid, 
in  order  to  produce  potassium  sulphate.  In  1907 
Cushman  was  granted  U.  S.  Patent  851,922,  a  public 
patent  which  proposed  the  sludging  of  finely  ground 


feldspar    with    water,    the   addition    of   :i    small   amount 

in  hydrofluoric  acid  and  electrolyzing  the  mixture 
ot  wooden  cells  provided  with  wooden  diaphragms. 
Under  this  process  both  potassium  and  aluminum 
hydrate  passed  through  the  cell  diaphragm  into  the 
cathode  compartment.  This  process,  although  per- 
fectlj  practical,  has  not  yet  been  made  commercially 
possible  owing  to  the  high  cost  of  hydrofluoric  and 
and  the  large  amount  of  by-products  formed  in  the 
process.  None  of  the  above  processes  have  as  yet 
been  made  commercial  possibilities. 

III.     DRY    PROCESSES   OF   A    CHEMICAL    NATURE,    IN    WHICH 
THE   POTASH   SALTS   ARE  VOLATILIZED. 

In  processes  of  this  nature,  fluxes,  and  in  some 
cases  fuel,  for  reducing  purposes  are  ground  and  mixed 
with  the  feldspar,  the  mixture  being  subsequently 
heated  until  the  potash  salts  are  volatilized  and  col- 
lected either  in  the  stack  dust  or  partially  collected 
from  the  gases  by  passing  them  through  or  over 
water.  Swayze  in  1905  (U.  S.  Patent  789,074) 
heated  ground  feldspar  with  gypsum  and  carbon, 
and  proposed  to  collect  the  volatilized  sulphate. 
Spencer  and  Eckel  in  1909  (U.  S.  Patent  912.266) 
made  a  cement  mixed  with  calcareous  and  siliceous 
fluxes  and  green  sand,  a  natural  potash-bearing 
iron  silicate,  clinkered  the  mixture  in  a  rotary  cement 
furnace,  and  obtained  a  Portland  cement,  at  the 
same  time  collecting  the  potash  in  the  stack  dust  and 
the  flue  gases.  In  1911  Eckel  (U.  S.  Patent  1,011,- 
172)  proposed  a  somewhat  similar  method  but  heated 
only  high  enough  to  drive  off  the  potash  salts  and 
not  high  enough  to  clinker  the  mixture.  Again,  in 
1911,  Eckel  (U.  S.  Patent  1,011,173)  melted  a  mix- 
ture of  green  sand,  limestone  and  fuel,  tapped  off  the 
melted  iron  and  slag,  and  recovered  the  potash  salts 
from  the  flue  gases. 

Some  of  the  processes  under  this  heading  have 
been  tried  on  a  large  scale.  No  great  difficulty  is 
recorded  in  driving  off  the  potash  in  the  furnaces, 
but  obstacles  were  encountered  in  the  attempt  to 
collect  the  potash  from  the  gases.  As  a  by-product 
operation  in  the  manufacture  of  cements,  these  pro- 
cesses may  yet  come  to  be  of  some  industrial  impor- 
tance. 

IV.     DRY      PROCESSES       WHICH      PROPOSE      TO      SEPARATE 
POTASH  AS   HYDROXIDE  OR  CARBONATE. 

The  old  method  of  Bickel,  proposed  in  1856  (U.  S. 
Patent  16,111),  which  depended  upon  heating  a  mix- 
ture of  feldspar,  lime,  and  natural  phosphate  rock 
or  guano  to  a  bright  red  heat,  has  not  as  yet  been 
proved  practical  or  successful.  The  process  of  the 
Soc.  Romana  Solfati  in  1905  (French  Patent  352,275), 
which  proposes  the  roasting  of  leucite  with  carbonate, 
hydrate  or  nitrate  of  soda  and  lime  and  subsequently 
the  passage  of  steam  through  the  roasted  product  to 
produce  sodium  aluminate  and  potassium  carbonate, 
is  possible  from  a  chemical  standpoint,  but  the  high 
cost  of  operation  has  not  permitted  the  process  to 
come  into  commercial  use. 

V.    DRY   PROCESSES   PRODUCING  THE  CHLORIDE. 

These     processes     have     been     most     experimented 
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with  upon  the  mill  scale  of  operation.  In  1900 
Rhodin  (U.  S.  Patent  641.406  and  /.  Soc.  Chem. 
I  nd.,  20,  439)  proposed  fritting  feldspar  with 
lime  and  salt.  According  to  the  published  results. 
this  experimenter  obtained  good  yields  although  the 
process  has  not  become  a  commercial  success.  In 
1907  McKee  (U.  S.  Patent  869,011)  suggested  heat- 
ing a  potash-bearing  material  containing  mica  with 
lime,  salt  and  carbon  in  order  to  obtain  a  yield  of 
potassium  chloride.  Cushman  in  191 1  (U.  S.  Patent 
987,436)  proposed  mixing  feldspar  with  lime  and  salts 
of  a  mineral  acid  capable  of  decomposing  the  silicate, 
giving  the  mixture  special  treatment  previous  to 
heating  in  a  rotary  furnace  in  order  to  produce  the 
chloride.  This  method  has  been  tried  out  on  a  large 
mill  scale  of  operation,  and  the  results  obtained  will 
be  discussed  later  on  in  this  paper. 

VI.     DRY   PROCESSES   PRODUCING  SULPHATES. 

In  191 1  Thompson  (U.  S.  Patent  995,105)  proposed 
heating  to  a  bright  red  heat  a  mixture  of  feldspar, 
sodium  acid  sulphate  and  sodium  chloride,  and  sub- 
sequently  leaching   out   the   potassium   sulphate   pro- 


as a  paint  pigment.  Hart  claims  that  some  of  the 
potash  is  volatilized  during  fusion.  Since  the  fusion 
temperature  is  15000  C,  it  is  probable  that  a  con- 
siderable portion  of  the  potash  docs  volatilize,  and  it 
is  possible  that  this  difficulty  may  interfere  with 
the  commercial  success  of  the  process.  Wadman.  in 
1907  (U.  S.  Patent  847,856),  proposed  heating  lepi- 
dolite  with  potassium  sulphate  and  leaching  the  prod- 
uct with  sulphuric  acid  in  order  to  obtain  sulphates 
of  lithium  and  potash. 

A  chronological  list  of  the  patents  which  have  been 
granted  for  the  treatment  of  the  silicates  for  the  pro- 
duction of  available  potash  is  given  in  Table  I. 

It  would  appear  that  the  most  promising  processes 
for  making  potash  available  from  the  natural  sili- 
cates on  a  commercial  scale  of  operation  are  those 
which  are  conducted  in  the  dry  way  but  without 
actual  fusion  of  the  reacting  mixture.  Potash  salts 
volatilize  readily  at  the  high  temperatures  necessary 
for  the  fusion  of  the  silicates,  and  the  collection  of 
the  volatilized  potash  from  the  stack  gases  has  not 
yet    been    carried   out   economically.     A   considerable 


Table  I. — Proposed  Extraction  Processes  Chronologically  Arranged. 


IV.  Lime,  CajtPOO;..  red  heat 

I.  Lime,  powdered  CaClj,  H20.  steam 

V.  Lime,  salt,  heat  under  melting 

II.  Ca(OH)2  or  NaOH,  pressure  16  atmospheres 

II.  H2SiF6  and  H2SO, 

I.  CO2  500  lbs.  pressure  repeating 

II.  (Leucite)  KOH,  NaOH,  steam 

25  atmospheres 

IV.  (Leucite)  alkali,  carbon,  CaO  red  heat 

III.  Gypsum   and   carbon,   fuse,   volatilize 

VI.  Lepidolite.   KjSOi,   H^Oi 

II.  Water  and   HF1   electrolysis 

II.  Heat  alone  then  KOH  solution 

V.  "Containing  mica"  with  CaO,  NaCt  and  C 

II.  Ca(OH)2  steam  150  lbs. 

III.  Green  sand  cement  mix  volatilize 

I.  Bacteria  action 

I.  Intense  heat,  sudden  cooling  alone 

V.  CaO,  CaCl2.  etc..  clumps,  red  heat 

VI.  NaHS04,  NaCl  bright  red 

VI.  Ba  compound  as  BaS04  and  C.  fuse.  1I.SO, 

III.  Cement  mix  but  not  over  900 °  C . 
with  green  sand  volatilize 

III.  Green  sand,  CaCO  and  C.  melt,  iron  volatilizes 

duced.  This  experimenter  claims  that  potassium 
chloride  is  first  formed,  which  is  subsequently  changed 
to  the  sulphate  by  the  action  of  the  acid  sulphate. 
It  is  stated  that  this  process  has  recently  been  tried 
on  a  commercial  scale  of  operation.  Sodium  acid 
sulphate  is  a  by-product  that  is  reasonably  cheap 
although  a  large  quantity  is  not  available.  The  lack 
of  an  abundant  supply  of  acid  sulphite  is  perhaps 
the  greatest  drawback  to  the  commercializing  on  a 
large  scale  of  this  process,  although  it  is  possible 
that  it  may  still  become  of  some  industrial  impor- 
tance. Hart,  in  191 1  (U.  S.  Patent  997,761),  pro- 
posed to  fuse  feldspar  with  some  barium  compound, 
such  as  the  sulphate,  together  with  carbon,  to  pul- 
verize the  cooled  melt  and  subsequently  to  digest 
the  product  with  sulphuric  acid  and  thus  produce 
in  solution  potash  alum  and  a  residue  of  barium 
sulphate    and    silica    which    is   claimed    to     be     useful 


Year. 

Patentee. 

Product. 

1856 

Bickell 

Potassium  hydroxide 

1894 

Blackmore 

Potassium  chloride 

1900 

Rhodin 

Potassium  chloride 

1904 

Levi  (leucite) 

Potassium  silicate 

1904 

Gibbs 

Potassium  sulphate 

1904 

Blackmore 

Potassium  carbonate 

1905 

Piva 

Potassium  silicate 
Potassium  aluminate 

1905 

Soc.  Romana  Solfati 

Potassium  carbonate 

1905 

Swayze 

Potassium  sulphate 

1907 

Wadman 

Potassium  sulphate 

1907 

Cushman 

Potassium  hydroxide 

1907 

Swayze 

J  Potassium  silicate 
(  Potassium  aluminate 

1907 

McKee 

Potassium  chloride 

1909 

Gibbs 

Potassium  hydroxide 

1909         • 

Spencer  and  Eckel 

Potassium  salts 

1910 

Coates 

1910 

Carpenter 

1911 

Cushman 

Potassium  chloride 

1911 

Thompson 

Potassium  sulphate 

1911 

Hart 

Potassium  alum 

1911 

Eckel 

Potassium  metallic 
Potassium  sulphate 

1911 

Eckel 

Potassium  sulphate 

portion  of  the  potash  does  not  settle  in  the  dust  cham- 
ber, and  if  water  sprays  are  used  for  washing  the 
gases,  the  potash  solutions  are  very  dilute  and  the 
cost  of  evaporation  becomes  prohibitive.  Further- 
more, water  sprays  are  found  to  interfere  with  the 
draft  regulation,  even  when  the  use  of  fans  is  re- 
sorted to.  The  maintenance  of  artificial  draft  is  an 
expensive  and  difficult  matter,  and  it  is  very  likely 
to  interfere  with  the  proper  control  of  the  furnace 
temperatures.  For  work  on  the  large  scale  of  mill 
operation,  a  continuous  process  must  be  used,  avoid- 
ing fusion  and  with  the  regulation  of  temperature 
to  the  exact  point  at  which  appreciable  quantities  of 
potash  do  not  volatilize.  The  fluxes  and  reacting 
substances  must  be  cheap,  available  in  large  quan- 
tity, and  the  yields  of  water-soluble  potash  salts  must 
be  high.  The  process  which  has  seemed  to  us  to 
give    the    most    promise    of    successful    adaptation    to 
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commercial  ends  is  that  of  Cushman  (U.  S.  Patent 
987,436)  coupled  with  tin-  method  of  preparation  of 
the  materials  before  fumacing,  propose. 1  and  de- 
veloped by  Coggeshall  (U.  S.  Patent  987,554). 

This  process  has  recently  been  given  extensive 
trials  on  a  large  scale  and  interesting  results  have 
been  obtained.  The  process  consists  essentially  in 
powdering  100  parts  of  potash  feldspar  rock  together 
with  about  20  parts  of  lime  and  with  or  without  10 
to  20  parts  of  rock  salt.  This  powdered  mixture  is 
fed  to  the  top  of  a  moving  drum  about  three  feet  in 
diameter,  in  a  layer  about  half  an  inch  deep.  As 
soon  as  the  layer  is  formed  a  strong  solution  of  cal- 
cium chloride  is  applied  from  a  series  of  small  tubes. 
The  calcium  chloride  at  once  unites  with  the  lime,  form- 
ing a  so-called  oxychloride  cement  and  a  large  portion  of 
the  mixed  powder  is  thereby  at  once  formed  into 
"clumps"  or  aggregates  lying  in  abed  of  surplus  pow- 
der. As  the  drum  revolves  the  bed  is  removed  by  a 
scraper  to  a  belt  that  delivers  the  mixture  to  a  screen 
which  separates  the  clumps  from  the  residual  pow- 
der. The  powder  is  returned  by  a  screw  conveyer 
and  elevator  to  the  hopper  above  the  drum  again. 
The  clumps  are  about  the  size  of  peas  and  pass  from 
the  screen  directly  to  a  rotary  kiln  similar  to  those 
used  in  burning  Portland  cement.  The  kiln  is  heated 
by  a  blast  of  air  and  powdered  coal  in  the  usual  man- 
ner. 

The  clumps  pass  regularly  down  through  the  in- 
creasingly heated  portions  of  the  rotating  kiln  and 
roll  out  at  the  end,  practically  without  alteration  in 
size  and  shape. 

A  large  percentage  of  the  total  potash  present  in 
the  feldspar  is  converted  into  potassium  chloride 
during  the  heat  treatment,  and  very  little  is  vola- 
tilized. The  dry  clumps  are  of  a  pale  yellow  color 
outside,  due  to  the  iron  in  the  ash  of  the  bituminous 
coal  used,  but  they  are  snow-white  inside.  The 
clumps  are  finally  ground,  producing  a  pale  yellow 
material  containing  as  much  water-soluble  K20  as 
hardwood  ashes,  although  the  potash  is  in  the  form  of 
chloride,  and  the  product  also  contains  considerable 
free  lime.  Up  to  the  present  time  no  attempt  has 
been  made  on  a  large  scale  to  leach  out  the  soluble 
potash.  The  ground  material  is  being  given  field 
tests  as  a  straight  potash  fertilizer  containing  lime. 

A    RESUME    OF    THE    LARGE    SCALE    EXPERIMENTS. 

Potash  feldspars  were  obtained  from  five  different 
localities.  Eleven  carloads  were  used  in  the  trials, 
amounting  to  a  total  of  385  tons.  Each  carload  was 
ground  and  analyzed  separately.  The  lowest  in  pot- 
ash ran  6  per  cent.  K20  and  3  per  cent.  Na20,  the 
highest  1 1 . 3  per  cent.  K20  and  3 . 1  per  cent.  Na20. 
The  bulk  of  the  spar  ran  10  per  cent,  potash  and  2 
per  cent,  soda,  and  the  results  given  in  this  paper  were 
obtained  on  this  10  per  cent.  spar. 

The  lime  was  a  high  calcium  quicklime,  running 
about  90  per  cent.  CaO  and  5.6  per  cent.  MgO. 

The  salt  was  rock  salt  from  New  York  state  and 
ran  about  98  per  cent.  NaCl. 

The  calcium  chloride  was  obtained  from  the  Solvay 


Process  Company.  It  was  in  the  solid  form  and  con- 
tained all' nit  75  per  cent.  CaCl,  and  25  per  cent.  wat-  1 

All  of  the  above  materials  are  available  in  very 
large  quantities  and  at  low  cost.  The  calcium  chlor- 
ide is  a  by-product  in  the  form  of  a  moderately  strong 
solution,  and  but  a  small  portion  is  concentrated  at 
tin-  present  time,  as  the  chief  use  is  for  refrigera- 
ting purposes.  Vast  quantities  are  now  run  to  waste. 
The  solid  form  was  used  in  these  trials  merely  for 
convenience. 

Many  heats  were  made  with  mixtures  of  varying 
proportions,  but  the  two  mixtures  used  in  the  work 
here  described  were: 

Parts.  Parts. 

Feldspar 100  Feldspar 100 

Lime 20  Lime 20 

Salt 10  Salt 20 

The  feldspar,  lime  and  salt  were  separately  crushed 
in  gyratory  crushers  and  rolls,  and  dried  in  a  rotary 
drier.  In  continuous  work  the  proper  mixture  would 
be  made  at  this  point  by  continuous  weighing  ma- 
chines, but  as  a  number  of  different  mixtures  were 
to  be  tried,  each  of  the  three  raw  materials  was  ground 
separately  in  Huntington  mills  and  put  into  bins. 
This  preliminary  grinding  of  the  feldspar  and  salt 
was  to  about  65  per  cent,  through  a  100-mesh  sieve, 
of  the  lime  about  83  per  cent,  through  the  100-mesh. 
The  weight  per  cubic  foot  of  each  powder  of  the  above 
fineness  was  then  ascertained  and  measuring  boxes 
were  built  so  that  the  materials  could  be  separately 
measured  out  and  run  together  into  a  large  mixing 
machine.  Almost  a  ton  was  thus  mixed  each  time. 
The  mixture  was  then  conveyed  to  a  tube  mill  and 
further  ground  to  a  fineness  of  from  97  per  cent,  to 
99.5  per  cent,  through  a  100-mesh  sieve,  and  then 
conveyed  to  the  bin  over  the  dumper  and  kiln. 

The  calcium  chloride  masses  were  broken  up  and 
thrown  on  a  perforated  grid  in  a  large  tank  holding 
about  48  tons.  Water  was  run  in  and  the  chloride 
dissolved  most  readily.  The  solution  was  run  out 
when  about  42  degrees  Baume  into  two  large  sump 
tanks,  and  brought  to  a  constant  strength  of  about 
42  per  cent.  CaCl2.  This  was  then  pumped  up  to  an 
elevated  tank  and  piped  from  there,  through  a  con- 
stant-level tank,  to  the  dropper  tubes  of  the  clumper 
placed  in  a  row  above  the  drum.  This  drum  is  15.5 
feet  long  and  3  feet  in  diameter,  and  is  horizontal. 
There  are  15  valved  pipes,  each  one  feeding  an  ad- 
justable pipe  holding  38  short  dropping  tubes  of 
brass  '/,,  inch  internal  diameter,  and  set  s/,6  inch 
apart. 

The  finely  ground  mixed  powder  is  taken  from  the 
bin  by  a  chute,  elevator  and  screw  conveyor  and  dis- 
tributed in  a  long  hopper  trough  over  the  drum. 
It  is  taken  from  the  trough  by  a  roll  device  and  spread 
evenly  on  the  moving  drum  at  its  topmost  point. 
The  drum  has  a  surface  velocity  of  about  1 . 6  inches 
per  second,  the  layer  of  powder  advancing  at  this 
rate. 

It  was  found  that  by  dropping  the  liquid  very 
rapidly  upon  the  powder,  the  clumps  could  be  made 
rapidly  enough  to  give  a  full  feed  to  the  short  rotary 
kiln  when  only  one-third  of  the  trough  and  droppers 
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and  drum  is  used.  A  clumper  drum  5  feet  long  pro- 
duces every  hour  almost  two  tons  of  fresh  clumps 
and  considerably  over  a  ton  and  a  half  of  burned 
product  with  the  kiln  used  in  these  trials.  The  ex- 
cess of  powder  passes  through  a  screen  and  goes  to 
the  same  elevator  which  lifts  the  original  material 
from  the  bin.  The  amount  of  actual  CaCl,  in  the 
fresh  lime  is  regulated  to  about  20  parts  to  each  100 
parts  of  feldspar  in  the  mixture.  The  clumps  leave 
the  screen  in  rounded  form  and  flow  directly  into 
the  kiln. 

The  reason  for  the  above  procedure  will  now  be 
explained.  In  the  first  place,  calcium  chloride  re- 
acts very  efficiently  under  these  conditions  with  the 
feldspar  by  replacing  the  potassium  with  calcium, 
thus  forming  calcium  silicate  and  potassium  chloride. 
Anhydrous  calcium  chloride  is  expensive  to  produce 
and  it  is  impracticable  to  grind  it  into  a  mixture 
on  a  large  scale  on  account  of  the  rapid  absorption 
of  moisture.  Even  if  such  a  dry  mixture  could 
easily  be  made,  its  use  would  present  certain  disad- 
vantages. 

When  a  reaction  between  an  ore  and  solid  fluxes 
is  produced  by  heating  up  to  the  fusing  temperature, 
the  reaction  takes  place  on  the  surface  of  the  parti- 
cles alone  and  only  at  the  points  where  the  ore  is  in 
actual  contact  with  the  flux  particles.  Finer  grind- 
ing will  produce  a  larger  surface  area  and  thus  a 
greater  number  of  actual  contact  points,  leading  to 
a  larger  yield.  There  is,  however,  a  degree  of  fine- 
ness beyond  which  it  is  not  wise  to  go,  on  account 
of  the  cost  of  extremely  fine  grinding. 

Another  factor  in  the  problem  is  brought  out  by 
the  following  experiments.  A  batch  of  ore  and  the 
theoretical  amount  of  solid  flux  were  ground  together 
to  just  pass  a  50-mesh  sieve.  This  powder,  when 
subjected  to  a  certain  heat  treatment,  gave  a  reac- 
tion yield  of  about  35  per  cent,  of  the  theoretical. 
The  mixture  was  then  ground  to  just  pass  a  100-mesh 
sieve  and  given  the  same  heat  treatment.  A  reac- 
tion yield  was  obtained  of  about  65  per  cent,  of  the 
theoretical.  The  mixture  was  then  ground  to  pass  a 
200-mesh  sieve  and  again  reheated  as  before.  A 
smaller  yield  was  obtained  that  when  the  material 
just  passed  the  100-mesh,  although  the  particles  were 
undoubtedly  only  half  the  average  diameter  with 
about  four  times  the  surface  area  and  should  there- 
fore have  had  far  more  points  of  contact.  Upon 
weighing  equal  volumes  of  the  50-mesh,  loo-mesh 
and  200-mesh  powders,  it  was  found  that  the  latter 
contained  far  less '  material  and  it  became  apparent 
that  the  200-mesh  powder  consisted  for  over  54  per 
cent,  of  its  volume  simply  of  voids.  Such  finely  ground 
powders  are  well  known  to  "surge,"  that  is,  to  show 
the  tendency  to  flow  like  water  through  orifices  in  a 
manner  resembling  fountains.  Material  ground  as 
fine  as  this  is  the  cause  of  much  trouble  at  spout  slides 
and  conveyors.  Each  particle  of  a  material  of  this 
extreme  fineness  is  undoubtedly  surrounded  by  a 
film  of  air,  the  actual  contact  •  with  the  surfaces  is 
lessened  and  friction  almost  eliminated.  When  al- 
lowed to  flow  into  a  bin,  such  a  powder  assumes  an 


almost  horizontal  surface:  there  is  practically  no 
angle  of  repose.  Unquestionably  the  lessened  con- 
tact caused  the  low  yields  in  the  finely  ground  mix- 
tures. Some  of  the  finer  material  was  briquetted 
and  the  subsequent  heat  yielded  about  85  per  cent, 
of  the  theoretical.  Briquetting  is,  however,  expen- 
sive and  usually  necessitates  the  addition  of  a  bind- 
ing agent  foreign  to  the  reaction. 

As  a  result  of  these  investigations,  the  method  was 
developed  for  aggregating  fine  powders  by  dropping  a 
suitable  liquid  upon  an  excess  of  the  powder  in  such  a 
way  as  to  cause  a  temporary  bond  to  form,  thus  prac- 
tically eliminating  the  air  films  or  voids  around  the 
individual  particles  and  permitting  actual  surface 
contact.  Under  these  conditions,  with  the  same  ore 
and  flux  used  in  the  experiments  described  above,  the 
same  •  heat  treatment  yielded  within  3  per  cent,  of 
the  theoretical  quantity  present.  This  method  of 
aggregating  finely  powdered  materials  previous  to 
furnacing  has  already  been  used  in  several  different 
ways.  For  example,  in  an  ore  mixture  in  which  the 
flux  material  is  an  alkaline  carbonate,  such  as  sodium 
or  potassium,  which  form  crystalline  salts  containing 
water  of  crystallization,  if  the  carbonate  is  used  in 
the  partially  anhydrous  condition  and  ground  with 
the  ore,  water  alone  dropped  upon  the  mix  in  the 
manner  described  formed  at  once  a  crystalline  car- 
bonate which  binds  the  particles  of  ore  and  flux  into 
separate  clumps,  which  are  hard  enough  to  withstand 
screening,  while  the  air  films  are  practically  elimina- 
ted. Using  such  a  mixture  and  process  as  this,  a 
practically  theoretical  yield  was  obtained,  although 
the  flux  was  used  only  in  the  exact  molecular  propor- 
tion called  for  by  the  reaction. 

By  this  clumping  process  a  very  intimate  contact 
of  reaction  of  surfaces  is  readily  obtained  at  a  low 
cost.  The  quantity  of  flux  necessary  to  complete 
the  reaction  is  greatly  reduced,  the  duration  and 
temperature  of  the  heat  treatment  is  lessened  and 
working  with  rotary  kilns  dusting  and  stack  losses 
are  almost  entirely  eliminated.  The  clumps  are 
beautifully  adapted  to  the  feed  mechanism  of  rotary 
kilns,  as  they  flow  easily,  do  not  dust,  and  take  the 
heat  more  evenly  than  fine  powders.  Now  that  the 
temperature  conditions  in  rotary  kilns  can  be  accu- 
rately controlled,  it  would  seem  that  many  chemical 
and  metallurgical  reactions  which  are  now  performed 
by  intermittent  processes  and  with  low  yields  could 
be  much  more  economically  carried  out  in  continuous 
rotary  kilns,  taking  advantage  of  this  new  method 
of  forming  aggregates  previous  to  furnacing. 

In  the  application  of  this  method  to  the  treatment 
of  feldspathic  rock,  advantage  was  taken  of  the  fact 
that  a  solution  of  calcium  chloride  acts  upon  dehy- 
drated lime  to  form  the  oxychloride  which  is  a  strong 
cementing  compound.  It  was  found  that  the  forma- 
tion of  calcium  oxychloride  gave  a  sufficiently  strong 
bond  to  enable  the  aggregates  to  withstand  the  opera- 
tion of  screening  and  the  burden  in  the  kiln. 

The  theoretical  quantity  of  calcium  chloride  flux 
required  depends  upon  the  total  quantity  of  K20 
and  Na20  present  in  the  mix,  as    it    is    evident    that 
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the  soda  must  also  be  liberated  in  proportion  t> 
content.  The  feldspar  ore  used  ran  10  per  cent. 
K,0  ami  2  per  cent.  Na.o,  which  required  theoreti- 
cally 15.5  parts  of  calcic  chloride.  In  all  our  trials 
sonic  slight  excess  of  calcium  chloride  has  been  use.] 
The  strength  of  the  solution  and  the  method  of  treat- 
ment has  been  such  that  about  20  parts  of  actual 
calcium  chloride  arc  present  in  the  fresh  clumps  to 
every  100  parts  of  feldspar.  The  20  parts  of  lime 
used  is  for  the  purpose  of  forming  the  aggregates, 
and  this  lime  remains  practically  unchanged  in  the 
finished  product.  The  presence  of  lime  in  a  potash  fertil- 
izer will  be  found  advantageous  to  most  soils,  and  it  is 
generally  admitted  that  lime  increases  the  manurial 
value  of  a  fertilizer.  If  the  object  were  to  leach  out 
the  soluble  potash  salts  from  the  product,  a  much 
smaller  amount  of  lime  could  be  used  without  inter- 
fering with  the  formation  of  hard  clumps.  The  salt 
is  added  because  it  has  been  found  to  aid  the  heat 
reaction,  probably  mechanically  as  will  be  explained 
later  on.  The  fresh  clumps  contain  from  16  to  20 
per  cent,  of  moisture,  which  is,  of  course,  evaporated 
in  the  upper  part  of  the  kiln. 

The  rotary  kiln  used  in  these  trials  was  one  of  the 
old  bottle-shaped  cement  kilns  with  a  total  length  of 
slightly  over  fifty-five  feet,  the  upper  twenty  feet 
having  a  diameter  of  4  feet  clear  inside  the  firebrick 
lining,  the  lower  portion  widening  out  to  nearly  6 
feet  inside  diameter.  The  pitch  was  7/8  inch  per  foot 
and  the  most  suitable  speed  was  found  to  be  one 
revolution  in  about  2I/Z  minutes. 

The  conditions  of  the  heat  treatment  are  very  im- 
portant. The  kiln  used  was  too  short  to  yield  the 
best  results,  and  after  the  preliminary  experiments 
changes  were  made  which  caused  the  material  to  take 
about  i1/,  hours  to  pass  through  the  length  of  the  kiln. 
The  temperature  of  the  gases  issuing  from  the  upper 
end  of  the  kiln  were  read  continually  with  a  thermo- 
couple pyrometer  fitted  with  a  15-foot  fire  end  and 
temperatures  were  also  taken  from  time  to  time  at 
the  firing  platform.  A  furnace  wall  temperature  of 
about  13700  C.  is  required  for  efficient  burning  of 
powdered  bituminous  coal.  This  is,  however,  much 
too  high  a  temperature  for  potash  work  in  a  rotary 
kiln.  This  difficulty  called  for  careful  experimental 
investigations  and  adjustments  of  the  heat  treatment 
before  the  proper  yields  could  be  obtained.  If  a 
longer  kiln  had  been  available,  there  is  every  reason 
to  believe  that  a  more  efficient  use  of  the  heat  could 
have  been  obtained.  The  coal  used  was  a  fairly  high 
volatile  bituminous  coal.  It  was  ground  to  about  y.4. 
per  cent,  through  a  100-mesh  sieve  and  blown  into 
the  furnace  under  an  air  pressure  of  about  ten  pounds 
per  square  inch. 

During  the  progress  of  the  clumps  down  the  kiln 
the  following  reactions  probably  take  place:  At  the 
entrance  to  the  kiln  the  water  begins  to  evaporate. 
As  the  hotter  zone  is  approached,  the  temperature 
rises  high  enough  to  melt  calcium  chloride  and  salt. 
Whether  the  calcium  chloride  is  free  to  melt  is  not 
known  to  us,  as  the  exact  composition  of  the  oxy- 
chloride   compound  formed   has  not  yet  been   deter- 


mined. The  results  of  our  work  seem  to  prove  that 
the  reacting  chlorine  is  more  readily  evolved  from  the 
oxychloride  compound  than  it  is  from  calcium  chloride 
alone.  The  melting  of  the  salt,  however,  continues 
the  bond  of  the  reacting  particles,  causing  them  to 
thoroughly  "wet"  each  other,  and  from  this  point 
on  the  attack  on  the  silicate  proceeds  rapidly.  Dur- 
ing the  heating  usually  from  1  to  2  per  cent,  of  Na20 
is  volatilized. 

When  operating  with  no  salt  present,  the  yield  of 
soluble  potassium  chloride  was  47.5  per  cent,  of  that 
originally  present  in  the  feldspar.  On  adding  to  the 
mixture  10  parts  of  salt  to  each  100  parts  of  spar,  a 
test  heat  yielded  64  per  cent.,  but  of  this  y  per  cent. 
was  lost  by  volatilization,  giving  a  yield  of  55  per  cent. 
net  in  the  final  product.  On  adding  20  parts  of  salt 
to  the  mixture  the  yield  grows  to  6y.2  per  cent,  with 
no  volatilization  and  to  75  per  cent,  under  heat  con- 
ditions which  caused  a  volatilization  of  7  per  cent., 
leaving  a  net  yield  of  68  per  cent,  of  that  originally 
present.  In  the  case  of  clumps  made  from  a  mixture 
of  100  parts  of  feldspar  containing  10  per  cent.  K20 
and  2  per  cent.  Na20,  20  parts  of  lime,  20  parts  of 
salt  and  20  parts  of  calcium  chloride,  the  theoretical 
composition  if  no  volatilization  loss  takes  place  is 
shown  compared  with  the  actual  results  obtained  in 
the  following  table: 

Theory.     Analysis. 
Per  cent.   Per  cent. 

Total  K20 6  25  5.8 

Water-soluble  K20 4.2       Equals  6.65  per  cent.  KC1 

Loss  of  K20 0.5       As  KC1  already  formed 

Total  Na20 7.62  7.1       0.52   per  cent,   made   into 

NaCl 
Water-soluble  Na^.  .  .      6.37  5.1        Showing     1.79     per     cent. 

vaporized  as  NaCl  or  26 
per  cent,    of  that  present 

This  particular  product  contained  11.3  per  cent, 
of  free  lime  and  total  lime  by  analysis  15.5  per  cent. 
There  was  also  in  this  sample  about  5  per  cent,  of  free 
unchanged  calcic  chloride.  The  amount  of  calcic 
chloride  in  the  various  runs  made  up  to  the  present 
time  have  been  reduced  gradually  to  about  1  per  cent., 
and  it  is  felt  that  in  the  future  better  conditions  of 
heat  treatment  will  make  complete  use  of  the  calcic 
chloride  and  at  the  same  time  raise  the  yields  of  solu- 
ble potash.  In  later  runs  in  which  only  10  parts  of 
salt  were  present  in  the  mix,  the  theoretical  and  actual 
analysis  of  the  product  was  as  follows: 

Theory.  Analysis. 
Per  cent.  Per  cent. 

Total  K20 6.66  5.62 

Water-soluble  K2O 4.5  Equals  7.12  per  cent.  KC1 

Vaporization     loss     of 

soluble  K20 1  .04  As  KC1  already  formed 

K20  insoluble  in  water 1.12 

Total  Na20 4.15 

Water-soluble  Na20 3.7  Showing     0.45     per     cent. 

vaporized  as  NaCl  or  11 
per  cent,  of  that  present 

This  product  contained  12.25  per  cent,  of  free 
lime,  the  total  potash  rendered  soluble  was  5.54  per 
cent,  of  the  product  or  83 . 2  per  cent,  of  the  total 
quantity  present,  but  as  15.6  per  cent,  had  been  vola- 
tilized the  net  yield  in  the  product  amounted  to  67.6 
per  cent. 
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The  material  which  was  later  made  continuously 
according  to  the  process  described  above  carries  4 . 5 
per  cent,  of  water-soluble  K,0  in  the  form  of  7.12  per 
cent,  potassium  chloride  and  in  addition  to  this  the 
material  carries  only  1.12  per  cent.  K20  insoluble  in 
water.  It  is  well  known  that  a  2  per  cent,  citric  acid 
solution  will  extract,  when  used  according  to  the  Wag- 
ner method,  somewhat  more  K20  than  can  be  made 
directly  water-soluble.  This  fact  is  of  considerable 
interest  when  the  product  is  to  be  used  directly  as  a 
potash  fertilizer. 

CONCLUSION. 

It  is  believed  that  under  better  conditions  of  heat 
treatment  which  can  be  obtained  with  longer  kilns 
and  with  a  somewhat  different  arrangement  of  the  com- 
bustion chamber,  slightly  better  yields  than  those 
reported  can  be  obtained.  It  should  be  remembered 
that  the  kiln  used  in  these  experimental  trials  was 
originally  designed  for  burning  cement,  but  this  type 
of  kiln  has  long  been  superseded  by  improved  forms. 
In  order  to  get  the  proper  heat  treatment  in  the  mid- 
dle of  the  kiln  to  complete  the  reaction,  it  was  neces- 
sary to  have  the  upper  part  too  hot.  This  condition 
will  not  maintain  in  a  properly  designed  kiln.  It  is 
also  believed  that  the  use  of  oil  as  fuel  would  have  al- 
lowed an  easier  regulation  of  the  heat  treatment 
but  the  trials  so  far  undertaken  have  been  made 
under  conditions  which  were  found  available  at  the 
time. 

The  subject  of  the  costs  of  this  process  and  of  the 
product  cannot  be  gone  into  in  detail  at  this  time  but 
a  few  general  statements  may  be  made.  The  produc- 
tion of  water-soluble  potash  in  feldspathic  rock  is  es- 
sentially a  low-grade  proposition,  and  the  commercial 
success  of  such  a  process  depends  upon  the  low  cost 
of  the  various  operations.  The  manufacture  of  a 
straight  potash  fertilizer  containing  as  valuable  in- 
gredients only  potash  and  lime,  must  be  carried  out 
on  a  very  large  scale  and  by  the  most  modern  meth- 
ods of  continuous  operation.  With  regard  to  the 
clumping  process,  the  trials  have  shown  that  this 
operation  can  be  practically  carried  out  as  a  contin- 
uous process  and  at  an  exceedingly  low  charge  per 
ton  of  product. 

The  process  may  be  directly  compared  with  that  of 
the  manufacture  of  Portland  cement.  It  is  a  little 
easier  to  grind  feldspar  and  lime  than  the  shales  and 
limestones  used  in  cement  manufacture.  Drying 
will  cost  no  more.  Chemical  control  of  the  raw  mixes 
will  not  be  more  expensive  and  perhaps  much  less. 
Clumping,  as  has-  been  shown,  adds  a  very  small 
charge  to  the  expense  of  treatment.  The  cost  of  fur- 
nacing  the  feldspar  mix  will  be  less  than  similar 
charges  in  the  cement  industry,  as  the  temperatures 
required  are  much  lower  and  less  coal  is  consumed. 
The  product  from  the  potash  kiln  is  comparatively 
soft  and  pulverizes  easily  in  hammer  mills,  while  the 
charges  on  the  cement  industry  for  grinding  clinker 
is    an    important    item.      Again,     the    softer    potash 

»  product  merely  requires  to  be  ground  fine  enough  for 
use  as  a  fertilizer,  whereas  cement  clinker  must  be 
ground  very  fine  and  costs  rise  rapidly  with  increas- 


ing fineness.  Repair  bills  in  the  case  of  feldspar  treat- 
ment should  be  much  smaller  than  in  cement  manu- 
facture. The  charge  for  raw  materials  is  somewhat 
larger  than  in  the  case  of  cement,  but  this  is  more  than 
met  by  the  smaller  costs  of  operation. 

The  potash  fertilizer  as  now  produced  should  be 
the  equal  in  fertilizing  value  of  the  ordinary  grades  of 
hardwood  ashes.  The  product  carries  practically 
the  same  content  of  water-soluble  potash  and  a  con- 
siderable percentage  of  free  lime.  There  is  every 
reason  to  believe  that  if  the  process  becomes  an  in- 
dustry the  yields  of  water-soluble  potash  can  be 
considerably  improved.  The  material  yielded  is  not 
a  fused  product,  it  is  friable  as  an  ash  and  it  has  the 
physical  texture  to  make  it  a  valuable  aid  to  soil 
structure.  The  success  of  the  product  must,  of  course, 
depend  upon  the  results  obtained  under  test  condi- 
tions in  its  experimental  use  as  a  fertilizer.  If  re- 
sults are  obtained  which  are  as  good  or  better  than 
those  which  usually  attend  the  proper  use  of  high- 
grade  wood  ashes,  it  is  believed  that  there  should  be 
no  reason  why  this  product  cannot  be  successfully 
produced  and  introduced,  especially  in  those  parts  of 
the  country  where  potash  feldspars,  fuel  and  shipping 
facilities  are  available. 

The  results  obtained  on  a  number  of  experimental 
trials  on  a  mill  scale  of  operation  show  that  it  is  pos- 
sible to  economically  manufacture  a  potash  fertilizer 
containing  free  lime  from  feldspar  and  for  a  sufficiently 
low  cost  to  make  worthy  of  consideration  an  industry 
based  upon  the  method  described. 

Institute  of  Industrial  Research, 
Washington,  D.  C. 


POTASH,  SILICA  AND  ALUMINA  FROM  FELDSPAR.1 

By  Edward  Hart. 

In  a  study  of  the  commercial  utilization  of  feldspar 
which  I  undertook  several  years  ago,  it  soon  became 
evident  that  the  potash  alone  would  not  pay  the  cost 
of  extraction.  This  is  the  cause  of  the  commercial 
failure  of  all  the  methods  heretofore  proposed.  It  is 
necessary,  therefore,  to  separate  and  put  into  market- 
able form  the  other  constituents — silica  and  alumina — if 
our  method  is  to  be  successful. 

With  this  purpose  in  view  I  have  finally  worked  out 
the  following  process  which  gives  good  prospect  of 
commercial  success: 

The  feldspar  chosen  should  contain  not  much  less 
than  12  per  cent,  potash.  Spar  of  this  quality  can 
be  obtained  in  quantity,  but  one  of  the  pitfalls  in- 
ventors must  avoid  is  the  expectation  of  getting  spar 
containing  the  theoretical  16.9  per  cent,  of  potash. 
The  spar  mixed  with  the  proper  amount  of  potassium 
sulfate  and  carbon  is  fused.  The  carbon  added  is  so 
regulated  that  the  resulting  slag  contains  a  considerable 
proportion  of  sulfids.  This  has  the  double  advantage 
of  saving  a  part  of  the  sulfur,  disengaged  as  hydrogen 
sulfid  on  dissolving  in  acids,  which  aids  also  in  the 
complete  decomposition  by  breaking  apart  the  par- 
ticles as  it  is  given  off.  Experiments  show  that  if  a 
colorless  slag  is  obtained  of  even  higher  alkali  content 

1  Taper   presented    at    the    Eighth    International   Congress   of   Applied 
Chemistry.  New  York.  September.  1912. 
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it  is  much  Kss  easily  decomposed  by  sulfuric  acid. 

The  slag  so  obtained  must  be  very  finely  pulverized 
ami  treated  in  closed  vessels  with  dilute  sulfurii  ■  id 
leaving  behind  a  very  pure  silica  which  needs  only 
washing  and  ignition  to  yield  a  marketable  product 
fitted  for  the  potter's  use  or  for  the  manufacture  of 
sodium   silicate. 

The  solution  contains  potash  alum  and  any  small 
amounts  of  other  metals  such  as  iron,  manganese  and 
soda  as  sulfates.  Lime  is  inadmissible,  as  the  sulfate 
forms  crusts  on  evaporating. 

The  solution  on  cooling  gives  at  once  crystals  of 
alum,  which  washing  with  a  little  water  and  centri- 
fuging  renders  marketable.  Any  iron  present  remains 
as  ferrous  sulfate  in  the  mother  liquor.  Alum,  how- 
ever, is  marketable  only  in  limited  quantity  and  must 
be,  for  the  most  part,  converted  into  its  constituents, 
aluminum  and  potassium  sulfate.  This  is  easily 
done  by  adding  to  the  solution  in  a  closed  vessel 
potassium  sulfid  in  slight  excess  when  aluminum 
hydroxid  mixed  with  a  little  sulfur  precipitates  in  a 
form  easily  washed.  This  is  dissolved  in  hot  sulfuric 
acid,  run  through  a  filter  and  allowed  to  solidify. 
The    potassium    sulfate    is    obtained    by    evaporation. 

Each  ton  of  feldspar  (12  per  cent.  K20)  should  yield 
444  lbs.  K2S04,  2040  lbs.  commercial  aluminum  sulfate 
(18  per  cent.  A1203),  and  1300  lb§.  SiO,. 

Gayley  Chemical  and  Metallurgical  Laboratory, 

Lafayette  College, 
Easton,  Pa. 


COMPOSITION  OF  THE  SALINES  OF  THE  UNITED  STATES.1 
1.     Rock  Salt,  Artificial  Brines  and  Mother-liquors  from  Artificial 

Brines. 

By  J.  W.  Turrentine,  with  analyses  by  A.  R.  Merz  and  R.  F.  Gardner. 

Received  August  7,    1912. 

This  report  on  the  composition  of  the  salines  of  the 
United  States  will  embrace  the  following  chapters: 
I,  "Rock  Salt,  Artificial  Brines  and  Mother  Liquors 
from  Artificial  Brines;"  II,  Natural  (Subterranean) 
Brines  and  Mother  Liquors  from  Natural  Brines;" 
III,  "Brines  from  the  Ocean  and  Salt  Lakes;"  IV, 
"The  Utilization  of  the  Salines  of  the  United  States 
as  a  Source  of  Potassium  Salts;"  and  V,  "The  Occur- 
rence of  Lithium,  Rubidium  and  Caesium  in  the  Salines 
of  the  United  States." 

The  present  investigation  was  undertaken  as  a  part 
of  the  general  problem  investigated  by  the  Bureau  of 
Soils  of  the  United  States  Department  of  Agriculture, 
namely,  to  determine  what  sources  of  potassium  salts 
could  be  developed  in  the  United  States.  The  inti- 
mate association  of  sodium  and  potassium  in  nature ; 
in  the  feldspars  and  other  of  the  older  rocks;  in  the 
brine  of  the  ocean  and  of  numerous  saline  lakes  and 
in  the  beds  of  deposited  salts  underlying  the  Magde- 
burg-Halberstadt  region  of  Germany,  warranted  the 
belief  that  the  two  might  be  associated  likewise  in 
the  rock  salt  and  other  salines  of  this  country. 

But  slight  information  bearing  on  the  problem  was 
at  hand.  While  numerous  analyses  of  salines  are  to 
be  found  in  the  chemical  literature,  in  most  instances 
seemingly  no   attempt  has  been   made  to   determine 

1  Published  with  the  permission  of  the  Secretary  of  Agriculture. 


the  potassium  presenl  therein.  Since  in  such  analyses 
any  error  is  thrown  upon  the  sodium,  the  presence  of 
potassium  therein  would  not  be  revealed  unless  tested 
lor. 

The  investigation  has  consisted  in  a  study  of 
representative  specimens  of  rock  salt  from  those  places 
where  the  I.  1  .ecu  entered  ;  of  brines  from  salt 

wells;  ot  brine  from  gas  and  oil  wells;  of  brines  from 
salt  lakes  and  of  salt  crusts  from  salt  playas  and 
marshes,  and  of  the  mother  liquors  and  other  con- 
cent rites  from  the  salt  refineries  of  the  states  east  of 
the  Rocky  Mountains  and  from  the  "salt  gardens"  of 
the  Pacific  Coast. 

GEOLOGICAL  CONSI  n  E  RATIONS. 

Rock  salt  has  been  found  in  large  masses  in  three 
regions  in  the  United  States:  (i)  underlying  an  area 
represented  by  central  and  western  New  York,  north- 
eastern Ohio  and  probably  the  entire  lower  peninsular 
of  Michigan;  (2)  underlying  the  State  of  Kansas  and 
extending  thence  into  Oklahoma;  (3)  in  Louisiana 
and  Texas.  In  Virginia  and  in  certain  localities  of  the 
west  it  is  found  in  smaller  local  deposits,  where,  in  the 
latter  region,  it  has  been  deposited  as  the  evaporation 
product  of  saline  lakes. 

The  salt  beds  penetrated  in  New  York,  Ohio  and 
Michigan  are  probably  continuous,  as  they  occur  in 
the  Salina  group  of  rocks  of  the  Upper  Silurian,  and 
the  enclosing  strata  of  the  beds  in  the  various  regions 
for  the  most  part  have  been  pretty  thoroughly  corre- 
lated. The  Salina  formation  appears  as  an  outcrop 
in  New  York  along  a  line  extending  east  and  west,  and 
lying  a  few  miles  south  of  Lake  Ontario.  Thence  it 
extends  southward  and  dips  to  the  south,  disappearing 
beneath  the  mountains  of  western  Pennsylvania.  The 
formation  as  far  south  as  Ithaca  and  Watkins  in  the 
State  of  New  York  is  known  to  carry  rock  salt,  though 
it  is  barren  of  salt  in  Pennsylvania.1  The  Salina  rocks 
extend  westward  into  Ohio  until  the  eastern  slope  of 
the  Cincinnati  axis  is  encountered.  The  rock  salt 
strata  disappear  east  of  that  region.  To  the  north- 
west, the  western  shores  of  Lake  Michigan  mark  the 
limits  of  the  Salina.  To  the  north  and  northeast 
their  limits  are  undetermined.  Salt  is  being  obtained 
from  this  formation  at  Goderich,  in  Ontario  Province, 
Canada. 

Two  theories  have  been  advanced  to  account  for 
the  formation  of  the  rock  salt  of  the  Salina  strata. 
These  theories  are  at  variance,  in  that  one  supposes  a 
marine  origin  and  the  other,  a  continental  origin. 
The  former  describes  the  Salina  sea  as  an  arm  of  the 
ocean,  separated  from  the  ocean  by  bar-reefs  or  flats 
over  which  great  tidal  waves  flowed  into  the  bay. 
As  the  period  was  one  of  great  aridity,  only  salt  water, 
in  the  manner  mentioned,  entered  the  sea.  Concen- 
tration through  evaporation  continued  to  saturation 
with  respect  to  sodium  chloride,  whereupon  that 
substance  was  deposited.  Later,  apparently,  before 
the  concentration  with  respect  to  the  other  saline 
constituents  of  ocean  water  became  great  enough  to 
cause  their  deposition,  the  period  of  aridity  came  to 

1  Chamberlain  and  Salisbury,  Geology  II,  p.  389. 
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an  end  and  the  succeeding  strata  were  non-saline  in 
character. 

The  continental  theory  of  the  formation  of  the 
Salina  rocks  supposes  that  the  area  which  they  now 
cover  was  an  undrained  basin.  Into  it  flowed 
the  waters  from  the  surrounding  drainage  area  with 
their  burden  of  detrital  matter.  The  latter  was 
derived  from  the  rocks  of  the  preceding  geological  age, 
the  Niagaran.  These  were  calcareous  and  presum- 
ably carried  about  one  per  cent,  sodium  chloride. 
The  insoluble  matter  was  deposited  to  form  the  cal- 
cilutites  of  the  lower  Salina  strata,  while  the  sodium 
chloride  remained  in  solution  to  form  the  brine  of  the 
mid-vSalinan  sea. 

It  is  possible  to  form  some  idea  of  the  relative  merits 
of  these  theories  from  geo-chemical  considerations. 
However,  such  a  discussion  would  be  foreign  to  the  pur- 
pose of  this  paper,  and  for  that  reason  must  be  omitted.1 
In  Kansas,  rock  salt  is  found  lying  between  shales 
of  the  Permian  formation,  the  Wellington  shales  above 
and  the  Marion  shales  and  limestones  below.  Toward 
the  eastern  part  of  the  state  the  beds  of  salt  gradually 
grow  thinner  and  eventually  disappear  within  the 
borders  of  the  state.  To  the  north  they  probably  in 
like  manner  disappear.  The  southern  and  western 
limits  of  the  beds  are  undetermined. 

But  little  is  known  concerning  the  geological  history 
of  the  sea  from  which  the  rock  salt  of  Kansas  was 
crystallized. 

The  rock  salt  deposits  of  Louisiana  have  been  de- 
scribed by  G.  L.  Harris,  in  Bulletin  7,  of  the  Geological 
Survey  of  Louisiana.  These  deposits  are  peculiar  in 
that  they  appear  in  huge,  dome-like  masses  projecting 
toward  the  surface  from  great  and  unknown  depths. 
Their  upward  thrust  has  lifted  the  surface,  forming, 
in  Southern  Louisiana,  so-called  islands.  These  are 
of  Quaternary  origin,  while  the  salt  masses  belong  to 
the  Tertiary  period.  They  are  supposed  to  rest  on 
rocks  of  Cretaceous  origin.2 

Several  theories  have  been  proposed  to  account  for 
the  origin  of  the  salt  domes.  Their  formation  is  the 
result  of,  or  has  resulted  in,  enormous  lifting  forces. 
All  things  considered,  it  appears  most  probable  that 
they  have  resulted  from  the  exertion  of  enormous 
pressures  upon  rock  salt  masses  in  the  lower  strata, 
which  have  squeezed  the  more  plastic  rock-salt  up- 
ward through  the  less  plastic  rocks.  The  rock  salt  de- 
posits of  Texas  exhibit  the  same  characteristics  as  do 
those  of  Louisiana. 

The  rock  salt  of  the  United  States  for  the  most  part 
is  gray  in  color.  This  color  is  attributable  to  occlusions 
of  minute  particles  of  argillaceous  limestone  and  gyp- 
sum. Its  intensity  varies,  accordingly,  from  the  dense, 
opaque  gray  of  the  argillaceous  limestone,  impreg- 
nated with  crystalline  sodium  chloride  to  the  almost 
perfectly  colorless  and  transparent  masses  of 
halite.  Red  halite  is  found  in  Michigan  and  Kansas. 
The  blue  color  of  halite  has  been  explained  as  due 
to  organic  matter  and  to  metallic  sodium. -5 

1  Cf.  Bull.  94,  Bureau  of  Soils,  U.  S.  Department  of  Agriculture. 

2  Lucas,  Trans.  Am.  Inst.  Mining  Eng..  29,  462  (1899). 

3  Clarke,  "Data  of  Geo-Chemistry,"  2nd  Ed.  Cf.  also  references  to 
literature,  foot  note  p.  220. 


TECHNOLOGY  OF  SALT. 

A  full  discussion  of  the  technology  of  salt  manu- 
facture could  scarcely  be  considered  a  logical  part 
of  this  paper.  However,  those  operations  affecting 
the  composition  of  the  brines  are  pertinent  and, 
therefore,  are  given  brief  mention  here.  The  state- 
ments made  apply  particularly  to  those  salt 
manufactories  of  New  York  and  Michigan  which  were 
visited  in  person  by  the  author.  From  the  nature  of 
the  case,  however,  the  same  statements  must  apply 
within  limits  likewise  to  the  manufactories  in  the  other 
states  where  salt  is  prepared  from  similar  natural 
materials. 

Rock  salt  is  mined  from  the  thicker  beds  by  the 
simple  and  well  known  "chamber-and-pillar"  method. 
The  height  of  the  working  face  is  determined  largely 
by  the  thickness  of  the  stratum,  or  mass,  of  trans- 
parent salt.1  From  the  mine  the  rock  salt  is  hoisted 
to  the  upper  of  a  series  of  crushers,  in  which  it  is  reduced 
to  the  desired  state  of  fineness.  Some  of  the  larger 
pieces  of  good  grade  salt  are  not  crushed,  but  are  used 
in  the  form  in  which  they  come  from  the  mine  for 
"salting"  live  stock.  The  finer  grades  are  employed 
principally  in  refrigeration.  The  natural  gray  color 
of  the  rock  salt  is  prejudicial  to  its  acceptance  as  table 
salt. 

Artificial  Brines. — In  most  instances  salt  is  removed 
from  its  beds  in  solution.  This  is  accomplished  by 
admitting  water  from  the  surface  to  the  salt  beds  and 
allowing  it  to  stand  in  contact  therewith  until  satura- 
tion is  reached.  This  brine  is  spoken  of  as  artificial 
to  differentiate  between  it  and  the  naturally  occurring 
subterranean  brine.  A  hole  is  drilled  to  the  beds, 
through  which  a  pipe  is  sunk.  This  and  the  annular 
space  between  it  and  the  casing  of  the  boring  con- 
stitute two  courses,  through  one  of  which  fresh  water 
enters  and  through  the  other  brine  is  withdrawn. 
Gradually  a  cavity  in  the  salt  stratum  is  devel- 
oped. From  the  larger  cavities  brine  of  a  high 
concentration  may  be  pumped  continuously  and 
rapidly,  since  the  brine  pumped  out  in  a  given  space 
of  time  is  so  small  as  compared  with  the  total  amount 
of  solution  in  the  cavity,  that  the  issuing  brine  is 
practically  a  saturated  solution. 

The  fresh  water  admitted  to  the  cavity  is,  of  course, 
of  a  lower  specific  gravity  than  the  brine,  and  conse- 
quently lies  on  top  of  the  brine.  More  rapid  solution 
therefore  must  take  place  from  the  upper  portion  of 
the  walls  of  the  cavity  and  hence,  of  the  salt  stratum. 
The  composition  of  the  artificial  brine,  then,  can  not 
be  regarded  in  every  case  as  necessarily  representative 
of  that  of  the  entire  stratum  of  rock  salt  dissolved. 
Where  the  Poli,  or  compressed  air,  system  of  pumping 
is  employed,  the  agitation  of  the  brine  in  the  cavity 
may  be  sufficiently  great  to  induce  a  more  uniform 
dissolution  of  the  cavity  walls. 

Preliminary  Treatment. — From  the  wells,  the  brines 
enter  settling  tanks,  where  solid  matter — small  par- 
ticles of  argillaceous  limestone  and  gypsum — is  allowed 
to  settle  out.  Following  this,  the  brines  may  be  run 
directly    into    evaporators,    or    may    be    subjected    to 

1  Cf.   Lucas,  loc.  cit. 
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treatment  for  the  removal  ol  any  or  all  oi  the  per- 
nicious impurities,  such  .is  solid  matter,  hydrogen 
sulphide,  iron,  calcium  and  magnesium. 

Hydrogen  sulphide  is  removed  either  by  allowing 
the  brine  to  stand  exposed  to  the  open  air,  or  by  passing 
it  over  weirs  or  cascades,  or  through  long  troughs. 
With  the  removal  ol  hydrogen  sulfide,  iron,  present 
originally  as  ferrous  salts,  is  oxidized  and  may  be  pre- 
cipitated by  the  hydrolysis  of  its  salts  or  by  the  ad- 
dition of  milk  of  lime.  Calcium  and  magnesium 
are  removed  partially  by  precipitation  with  appli 
cations  of  soda  ash.  A  further  and  more  perfect 
separation  is  obtained  with  sodium  phosphate 

Evaporation  is  effected  in  one  of  three  forms  of 
apparatus  or  in  combinations  of  the  three:  "English 
open  pans,"  "grainers,"  and  "vacuum  pans."  The 
"English  open  pan"  is  of  sheet  iron  and  is  supported 
on  brick  pillars  and  arches  directly  over  the  fire  box 
and  flues  of  a  furnace.  "Grainers"  are  shallow  pans 
of  sheet  iron  or  cement,  heated  by  means  of  steam 
pipes.  "Vacuum  pans"  are  funnel-shaped  vessels  of 
insulated  sheet  iron,  covered  with  a  dome-like  top 
and  heated  with  steam  coils.  These  are  operated 
singly  or  in  combinations  of  two  or  three,  designated 
respectively  as  the  "single-,"  "double-"  or  "triple- 
effect"  system.  The  rate  of  evaporation  is  increased 
by  reduced  pressure. 

The  crystallized  salt  is  removed  from  the  open  pans 
and  grainers  by  rakes  operated  by  hand  or  mechanic- 
ally, and  from  the  vacuum  pans  by  bucket-conveyors 
with  perforated  bottoms.  The  mother  liquor  is  re- 
moved from  the  salt  on  dripping  boards,  in  drainage 
bins  or  in  centrifuges. 

Mother  Liquors. — The  treatment  of  mother-liquors 
varies  from  plant  to  plant  and  is  determined  as  much 
by  the  purity  of  the  original  brine  as  by  any  other 
factor. 

The  precipitation  of  calcium  sulfate  on  the  bottom 
of  the  open  pans  and  the  coils  of  the  grainers  and 
vacuum  pans  acts  as  an  effective  heat  insulator  and 
interrupts  the  evaporation.  To  remove  this  coating 
it  is  necessary  to  empty  the  evaporator.  In  some 
plants  at  this  stage  the  brine  is  allowed  to  run  into 
drains  and  is  lost.  If  the  preliminary  purification 
has  been  only  slight,  this  stage  of  the  operation  may 
be  reached  quite  early,  and  the  amount  of  salt  obtained 
may  represent  only  a  small  proportion  of  that  present 
in  the  brine.  There  is  then  but  a  slight  concentration 
of  the  impurities  in  the  solution.  The  other  extreme 
is  found  in  those  plants  where  it  is  the  practice  to 
subject  the  brine  to  a  careful  preliminary  purification. 
The  mother  liquor  resulting  may  be  so  free  from  im- 
purities that  it  is  not  discarded,  but,  instead,  is  allowed 
to  mix  with  fresh  volumes  of  brine. 

It  was  found  to  be  impracticable  in  most  instances 
to  secure  accurate  information  concerning  the  ratio 
between  the  volumes  of  brine  evaporated  and  the 
mother  liquor  resulting,  or  the  degree  of  concentration. 
As  the  practice  varied  so  widely  from  plant  to  plant, 
it  was  even  less  practicable  to  determine  the  average 
volumes  from  all  the  plants  visited.  In  general,  it 
may  be  said  that  where  mother  liquors  are  discarded, 


the    degree    oi     concentration      in      them     is    slight. 

HISTORICAL. 

A  large  number  of  analyses  of  the  various 
salines  ol  the  United  States  are  to  be  found 
d  through  the  literature,  Goessmann1  has 
studied  the  composition  oi  the  salines  of  the  Syracuse 
district  of  New  York,  while  Engolhardt'  has  examined 
numerous  brines  from  the  Wyoming  and  Genessee 
Valleys  and  the  Onondaga  (Syracuse)  district  of 
New  York.  The  rock  salt  of  Kansas  and  the  incrusta- 
tions on  the  Kansas  salt  marshes  have  been  analyzed 
by  Bailey  and  Case.3 

Harris'  quotes  from  Eckel'  analyses  of  rock  salts 
from  Ontario,  New  York,  Virginia  and  Louisiana. 
Analyses  of  rock  salts  from  various  foreign  sources 
have  been  tabulated  by  Fiirer.6  This  author  likewise 
quotes  analyses  of  various  brines.  Goessmann7  has 
reported  the  analyses  of  a  bittern,  or  mother  liquor, 
representing  a  high  degree  of  concentration,  from  the 
Syracuse  brines.  Fiirer8  has  tabulated  analyses  of 
German  mother  liquors. 

THE  COLLECTION"   OF  SAMPLES. 

The  specimens  of  rock  salt,  artificial  and  natural 
(subterranean)  brines  and  mother  liquors  from  artificial 
and  natural  brines,  whose  analyses  are  reported  in  these 
papers,  were  collected  for  the  most  part  during  the  sum- 
mer of  191 1.9  The  samples  from  New  York  and  Michi- 
gan collected  during  the  summer  of  191 1  were  taken  in 
person  by  Dr.  W.  C.  Phalen,  of  the  United  States 
Geological  Survey,  and  the  author;  those  from  Ohio, 
West  Virginia,  Kansas  and  Louisiana  were  collected 
by  Dr.  Phalen.  Certain  other  samples  of  brines  from 
various  sources,  such  as  the  oil  or  gas  wells,  or  borings 
for  oil  or  gas,  in  addition  to  those  from  the  refineries 
in  operation  at  that  time,  were  collected  by  correspond- 
ence by  the  Geological  Survey.  This  collection  was 
made,  as  was  the  collection  during  the  summer  of  191 1, 
for  the  purposes  of  a  systematic  investigation  of  the 
salines  of  the  United  States  occurring  east  of  the 
Rocky  Mountains.10  The  taking  of  the  samples  in 
this  manner,  it  was  found,  could  not  be  accomplished 
in  accordance  with  standardized  methods;  hence  the 
later  collection  of  191 1. 

In  taking  samples,  requisite  care  was  observed  to 
secure  portions  that  were  representative,  where  that 
was  considered  desirable.  Specimens  of  rock-salt 
were  taken  by  cutting  grooves  from  ceiling  to  floor. 
The  procedure  should  have  insured  a  sample  which 
was  representative,  in  a  perpendicular  direction,  of 
the  stratum  worked.  The  resulting  lot  of  salt  was 
reduced  by  quartering  to  the  desired  bulk.      Samples 

1  Am.  J.  Set'.,  42,  211,  368  (1866);  44,  77  (1867);  49,  78  (1869). 

-'  "Salt  and  Gypsum  Industries  of  New  York."  Bull.  11,  New  York 
State  Museum,  3,  op.  p.  38. 

3  Kansas  Geol.  Survey.  Bull.  7,  70.  73  (19021. 

1  "Rock-salt,"  La.  Geol.  Surv..  Bull.  7,  84  (1907). 

5  'Salt  and  Gypsum  of  Southwestern  Virginia,"  U.  S.  Geol.  Surv.. 
Bull.  213.  413.  415  (1902). 

"  Salzhergau  Salinenkunde,"  1900,  p.  29. 

7  /..'<     <  it 

8  Loc.  cil.,  cf.  p.  628. 

9  The  year  in  which  the  samples  were  collected  is  indicated  in  the 
explanatory  notes  following  each  table  of  analyses. 

111  The  samples  from  this  collection  are  indicated  in  the  explanatory 
notes  accompanying  the  following  tables  thus:  "1910." 
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of  brine  were  secured  in  most  instances  at  the  outlet 
pipe  of  the  wells;  in  other  instances,  from  the  settling 
tanks.  Samples  of  bitterns,  or  mother  liquors,  were 
taken  from  the  evaporators  at  points  as  far  removed  as 
possible  from  the  point  of  entrance  of  fresh  brine. 
Mother  liquors  representing  the  maximum  concen- 
tration were  sought.  In  instances  samples  were  taken 
from  the  dripping  salt. 

ANALYTICAL  METHODS. 

The  methods  of  analyses  employed  were  those 
described  in  Bureau  of  Chemistry  Circular  52  and 
recommended  for  the  analysis  of  mineral  waters. 
The  methods  were  modified  in  certain  particulars 
to  eliminate  certain  laborious  details  of  the  operation. 
As  lithium  in  no  instance  was  present  in  amounts 
sufficient  to  introduce  a  serious  error,  its  separation 
from     sodium    and    potassium    was    not    attempted. 

ANALYTICAL    RESULTS. 

The  results  of  the  analyses  of  rock  salts  and  of  other 
solids  are  calculated  to  per  cent.  Those  of  brines  and 
mother  liquors  are  calculated  to  parts  per  thousand 
(liter).  In  uniting  the  acid  and  basic  ions  in  accord- 
ance with  the  conventional  methods  of  combination, 
lithium  and  potassium  are  united  to  chloride  ions; 
the  sulfate  ions  are  joined  to  calcium,  sodium  and 
magnesium  in  the  order  named;  the  bromide  ions  are 
united  to  magnesium  and  to  sodium ;  and  the  residual 
basic  ions  are  united  to  chloride  ions. 

In  the  following  tables,  the  failure  to  report  an  ion 
should  be  taken  to  mean  that  that  ion  was  not  de- 
termined. Failure  to  report  the  conventional  salt 
should  be  understood  to  mean  the  absence  of  that  salt. 

Table  I. — Analyses  of  Rock-salts  from  New  York,  Michigan.  Kansas 

and  Louisiana. 

B.ofS.  No.               1.          2.          3.          4.           5.  6.          7.            8.          9. 

Serial  No.                 15.        16.        17.          24.        144.  146.      151.      152.  155. 

K trace    trace    trace    trace    trace  0 . 1   trace    trace  trace 

Na 38.9     38.0     39.0     38  9     38.4  38  6  38  4     38.4  39    1 

Ca 0.2        1.0     trace    trace       0.8  0.4     0.8       0.4  trace 

Mg 1.0       0.1        02       03     trace  0   1    trace       0.3  0.1 

CI 59.6     59.7     59  3     59  8     60.0  60    160.00  60.2  59  9 

SO< 1.2        1.2       0.5        10       08  0.8     0.6       09  0.9 

Conventional  Combinations. 

KC1 trace  trace    trace  trace  trace       0  2   trace  trace  trace 

NaCl 97.2  96.7     98.5  97.3  97.4     97.9  97.7  97.5  98  3 

CaCl2 0.6  1.2     trace  trace  1.5       0.3      1.2  0.3  trace 

MgCl2 0.4  0.4       0  8  1.2  trace       0.4  trace  1.2  0.5 

NajSO, 1  .8        1.5  1.2 

CaSOj trace  1.7        0.7  trace  11         12      11  1.0  trace 

1.  Retsof  Mining  Co.,  Retsof,  N.  Y.  Rock  salt  from  near  floor  at 
working  face.  Room  24.  Bed  being  removed,  8  feet  in  thickness.  1911. 
R.  F.  Gardner,  analyst. 

2.  Sterling  Salt  Co.,  Halite,  near  Cuylerville,  N.  Y.  Rock  salt  dust 
from  beneath  main  crushers.      1911.      R.  F.  Gardner,  analyst. 

3.  Sterling  Salt  Co.,  Halite,  near  Cuylerville,  N.  Y.  Sample  from 
working  face,  west  side  of  Room  No.  1,  northwest.  Sample  taken  from 
roof  to  floor  through  full  depth  of  stratum  worked.  191 1.  R.  F.  Gardner, 
analyst. 

4.  Detroit  Mining  Co..  Detroit.  Mich.  Sample  from  roof  to  floor  at 
working  face.  Representative  of  stratum  being  removed,  1911.  R.  F. 
Gardner,  analyst. 

5.  Crystal  Salt  Co..  Kanopolis,  Kan.      1911       R.  F.  Oardner.  analyst. 

6.  Royal  Salt  Co..  Kanopolis.  Kan.      1911.      R.   F.  Gardner,  analyst. 

7.  Bevis  Rock  Salt  Co.,  Lyons,  Kans.  Sample  from  16-foot  bed. 
1911.      R.  F.  Gardner,  analyst. 

8.  Bevis  Rock  Salt  Co.,  Lyons.  Kans.  Fine  salt  screened  from  coarse. 
1911.      R.  F.  Gardner,  analyst. 

9.  Avery  Rock  Salt  Co.,  Avery  Island,  La.  1911.  R.  F.  Gardner, 
analyst. 


Table  II. — Artificial  Brines  of  New  York. 

B.  of  S.  No.             10.       11.          12.          13.         14.        15.        16.  17.  18. 

Serial  No.                 3.          4.            9.          10.          17.        24.        28.  29.  43- 

K 0.3    trace        0.8       05      11   8      12.0       2.0  0.4  0.2 

Na...                    114   I)    M0.6     93.8    108.0   104.4   108.4    112.8  113   0  85  3 

Ca 3.2        2.7        9.3        2.7        48        3.4       4.2  3.8  0.4 

Mg 0.3        03        1.0       05        16        1.4        16  02  0.2 

CI 180.4    181.1    163.5    160 .7    179.1    181.9    182.2  1795  129.4 

SO, 2.3        24       09       3.1        16        2.4       3.4  26  3.8 

Br         11         1.1         0  8  0.7  0.6 

Conventional  Combinations. 

KC1 0.6    trace        1.5        10     22.5     22.9       3.8       0.8  0.4 

NaCl 289.3  287.8  238.0  284.2  265.0  725.2  286.4   286.5  212.0 

CaClo 6.1        47     24  6       3.9      11    3       6.6        7.8        7.5  1.1 

MgCI2 1.2        12       3.9        20       08    trace        2.4       0.8  trace 

NaoSO, 5.6 

CaSO, 3.3       3.4        1.3       4  4       2  3       3.4       4.8       3   7  trace 

MgBr2 2  5        2  5        1.8      ... 

NaBr 0.9  0.8 

10.  Worcester   Salt   Co..    Silver   Spring,    N.    Y.      1911.     A.    R.    Merz, 
analyst. 

11.  Rock  Glen  Salt  Co.,  Rock  den.  X.  Y.      1911.     A.  R.  Merz.  analyst. 

12.  Star  and  Crescent  Salt  Co..  Saltvale.   X.  Y.      1911.     A.   R.   Merz. 
analyst. 

13.  Genessee  Salt  Co.,  Piffard.  X.  Y.      1911.     A.  R.  Merz,  analyst 

14.  Watkins    Salt    Co..    Watkins.    X.    Y.     Sample    obtained    through 
Geological  Survey.      1910.      R.  F.  Gardner,  analyst. 

15.  International  Salt  Co.,  Watkins,  X.  Y.     Sample  obtained  through 
Geological  Survey.      1910       R.  F.  Gardner,  analyst. 

16.  Genessee    Salt   Co.,    Genessee,    X.    Y.      Sample    obtained    through 
Geological  Survey.      1910.      R.  F.  Gardner,  analyst. 

17.  Remington    Salt    Co.,    Ithaca,    X.    Y.     Sample    obtained    through 
Geological  Survey.      1910.      R.  F.  Gardner,  analyst. 

18.  Onondaga  Pipe  Line  Co.,  Liverpool,  X.  Y.      1910.      R.  F.  Gardner." 
analyst. 

Table  III. — Artificial  Brines  of  Ohio. 

B.  ofS.  Xo.  19.  20.  21.  22.  23.  24. 

Serial  Xo.  104.  106.  107.  109.  111.  116. 

K 0.4  02  0.8  04  1.0  3.0 

Xa 123.0  117   2  126  8  122.1  128.2  122.0 

Ca 1.0  0.8  04  06  trace  0 . 2 

Mg trace  trace  0  9  trace  trace  trace 

CI 189.4  176.8  195   8  184.6  189.5  189.4 

SO4 2.8  6.8  4.6  6.4  9.8  1.8 

Br trace  none  trace  none  0.7  trace 

Conventional  Combinations. 

KC1 0.8  04  1.5  08  1.9  5.7 

NaCl 308.9  289.1  316.4  302.1  311.3  307.4 

CaCI2 2.8  2.2  II  1.7  trace  0.6 

MgCl2 trace  trace  3.5  trace  trace  trace 

NaaSO, 4.1  10.1  6.8  9.5  14.5  2.7 

CaSO, trace  trace  tra  e  trace  trace  trace 

MgBr2 trace  none  trace  none  trace  trace 

NaBr 1.5 

19.  Colonial  Salt  Co.,  Akron,  Ohio.     Artificial  brine  from  well  Xo.  6. 
1911.      R.  F.  Gardner,  analyst. 

20.  Columbia  Chemical  Co..  Ba/berton,  Ohio.     Artificial   ("hydraulic") 
brine.      1911.      R.  F.  Gardner,  analyst. 

21.  Columbia   Chemical    Co.,    Barberton,    Ohio.     Artificial    ("cavity") 
brine.      1911.      R.  F.  Gardner,  analyst. 

22.  Cleveland   Salt   Co.,    Cleveland,    Ohio.     Composite    artificial   brine 
from  2  wells.      1911.      R.F.Gardner. 

23.  L'nion  Salt  Co.,  Cleveland,  Ohio.     Artificial  brine  from  one  well. 
191 1.      R.  F.  Gardner,  analyst. 

24.  Ohio    Salt    Co.,    Wadsworth,    Ohio.     Composite,    artificial    brine 
from  2  wells.      1911.      R.  F.  Gardner,  analyst. 

Table  IV. — Artificial  Brines  of  Michigan. 

B.ofS.  No.  25.            26.  27.           28.           29.  30.  31. 

Serial  No.  21.  87.  50.  52.  54.  57.  60. 

K    trace  trace          01          01          0.2  0.1  0.2 

Na 114   5  119.2  113.7  113.4  112.3  114.4  113.4 

Ca 0.6          1.4          18          21           1.9  1.8  1.2 

Mg 10          0.4          04          04          0   7  0.8  0.6 

CI 179.0  185.0  176  9  176.9  175  9  178.6  178.0 

SO* 2.2          28          33          3.7          3.2  4.0  0.8 

Br trace  trace         ...           ...           ...  ...  trace 
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285.0 
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0  3 

2.2 

2.7 

3.1 

2   4 

4.5 

5    7 

1    1 

tin, 

I...NYI  \ll,,\il.  COMBINATIONS 

KC1 tract  tract  0.2  0.2 

Vic'l                        -  .      290  '•  302  6  288  <■  287.8 

CaCI                            tract  o  <>  1.1  1.7 

<■    <<  I    (>  1    (.  16 

.11  4   0  4.7  5.2 

tract  tract  ...  ... 


>3  Delraj  Salt  Co..  Delray,  near  Detroit,  Mich.  Artificial  brines 
direct  from  well.     191 1.     R.  P.  Gardner,  analyst 

16     Michigan   Alkali   Co.,    Detroit.    Mich,      Artificial    brine    from    well. 

I'M  1      k    p.  Gardner,  analyst 

27.  Louis  Sands  Salt  ami  Lumber  Co  .  Manistee,  Mich.  Artificial  brine 
from  wells.      A    R.  Merz.  analyst 

28.  R,  G.  Peters  Salt  and  I  umber  Co.,  Bast  Lake,  near  Manistee,  Mich. 
Composite  artificial  brine  from  six  wells .  contains  hydrogen  sulphide.  1911. 
A.  K     Men,  analyst. 

29.  Filer  and  Son.  Filer  City,  near  Manistee,  Mich.  Artificial  brine 
from  wells.      1911.     A.  R.  Merz,  analyst. 

30.  State  Lumber  Co.,  plant  No.  2.  Manistee.  Mich.  Composite  arti- 
ficial brine  from  2  wells.      1911.     A.  R.  Merz  and  R.  F.  Gardner,  analysts. 

31.  Stearns  Salt  and  Lumber  Co.,  Ludington.  Mich.  Composite 
artificial  brine  from  4  wells.      1911.      R.  F.  Gardner,  analyst. 

Table  V. — Artificial  Brines  of  Michigan  and  Canada. 

B.  of  S.  No.                         32.  33.  34.  35.  36.  37. 

Serial  No.  91.  93.  95.  97.  99.  101. 

K trace  1.4          2.4  trace  1.4  3.8 

Na 120.6  78.2  123.3  121.3  110.1  119.6 

Ca 0.8  17.8          0.8          0.6  6.4  1.4 

Mg trace  12.8  trace  trace  3.0  0.9 

CI 183.8  182.1  189.3  185.2  190.2  191.4 

S04 4.4  4.2          4.0         3.4  3.6  2.8 

Br trace  1.7         0.9  none  none  1.0 

Conventional  Combinations. 

KC1 trace           2.7          4.6  trace  2.7          7.2 

NaCl 300.9      198.5     306.4  303.8  279.4     303.5 

CaCIo 2.2       40.1          2.2  1.7  16.9          0.5 

MgCl2 trace        45   5      trace  trace  11.8          3.9 

Na,(S04 6.5         ...           5.9  5.0         

CaSOj trace          7.5     trace  trace  0.9         4.0 

MgBr2 trace          3.9        ...  none  none           1.8 

NaBr 16         

32.  Diamond  Crystal  Salt  Co.,  St.  Clair,  Mich.  Brine  from  a  single 
well.      1911.      R.  F.  Gardner,  analyst. 

33.  Davidson,  Wonsey  Co.,  Marine  City,  Mich.  Brine  from  two  wells. 
1911.     R.  F.  Gardner,  analyst. 

34.  Michigan  Salt  Works,  Marine  City,  Mich.  Brine  from  Company's 
one  well.      1911.     R.  F.  Gardner,  analyst. 

35.  Worcester  Salt  Co.,  Ecorse,  near  Detroit.  Mich.  Composite  brine 
from  two  wells.      1911.     R.  F.  Gardner,  analyst. 

36.  Western  Canada  Flour  Mills  Co.,  Goderich,  Canada.  Artificial 
brine  from  Company's  one  well.      1911.     R.  F.  Gardner,  analyst. 

37.  Mulkey  Salt  Co..  Detroit,  Mich.  Composite  brine  from  three  wells. 
1911.      R.  F.  Gardner,  analyst. 

Table  VI. — Bitterns  from  New  York  Artificial  Brines. 

B.  of  S.  No.  38.  39.  40.  41.          42.  43.  44. 

Serial  No.  la.  2a.  4.  5a.           6a.  18.  32. 

K trace  trace  1.0  0.2         0.6  0.2  0.6 

Na 117.0  109.6  109.1  114.9  111.4  73.2  112.0 

Ca 4.8  4.0  10.3  5.4          8.2  5.3  0.8 

Mg 2.2  0.8  1.6  0.8          0.6  0.7  0.8 

CI 187.9  172.9  191.1  185.4  185.6  122.8  173.4 

SOi 3.6  4.6  0.6  2.4          2.0  1.1  1.2 

Br 1.1  0.9  ...  0.8          2.0  ...  0.6 

Conventional  Combinations. 

KC1 trace  trace           1.9          0.4          1.1  0.4          1.1 

NaCl 296.8  277.1      276.9     290  0     280.8  185.8     284.4 

CaCl2 9.1  5.8       27.7        12.2        20.5  13.3          0.8 

MgCl2 3.1  3.1          6.3          3.1          2.4  2.7      trace 

CaSO< 5.1  7.1          0.9          3.4          2.8  1.6          1.7 

NaBr 1.3        ...             1.0          2.8 

MgBr2 2.5  

38.  International  Salt  Co.,  Myers,  N.  Y.  Bittern  after  22  hours' 
evaporation.      1911.      R.  F.  Gardner,  analyst. 

39.  International  Salt  Co.,  Myers,  N.  Y.  Bittern.  1911.  R.  F. 
Gardner,  analyst. 

40.  Remington  Salt  Co.,  Ithaca,  N.  Y.      Bittern  from  evaporators  on 


way  to  ill  mi        B ,ni     mi  evaporation  "i     50  tons  original  brint  to 

.».s  torn      i''i  1.     A.  R.  Mi  1/.  analyst 

11  Remington  Sail  Co.,  Ithaca,  N.  v.  Bittern  from  centrifuges  at 
9  a.m.,  first   hour  of  centrifuging.     1911,     R.  P.  Gardner,  analyst. 

♦2.  Remin  loo  ill  Co.,  Ithaca,  N.  V.  Bittern  from  centrifuges  at 
,  mi  ,,i  centrifuging  1/  hours),     1911,     u.  P.  Gardner,  analyst. 

1  i     1  1  Roj      ilt  Co..  LeRoy,  N.  Y.     Bittern  from  (contii us)  run-off. 

1911.      A.  R,  Mn/.  analyst. 

44.  Solvay  Process  Co.,  Syracuse,  N.  Y.  Bittern  from  brine  from 
50-foot  salt  bed,     1910.     R.  P.  Gardner,  analyst. 


Table   VII.  BITTERN  from  New  York  Artificial  Brines. 

B.  of  S.  No.  45.  46.  47.  48.  49.  50. 

Serial  No.  1.  2.  5.  v    6.  7.            11. 

K 17  2.8  1.9  9.4  1.8          1.3 

Na 110.1  100.3  106.7  73.7  93.7  114.2 

Ca 114  19.9  13.5  20.2  25.2          6.4 

Mg 1.0  1.8  1.5  1.6  2.6          1.9 

CI 193.1  197.2  193.5  135.0  197.5  192.8 

SO« 0.7  0.5  0.8  2.5  0.4          1.2 

Conventional  Combinations. 

KC1 3.2  5.3  3.6  17.9  3.4          2.5 

NaCl 279.2  255.1  270.8  144.7  230.0  289.7 

CaCl2 30.7  54.5  36.5  53.4  69.1  16.3 

MgCl2 3.9  7.1  5.9  6.3  10.2          7.5 

CaSQ4 10  0.7  1.1  3.1  0.6          1.7 


2 

2 
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45.  Worcester  Salt  Co.,  Silver  Springs,  N.  Y.  Bittern  from  vacuum 
pans.      1911.     A.  R.  Merz,  analyst. 

46.  Worcester  Salt  Co.,  Silver  Springs,  N.  Y.  1911.  Bittern  from 
grainer  No.  6.     A.  R.  Merz,  analyst. 

47.  Rock  Glen  Salt  Co.,  Rock  Glen.  N.  Y.  Bittern,  10  days'  evapora- 
tion in  open  pans.      1911.     A.  R.  Merz.  analyst 

48.  Rock  Glen  Salt  Co.,  Rock  Glen,  N.  Y.  Bittern,  6  weeks'  evapora- 
tion in  grainer,  taken  at  time  of  run-off.      1910.      R.  F.  Gardner,  analyst. 

49.  Star  and  Crescent  Salt  Co.,  Warsaw,  N.  Y.  Bittern  from  open 
pans,  taken  at  time  of  runoff.  Represents  an  evaporation  of  85,000  gals, 
original  brine  to  350  gals.      1911.     A.  R.  Merz,  analyst. 

50.  Genessee  Salt  Co.,  Piffard,  N.  Y.  Bittern  from  open  pans,  36 
hours'  evaporation.  Represents  an  evaporation  of  30,000  gals,  to  15,000 
gals.     1911.     A.  R.  Merz,  analyst. 

51.  Genessee  Salt  Co.,  Piffard,  N.  Y.  Bittern  from  grainer,  2  weeks' 
evaporation.      1911.     A.  R.  Merz,  analyst. 

Table   VIII. — Bitterns   from   Artificial   Brines   of   Michigan,    East 
Shore. 

B.  of  S.  No.  52.  53.  54.           55.  56.           57.  58. 

Serial  No.  22.  23.  26.          92.  94.           96.  102. 

K 0.1  trace  0.4  trace  trace           2.0  1.6 

Na 120.3  121.1  115.9  117.1  121.4  104.6  118.4 

Ca 2.0  1.9  2.2          3.4  0.6        13.8  1.2 

Mg 0.2  0  2  1.4         0.6  trace          2.7  trace 

CI 186.8  187.5  184.8  188.0  185.5  194.6  179.6 

SO< 3.8  3.4  3.6          2.0  1.8          0.6  4.6 

Br none          0.8  2.5        ...  7.8 

Conventional  Combinations. 

KC1 0.2      trace  0.8  trace  trace  3.8  3.1 

NaCl 305.3     306.9  295.0  296.5  304.2  265.9  289.9 

CaCl2 1.7          1.4  1.9  9.2  1.7  37.3  3.3 

MgCl2 0.8         0.8  5.5  24  trace  10.6  trace 

NauSOi 2.7  ...  6.8 

CaSO, 5.4         4.8  5.1  2.8  trace  0.9  trace 

NaBr none  1.0  3.2  ...  10.1 

MgBr2 ...  none  ...  ...  ...  ... 

52.  Delray  Salt  Co.,  Delray  (Detroit),  Mich.  Bittern,  drippings 
from  salt  as  conveyed  from  vacuum  pans.  Probably  but  slight  concen- 
tration.    1911.     A.  R.  Merz,  analyst. 

53.  Delray  Salt  Co.  Bittern  from  grainer,  12  days' evaporation.  1911. 
A.  R.  Merz,  analyst. 

54.  Pennsylvania  Salt  Co.,  Wyandotte,  Mich.  Bittern  from  dripping 
vats.      1910.     R.  F.  Gardner,  analyst. 

55.  Diamond  Crystal  Salt  Co.,  St.  Clair,  Mich.  Bittern  from  grainer, 
23  days' evaporation.      1911.     R.  F.  Gardner,  analyst. 

56.  Davidson,  Wonsey  Co;,  Marine  City,  Mich.  Bittern,  drippings 
from  vacuum  pan  salt.     1911.     R.  F.  Gardner,  analyst. 

57.  Michigan  Salt  Works,  Marine  City,  Mich.  Bittern  from  grainer, 
6  weeks'  evaporation.      1911.     A.  R.  Merz,  analyst. 

58.  Mulkey  Salt  Co..  Detroit,  Mich.  Bittern,  30  to  35  days'  evapora- 
tion.     1911.     R.  F.  Gardner,  analyst. 
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Table  IX. — Bitterns  from  Artificial  Brines  of  Michigan,  West  Shore. 

B.  ofS.  No.  59.  60.  61.  62.  63. 

Serial  No.  27.          53.  56.  59.  61. 

K 2.0          0.5          0.2  0.7  trace 

Na 89.7  115.1  119.1  111.1  121.4 

Ca 5.2          3.9          2.4  3.5  2.8 

Mg 15.4          3.0          1.6  4.6  0.3 

CI 191.8  191.4  189.8  189.8  190.4 

SOi 3.2          2.3          3.4  2.3  2.4 

Br trace        ...  ...  ... 

Conventional  Combinations. 

KC1 3.8  1.0  0.4  1.3  trace 

NaCl 227.9  292.0  302.1  282.8  307.4 

CaCl2 10  8  8.0  2.8  6.9  5.0 

MgCl2 60.4  11.8  6.3  18.0  1.2 

CaSO, 4.5  3.3  4.8  3.3  3.4 

MgBr2 trace  ...  ...  ...  ... 

59.  Filer  and  Son»  Filer  City,  near  Manistee,  Mich.     Drippings  from 
salt.      1911.      R.  F.  Gardner,  analyst. 

60.  Peters  Salt     nd  Lumber  Co.,  East  Lake,  Manistee,  Mich.     Bittern 
from  grainer,  19  days'  evaporation.      1911.     A.  R.  Merz,  analyst. 

61.  Buckley,    Douglas    Lumber    Co.,    Manistee,    Mich.     Bittern    from 
grainer,  4  weeks'  evaporation.      1911.     A.  R.  Merz,  analyst. 

62.  Louis  Sands  Lumber  Co.,  Manistee,  Mich.     Bittern  from  grainer, 
3  weeks'  evaporation.      1911.     A.  R.  Merz,  analyst. 

63.  Stearns   Salt    and    Lumber   Co.,    Ludington,    Mich.      Bittern    from 
grainer.      1911.     A.  R.  Merz,  analyst. 

Table  X. — Bitterns   from   Artificial  Brines  of  Canada   and   Ohio. 

B.  of  S.  No.  64.  65.  66.  67.  68. 

Serial  No.  100.  103.  112.  117.  118. 

K 1.4  2.8  1.2  0.7  1.8 

Na 115.7  108.4  100.1  103.7  97.6 

Ca 4.6  12.8  16.3  16.5  12.0 

Mg... 2.4  1.6  3.7  1.3  2.4 

CI 191.6  193.0  194.5  192.3  187.8 

S04 3.2  5.0  0.7  1.1  1.8 

B/ none  trace  trace  trace  trace 

Conventional  Combinations. 

KC1 2.7  5.4  2.3  1.3  3.4 

NaCl 293.7  275.2  254.6  263.4  263.0 

CaCl2 11.9  29  6  44.3  44.3  31.0 

MgCl2 6.1  63  14.5  5.1  9.4 

CaSO< 4.5  7.1  1.0  1.6  2.6 

MgBr? none  trace  trace  trace  trace 

64.  Western  Canada   Flour  Mills  Co.,   Goderich.   Canada.     Bittern,   5 
weeks'  evaporation.      1911.      R.  F.  Gardner,  analyst. 

65.  Colonial  Salt  Co.,  Akron,  Ohio.     Bittern  from  grainer,  5V2  months' 
evaporation.      1911.      R.  F.  Gardner,  analyst. 

66.  Union  Salt  Co.,  Cleveland,   Ohio.     Bittern  from  grainer,  5   days' 
evaporation.     1911.     A.  R.  Merz,  analyst. 

67.  Ohio  Salt  Co.,  Wadsworth,  Ohio.     Bittern,  35  days'  evaporation. 
J911.     A.  R.  Merz.  analyst. 

68.  Ohio  Salt  Co.,  Wadsworth,  Ohio.     Bittern,   from  vacuum  pan  at 
boot.      1911.     A.  R.  Merz,  and  R.  F.  Gardner,  analysts. 

Table  XI. — Bitterns  from  Kansas  Artificial  Brines. 

B.  ofS.  No.                                           69.  70.  71. 

Serial  No.  140.  150.  154. 

K 1.0  trace  0.2 

Na 90.4  118.4  101.1 

Ca 1.4  0.8  0.4 

Mg 15.8  2.4  11.6 

CI 182.5  186.  182.0 

SO, 3.4  5.4  11.2 

Br 0.9  trace  trace 

Conventional  Combinations. 

KC1 2.0  trace  0.4 

NaCl 229.3  293.4  242.9 

CaCl2 trace  2.2  1.1 

MgCl2 57.2  9.4  45.4 

Na2SO« 80  16.6 

CaS04 4.8  trace  trace 

MgBr2 2.1  trace  trace 

69.  Western  Salt  Works    (Hutchinson   Salt   Co.),    Hutchinson,   Kans. 
Bittern  from  open  pan,  after  25  days'  evaporation.      1911.      R.  F.  Gardner, 

analyst. 


70.  Sterling  Salt  Co..  Sterling,  Kansas.  Bittern  from  gTainer  after 
30  days'  evaporation.      1911.      R.  F.  Gardner,  analyst. 

71.  Orient  Salt  Co.,  Anthony,  Kansas.  Bittern  from  grainer  after 
8  days'  evaporation.      1911.      R.  F.  Gardner,  analyst. 

DISCUSSION    OF    RESULTS. 

The  analyses  of  the  artificial  brines  show  them  to  be 
remarkably  pure  solutions  of  sodium  chloride,  a  fact 
to  be  expected  from  their  origin.  There  are  numerous 
minor  differences  between  individual  brines,  and  a 
small  number  of  variations  of  greater  importance. 
On  the  whole,  one  is  surprised  that  the  rock  salt  from 
the  various  deposits  is  of  such  a  constant  composition 
(assuming  for  the  moment  that  the  similarity  between 
the  artificial  brines  connotes  an  equal  similarity  be- 
tween the  various  rock  salts),  until  one  remembers 
that  a  partial  crystallization  of  sodium  chloride  from 
various  sorts  of  solutions  must,  of  necessity,  give 
crystals  of  approximately  similar  composition.  What- 
ever the  nature  of  the  sea,  the  sodium  chloride  crystal- 
lized therefrom  should  form  crystal  masses  similar  to 
those  from  a  sea  of  widely  varying  composition.  Only 
by  a  comparison  of  the  occluded  impurities  can 
differences  between  the  original  brines,  instrumental 
in  the  formation  of  the  deposits,  be  detected.  How- 
ever, in  the  case  of  the  brines  examined  in  this  investi- 
gation, the  impurities  occur  in  such  small  amounts 
and  the  difficulties  of  the  analysis  are  such  that  a 
comparison  of  this  nature  appears  scarcely  warranted. " 

It  is  probable  that  the  artificial  brines  are  approxi- 
mately saturated  solutions  of  gypsum.  In  addition 
to  the  gypsum  occluded  by  the  rock  salt,  the  solution 
in  formation  in  the  cavity  in  the  salt  strata  in  certain 
cases  may  be  brought  into  contact  with  contiguous 
strata  of  gypsum.  That  the  solutions  from  certain 
wells  at  times  have  been  saturated  with  respect  to 
gypsum  is  attested  by  the  fact  that  the  issuing  pipes 
from  the  wells  are  lined  by  a  sheet  of  crystallized 
gypsum. 

The  difference  in  conposition  between  rock  salt  and 
the  artificial  brines,  prepared  from  rock  salt,  is  only 
slight.  That  there  is  any  difference  at  all  is  not  a 
matter  of  surprise,  when  the  conditions  under  which 
artificial  brines  are  formed  are  recalled. 

It  will  be  noted  that  the  ratio  between  the  potassium 
in  the  original  brine  and  the  mother  liquor  resulting 
therefrom  is  not  the  same  as  that  between  the  volumes 
of  the  original  brine  and  resulting  mother  liquor.  In 
other  words,  potassium  has  been  eliminated  from  the 
solution  at  some  stage  or  stages  in  the  treatment. 
This  is  not  explicable  on  the  basis  of  crystallization, 
as  the  saturation  point  of  any  known  potassium  com- 
pound capable  of  existing  in  equilibrium  with  a  solu- 
tion of  such  a  composition  is  not  even  remotely  ap- 
proached. The  explanation,  however,  probably  will 
be  found  in  adsorption.  The  tendency  exhibited  by 
the  potassium  ion  to  be  adsorbed  by  finely  divided 
solids  has  been  mentioned  in  previous  paragraphs. 
It  is  believed  that  the  potassium  is  eliminated  little 
by  little,  adsorbed  upon  the  surface  of  the  crystalline 
sodium  chloride. 

Bureau  of  Soils, 

Department  of  Agriculture, 

Washington. 
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THE  DETERMINATION  OF  PHOSPHORUS  IN  COMMERCIAL 
ACETYLENE. 
By  1     M    i>i\ms  am>  \v     I    criikiiN. 
Received  Maj  28,  1912. 

Acetylene  that  is  prepared  by  the  at- 1  ion  of  water  upon 
1-. iK  nun  carbide  almost  always  contains  gaseous  com- 
pounds of  phosphorus  that  arise  from  the  calcium 
phosphide  in  the  carbide.  It  the  acetylene  is  generated 
by  dropping  water  upon  the  carbide,  the  high  tem- 
perature resulting  from  the  localized  action  of  the  two 
substances  may  give  rise  to  a  considerable  amount  of 
organic  phosphorus  compounds.  On  the  other  hand, 
if  appreciable  rise  of  temperature  during  the  generation 
of  the  gas  is  avoided,  practically  all  of  the  phosphorus 
in  the  acetylene  is  in  the  form  of  phosphine.  The 
amount  of  phosphine  in  crude  acetylene  is  quite  varia- 
ble, but  it  usually  lies  between  0.03  per  cent,  and  1.8 
per  cent.1 

Of  the  methods  that  have  been  proposed  for  the 
determination  of  the  gaseous  compounds  of  phos- 
phorus in  acetylene,  the  combustion  method  developed 
by  Eitner,2  Keppeler,3  and  Fraenkel,4  and  the  sodium 
hypochlorite  absorption  method  of  Lunge  and  Ceder- 
creutzs  are  in  most  general  use.  The  first  of  these 
methods,  in  which  the  phosphorus  in  crude  acetylene 
is  determined  by  burning  the  gas  and  ascertaining  the 
phosphoric  acid  in  the  products  of  combustion,  gives 
the  total  amount  of  phosphorus,  whether  it  is  present 
in  the  gas  as  phosphine  or  as  organic  phosphorus 
compounds.  The  acetylene  is  burned  in  an  acetylene 
Bunsen  burner  under  a  cylindrical  glass  hood,  and  the 
products  of  combustion  are  drawn  through  an 
oxidizing  solution,  such  as  sodium  hypochlorite  or 
hypobromite.  The  resulting  phosphoric  acid  is  then 
determined  by  precipitation  with  '"magnesia  mixture." 
On  account  of  the  difficulty  in  regulating  the  pressure 
of  the  gas  as  it  comes  from  the  evolution  apparatus, 
Fraenkel  recommends  that  the  acetylene  from  about 
50  grams  of  calcium  carbide  be  collected  over  a  salt 
solution  in  a  large  tubulated  bottle,  and  that  the  gas 
be  then  driven  from  this  bottle  through  the  burner. 
This  necessitates  the  use  of  glass  bottles  of  about 
20  liters  capacity,  and  if  the  acetylene  is  to  be  mixed 
with  an  equal  volume  of  hydrogen  before  combustion, 
as  Fraenkel  recommends,  the  containers  must  be  so 
large  as  to  render  them  very  unwieldy  and  quite 
expensive.  Moreover,  the  accuracy  of  the  determina- 
tion of  phosphorus  in  the  gas  will  undoubtedly  be 
affected  by  the  reaction  between  the  compounds  of 
phosphorus  and  the  confining  liquid. 

For  these  reasons  the  method  of  Lunge  and  Ceder- 
creutz  in  which  the  crude  acetylene  is  passed  directly 
from  the  generating  apparatus  through  a  solution  of 
sodium  hypochlorite  is  to  be  preferred  to  the  com- 
bustion method  if  it  will  yield  accurate  results  Ob- 
jection has  been  raised  to  this  absorption  method 
because  the  acetylene  is  generated  by  dropping  water 

1  Vogel,  Handbuch  jiir  Aceiyten,  page  234.  The  analyses  given  by 
Fraenkel.  J.  Gasbel..  51,  431  (1908),  show  from  0.024  to  0.057  per  cent. 
by  volume  of  phosphine  in  crude  acetylene. 

-  /.  GasbeL,  44,  548  (1901). 

3  Ibid.,  45,  802  1.1902). 

*  Ibid..  51,  431   (19081. 

B  Z.  angru.  Chem.,  651,  1897. 


on  the  calcium  carbide,  which  gives  rise  to  organic 
phosphorus  compounds  that  escape  complete  oxida- 
tion. In  seeking  to  improve  this  absorption  method, 
the  two  points  that    present   themselves  are  therefore: 

(i)  A  method  of  generating  acetylene  that  will 
avoid  appreciable  rise  of  temperature  when  the  cal- 
cium carbide  is  decomposed,  and 

(2)  An  absorption  apparatus  that  is  more  efficient 
than  the  ten-bulb  tube  used  by  Lunge  and  Ceder- 
creutz. 

The  evolution  of  acetylene  without  marked  rise  of 
temperature  was  accomplished  easily  by  the  employ- 
ment of  a  small  Kipp  apparatus  about  40  cm.  high, 
and  with  bulbs  about  10  cm.  in  diameter.  The  annu- 
lar space  around  the  stem  between  the  middle  and 
bottom  bulbs  is  covered  with  a  perforated  rubber 
disk,  D  (Fig.  1).  A  solution  of  sodium  chloride,  satu- 
rated at  room  temperature,  is  poured  into  the  top  bulb 


until  the  end  of  the  stem  in  the  bottom  bulb  is  covered 
with  the  liquid.  A  perforated  stopper  carrying  a 
short  glass  tube  is  inserted  in  the  neck  of  the  top  bulb, 
the  stopper  with  exit  tube  and  glass  stopcock  is  in- 
serted in  the  tubulus  of  the  bulb  B,  and  the  further 
end  of  the  outlet  tube  is  connected  with  the  absorption 
apparatus  that  contains  the  solution  of  sodium  hypo- 
chlorite. Hydrogen  gas  is  now  passed  into  the  upper 
bulb  of  the  Kipp  generator,  and  through  the  absorption 
apparatus  to  displace  the  air.  About  50  grams  of  the 
calcium  carbide  under  examination,  broken  into  pieces 
about  the  size  of  a  pea  and  sifted  to  remove  the  dust, 
is  placed  in  a  dry  weighing  tube  which  is  at  once  tightly 
stoppered  and  weighed.  When  practically  all  of  the 
air  has  been  displaced  from  the  Kipp  apparatus  by 
hydrogen,  the  stopper  in  the  tubulus  of  the  bulb  B 
is  removed,  the  contents  of  the  sample  tube  is  poured 
into  the  bulb  and  the  stopper  is  at  once  reinserted. 
The  current  of  hydrogen  through  the  apparatus  is 
continued  for  about  five  minutes,  the  stopcock  then 
closed,  and  the  stopper  and  tube  are  removed  from  the 
upper  bulb  of  the  Kipp  generator.  An  additional 
amount  of  salt  solution  sufficient  to  cause  the  appa- 
ratus to  function  as  a  gas  generator  is  then  introduced 
into  the  upper  bulb.  The  stopcock  is  now  opened 
to  such  an  extent  that  the  evolved  gases  pass  through 
the  apparatus  at  a  rate  slightly  faster  than  will  permit 
of  the  bubbles  being  counted.  Under  these  conditions 
the   decomposition   of   a   sample   of   50  grams  will  be 
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effected  in  about  two  hours.  The  reaction  between 
the  salt  solution  and  the  calcium  carbide  proceeds  at 
a  uniform  rate,  and  with  no  appreciable  rise  of  tem- 
perature. 

The  absorption  apparatus  employed  is  a  Friedrichs 
gas  washing  bottle  modified  so  that  the  apparatus  can 
easily  be  rinsed  out  with  water  at  the  close  of  the  run. 
The  absorbing  solution  is  introduced  into  the  outer 
cylinder  to  such  height  that  it  will  stand  at  the  top  of 
the  widened  foot  of  the  cylinder,  and  the  spiral  with 
the  ground  glass  shoulder  is  then  inserted.  When  a 
gas  is  passed  into  the  bottle  through  the  central  tube, 
it  follows  the  grooves  of  the  spiral  when  it  rises  and 
pushes  some  of  the  solution  ahead  of  it.  These  gas 
washing  bottles  are  much  more  compact  than  the  ten- 
bulb  tube  used  by  Lunge  and  Cedercreutz,  and  experi- 
ment has  shown  that  the  absorption  attained  by  their 
use  is  surprisingly  rapid  and  complete.  The  solution 
of  sodium  hypochlorite  with  which  the  absorption 
apparatus  is  charged  is  prepared  by  dissolving  15 
grams  of  sodium  hydroxide  in  100  cc.  of  water,  satu- 
rating the  solution  with  chlorine,  driving  out  the 
excess  of  chlorine  with  a  current  of  air,  and  then  de- 
termining the  amount  of  sodium  hypochlorite  in  the 
solution  by  treatment  with  hydrogen  dioxide  in  a 
Lunge  nitrometer.  The  solution  is  then  diluted  to 
three  per  cent.  NaCIO,  and  about  75  cc.  of  this  solution 
is  placed  in  each  bottle. 

After  the  decomposition  of  the  calcium  carbide  is 
complete,  the  acetylene  that  remains  in  the  generator 
is  driven  over  into  the  absorption  bottles  by  again 
passing  hydrogen  through  the  apparatus  in  the  manner 
above  described.  The  contents  of  the  gas  washing 
bottles  are  then  transferred  to  a  beaker,  the  bottles 
and  inner  tubes  being  thoroughly  rinsed  with  distilled 
water:  10  cc.  of  concentrated  hydrochloric  acid  is 
added  to  the  liquid,  which  is  then  boiled  until  the 
odor  of  chlorine  is  no  longer  noticeable.  Ammonium 
hydroxide  is  added  to  alkaline  reaction  and  the  phos- 
phoric acid  present  is  determined  by  precipitation 
with  magnesia  mixture,  weighing  as  magnesium  pyro- 
phosphate. 

The  volume  of  phosphine  to  which  the  weight  of 
magnesium  pyrophosphate  is  equivalent  may  be  cal- 
culated as  follows: 

Mg2P207  :  2  PH3  =  222.72  :  68.13.  or  weight  Mg2P207  X  0.3059  = 
weight  phosphine. 

Since  one  gram  of  phosphine  occupies  a  volume  of  657.9  cc.  at  0°  C. 
and  760  mm.  pressure,  volume  of  PH3  in  cc.  =  weight  in  grams  Mg2P207  X 
0.3059  X  657.9  or,  volume  of  PH3  in  cc.  =  weight  in  grams  Mg2P207  X 
201.25. 

It  is  customary  to  report  the  results  as  the  per  cent. 
by  volume  of  phosphine  in  the  evolved  acetylene. 
This  necessitates  the  determination  of  the  volume  of 
gas  that  is  liberated  by  the  calcium  carbide  under  exami- 
nation. The  most  convenient  method  for  making  this 
determination  is  that  proposed  by  Bamberger"  who 
places  a  definite  amount  of  the  carbide  in  a  weighed  two- 
neck  Wolff  bottle  of  about  400  cc.  capacity,  and  runs  in 
upon  the  carbide  an  amount  of  a  saturated  solution  of 
sodium  chloride  sufficient  to  entirely  decompose  the 
substance.     The   whole   apparatus    is   weighed   before 

1  Z.  Calc.  Acet.,  1,  210  (1898). 


and  after  the  reaction,  and  the  loss  in  weight  equals  the 
weight  of  the  evolved  gases,  which  are  here  assumed  to 
consist  entirely  of  acetylene.  The  total  weight  of  'the 
Bamberger  apparatus  before  the  decomposition  of 
the  carbide  amounts  to  from  550  to  800  grams.  This 
weight  may  be  materially  reduced  by  employing,  in 
place  of  the  Wolff  bottle,  an  Erlenmeyer  flask  of  about 
250  cc.  capacity.  This  is  fitted  with  a  two-hole  rubber 
stopper  into  one  opening  of  which  is  inserted  the  stem 
of  a  small  separatory  funnel  of  125  cc.  capacity;  the 
other  opening  of  the  stopper  carries  a  U-tube  filled 
with  calcium  chloride.  A  sample  of  the  calcium  car- 
bide amounting  to  about  50  grams  is  accurately 
weighed  in  a  weighing  bottle,  and  is  then  introduced 
into  the  flask.  The  stopper  carrying  the  separatory 
funnel  and  the  U-tube  is  then  inserted,  and  the  funnel 
is  filled  with  a  20  percent,  solution  of  sodium  chloride. 
The  whole  apparatus  is  then  weighed  on  a  balance 
accurate  to  0.01  gram.  The  total  weight  of  this 
modified  form  of  the  Bamberger  device  is  approxi- 
mately 300  grams.  The  salt  solution  is  now  allowed 
to  drop  slowly  upon  the  calcium  carbide,  and,  after 
decomposition  is  complete,  dry  air  is  passed  through 
the  apparatus  to  expel  all  of  the  acetylene.  The  ap- 
paratus is  then  again  weighed,  the  difference  between 
the  two  weighings  giving  the  weight  of  the  acetylene 
evolved.  One  kg.  of  chemically  pure  calcium  carbide 
yields  405.93  grams  of  acetylene,  equivalent  to  348.4 
liters  of  acetylene  under  standard  conditions.  As- 
suming that  the  loss  of  weight  in  the  apparatus  equals 
the  weight  of  the  acetylene  evolved,  the  volume  of 
the  liberated  gas  may  be  calculated  as  follows: 

Weight  of  Sample  :  Weight  C2H2  =   100  :  x 

x  =  the  weight  of  evolved  acetylene  expressed  in 
per  cent,  of  weight  of  the  calcium  carbide. 

Since  pure  calcium  carbide  will  yield  acetylene 
amounting  to  40.593  per  cent,  of  the  weight  of  the  cal- 
cium carbide, 

40.593  :  per  cent.  C2H.  by  weight  =>  348.4  :  x 

x  =  the  number  of  liters  of  acetylene  evolved  from 
one  kilogram  of  the  calcium  carbide  under  examination, 
or  the  number  of  cubic  centimeters  evolved  from  one 
gram  of  the  carbide. 

From  the  above  data  the  per  cent,  by  volume  of  the 
phosphine  in  the  acetylene  may  now  be  calculated. 
An  example  of  such  a  calculation  follows: 

A.  Determination  of  Phosphine. 
Calcium  carbide  taken  =    50.3548  grams. 
Weight  of  Mg2P20?        -     0.0089  gram. 

0.0089  X  201.25 

cc.  PH3  from  1  gram  CaC2  =  g-  ,.,„ =  0.035  cc. 

50.3548 

B.    Determination  of  Yield  of  Acetylene. 

Calcium  carbide  taken  =  41.071  grams. 

Loss  of  weight  of  apparatus  =  14.4885  grams. 

41.071  :  14.4885  =  100  :  per  cent.  C2H2  by  wt. 

Per  cent.  C2H3  by  weight  =  35.28. 

40.593  :  35.28  =  348.4  :  cc.  C2H2  from  1  gram  CaC2. 

Volume  C2H2  from  1  gram  CaC2    =  300   cc. 

cc.  PH3  from  1  gram  CaC2X  100 

Per  cent.  PH3  by  volume  = „  „    . : — ; —    —  0.0117%. 

cc.  C2H2  from  1  gram  CaC2 

To  determine  the  accuracy  of  the  results  yielded  by 
this  method,  it  was  necessary  to  ascertain: 

(i)  Whether  the  gaseous  compounds  of  phosphorus 
absorbed   by   sodium   hypochlorite   would   be  entirely 
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taken  up  by  two  Priedrichs  gas  washing  bottli 
taining  the  reagent,  and 

(2)  Whether  in  the  method  hen-  employed  for  the 
generation  of  the  acetylene,  any  gaseous  compounds 
of  phosphorus  arc  evolved  that  are  not  absorbed  by 
sodium  hypochlorite. 

That  complete  absorption  of  the  compounds  of  phos- 
phorus is  obtained  with  only  two  of  the  gas  washing 
bottles  of  the  type  here  described,  even  when  a  sample 
of  carbide  unusually  high  in  phosphorus  is  used,  was 
demonstrated  by  connecting  four  of  the  absorption 
bottles  in  series,  charging  each  with  75  cc.  of  a  3  per 
cent,  solution  of  sodium  hypochlorite  and  testing  the 
contents  of  each  for  phosphoric  acid  after  the  run. 
In  no  case  was  this  acid  detectable  in  the  third  or  fourth 
bottle. 

The  second  query  was  answered  in  two  ways:  The 
gases  issuing  from  the  second  absorption  bottle  were 
burned  with  an  excess  of  oxygen,  and  the  products 
of  combustion  were  found  to  be  free  from  phosphoric  acid. 
In  another  experiment,  the  crude  acetylene  from  the 
generator  was  burned  directly  without  being  passed 
through  the  solution  of  sodium  hypochlorite,  and  the 
result  was  found  to  agree  with  that  obtained  by  the 
absorption  method. 

The  combustion  of  acetylene  as  it  issues  from  a 
bottle  containing  a  liquid  absorbent  has  heretofore 
presented  difficulty  because  of  the  intermittent  flow 
of  the  gas.  It  was  found,  however,  that  complete 
combustion  is  easily  attained  by  passing  the  acetylene 
into  the  hydrogen  inlet  tube  of  a  Linnemann  oxy- 
hydrogen  lamp,  admitting  oxygen  into  the  other  tube 
of  the  lamp,  and  insuring  continuous  combustion  by 
causing  a  small  horizontal  flame,  about  1  cm.  long,  of 
illuminating  gas  that  is  free  from  phosphorus  to  burn 
across  the  orifice  of  the  lamp. 

The  accuracy  and  uniformity  of  the  results  obtained 
with  the  method  here  described  are  shown  in  the  fol- 
lowing tabulation  of  analyses  by  the  absorption  method, 
and  by  the  method  of  combustion. 


product  bj   the  two  methods  are  given  in  Table  II. 

Tabi.i.  II 
Thii  ■ample  t.  li       Li  Id  •!  287  liters  CgHj  pa  kilogram. 

I'cr  cent  "i  phoaphine  in 


Table  I. 

is  sample  CaCn 

yielded  300  liters  C2H2  per 

kilogram. 

Per  cent. 

of  phosphine  in 

evolved  acetylene 

Weight  of 

Weight  of 

sample  in 

MgoPoO; 

by  N'aCIC 

by  combustion 

grams. 

in  grams. 

method. 

method. 

50.3548 

0.0089 

0  0117 

50.3572 

0.0073 

0  0097 

50   1870 

0  0062 

0.0083 

50  3027 

0  0050 

0.0066 

50.0036 

0  0062 

0.0083 

50  3047 

0  0059 

0.0078 

50.1625 

0  0059 

0  0078 

50.0000 

0.0072 

0 . 0096 

50.0000 

0  0047 

0  0063 

50 . 0000 

0  0060 

0  0080 

50.0612 

0  0062 

Average 

0.0083 

0  0086 

0  0080 

The  results  given  in  Table  I  were  obtained  with  a 
sample  of  commercial  calcium  carbide.  To  ascertain 
whether  the  method  would  give  uniform  results  when 
the  acetylene  contained  a  relatively  large  amount  of 
phosphine,  the  authors  prepared  a  sample  of  calcium 
carbide  high  in  phosphorus,  and  the  analyses  of  this 


evolved  acetylene 

Weight  "f 

sample  in 

Weight  of 

by  NaCIO 

by 

combustion 

to. 

grams. 

in  grams 

method. 

in.  Mi.  ..I 

1 

50.0651 

0  0661 

0  0925 

2 

50  0200 

0  0592 

0  0829 

3 

50  0432 

0.0782 

0.1093 

4 

50.1004 

0.0582 

0  0814 

5 

50.0600 

0  0680 

0.0948 

6 

50   1043 

0  0641 

0.0896 

7 

50.0612 

0  0601 

0.0841 

8 

50  0121 

0.0642 
Ai 

0  0899 

•erage.  0  0915 

0  0896 

Co 

rnell  University, 

tiiaca,  X.  Y. 

THE    DETERMINATION    OF     LEAD     SULPHATE    AND    THE 

ULTIMATE  ESTIMATION  OF  SUBLIMED  WHITE  LEAD 

IN  RUBBER. 

By  John  A.  Schaeffer. 

Received  Aug.  9.  1912. 

The  extended  use  of  sublimed  white  lead  in  the 
compounding  of  rubber  and  the  gradual  establish- 
ment of  specifications  regulating  the  content  of  sul- 
phur allowable  in  certain  grades  of  rubber,  has  brought 
forth  the  necessity  of  having  some  accurate  and  rapid 
method  for  the  determination  of  lead  sulphate  in 
finished  rubber. 

Sublimed  white  lead  as  placed  on  the  market  is 
a  basic  sulphate  of  lead  showing  the  following  aver- 
age percentage  composition: 

Per  cent. 

Lead  sulphate 78.5 

Lead  oxide 16.0 

Zinc  oxide 5  5 

The  lead  sulphate  and  lead  oxide  are  chemically 
combined  as  basic  sulphate  of  lead  and  the  com- 
pound consists  of  extremely  fine,  amorphous  parti- 
cles. 

It  is  believed  that  the  vulcanization  of  the  rubber 
causes  a  decomposition  of  the  sublimed  white  lead 
with  the  consequent  formation  of  lead  sulphide  by 
union  of  sulphur  with  the  lead  oxide,  which  accounts 
in  a  measure  for  the  remarkable  results  obtained 
when  this  compound  is  added  to  rubber.  After  the 
vulcanization  the  inert  compounds,  lead  sulphate 
and  lead  sulphide,  remain. 

It  is  this  property  of  rapid  reaction,  due  to  the  ex- 
treme fineness  of  the  particles,  and  the  resultant 
formation  of  the  inert  compounds,  which  is  causing 
the  rapid  increase  in  the  use  of  sublimed  white  lead 
in  the  compounding  of  rubber. 

Manufacturers,  however,  have  restrained  them- 
selves from  any  extended  use  of  the  above  compound 
in  all  grades  of  rubber  which  is  sold  under  specifica- 
tions, owing  to  the  limited  content  of  sulphur  allow- 
able, this  sulphur  being  total  sulphur  regardless  of 
whether  the  same  is  in  an  active  or  an  inactive  form. 
It  has  been  known  for  some  time  that  such  specifica- 
tions should  not  include  sulphur  which  is  present  in  an 
inactive  form  as  is  found  in  the  case  of  the  lead  sul- 
phate   present    through    the    addition    of    sublimed 


Nov.,  1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


837 


white  lead  to  rubber,  provided  some  method  for  the 
differentiation  of  the  active  form  from  the  inactive 
form  be  applicable. 

Recent  agitation  on  the  above  question  led  to  work 
in  our  laboratory  with  the  result  that  the  following 
method  was  found  to  give  accurate  and  rapid  results 
for  the  determination  of  lead  sulphate  in  finished  rub- 
ber. 

A  two  gram  sample  of  the  rubber  under  examina- 
tion is  placed  in  a  hard  glass  tube,  .4,  about  one  inch 
in  diameter  and  about  eight  inches  in  length.  The 
one  end  of  this  tube  is  connected  to  a  carbon  dioxide 


generator!  D,  the  carbon  dioxide  evolved  passing 
through  a  bottle,  E,  containing  water.  The  other 
end  of  the  tube  is  closed  with  a  stopper  holding  a 
small  tube  for  the  escape  of  the  gas  and  decomposi- 
tion products.  Carbon  dioxide  is  continuously  gen- 
erated by  the  action  of  hydrochloric  acid  on  lime- 
stone. 

After  all  the  air  in  the  apparatus  has  been  replaced 
by  carbon  dioxide,  the  rubber  in  the  hard  glass  tube 
is  very  gently  heated  until  all  the  organic  matter  is 
driven  off  and  the  rubber  has  become  a  dry  mass. 
Under  these  conditions  all  interfering  organic  matter 
is  removed  without  the  possibility  of  any  oxidation 
of  sulphur  or  sulphide  to  sulphate. 

After  complete  decomposition,  the  tube  is  allowed 
to  cool  while  carbon  dioxide  passes  through  the  ap- 
paratus. The  contents  of  the  tube  are  then  carefully 
and  completely  removed  with  a  spatula,  the  hard  mass 
being  carefully  ground  in  a  small  agate  mortar  and 
the  finely  ground  residue  placed  in  a  small  flask  which 
is  connected  to  the  carbon  dioxide  generator  in  place 
of  the  hard  glass  tube.  The  powder  in  the  flask  is 
now  treated  with  25  cc.  of  concentrated  hydrochloric 
acid. 

The  air  is  replaced  by  carbon  dioxide  and  the  con- 
tents of  the  flask  gently  boiled  until  all  the  sulphides 
are  decomposed  and  any  hydrogen  sulphide  evolved 
is  driven  off.  This,  boiling  will  require  from  fifteen 
to  twenty  minutes.  The  decomposition  of  the  mass 
by  concentrated  hydrochloric  acid  in  the  presence 
of  carbon  dioxide  will  remove  any  sulphides  without 
chance  of  oxidation  to  sulphate  and  will  dissolve 
practically  all  the  lead  sulphate. 

After  the  sulphides  are  decomposed,  the  acid  in 
the  flask  is  diluted  with  water,  the  solution  is  fil- 
tered, and  any  residue  is  thoroughly  washed  with 
hot  water.  The  residue  remaining  is  ignited  in  a  por- 
celain    crucible,     then     digested     with     concentrated 


hydrochloric  acid,  the  solution  diluted,  filtered,  washed, 
and  added  to  the  original  filtrate.  It  was  found 
that  from  o.  1  to  0.2  of  one  per  cent,  of  lead  sulphate 
remained  in  the  residue. 

The  greater  portion  of  the  free  acid  is  neutralized 
with  ammonium  hydroxide  and  final  neutralization 
is  reached  by  the  slow  addition  of  sodium  carbonate, 
after  which  about  two  grams  in  excess  of  sodium  car- 
bonate are  added.  The  solution  is  boiled  for  fifteen 
minutes,  filtered  and  thoroughly  washed.  By  this 
process  all  the  lead  is  removed  as  carbonate. 

The  sulphate  present  in  the  filtrate  is  precipitated 
with  barium  chloride,  the  usual  conditions  being  ob- 
served. The  sulphate  is  weighed  as  barium  sulphate 
and  calculated  to  sulphur  and  lead  sulphate. 

For  the  calculation  of  lead  sulphate  to  sublimed 
white  lead,  the  average  composition  of  sublimed 
white  lead  is  used,  namely,  divide  the  lead  sulphate 
found  by  78.5  per  cent.  This  calculation  must  be 
made  for  determining  the  percentage  of  sublimed 
white  lead  present,  as  in  no  way  can  the  original 
lead  oxide  in  sublimed  white  lead  be  determined 
when  once  subjected  to  the  process  of  vulcanization. 
However,  as  sublimed  white  lead  varies  but  slightly 
in  chemical  composition,  the  result  in  this  case  will 
be  quite  accurate. 

By  the  use  of  this  method  the  following  results 
were  obtained  on  five  different  samples  of  rubber 
compounded  with  sublimed  white  lead  according  to 
various  formulae: 

Sample  No.  1  was  compounded  with  ceylon,  sub- 
limed white  lead,  litharge  and  sulphur.  The  per- 
centage of  sulphur  added  through  the  use  of  sublimed 
white  lead  was  definitely  known. 

The  analysis  showed  the  following: 

Sample  No.  1. 
Percentage  of  sulphur  added  by  the  use  of  sublimed  white  lead  =  2.14. 
Percentage  of  sul- 
phur found  present  Lead  sulphate 
as  lead  sulphate.  found. 
2  31  21.92 
2.19  20.74 
2.25  21.31 
2.25  21.31 
2.17  20.54 

Sample  No.  2  was  also  compounded  from  ceylon, 
sublimed  white  lead,  litharge  and  sulphur  in  widely 
different  proportions  from  sample  No.  1.  The  analy- 
sis showed  the  following  concordant  results  on  the 
percentage  of  sulphur  present  as  lead  sulphate. 


Sample  No.  2. 

Percentage  of  sul- 

phur found  present 

Lead  sulphate 

as  lead  sulphate. 

found. 

3.98 

37   70 

4.02 

38.09 

3.99 

37.87 

Sample  No.  3  was  compounded  from  sublimed 
white  lead,  zinc  oxide,  litharge  and  sulphur;  the  variety 
of  rubber  used,  was,  however,  not  submitted.  The 
exact  percentage  of  sulphur  added  through  the 
use  of  the  sublimed  white  lead  was  here  again  known. 
Six  determinations  gave  very  concordant  results. 
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Sample  No.  3. 
Percentage  0!  sulphur  added  i>y  the  use  ol  sublimed  nrhitc  lead  —  1.36. 
Percentage  of  sul- 
phur found  present  Lead  sulphate 
as  lead  sulphate.  found. 
1   42  13  45 
1.41  13  40 
1   36  12.89 
1    46  13.83 
1   46  13.86 
1    41  13.39 

Sample  No.  4  was  compounded  with  zinc  oxide, 
sublimed  white  lead,  litharge,  and  sulphur,  though  in 
different  proportions  from  sample  No.  3.  The  analysis 
showed  the  following: 


Sample 

No.  4. 

Percentage  of  sul- 

phur found  present 

Lead  sulphate 

as  lead  sulphate. 

found. 

1   3i 

12.65 

1.34 

12.72 

1.32 

12.59 

Sample  No.  5  was  a  sample  submitted  for  examina- 
tion for  the  purpose  of  estimating  the  lead  sulphate 
present.  None  of  the  other  constituents  were  given. 
The  concordance  of  the  lead  sulphate  determina- 
tions was  exceptionally  good. 


Sample 

No.   5. 

Percentage  of  sulphur 

present  as  lead 

Lead  sulphate 

sulphate. 

found. 

1.00 

9.49 

1.03 

9.77 

1.03 

9.74 

0  99 

9.39 

In  order  to  determine  whether  there  was  any  possi- 
bility of  the  oxidation  of  the  lead  sulphide,  usually 
found  in  rubber,  to  lead  sulphate  during  the  decom- 
position, the  following  experiments  were  carried 
out. 

Lead  sulphide  was  freshly  precipitated,  filtered, 
thoroughly  washed  and  dried.  This  was  examined 
before  using  for  lead  sulphate.  Two  grams  of  sample 
No.  5  rubber  were  then  thoroughly  mixed  with  one 
gram  of  this  lead  sulphide  and  the  decomposition  was 
carried  out  in  the  usual  way.  The  following  results 
showed  that  no  such  oxidation  had  occurred: 

Sulphur  found  in 
No.  5  as  sulphate, 
when  mixed  with 
freshly  precipitated 
lead  sulphide  and 
decomposed  in  the 

usual  manner. 
Two  determinations. 


Sulphur  found  in 

No.  5  as  lead  sulphate 

when  decomposed  in  the 

usual  manner. 

Three  determinations 

3.98 

4.02 

3.99 

Lead  sulphate 
found. 
37.70 
38.09 
37.81 


4.03 
4.06 

Lead  sulphate 
found. 
38.19 
38.43 


Two  samples  of  rubber  which  were  compounded 
without  the  addition  of  sulphate  in  any  form  were 
then  examined  by  this  method  of  analysis,  to  still 
further  determine  whether  there  was  any  possibility 
of  oxidation  of  sulphide  to  sulphate  during  the  com- 
position. 


The  samples  were  compounded  according  to  differ- 
ent formulas,  the  one  being  made  from  ceylon,  lith- 
arge and  sulphur,  and  the  other  from  zinc  oxide  and 
sulphur,  the  variety  of  rubber  used,  however,  not 
being  given. 

A  small  percentage  of  sulphur  present  as  sulphate 
was  found  in  each  case,  but  as  the  results  on  each  sam- 
ple were  concordant,  yet  varied  on  the  two  samples, 
it  is  obvious  that  the  danger  of  oxidation  of  sulphide 
to  sulphate  is  slight,  provided  all  the  oxygen  is  re- 
moved from  the  apparatus  by  carbon  dioxide  before 
any  decomposition  is  begun. 

The  results  showed  the  following  sulphur  values 
on  sample  No.  6  compounded  with  ceylon,  litharge 
and  sulphur: 

Sample  No.  6. 

Sulphur  found  as  sulphate. 

Per  cent. 

0.145 

0.148 

0.171 

Sample  No.  7,  compounded  with  zinc  oxide  and 
sulphur,  showed  the  following: 

Sample  No.  7. 

Sulphur  present  as  sulphate. 

Per  cent. 


The  slightly  higher  values  for  sulphur  found 
present  as  lead  sulphate  in  the  samples  examined 
where  the  content  of  sulphur  present  through  the  addi- 
tion of  sublimed  white  lead  was  definitely  known  may 
be  due  to  this  exceedingly  slight  oxidation  of  sulphide 
to  sulphate,  most  probably  during  the  process  of 
vulcanization. 

From  the  above  results  it  will  be  seen  that  the  per- 
centage of  sulphur  present  in  rubber  as  lead  sulphate 
can  be  accurately  determined  apart  from  the  free 
sulphur  and  sulphide  present  in  rubber.  It  will  be 
noted  that  the  sulphur  present  in  the  inert  form  as 
lead  sulphate  can  be  readily  differentiated  from  other 
forms  and  eliminated  in  such  cases  where  specifica- 
tions call  for  a  definite  percentage  of  sulphur,  by  a 
determination  of  the  sulphate  in  the  above  manner, 
and  its  subtraction  from  the  total  sulphur  present. 
In  accuracy  and  rapidity  the  method  will  be  found 
to  yield  far  better  results  than  can  be  obtained  by 
any  of  the  other  known  methods  for  this  determina- 
tion. 

Additional  experiments  are  at  present  being  be- 
gun toward  the  perfection  of  a  method  which  will 
determine  the  percentage  of  lead  sulphate  present  in 
rubber  when  compounded  with  sublimed  white  lead 
where  other  compounds  such  as  calcium  sulphate, 
calcium  carbonate  and  barium  sulphate  are  added. 
While  this  is  purely  an  inorganic  separation,  it  is 
hoped  that  a  rapid  method  for  such  differentiation 
will  be  found.  This  paper  serves  as  a  preliminary 
one  to  a  future  paper  in  which  this  separation  will 
be  presented. 

Laboratory  of  Picher  Lead  Co., 
Joplin,  Mo. 


Nov.,  1912 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


839 


THE  EFFECT  OF  KILN-DRYING  AT  145  °  F.  ON  THE  COMPO- 
SITION OF  THE  HOP. 
By  H.  V.  Tartar  and  B.   Pilkington. 
Received  July  1,  1912. 

The  proper  temperature  to  be  used  in  the  kiln- 
drying  of  hops  is  still  a  matter  of  dispute.  In  different 
parts  of  the  world,  we  find  temperatures  varying  from 
70-1 50  °  F.  recommended,  the  best  authorities  being 
widely  at  variance  on  the  question.  It  is  held  that 
during  the  kiln-drying  process  at  the  higher  tem- 
peratures a  portion  of  the  soft  bitter  resins,  which  give 
to  the  hop  the  major  part  of  its  real  brewing  value, 
are  changed  to  a  hard  worthless  resin,  thereby  causing 
a  deterioration  of  quality.  Remy1  tried  certain  ex- 
periments as  to  the  influence  of  kiln-drying  on  hops 
and  his  results  showed  that  a  considerable  portion 
of  the  soft  resin  present  in  the  fresh  hop  is  converted 
into  hard  resin.  The  exact  temperature  at  which 
these  experiments  were  carried  out,  however,  is  not 
given.  Gross2  states:  "Greater  heat  than  68-95 °  F. 
must  not  be  used  or  the  value  of  hops  will  be  reduced, 
and  for  this  reason  the  practice  adopted,  e.  g.,  in 
America,  of  drying  at  140  °  F.,  cannot  be  recommended 
as  worthy  of  imitation."  Stockberger*  says:  "It  is 
quite  generally  conceded  that  the  so-called  soft  resin 
of  the  hop  alone  is  valuable,  the  hard  resin  being 
worthless  for  brewing  purposes.  Yet  the  average 
grower  knows  nothing  of  these  resins  and  frequently 
contrives  to  dry  his  hops  at  a  temperature  so  high 
that  a  portion  of  the  essential  oil  is  volatilized  and  a 
considerable  quantity  of  valuable  soft  resins  is  oxidized 
and  converted  into  the  hard,  worthless  form.  In  a 
series  of  recent  experiments  in  the  field,  it  has  been 
shown  conclusively  that,  within  limits,  the  ratio  of 
hard  to  soft  resins  varies  directly  with  the  tempera- 
ture used  in  drying  the  hops."  So  far  as  the  writer 
knows,  the  results  of  the  experiments  mentioned  have 
never  been  published.  Stockberger4  also  states: 
"The  best  temperature  for  drying  is  yet  to  be  de- 
termined but  every  consideration  indicates  that  it 
should  be  much  lower  than  that  commonly  employed, 
probably  between  100  °  and  1400  F." 

To  the  hop  growers  of  the  Pacific  Coast  the  proper 
temperature  to  be  used  in  kiln-drying  is  of  vital  im- 
portance. On  account  of  the  large  size  of  many  of 
the  yards,  in  some  cases  amounting  to  hundreds  of 
acres,  the  drying  must  be  accomplished  in  a  short 
time  in  order  to  handle  the  crop.  Drying  for  several 
days  at  the  low  temperature  of  70-90  °  F.  as  is  done 
in  some  of  the  European  countries,  where  the  yards 
are  small,  cannot  be  employed  without  a  practically 
prohibitory  increase  in  the  expense  o  drying.  At  the 
present  time,  the  majority  of  the  hop-growers  of 
Oregon  are  using  a  temperature  not  exceeding  145°  F. 

Recent  investigations  made  in  this  laboratory5  have 
shown  that  the  analytical  methods  which  have  been 
commonly  used  for  the  analysis  of  the  hop  are  un- 
reliable.    The  methods  for  the  determination  of  the 

1  Chapman,  "The  Hop  and  Its  Constituents."  page  84. 

2  E.  Gross,  Hops,  page  236. 

3  Address  before  American  Brewing  Institute,  1907. 

4  Farmers'  Bulletin  No.  304,  U.  S.  Dept.  of  Agr.,  page  24. 
6  This  Journal,  4,  209  (1912). 


total  soft  resins  and  hard  resin  have  been  found  to  be 
very  faulty.  Since  unreliable  methods  of  analysis 
were  evidently  used  for  the  examination  of  the  hops 
in  the  kiln-drying  experiments  which  have  been  re- 
ported, it  was  deemed  advisable  to  repeat  in  a  limited 
way,  some  of  the  work  which  had  been  done  on  the 
effect  of  kiln-drying  on  the  composition  of  the  hop, 
especially  the  effect  of  a  temperature  of  145  °  F. 

EXPERIMENTAL. 

Samples  were  taken  about  the  middle  of  September, 
1910,  at  five  different  yards  and  in  September,  1911, 
from  two  yards.  Just  as  the  hops,  which  had  been 
picked  in  the  usual  manner,  were  being  placed  on  the 
kiln  a  lot  of  hops,  amounting  to  approximately  100 
lbs.  of  fresh  hops,  was  well  mixed;  a  sample  was  taken 
and  the  exact  spot  in  the  kiln  from  which  it  was  taken 
was  carefully  marked.  This  sample  taken  previous 
to  kiln-drying  was  spread  out  and  air-dried  in  the 
shade  at  room  temperature.  After  the  hops  had  been 
dried  on  the  kiln,  a  second  sample  was  taken  from  the 
identical  spot  where  the  first  sample  was  taken,  this 
second  sample  representing  the  hops  after  kiln-drying. 
The  depth  of  the  layer  of  hops  on  the  kiln  floor  ranged 
from  22-30  inches  and  the  length  of  time  required  for 
drying  varied  from  18-24  hours.  The  drying  was 
continued  in  every  instance  until  the  stems  or  cores 
of  the  cones  were  well  shriveled  yet  still  soft  and 
pliable,  except  in  the  case  of  samples  5a  and  56  where 
the  drying  was  continued  until  the  stems  or  cores  were 
somewhat  brittle  and  easily  broken.  The  kiln-dried 
samples  were  "sulfured"  to  the  extent  of  about  one- 
half  lb.  of  sulfur  per  box  of  the  fresh  hops  (50  lbs.). 
Great  care  was  taken  in  handling  the  samples  to  avoid 
any  loss  due  to  the  breaking  of  the  cones  and  the 
sifting  out  of  lupulin.  The  hops  were  all  grown  on 
sandy  soil  along  the  Willamette  river  with  the  ex- 
ception of  samples  4a  and  46  which  were  grown  on 
hill  land. 

The  kiln  dryers  used  at  the  different  yards  were> 
with  one  exception,  ordinary  "stove  kilns"  and  were 
representative  of  those  in  common  use.  Samples 
$a  and  36  were  dried  on  an  "air  blast"  kiln  in  which 
air  that  had  been  passed  over  heated  steam  pipes  was 
forced  up  through  the  hops  from  below  by  means  of  a 
"blast  fan." 

The  temperature  used  in  each  instance  ranged  from 
120-145  °  F.  The  drying  was  begun  at  the  lower 
temperature  and  then  gradually  raised  to  145  °,  at 
which  temperature  it  was  held  as  nearly  as  possible 
until  the  hops  were  dried.  The  temperature  was  taken 
with  thermometers  which  were  kept  just  under  the 
floor  of  the  kiln  and  at  that  portion  of  the  kiln  where 
the  temperature  was  highest. 

In  making  the  analytical  determinations  the  methods 
which  have  been  worked  out  in  this  laboratory1  for  the 
determination  of  hard  resin  and  total  soft  bitter 
resins  were  employed.  The  separation  of  the  two 
soft  bitter  resins,  the  a  and  the  /?,  was  carried  out 
according  to  the  method  outlined  by  Siller.3     Chap- 

'  This  Journal,  4,  209  (1912). 

2  Zta.  Unlersvch.  Nahruna-Genuss..  18,  241. 
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man's1  method  was  used  for  the  determination  oi 
tannin.  Moisture  was  estimated  by  drying  in  vacuo 
over  sulfuric  acid  at  room  temperature.  The  de- 
termination of  wax  was  made  incident  to  securing  the 
solutions  necessary  tor  the  determination  of  the  total 
resins  The  extract  obtained  by  extracting  the  hops 
with  ether  was.  after  the  evaporation  of  the  ether, 
taken  up  with  alcohol  and  the  wax.  which  is  insoluble 
in    this    solvent,     was    collected    on    a    tared    filter, 

Composition  of  Hops,  Air-dried  at  Room  Te 


tng  table.  I  n  order  tc  1  aff<  >rd  an  accurate  means  of  com- 
parison, the  amounts  of  wax,  tannin  and  the  different 
resins  have  been  calculated  to  the  dry  matter. 

Ih«  results  indicate  that  there  was  little  if  any 
change  in  the  composition  of  the  hops  during  the  kiln- 
drying  process.  It  will  be  noted  that  excepting 
samples  2a  and  26,  the  amount  of  hard  resin  is  slightly 
greater  in  the  air-dried  samples,  a  result  which  may  be 
due  to  the  variation  in  different  samples.     There  was 

klPERATURE    AND    KlLN-DRIED    AT     145°    pAIIR. 

Composition  of  dry  matter.     Percentages. 


Total 
soft 
bitter 
resins. 
18.22 
19.02 
19.32 
18.72 
18.56 
18.84 
16.35 
15.16 
17.62 


Soft  resins. 


Hard 

(gamma) 

resin. 

1.89 

2.07 

1.60 

1.55 


0.98 
1  .02 
1.35 

1.78 


Beta 
resin. 
11  18 
11  53 
12.02 
12.84 
12.98 
12.50 
11.73 
10.51 


Alpha 
resin. 


Tannin.     Wax. 


6.34 


6.00 
5.50 


Description  of  sample.  Mois-  Total 

No.  1910  crop.  ture.  resins. 

lo  Kiln-dried  from  yard  of  T.  A.  Livcsly,  Salem,  Ore 5.14  20.11 

16         Air-dried,  corresponding  to  lo 6  .42  21  .09 

2a         Kiln-dried  from  yard  of  H.  Hirschberg.  Independence,  Ore 4.33  20.92 

26         Air-dried,  corresponding  to  2a 4.65  20.27 

3a          Kiln-dried,  from  yard  of  E.  Clemens  Horst.  Independence,  Ore...  .  4.41  19  33 

36         Air-dried,  corresponding  to  3a 5.72  19.82 

4a          Kiln-dried  from  yard  of  F.  S.  Bradley,  Banks,  Ore 5.44  17.37 

46         Air-dried,  corresponding  to  4a 4.75  16  51 

5a          Kiln-dried,  from  yard  of  Krebs  Bros..  Independence,  Ore 5  .60  19  .40 

56         Air-dried,  corresponding  to  5a 4.80  19.36  17.27  2  09  11.11 

1911  crop. 

6a         Kiln-dried,  from  yard  of  H.  Hirschberg,  Independence,  Ore 5  60  10.08  17.57  1.51  11.73 

66         Air-dried,  corresponding  to  6a 4.85  19.45  17.49  1.96  11.06 

7a          Kiln-dried,  from  yard  of  E.  Clemens  Horst,  Independence,  Ore.  .  .  5.85  20.59  19.17  1.42  13.59 

76         Air-dried,  corresponding  to  7a 7.00  20.62  19.00  1.62  13.53 

thoroughly  washed  with  alcohol,  dried  at  room  tern-  evidently  little  if  any  change  in  the  amounts  of  tannin 

perature  and  weighed.     Owing  to  the  small  amount  and  wax,  considering  the  possible  variation  in  separate 

of  volatile  oil  present  and  the  consequent  difficulty  of  samples.     A    physical    examination    showed   that   the 

making  a  quantitative  estimation,  the  determination  difference  in  the  aroma  of  the  air-dried  and  the  kiln- 

of  this  constituent  was  omitted  and  simply  the  physical  dried  samples  was  hardly  perceptible,  different  judges 

examination  made  for  aroma.     Only  whole,  unbroken  varying  somewhat  in  their  opinions, 
hop  cones  were  used  in  making  the  analyses. 

The  results  of  the  analyses  are  given  in  the  accompany- 


2.55 
2.31 
1.98 
1.83 
2.42 
2.13 
1.97 
2.36 
2.60 

3.60 
3.64 
2.76 


0.26 
0.44 
0.49 
0.48 
0.43 
0.40 
0.39 
0.47 
0.47 

0.45 
0.45 
0.44 
0.44 
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LABORATORY  AND  PLANT 


COMBINATION  OF  THE  CONTACT  PROCESS  WITH  THE  OR- 
DINARY LEAD  CHAMBER  OR  TOWER  SYSTEMS;  AN 
IMPROVEMENT  IN  THE  MANUFACTURE  OF 
SULPHURIC  ACID.2 

By  William  Wilke. 

Since  the  introduction  of  the  Contact  System  as  a 
practical  method  for  making  sulphuric  acid,  it  has 
been  usually  regarded  as  simply  a  competitor  of  the 
older  chamber  or  tower  systems.  It  may  be  of  inter- 
est to  bring  before  you  a  system  in  which  the  Contact 
function  is  combined  with  the  chamber  system,  giv- 
ing a  successful  working  method  that  shows  economies 
and  advantages  not  generally  appreciated  but  very 
worthy  of  attention. 

Sometime  ago  I  was  called  upon  to  construct  a 
chemical  works  which  should  be  thoroughly  equipped 
for  the  manufacture  of  mineral  acids — the  main  prob- 
lem involved  being  the  construction  of  a  plant  wherein 
sulphuric  acid  of  the  various  commercial  grades  and  con- 
centrations could  be  manufactured  in  the  most  eco- 
nomical wyay.  My  clients  had  already  an  installa- 
tion of  the  Contact  Process  licensed  under  U.  S.  Patents 

1  Jour,  ot  Inst,  oi  Brewing,  13,  646  (1907). 

2  Paper  presented   at    the    Eighth    International    Congress   of  Applied 
Chemistry,  New  York,  September,  1912. 


of  the  Verein  Chemischer  Fabriken  in  Mannheim,  for 
the  production  of  strong  acid,  and  the  question  arose 
whether  we  could  economically  and  profitably  reduce 
this  highly  concentrated  acid  to  lower  strengths. 

In  calculating  the  cost  we  had  to  take  into  con- 
sideration the  license  fee  and  other  fixed  charges,  and 
it  was  found  in  the  end  that  it  was  impossible  to  do 
this.  There  was,  however,  a  market  for  Chamber 
acid;  consequently  it  was  thought  possible  to  com- 
bine the  Contact  Process  with  the  Chamber  Process 
and  attain  the  end  in  view. ' 

As  a  result  of  the  study  of  conditions,  a  plant  was 
designed  as  shown  in  the  illustration.  In  order  to  be 
independent  of  the  constant  variations  in  the  pyrites 
market  and  the  possible  scarcity  of  pyrite  fines,  the 
plant  was  so  designed  that  lump  ore  as  well  as  fines 
could  be  roasted,  the  burning  capacity  finally  adopted 
being  24,000  lbs.  fines  and  36,000  lbs.  lump  ore.  Thirty- 
six  lump  burners  were  installed,  each  able  to  handle 
from  900  to  1200  lbs.  ore  daily,  and  four  standard 
Herreshoff  fines  burners. 

The  gases  from  the  fines  burners  were  conducted 
into  a  flue  situated  above  the  flue  of  the  lump  burn- 
ers and  provided   with  a   number  of  baffle   walls  to 
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catch  some  of  the  dust.  The  gases  of  the  lump 
burners  and  fines  burners  were  united  and  conducted 
into  the  patented  iron-oxide-contact-shaft,  similar 
to  the  contact  process  chamber  of  the  Verein  Chemischer 
Fabriken.  In  order  to  regulate  the  draft  on  the  fines 
burners,  a  separate  exhaust  fan  was  installed  to  draw 


various  state  laws  fixing  a  standard  for  butter-fat  in 
both  creamery  and  renovated-butter,  there  is  a  de- 
mand for  a  simple  field  test,  such  as  might  be  used  in 
any  creamery  or  by  any  state  or  federal  officer  engaged 
in  the  inspection  of  butter. 

The  following  test  is  not  to  be  considered  as  taking 
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A.  Fine  burners. 

B.  Small  dust  chamber. 

C.  Exhausters  with  electric  motors. 

D.  Lump  burners. 

E.  Iron-oxide-contact-shaft. 


F.  Glover  tower. 

G.  Chambers. 

H.   Intermediate  towers. 
I.  Gay-Lussac  towers. 
K.   Exit  from  Gay-Lussac  tower. 


L.   Baffle-walls    in    upper  flue  of  lump 

burners. 
M.  Cleaning     doors    in    upper    flue    of 
lump  burners. 


the  gases  from  the  fines  burners  and  deliver  them  into 
the  flue  over  the  lump  burners.  A  second  exhaust 
fan  was  installed  between  the  iron-oxide-contact-shaft 
and  the  Glover  tower,  which  took  the  sulphurous 
gases  after  they  had  undergone  conversion,  to  the  ex- 
tent of  30  per  cent.,  into  S03  by  the  iron-oxide-contact- 
shaft  and  forced  them  through  the  Glover  tower  into 
the  chamber  system. 

The  combination  of  the  two  very  distinct  processes 
into  one  system  gave  most  excellent  results.  It  was 
found  that: 

1.  The  capacity  of  the  chamber  plant  was  increased 
at  least  30  per  cent. 

2.  The  conversion  of  S02  to  S03  in  the  iron-oxide- 
contact-shaft  averaged  about  30  per  cent. 

3.  At  the  same  time  the  acid  produced  in  the  Glover 
tower  was  water-white. 

4.  The  iron  oxide  eliminated  95  per  cent,  of  the 
arsenic  carried  by  the  gases  leaving  the  roasters  and  flues. 

Finally  it  was  proved  that  the  total  production  of 
the  chamber  system  could  easily  be  concentrated  to 
60  °  Baumd  or  higher  in  the  Glover  tower. 

Such  satisfactory  results  are  all  attributable  to  the 
introduction  of  the  iron-oxide-contact-shaft  between 
the  burners  and  the  Glover  tower;  in  other  words,  to 
the  suitable  combination  of  the  contact  and  the  lead 
chamber  processes. 

The  iron-oxide-contact-shaft  retards  the  dust  and 
is  the  best  known  means  of  keeping  dust  from  get- 
ting into  the  chamber  system;  it  is  an  accumulator 
of  heat  and  acts  as  an  equalizer  on  any  system,  such  as 
that  described,  enabling  the  operator  of  the  plant  to 
carry  out  the  process  more  uniformly;  it  saves  30  per 
cent,  of  the  niter  consumed  in  the  ordinary  plant,  on 
account  of  the  conversion  of  the  catalytic  action. 

Since  constructing  the  above  described  plant,  the 
iron-oxide-contact-shaft  has  been  introduced  in  other 
existing  chamber  plants  with  equally  good  results. 

Buffalo,  New  York. 


A  SIMPLE  TEST  FOR  THE  DETERMINATION    OF    BUTTER- 
FAT  IN  BUTTER. 
By  James  M.  Doran. 
Received  August   15,    1912. 

At  the  present  time,  owing  to  the  federal  and  the 


the  place  of  the  chemical  method  of  determining 
butter-fat  in  butter,  but  merely  as  a  control  test  or  to 
be  used  by  an  officer  in  a  preliminary  examination. 

It  has  several  advantages  that  commend  it  as  a 
field  test: 

i.  The  apparatus  is  cheap  and  simple  and  may  be 
purchased  from  any  supply  house. 

2.  It  is  portable. 

3.  There  is  no  weighing  of  sample. 

4.  The  only  reagent  used,  gasoline,  can  be  obtained 
sufficiently  pure  prac-  __ 
tically  everywhere  and      ,  Zl                       IH  . 
at  little  expense. 

The  outfit  consists 
of: 

1.  A  simple  hand 
centrifuge  such  as  is 
used  in  urine  analysis 
or  milk  analysis.  It 
can  be  clamped  to  any 
table  or  support. 

2.  Several  accu- 
rately graduated  15  cc. 
sedimentation  tubes. 

3.  Some  gasoline  of 
good  quality. 

The  procedure  is  as 
follows:  The  sample 
of  butter,  taken  with 
a  trier  or  otherwise,  is 
first  warmed  to  about 
ioo°  F.  and  thor- 
oughly stirred  to  in-  Hand  Cbntriftjob,  Single  Speed  ('/< 
sure  the  mass  being  ACTUAL  SlZE1  AND  Segmentation  Tube. 
uniform.  About  10  cc.  of  the  sample  is  placed 
in  the  sedimentation  tube  and  whirled  in  the  centri- 
fuge for  a  few  seconds.  The  sample  should  be  suffi- 
ciently liquid  in  order  to  insure  a  good  reading  after 
being  whirled  in  the  centrifuge.  After  reading  the 
amount  of -the  sample  on  the  tube  scale,  about  5  cc. 
of  gasoline  is  added  and  the  tube  carefully  inverted 
two  or  three  times,  holding  the  thumb  or  finger  over 
the  top  of  the  tube.  Let  the  solution  of  fat  and  gasoline 
drain  a  few  seconds  before  removing  the  finger. 
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Place  the  tube  in  the  centrifuge  and  whirl  again  for 
1 5  or  20  seconds. 

The  gasoline  dissolves  the  fat,  forming  a  clear  layer 
on  the  top.  The  non-fats,  that  is  the  water,  salt  and 
curd,  being  immiscible  with  thegasoline  and  also  heavier, 
form  the  lower  layer.  The  second  whirling  drives  the 
non-fats  to  the  lower  end  of  the  tube  almost  com- 
pletely, at  the  same  time  forming  a  sharp  line  of  divi- 
sion between  the  two  layers.  The  amount  of  non-fats 
is  then  carefully  read  on  the  tube  scale. 

The  following  is  an  example  of  the  calculation  of 
the  butter  fat  from  these  two  readings: 

Cc. 

Total  sample 9.8 

Non-fats 1.7 

1.7    X    IOO 


9.8 


=  17.36  per  cent,  non-fats. 


100  — 17-36  =  82.64  Per  cent,  butter-fats. 

Care  should  be  taken  that  this  test  is  made  at  a 
fairly  uniform  temperature  in  order  to  eliminate  as 
far  as  possible  the  changes  in  relative  volumes  due 
to  variations  in  temperature. 

In  case  the  sample  when  first  placed  in  the  sedi- 
mentation tube  is  not  sufficiently  liquid  to  insure  a 
good  reading  on  being  whirled,  it  may  be  warmed  by 
placing  it  in  water  or  in  an  oven  for  a  few  minutes  at 
a  temperature  not  over  no0  F. 

The  results  of  many  tests  by  this  method  show  a 
variation  of  not  over  0.2  per  cent,  fat  on  the  same 
sample,  and  within  the  limits  of  about  0.5  per  cent, 
fat  when  compared  with  the  official  method. 

Table    of    Comparative    Results    on     Percentage    of    Butter-fat 
Obtained  by  Use  of  Centrifugal  Method  and  Official 
Chemical   Method. 
Percentage  butter-fat. 

■ ■ 1       Percentage 

Sample  No.     Official  method.  Centrifugal  method,     difference. 
38277  78.68  79.12  0.44 

38281  79.81  80.30  0.49 

38283  78.06  78.56  0.50 

Bureau  of  Internal  Revenue, 
Washington. 


APPARATUS   AND   METHOD     FOR    SULPHUR     DETERMI- 
NATION IN  PETROLEUM  ILLUMINATING  AND 
LUBRICATING  OILS.1 

By  P.  H.  Conradson.2 

The  methods  generally  used  in  determining  sulphur 
in  petroleum,  illuminating  and  lubricating  oils  do  not 
give  either  the  total  amount  of  sulphur  compounds 
present  or  how  they  occur.  The  writer  has  found 
that  in  many  inferior,  poorly  refined  petroleum  oils 
large  percentages  of  the  total  sulphur  compounds 
present  may  be  due  to  sulphonates  or  sulphates, 
which  altogether  escape  notice  in  the  so-called  lamp 
methods  where  the  oil  is  only  partly  consumed  in  the 
lamp,  while  in  the  direct  oxidation  methods  no  dis- 
tinction is  made. 

In  the  examination  of  the  illuminating  (kerosene) 
oils  used  in  railroad  service,  such  as  in  locomotive 
headlights  or  track  signal  lamps  (long  time  burner 
lamps)   which  latter  require  an  oil  with  hardly  any 

1  Paper  presented  at  the   Eighth   International  Congress  of  Applied 
Chemistry,  New  York.  September.  1912. 

2  Chief  Chemist,  Galena-Signal  Oil  Co. 


diminution  in  the  intensity  of  light  or  candle  power 
for  175-250  hours  continuous  burning  with  no  at- 
tention, or  lubricating  oils,  such  as  are  used  in  steam 
turbines,  gas  or  oil  engines,  superheated  steam  valve 
and  cylinder  lubrication,  high  pressure  air  compressors 
or  high  vacuum  air  pumps,  it  is  essential  to  differen- 
tiate between  the  sulphur  compounds  that  might  be 
present  in  the  oils;  therefore,  the  writer  has  found 
it  necessary  not  only  to  burn  a  larger  amount  of  oil  in 
the  lamps,  but  also  to  consume  all  the  oil  in  the  oil 
fount  and  make  a  careful  examination  of  the  sulphur 
compounds  that  may  remain  in  the  wick. 

The  accompanying  photographic  cut  of  the  ap- 
paratus' is  self-explanatory — using  ordinary  small 
kerosene  burners  with  chimneys,  well  washed  and 
dried  cotton  wicks  about  3  mm.  ('/»")  in  width.  The 
lamp  founts  for  the  illuminating  oils  are  ordinary  glass 
beakers;  for  the  lubricating  oils,  funnels  having  the 
stems  cut  off  and  fastened  to  a  metal  socket.  The 
burners  are  inserted  in  a  small  disk  (lid  of  an  oint- 
ment box  with  a  hole  cut  to  fit  the  burner).  Filter 
tubes  of  strong  glass  with  stem  bent  at  right  angles 
are  fit  snugly  over  the  long  arm  of  the  glass  stoppered 
absorption  tubes,  which  are  about  350  mm.  (14")  in 
length  between  the  constriction  and  exit  tube  and 
have  a  diameter  of  about  25-35  mm.  (1*—  ix/l")  and 
contain  small  glass  beads  to  a  depth  of  about  80  mm.  (3*). 

The  products  of  combustion  are  aspirated  through 
carbonate  of  soda  solution  containing  6  grams  of 
Na2C03  in  one  liter  of  water  and  standardized  with 
J/io  normal  hydrochloric  or  sulphuric  acid.  In  testing, 
place  25-50  cc.  of  the  soda  solution  in  the  first  ab- 
sorption tube;  at  the  end  of  the  operation  the  soda 
solution  is  run  into  a  beaker  and  the  chimneys,  glass 
filter  tubes  and  absorption  tubes  are  rinsed  out  with 
water;  the  solution  with  the  washings  is  titrated, 
using  methyl  orange  as  an  indicator;  or,  the  solution 
may  be  oxidized  with  bromine  and  hydrochloric  acid, 
precipitated  with  barium  chlorid  solution  in  the 
usual  way  and  calculated  to  sulphur  (S).  The  wicks 
are  separately  treated  and  examined  for  sulphur 
compounds  that  may  remain  in  the  same  from  the  oil, 
as  will  be  described  hereafter. 

ILLUMINATING    OILS. 

For  low-sulphur  oils  such  as  kerosenes  made  from 
Pennsylvania  crudes,  15-20. grams  of  oil  are  used. 

For  kerosenes  made  from  western  crudes  containing 
larger  percentages  of  sulphur  compounds,  10-15  grams 
are  used. 

For  kerosene  oils  intended  for  severe  railroad  service 
either  for  headlight  oil  purposes  or  in  long-time  burner 
signal  lamps,  it  is  well  to  make  two  sulphur  determi- 
nations, one  as  above  indicated  and  the  other  as  fol- 
lows: 425  cc.  of  the  oil  are  carefully  distilled  in  a  600 
cc.  Engler's  distilling  flask  at  the  rate  of  2-4  cc.  per 
minute  (the  slower  rate  at  the  beginning  and  at  the 
end),  until  400  cc.  have  come  over;  the  Engler's  flask 
is  placed  on  an  asbestos  gauze  and  covered  over  with 
asbestos  wool   up  to    the  top  of    the  neck,    the  ther- 

1  In  the  cut  the  second  absorption  tube  of  the  apparatus  to  the  right 
is  wrongly  connected. 
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mometer  bulb  placed  opposite  the  exit  tube  as  usual. 
The  25  cc.  residue  in  the  distilling  flask  is  transferred 
to  a  bottle.  Often  with  <  rdinary  or  poorly  refined 
kerosene  oils  there  is  formed  a  deposit  or  sediment, 
more  or  less  adhering  to  the  sides  and  bottom  of  the 
flask;  it  should  be  carefully  removed  and  added  to 
the  residue  in  the  bottle  by  using  successively  ethyl 
ether,  chloroform,  95  per  cent,  ethyl  alcohol  and  hot 
water  (as  the  case  may  require),  uniting  and  evaporat- 
ing the  solvents  in  a  small  dish  and  transferring  the 
final  residue  to  the  bottle  by  the  aid  of  some  of  the 
25  cc.  oil  residue.     The  sulphur  compounds  are  then 


carbonate  of  soda  and  5  cc.  1.42  sp.  gr.  nitric  acid, 
digest  on  steam  or  water  bath  (cover  crucible  with 
inverted  lid)  till  the  fibers  are  disintegrated ;  then 
add  2  grams  pure  crystallized  magnesium  nitrate; 
continue  the  digestion,  gradually  raising  the  tempera- 
ture on  hot  plate  or  protected  gas  flame  till  the  organic 
matter  is  destroyed  and  most  of  the  nitrates  decom- 
posed, leaving  a  white  residue;  after  cooling  add 
sufficient  bromine  water  and  hydrochloric  acid,  boil, 
dilute  and  precipitate  with  barium  chlorid  in  the 
usual  way  and  calculate  to  sulphuric  acid  (S03). 
This  includes  the  S03  both  in  form  of  sulphates  and 


determined  by  burning  the  whole  or  part  of  the  above 
well  mixed  oil  residue  to  dryness  in  the  apparatus 
above  described. 


LUBRICATING    OILS. 


Five  to  10  grams  of  lubricating  oils  are  burned  to 
dryness  in  the  lamps  as  stated  with  kerosene.  Spindle 
oils,  thin  turbine  oils  and  automobile  oils  will  feed 
through  the  wicks  until  they  are  all  consumed,  with 
possible  once  or  twice  trimming  of  the  formed  crust; 
with  thick,  high-viscosity  oils,  5-8  cc.  of  highly  re- 
fined low-sulphur  kerosene  are  added  and  the  mixture 
burned  to  dryness  or  practically  so ;  then  2  cc.  more  of 
the  kerosene  oil  are  added  and  burned  to  dryness. 

The  soda  solution  and  washings  are  treated  as  above 
described,  deducting  for  the  sulphur  in  the  5-10  cc. 
of  added  kerosene. 

The  wicks  from  the  above  described  lamp  tests  are 
treated  as  follows:  Cut  same  in  small  pieces,  transfer 
to  a  50  cc.  porcelain  crucible,  add  0.2  gram  pure  dried 


sulphonates  if  both  are  present.  If  it  is  desired  to 
estimate  the  latter  separately,  boil  the  wicks  with 
10-15  cc-  strong  barium  hydrate  solution;  dilute  to 
100  cc.  writh  boiling  water;  filter  and  wash.  The 
filtrate  is  either  oxidized  with  bromine  and  hydro- 
chloric acid  or  evaporated  with  a  few  drops  of  nitric 
acid  to  dryness  and  slightly  ignited,  the  residue  being 
treated  with  hydrochloric  acid  and  boiling  water. 
The  insoluble  BaS04  in  either  case  is  calculated  to 
S03  in  sulphonates.  The  remaining  wicks  with  any 
insoluble  barium  salts  are  then  oxidized  with  nitric 
acid  and  magnesium  nitrate,  the  residue  taken  by 
boiling  with  bromine  water  and  hydrochloric  acid; 
the  insoluble,  if  any  (barium  sulphates),  is  calculated 
to  S03  present  in  the  oil  as  sulphates. 

The  usual  precaution  of  making  blank  tests  with  the 
chemicals  or  reagents  and  wicks  should  not  be  omitted. 

A   few   analyses   by   the   above   methods  are  given 
in  the  following  table: 
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Sulphur  Id  lamp 
calculated  i"  S, 
Per  a  al 
Kerosene  original  0  015 

Kerosene  original 0  033 

,i     Kerosene  in  25  cc.  residue 0.038 

Kerosene  original o.o~l 

.j     Kerosene   in   25   cc.    residue 0.135 

Kerosene  original 0.018 

(i     Kerosene  in  25  cc.  residue 0.057 

Lubricating    Oils. 

Turbine  oil 0.035 

Turbine  oil 0.098 

Engine  oil 0  354 

Machinery  oil 0.345 

Heavy  «.is  engine  oil 0.080    ■ 

Galena  Signal  Oil  Company. 
Franklin,  Pa. 


Sulphui  compounds 

in   wick  I  r « .111  sill 

phonates  and  nil 

ill  iihitt el 
to  S(  I, 
No  SO 
Trace  S<  »i 

Trace  Si  i  , 
0.0075  per  cent. 
0.013 

.Nunc 

None 


None 

0  098  per  cent, 
0.018  per  cent. 
0.032  per  cent. 
0.074  per  cent. 


CARBON  DIOXIDE  ABSORPTION  BOTTLE. 

By  W.  A.  Koenig. 

Received  April   10,   1912. 

Fig.  i  represents  a  piece  of  apparatus  that  is  a  great 
time-saver  in  making  determinations  of  carbon  in 
steel  drillings.  It 
consists  of  a  round  ^* 
bottle  having  a 
mercury  trap  at 
both  the  inlet  and 
outlet ;  these  make 
it  possible  to  weigh 
the  bulb  without 
removing  the  oxy- 
gen. 

The  bottle  is 
filled,  as  shown, 
with  c  a  lc  i  u  m 
chloride  and  dry 
soda  lime ;  the  traps 
with  a  very  little 
freshly  distilled 
mercury.  When 
rilled,  it  weighs  be 
tween  fifty  and 
sixty  grams  and 
lasts    for    at     least 


CHLO*lDC 


rtE/KunY 


3gcm 
CO£  fi&SORPTIOH  BOTTLE 

one  hundred  determinations  where  the  carbon  content 
is    about    one  per  cent. 

The    apparatus    is    so    simple    in    construction    that 
any  fairly  good  glassblower  could  make  it. 

Midvale  Steel  Co., 
Philadelphia. 


A  NEW  ALLOY  WITH  ACID  RESISTING  PROPERTIES.1 

By  S.  W.  Parr. 

While  marked  advances  have  been  made  in  the 
development  of  alloys  with  properties  which  render 
them  resistant  to  the  corroding  influence  of  the  atmos- 
phere, not  so  much  study  has  been  given  to  the  pro- 
duction of  alloys  which  would  resist  the  solvent  action 
of  strong  chemicals.  This  latter  function  of  resistance 
to  chemical  action  has  been  given  over  almost  wholly 
to    the    noble    metals.     However,    there    are    certain 

1  Paper   presented    at   the   Eighth    International   Congress   of  Applied 
Chemistry,  New  York,  September,   1912. 


specific  requirements  such  as  ordinarily  call  for  the  use 

of  gold  or  platinum  where  the  quantity  of  metal  in- 
volved and  the  excessive  cost  of  the  same  make  its 
use  almost  prohibitive.  These  considerations  have 
led  to  the  studies  herein  described  in  which  the  effort 
has  been  made  to  develop  an  alloy  especially  resistant 
to  nitric  and  sulphuric  acids. 

A  preliminary  study  was  first  made  of  certain  of 
the  more  common  alloys  with  a  view  to  determining 
their  relative  solubility  in  nitric  acid.  An  arbitrary 
strength  ol  acid  was  chosen  which  was  obtained  by 
diluting  the  ordinary  strong  acid  of  1.42  sp.  gr.  in  the 
ratio  of  1  of  acid  to  3  of  water,  making  approximately 
a  25  per  cent,  or  4JV  solution  of  HNOa.  The  alloys 
employed,  together  with  their  order  of  solubility,  is 
shown  in  Table  I. 

Table  I. — Relative  Solubility  of  Metals  and  Alloys  in  25  Per  cent. 
Xitric  Acid. 

Percentage  dissolved 
in  24  hours. 

1  Pure  iron  99.8%  pure 100.0 

2  Commercial  aluminum 51.4 

3  Monel  metal 19.2 

4  Xichrome.  Xi  90,  Cr  10 7.9 

5  Copper  aluminum,  Cu  90,  Al  10 3.5 

6  Xickel  (79),  chrome  (20),  aluminum  (1) 1  .3 

7  Ferro  silicon 0.1 

The  tests  in  Table  I  were  based  on  the  per  cent, 
dissolved  in  24  hours  at  room  temperature.  They 
are  of  value  only  as  they  show  relative  solubilities. 
Test  pieces  were  used  of  approximately  the  same 
superficial  area.  The  amounts  dissolved  expressed 
as  percentages  are  sufficiently  accurate  for  comparison. 
The  range  of  solubilities  varies  widely,  being  from 
100. o  to  0.1  per  cent. 

The  last  two  items  on  the  list  suggest  the  possibility 
of  carrying  the  series  further.  Because  of  its  physical 
characteristics  of  brittleness,  lack  of  working  qualities, 
etc.,  the  last  number,  ferrosilicon,  was  not  selected 
as  affording  an  encouraging  basis  for  experimentation. 
The  next  to  the  last  number  however,  the  nickel 
chrome  compound  with  a  small  amount  of  aluminum, 
was  selected  as  a  suitable  type  for  further  study. 
A  series  of  six  mixtures  was  arranged  as  in  Table  II 
wherein  it  was  sought  to  determine  the  effect  of  the 
introduction  of  copper.  Some  such  modifying  ele- 
ment seemed  necessary  for  the  reason  that  the  value 
of  No.  6  in  Table  I  was  nullified  to  a  large  extent 
by  reason  of  the  difficulty  experienced  in  casting 
that  material  free  from  flaws.  The  melting  point  of 
the  mixture  was  extremely  high,  approximately 
15000,  and  it  was  thought  that  by  the  introduction 
of  a  metal  of  lower  melting  point  a  product  would  be 
obtained  which  would  flow  more  freely  and  solidify 
without  blow-holes.  The  series  arranged,  therefore, 
was  a  nickel-copper-chrome  combination  with  de- 
creasing amounts  of  copper  and  increasing  percentages 
of  chromium  as  shown  in  Table  II. 

Table  II. 

Series  No.  1.  2.  3.  4.  5.  6. 

Parts  Xi 65  80  80  80  75  70 

Parts  Cu 30  10  5  5  5  10 

Parts  Cr 5  10  10  15  20  20 

Soluble  in  25  per  cent,  (easily        1.25  0.02  0.05  0.013  0  023 

HX03 — 24  hours      )  soluble  per  cent,  per  cent,  percent,  percent,  per  cent. 

The  interesting  fact  developed  in  this  series  was  the 
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degree  of  resistance  that  could  be  attained  with  con- 
siderable quantities  of  copper  present.  Xos.  3  and  6 
were  substantially  of  the  same  resistivity  but  No.  3 
was  more  sluggish  in  pouring.  Wry  little  difference 
could  be  detected  between  Xos.  5  and  6,  hence  the 
latter  was  taken  as  a  basis  for  further  experiments. 
It  was  evident  from  the  impossibility  of  securing 
perfect  cast  material  from  Xo.  6  that  a  study  must 
be  made  of  purging  agents  to  clear  the  bath  of  oxides 
and  dissolved  gases.  Aluminum  could  be  used  to 
advantage  in  this  regard  while  at  the  same  time  the 
resistance  to  the  acids  was  slightly  increased.  Tung- 
sten was  a  slight  further  aid  and  manganese  up  to  an 
amount  equaling  1  per  cent,  did  not  appreciably 
augment  the  solubility  factor.  Other  deoxidizers 
and  denitrifiers  in  various  forms  were  used,  such  as 
boron,  silicon,  titanium  and  vanadium — the  effect 
of  the  last  one,  seemingly,  to  increase  the  solubility. 
The  others  in  fractional  percentages  were  effective 
both  in  improving  the  resistivity  and  the  texture 
as  well.  The  average  range  of  values  employed  was 
approximately  as  follows: 

Table  III. — Showing  Composition  of  Acid  Rfsistant  Alloy. 

Xi 66.6 

Cr 18.0 

Cu 8  5 

W 3.3 

Al 2  0 

Mn 1    11 

Ti 0.2 

B 0.2 

Si 0.2 

100.0 

Xot  all  of  the  difficulties  of  casting  the  material 
have  been  eliminated  by  any  means.  In  proportion 
as  the  texture  and  soundness  have  been  improved 
upon,  the  difficulties  connected  with  casting  the  ma- 
terial have  increased.  The  contraction  of  the  metal 
at  the  moment  of  solidification  is  very  pronounced 
and  shrinkage  cracks  are  very  likely  to  occur.  How- 
ever, these  difficulties  are  chiefly  physical  and  me- 
chanical and  in  each  specific  condition  they  can  doubt- 
less be  finally  overcome.  The  alloy  draws  into  wire 
and  spins  readily  and  may  have  numerous  interesting 
applications. 

As  a  method  for  more  precisely  measuring  the  acid 
resistance  of  the  material,  test  pieces  were  prepared 
having  an  easily  determined  superficial  area.  These 
pieces  were  subjected  to  4Ar  HX03  and  in  mixtures 
of  nitric  and  sulphuric  acids  of  similar  concentration, 
for  24  hours  at  room  temperature.  The  loss  in  weight 
was  calculated  to  a  unit  area  of  100  sq.  cm.  per  hour. 
The  comparative  values  are  given  in  Table  IV. 

The  various  melts  differed  slightly  in  composition. 
the  attempt  being  made  to  determine  the  limits  of 
certain  ingredients,  especially  manganese,  copper  and 
aluminum.  The  best  results  were  obtained  with 
compositions  conforming  most  nearly  to  the  values 
given  in  Table  III.  The  solubility  in  sulphuric  acid 
was  found  to  be  as  a  rule  no  greater  than  in  nitric  acid, 
hence,  the  solubility  tests  were  made  on  mixtures  of 
the    two    instead    of    upon    the    sulphuric    acid   alone. 

Very  few  tests  on  hydrochloric  acid  were  made.  As 
a  rule  the  solubility  of  this  type  of  alloy  is  considerably 


Table  IV. — Showing  Loss  in  Milligrams  per  100  Sq.  Cm.   per  Hour. 

1  vol.  4.VHXO3. 
4.YHVO,.      4.YH...SU,       4.VIIC1.   2  Vol.  4.YHSO,. 

Number  of  melt.       mg.  mg.              mg.              mg. 

23 0.03  1.95 

0.03  0.79              1.95               1.98 

0.50 

0.06 

25 0. 19  0.0 

0.08  0.17 

40 0.4  1.10              0.09 

0.3  1.30              0.10 
1.00 

54 0.3  3.70              0  8 

60 0.2  1.95              4  8 

0.4  2.05              5.2 

64 2.0  2.70              0.3 


1  .85 


0.2 


greater  in  hydrochloric  acid  than  in  nitric  or  sulphuric 
acids.1  Indeed,  a  study  of  the  various  properties  of 
the  material  up  to  the  present  time  has  been  prelimi- 
nary and  largely  qualitative.  The  detailed  examina- 
tion on  structure,  solubilities,  physical  and  electrolytic 
properties  has  been  deferred  until  a  practicable  or 
workable  alloy  could  be  obtained.  This  has  now  been 
accomplished  in  a  very  satisfactory  manner  and  further 
work  as  above  indicated  will  be  continued.  As 
illustrating  the  practical  value  of  the  alloy  a  calorim- 
eter bomb  was  constructed  and  has  already  served 
for  heat  determinations  upon  an  extended  series 
consisting  of  sugar,  benzoic  acid,  ethyl-benzene  and 
coals.  The  pressures  employed  have  ranged  from 
25-50  atmospheres  and  charges  of  material  up  to 
I*/,  grams  have  been  used.  The  results  are  all  that 
could  be  desired.  An  illustration  of  the  cap  or  cover 
to  the  bomb  was  given  in  my  article  published  in 
This  Jourxal.  page  746.  The  interior  surface  which 
comes  in  contact  with  the  corroding  gases  retains 
its  polish  and  luster  without  any  evidence  of  chemical 
action.  The  details  of  the  behavior  of  the  alloy  in 
this  apparatus  were  given  in  a  paper  entitled  "Some 
Tests  on  a  Xew  Calorimeter  Bomb,"  by  Dr.  R.  H. 
Jesse,    Jr.,    This    Journal,    page    748. 

University  of  Illinois. 
Urban  a 


MODIFIED  BUNSEN  VALVE. 

By  Leslie  Russell  Milford. 

Received  August    12.    1912. 

In  making  analyses  of  total  iron,  the  following 
scheme  has  been  adopted  by  the  author  in  working 
on  the  Saratoga  Mineral  Waters.  When  reducing 
the  ferric  compounds  to  ferrous,  by  means  of  nascent 
hydrogen,  an  Erlenmeyer  flask  with  a  Bunsen  valve 
attachment  has  been  used.  The  accompanying  cut 
shows  at  a  glance  the  modification  which  has  been 
satisfactory. 

A,  Erlenmeyer  flask. 

B,  Cork. 

C,  Bulb  cut  from  10  cc.  pipette. 

D,  Rubber  tubing. 

E,  Glass  plug. 
SS',  Slits  for  valve. 

1  '  Stellite,"   a  cobalt-chrome    alloy    described    by    E.    Haynes,    This 

Journal  2,  397  (1910).  shows   a   solubility    under   the    same  conditions  of 
17  milligrams  per  100  sq.  cm. 
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Instead  of  an  ordinary  straight  piece 
oi  k1;iss  tubing  a  bulb,  C,  from  a  dis- 
carded 10  cc.  pipette  is  used,  one  end 
of  which  is  inserted  into  the  cork  B, 
projecting  just  below  the  surface  into 
the  Erlcnmeyer  flask  A;  to  the  other 
end  is  joined  a  piece  of  rubber  tubing, 
D,    carrying  a  glass  plug,  E. 

The  ferric  solution  to  be  reduced  is 
put  into  the  Erlenmeyer  flask,  dilute 
sulphuric  acid  and  zinc  dust  are  added 
and  the  flask  is  then  placed  on  the 
steam  bath.  The  nascent  hydrogen 
produced  by  the  action  of  the  acid  on 
the  zinc  reduces  the  iron  rapidly.  When 
all  oi  the  zinc  is  in  solution  the  flask  is 
taken  from  the  bath,  placed  on  a  wire 
gauze  and  the  contents  are  brought  to 
boiling  so  as  to  eliminate  any  hydrogen 
in  the  flask  as  this  would  decompose  the 
KMn04  solution  when  added.  It  is  at  this  point  that 
the      improved     valve     works    to    advantage.        The 


dropped  into  the  flask  to  g> -m  r.iir  an  atmosphere  of 
CO,.  The  solution  is  then  titrated  with  standard 
KMn04. 


Si  Ml     HYOIBNIC    LABORATORY, 

Albany,  N.  y. 


A  SIMPLE  FORM  OF  LABORATORY  SUPPORT. 
By  T.  Linsey  Crossley. 
Received   August   21.    1917. 

The  accompanying  illustration  shows  a  form  of 
support  for  apparatus  which  has  been  found  very  use- 
ful in  this  laboratory. 

It  consists  of  3/8  inch  rod  and  pipe  fittings.  The 
footing  pieces  are  screwed  into  round  plates  and  fastened 
to  the  bench.  The  size  of  rod  is  such  as  to  suit  the 
usual  retort  stand  fittings.  It  has  the  advantages  of 
lightness,  firmness,  adaptability,  and  cheapness.  It 
does  away  with  the  heavy  undergrowth  of  retort 
stand  footing. 

Any  pipe  fitter  can  make  such  apparatus  very 
quickly.  Other  forms  and  uses  will  readily  suggest 
themselves.     The  apparatus  shown  is  carrying  three 


steam  in  escaping  expands  in  the  10  cc.  bulb,  con- 
denses and  runs  back  into  the  flask.  This  elimi- 
nates the  excess  pressure  and  blowing  out  of  the 
stopper.  After  thorough  boiling,  the  flask  is  taken 
from  the  gauze,  the  stopper  removed,  the  sides 
washed    down,    and    a  very    little    c.  p.    NaHCO,    is 


vertical  condensers  and  apparatus  for  Kjeldahl  dis- 
tillations, a  Liebig  condenser  and  a  Jones  reductor, 
with  space  for  other  wrork,  taking  the  place  of  five 
retort  stands  and  several  tripods  with  their  accompany- 
ing risk  of  breakage. 

Montreal.  Quebec. 


OBITUARIL5 


MORRIS    LOEB.1 

Morris  Loeb,  President  of  the  Chemists'  Club  of  New  York 
City,    died    at    Seabright,    New  Jersey,  October  8,   1912,  from 

1  Presented  at  the  October  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society. 


typhoid  fever  and  double  pneumonia,  after  an  illness  of  eighteen 
days.     He  was  born  in  Cincinnati,  Ohio,  May  23,  1863. 

Morris  Loeb  was  a  man  in  speaking  of  whom  I  wish  I  might 
have  had  time  to  choose  my  words  with  more  deliberation. 
His  nature  showed  itself  always  in  such  a  refinement  as  to  com- 
mand its   tracing  only  with   the  most  delicate   touch.     Tender 
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is  the  wound  in  losing  a  friend  in  science  whom  I  had  known  for 
nearly  twenty  years — in  fact,  since  the  time  he  was  the  Sec- 
retary of  the  Section  of  Chemistry  of  the  American  Association 
at  the  Brooklyn  meeting.  At  that  time  he  was  participating 
in  the  great  task  of  habilitating  the  American  Chemical  Society, 
with  the  history  of  which  no  doubt  all  here  are  familiar. 

I  wish  I  were  able  to  fittingly  tell  you  of  the  spirit  actuating 
him  at  that  time,  as  it  proved  an  inspiration  to  me  then,  and 
afterwards  served  to  cement  a  friendship  into  a  closer  personal 
relationship. 

Born  and  reared  in  wealth,  a  great  plan  in  the  business  world 
ready  for  his  acceptance,  while  gaining  a  broad  culture  at  Har- 
vard, he  inhaled  the  breath  of  Wolcott  Gibbs'  scientific  sp;rr, 
which  carried  him  to  Hofmann  at  Berlin.  Three  paper?  were 
published  by  him  while  at 
Berlin,  the  last  being  his  dis- 
sertation.1 All  dealt  with 
carbonyl  chloride  and  its  con- 
duct with  various  amidines. 
This  work  was  interesting  and 
possessed  that  normal  impor- 
tance to  the  candidate  for  a 
degree:  but  Loeb  was  not 
satisfi'  d.  That  was  in  1887. 
The  roving  ardcr  of  an 
awakening  of  physical  chem- 
istry was  in  the  air.  It 
carried  him  to  Heidelberg 
and  then  to  Leipzig  to  be  with 
Ostwald,  who  had  just  made 
Arrhenius  a  real  power. 

By  the  advice  of  Ostwald, 
Loeb  undertook  to  study  the 
molecular  weight  of  iodine  in 
its  solutions  by  the  vapor-ten- 
sion method.2  His  experi- 
mental results  led  him  to  con- 
clude: "  It  seems  very  prob- 
able that  iodine  in  its  red 
solutions  has  a  molecular 
weight  corresponding  to  I.,, 
while  in  the  violet  solution 
in  carbon  disulphide  there  is 
a  less  complex  aggregation, 
giving  a  value  between  L  and 
I3."  He  found  that  the 
method  of  determining 
molecular  weights  by  the  de- 
pression of  the  freezing  point 
is  preferable  to  the  method 
by  vapor  tensions.  He  lacked 
a  liquid  which  would  solidify 
and  also  dissolve  iodine  with 
a  pure  violet  color;  but  he  endeavored  to  obtain  what  corroborative 
evidence  he  could  by  experimenting  on  the  freezing  points  of 
iodine  in  acetic  acid  and  in  benzene,  although  he  was  eventually 
forced  to  give  up  the  attempt  by  the  very  slight  solubility  of 
iodine  in  these  menstrua  at  low  temperatures.  The  molecular 
weight  of  iodine  as  calculated  from  various  series  of  observations 
seemed  to  increase  continuously  with  the  concentration,  so  that 
there  was  no  point  in  the  narrow  limits  between  extreme  dilution 

1  These  papers  were  "Ueberdie  Kinwirkung  von  Fhosgen  auf  Aethenyl- 
diphenyldiamin."  Her.,  18,  2427  (18851;  "L'eber  Amidiiidcrivatc,  "  Ibid., 
19,  2340  (1886).  "Das  Phosgen  und  seme  AblcSmmlinge,  nebst  einigen 
Beitragen  zu  deren  Kcnntnis."  Inaug  Diss..  15  Miirz.  I.  Chem.  Labor  d. 
Berlin  Cniv.;  Chem.  Zentr..  58,  635     1887 

-  "  Kuber  den  Molekularzustand  des  gelosten  Tods,"  Z.  physik.  Chem., 
2,  <>06 .  "The  Molecular  Weight  of  Iodine  in  Us  Solutions,"  7V.nu.  Chem. 
Soi   .  53,  805. 
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and  saturation  at  which  the  molecular  weight  would  appear 
constant  and  could  be  accepted  as  trustworthy.  This  was  later 
confirmed  by  Paterno  and  Nasini.1 

With  the  intention  of  testing  the  then  latest  views  on  electroly- 
sis, work  in  which  field  he  had  begun  with  Gibbs,  while  still 
at  Leipzig,  Loeb,  with  Nernst,  carried  o:  a  study  of  the  kinetics 
of  substances  in  solution.2  Fn<m  determinations  of  Hittorf's 
ratios  of  transference  and  the  conductivity  of  a  number  of  silver 
salts,  they  calculated  the  ionic  velocity  of  silver,  according  to 
the  principles  laid  down  by  Kohlrausch.  The  constancy  of 
the  value  obtained  from  observations  with  eight  different  salts 
gave  satisfactory  evidence  for  the  truth  of  the  theory,  the 
numbers  varying  only  within  very  narrow  limits.  Loeb  and 
Nernst  also  gave  the  calculated  values  for  the  velocities  of  the 

other  ions,  and  it  further 
appeared  from  a  comparison 
with  the  temperature  coeffi- 
cients of  the  velocities  that 
they  decrease  as  the  velocity 
increases. 3 

Loeb  then  felt  ready  to 
come  back  to  the  master  who 
had  changed  his  course  in 
life  and  to  tell  him  what  they 
were  doing  in  Europe.  So  in 
1888-9  ne  returned  as  volun- 
tary assistant  to  Gibbs,  who 
had  retired  from  Cambridge 
to  his  private  laboratory  at 
Newport.  After  a  year, 
Gibbs  realized  Loeb's  power 
as  a  teacher  and  made  him 
go  to  Clark  University  as 
docent  in  chemistry. 

In  a  report  on  "Osmotic 
Pressure  and  the  Determina- 
tion of  Molecular  Weights,  "'j 
Loeb  discussed  Raoult's  law, 
the  matured  papers  of  van't 
Hoff  on  osmotic  pressure,  the 
measurement  of  osmotic 
pressure,  and  the  methods  of 
determining  the  molecular 
weight  from  the  vapor  ten- 
sion. At  this  time  (1890) 
experimental  data  to  show 
the  value  of  Beckmann's 
method  had  not  been  pub- 
lished, but  Loeb  predicted 
that  it  would  play  as  great  a 
part  as  the  freezing  poinit 
method  introduced  in  its 
most  convenient  form  by  the  same  chemist. 

Shortly  afterwards,  in  a  review,  Loeb  sketched  Arrhenius' 
hypothesis,  with  some  of  its  logical  consequences.5  He  discussed 
the  physical  and  chemical  objections  known  in  1890,  leaving 
"the  task  of  judging  it.  .  to  those  readers  who  will  compare 
the  mass  of  experimental  material  and  will  convince  themselves 

'  Ber.,  21,  2153 

-  "Zur  Kinetik  der  in  Losung  betindlichen  Korpcr.  Zweite  Abhand- 
lung.  teberfiihrungszahlen  und  Leitvermogcn  ciniger  Silbersalze  von 
Morris  I.oeb  and  W.  Nernst,"  Z.  physik.  Chem..  2,  948. 

3  Loeb  also  published  in  this  year  a  paper  on  the  "Use  of  Aniline  as 
an  Absorbent  of  Cyanogen  in  Gas  Analysis,"  Trans.  Chem.  Soc.  53,  812 
(1888). 

«  Am.  Chem.  J..  12,  130-5. 

3  "The  Electrolytic  Dissociation — Hypothesis  of  Svante  Arrhenius." 
Ibid..  12,  506-16. 
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of  the  simple  relations  which  the  various  phenomena  appear  to 
bear  toward  each  other.  As  far  as  this  u-st  is  concerned, 
Loeb  maintained,  "the  hypothesis  will  be  found  to  fulfil  its 
purposes 

In  the  exact  measurement  of  electric  currents,  employing  the 
method  wherein  the  determination  of  the  amount  of  silver 
deposited  from  a  neutral  solution  of  a  silver  salt  is  made,  the 
source  of  error,  particularly  where  weak  currents  are  concerned, 
arises  from  the  imperfect  adhesion  of  the  silver  upon  the  cathode 
The  latter  is  generally  a  platinum  crucible,  and  Loeb1  found 
that  a  Gooch  crucible  with  asbestos  felting  over  the  holes  was  a 
far  better  form  of  cathode,  providing  an  arrangement  was  adapted 
to  hold  the  solution  during  electrolysis  without  leaking.  He 
attained  this  very  satisfactorily  by  replacing  the  ordinary 
platinum  cap  with  a  glass  siphon  of  special  form. 

Then,  when  but  twenty-eight  years  of  age,  he  was  called  to 
the  Chair  of  Chemistry  at  New  York  University.  He  published 
a  paper  entitled  "Apparatus  for  the  Delineation  of  Curved 
Surfaces,  in  Illustration  of  the  Properties  of  Gases,  etc."2 

Professor  Loeb  thought  that,  just  as  an  electric  system  is 
affected  by  its  approach  to  or  removal  from  a  magnetic  field,  a 
reaction  which  made  a  system  more  or  less  amenable  to  mag- 
netic action  might  show  evidence  of  acceleration  or  retardation 
by  the  magnetic  force.  He  concluded  that  if  this  effect  were 
appreciable,  the  relation  between  magnetic  force  and  affinity 
would  be  established,  and  data  could  be  obtained  for  calculating 
the  real  value  of  magnetization.  His  experimental  results, 
however,  were  negative,  and  he  was  led  to  believe  that  no  such 
relation  exists,  unless  it  was  so  slight  that  his  means  of  obser- 
vation were  inadequate.3 

It  was  shortly  after  this  that  I  met  Morris  Loeb.  He  was 
fired  with  the  zeal  of  those  captain  teachers  and  his  own  lighted 
torch  he  passed  on  by  students  of  his  who  now  reflect  in  many 
responsible  positions  that  spirit  of  the  eighties. 

Soon  the  very  heavy  responsibilities  of  a  large  inheritance  fell 
upon  him.  Filial  duty  of  meeting  those  responsibilities,  pro- 
fessorial obligations,  and  research  aspirations  required  the 
sacrifice  of  one  of  the  three.  The  last  was  sacrificed  for  a  dozen 
years.  The  irksome  strain  of  being  "by  bells  directed"  began 
to  tell,  for  to  meet  them  he  found  it  necessary  to  have  his  secre- 
tary travel  with  him.  One  morning  he  asked  me  to  go  with 
him  to  the  University.  We  talked  things  over  and  he  said  he 
would  have  to  give  up  the  professorship,  but  would  equip  a 
private  laboratory  in  the  old  Chemists'  Club,  where  he  would  be 
nearer  his  philanthropic  obligations  and  might  do  some  research, 
and  "other  things"   perhaps  as  useful  to  chemistry  as  teaching. 

In  1905  he  published  a  research  on  "The  Crystallization  of 
Sodium  Iodide  from  Alcohols.'"'  He  found  that  apparently 
the  molecular  proportion  of  alcohol  assimilated  by  sodium  iodide 
decreases  as  the  series  ascends.  The  addition  products  de- 
termined were:  NaI.3CH40,  NaI.C,H„0,  and  5NaI.3C,HsO. 

In  1908,  ever  keeping  abreast  with  the  advances  in  physical 
chemistry,  in  a  paper  on  the  "Hypothesis  of  Radiant  Matter,"5 
Loeb  enumerated  the  objections  which  might  be  urged  against 
the  views  which  then  obtained  respecting  radioactive  processes. 

In  1909  he  assumed  the  duties  of  Chairman  of  our  Section. 
The  task  of  maintaining  the  high  standard  of  the  meetings  set 
by  his  predecessor  was  no  mean  one,  for  Baekeland,  with  his 
customary  enthusiasm,  had  raised  the  New  York  Section  to  its 
greatest  efficiency.  Loeb  devoted  himself  to  the  welfare  of  the 
Section  with  unremitting  energy.  I  am  keenly  appreciative  of 
what  he  did  for  the  Section,  as  it  fell  to  my  lot  to  take  up  the 

1  "The  Use  of  the  Gooch  Crucible  as  a  Silver  Voltameter,"  /.   -4»i. 
Chem.  Soc,  12,  300. 

2  Ibid.,  13,  263. 

3  "Is  Chemical  Action  Affected  by  Magnetism?"  Am.   Chem.  J.,   13, 
145-53. 

4  J.  Am.  Chem.  Soc,  2.7,  1019 

6  Pop.  Sci.  Monthly,  73,  62-60. 


task    where    hi-    left    it.      The    opportunities   of    the    otli< 

d,  lor  In-  had  enlarged  the  responsibilities,  as  was  well 

shown  in  his  inaugural  address  that  year.1 

lie  did  publish  (19IO)  a  paper  on  the  "Analysis  of  Some 
Bolivian  Bronzes"  (with  S.  R.  Morey),a  and  he  wanted  to 
1  iiil  liis  gnat  love  for  research  and  he  did  have  work  in  prog- 
ress in  liis  private  laboratory;  but.  in  his  characteristic  fashion, 
he  sacrificed  personal  desires  to  do  those  things  he  could  do 
and  others  could  not  or  were  disinclined  to  do.  We  are  as- 
sembled in  one  of  the  monumental  evidences  of  this  immolition.' 
II,  made  possible  the  new  Wolcott  Gibbs  Laboratory  for  Physi- 
cal Chemistry  at  Harvard.  In  the  Proceedings  of  the  American 
(  'hemical  Society  for  1910'  he  published  a  beautiful  obituary 
of  Gibbs,  affectionately  respectful,  rich  in  reminiscence  and 
earnest  in  diction.  In  this  hall  we  have  an  evidence  of  his 
affection  for  the  master.  Loeb  visited  the  South  American 
countries  in  behalf  of  the  recent  International  Congress  of 
Applied  Chemistry.  He  worked  long  and  hard  on  important 
committees  in  connection  with  the  Congress.  These  were  some 
of  the  "other  things"  he  found  to  do  for  Chemistry. 

The  shock  of  Morris  Loeb's  death  still  oppresses  us;  but  I  am 
convinced  that  as  time  passes,  and  as  we  reach  a  juster  evalua- 
tion of  events,  we  shall  become  more  and  more  sensitive  of  what 
this  man's  life  really  meant,  and  learn  from  it  what  our  profes- 
sion really  means.  He  sought  no  office;  he  sought  only  op- 
portunities to  serve  his  fellowmen.  He  did  it  all  with  a  sweet 
dignity  that  spells  humility.     For 

"Not  in  hewn  stones,  nor  in  well  fashioned  beams, 
Not  in  the  noblest  of  all  the  builder's  dreams; 
But  in  the  courageous  man  of  purpose  great, 
There  is  the  fortress,  there  is  the  living  state. " 

Charles  Baskerville. 


RESOLUTIONS  PASSED  BY   THE  VARIOUS    CHEMICAL 
SOCIETIES  ON  THE  DEATH  OF  MORRIS  LOEB. 

THE    CHEMISTS'    CLUB    OF    NEW    YORK    CITY. 

Whereas  Morris  Loeb,  the  President  of  the  Club,  has  been 
taken  from  us  by  death,  and 

Whereas  he  was  the  leading  spirit  in  bringing  to  fulfilment 
ambitions  and  plans  that  had  long  been  ours,  and 

Whereas  he  was  always  ready  to  shoulder  burdens  and  to 
give  help,  and 

Whereas  he  was  a  man  of  order,  and  of  integrity  in  mind 
and  in  heart,  sincere  in  scholarship,  living  without  malice  or 
scorn,  speaking  no  evil,  and  generous  in  judgment,  and 

Whereas  we  were  drawn  to  him  by  ties  of  deep  and  abiding 
affection,  now  therefore,  be  it 

Resolved,  that  we  make  this  minute  of  our  poignant  grief  at 
his  passing,  and  that  we  cherish  his  memory  as  another  of  his 
great  gifts  to  science  and  to  humanity. 

Ellwood  Hendrick, 
Clifford  Richardson, 
Walter  E.  Rowley. 

THE    AMERICAN    CHEMICAL    SOCIETY. 

Whereas  Morris  Loeb  was  a  member  of  the  New  York  Section 
of  the  American  Chemical  Society  for  twenty-one  years,  serving 
it  in  every  official  capacity  from  time  to  time;  and 

Whereas  Morris  L°erj  Save  generously  of  his  sympathy  to 
all,  being  especially  helpful  and  stimulative  to  the  younger 
members,  while  remaining  a  cheerful  companion  to  those  of  his 
own  age;  and 

1  Sci.,  30,  664. 

-  J.  Am.  Chem.  Soc..  32,  652.  During  1909-10,  Dr.  Loeb  abstracted 
the  Italian  journals  for  Chemical  Abstracts. 

3  See  Loeb's  address  at  the  opening  of  the  Chemists'  Club,  in  Met. 
Clum.  Ena.,  9,  177  0911). 

*  Pp.  69-75. 
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Whereas  Morris  Locb  labored  in  and  out  of  season  to  make 
the  Section  a  power  for  well  being  in  behalf  of  the  City;  and 

WHEREAS  Morris  Loeb  in  his  devotion  to  the  Section  labored 
ever  faithfully  for  the  welfare  of  the  American  Chemical  Society, 
taking  constant  pride  in  promoting  the  dignity  and  prestige 
of  America  in  the  science  of  chemistry;  and 

Whereas  the  unselfish  service  of  such  a  man  creates  a  re- 
sponsiveness that  is  real  affection; 

Be  it  Resolved,  that  the  New  York  Section  of  the  American 
Chemical  Society  record  its  profound  appreciation  of  Morris 
Loeb  as  a  scholarly  man  of  science,  as  a  loyal  ever  unselfish 
member  of  the  Section  with  wide  human  interests.  In  his  loss 
we  have  deep  grief;  in  remembering  him,  we  shall  do  so  with 
affection. 

Leo  H.  Baekelaxd, 
Charles  Baskerville, 
Maximilian'  Toch. 

the  society  of  chemical   industry. 

Whereas  the  members  of  this  Society  have  learned  with  deep 
sorrow  of  the  death  of  their  fellow  member,  Morris  Loeb,  and 

Whereas  they  wish  to  express  their  high  appreciation  of  his 
noble  and  beneficent  life, 

Now,  therefore,  be  it  Resolved  that  the  following  Minute  be 
spread  upon  the  records  of  this  meeting,  that  a  copy  be  sent 


to   the  Society's  Journal  for  publication,  and   that  a  copy  be 
suitably  engrossed  and  forwarded  to  Mrs.  Loeb. 

Minute:  Morris  Loeb,  chemist,  investigator,  educator, 
upright  and  useful  citizen,  altruist,  philanthropist,  generous 
patron  and  benefactor  of  arts,  of  sciences  and  of  all  good  works, 
ever  ready  to  bear  more  than  his  share  of  the  burdens  of  the 
community  and  always  to  be  found  on  the  side  of  righteousness, 
justice  and  truth,  lived  his  life  of  quiet  power  without  arrogance 
or  display,  always  modest  concerning  his  own  distinguished 
career  and  many  accomplishments,  with  charity  towards  all 
and  unkind  criticism  of  none,  a  courteous,  considerate,  genial 
and  polished  gentleman  of  high  ideals,  whose  chief  aim  and 
purpose  w-as  to  be  of  assistance  to  his  fellow  man  and  who 
realized  to  the  full  that  the  highest  reward  of  service  is  the 
privilege  of  having  been  of  service. 

Now  that  the  temporary  scaffolding  of  life  has  fallen  away, 
the  true  nobility  of  his  character  stands  clearly  revealed  in  all 
its  commanding  beauty  and  dignity,  an  imperishable  monument 
of  a  life's  work  well  done  and  a  worthy  inspiration  to  others. 
Such  manhood  is  the  real  glory  of  any  country.  The  world 
is  the  better  for  his  having  lived  in  it,  and  we  are  the  better  for 
having  known  him. 

Marston  T.  Bogert, 
Charles  F.  Chandler, 
William  H.  Nichols. 


CURRENT  INDUSTRIAL  NLW5 


By  \V.  A.  Ham  or. 


PLUMBISM  IN  NEW  YORK  CITY. 

The  statement  has  been  made  that,  compared  with  foreign 
countries,  there  has  been  and  is  very  little  lead  poisoning  in  the 
United  States.  The  Illinois  factory  commission,  during  the 
years  1908,  1909  and  1910,  found  578  cases  of  lead  poisoning 
in  that  state  alone  and  last  fall  a  hasty  study  of  lead  poisoning 
in  New  York  City  revealed  376  cases  which  had  occurred  during 
1909,  1910,  and  191 1.  These  figures,  including  as  they  do  only 
the  more  serious  cases,  become  somewhat  startling  when  we 
consider  that  in  England  during  19 10  there  were  only  505  cases. 
Pratt  {Am.  Labor  Leg.  Rev.,  2,  273)  states  that  the  cases  of  lead 
poisoning  in  New  York  City  during  the  past  three  years  were 
distributed  among  the  following  industries:  white  lead,  lead 
acetate,  lead  oxide,  dry  colors,  use  of  lead  as  a  hardening  agent, 
scaling  paint  on  battleships,  ship-calking,  diamond  polishing, 
printing,  carpentering,  plumbing,  tin-smithing  and  painting. 
He  made  a  careful  study  of  the  cases  of  the  "leaded"  ones,  and 
found  practically  all  the  various  forms  of  lead  poisoning,  ranging 
from  light  attacks  of  colic  through  wrist-drop  and  paralysis  to 
death.  About  half  of  the  men  were  comparatively  young  and 
all  had  received  low  wages.  "In  the  white  lead  industry  not  a 
single  man  was  earning  over  S14.00  per  week,  and  many  of  them 
were  earning  less  than'Sio.oo."  Out  of  109  cases,  62  ate  in  the 
same  room  where  they  worked;  twenty-two  never  washed  before 
eating  and  forty-five  washed  only  in  cold  water:  seventy-three. 
or  almost  three-fourths,  were  never  given  oral  instructions  of 
any  kind  as  to  the  dangers  of  their  work  or  as  to  methods  of 
preventing  lead  poisoning;  seventy-six  men  never  saw  any 
posted  instructions  where  they  worked. 

It  is  usually  admitted  that  men  addicted  to  alcohol  are  more 
liable  to  contract  lead  poisoning,  as  they  arc  to  succumb  to 
most  other  diseases.  Rut  only  six  of  the  one  hundred  and  nine 
men  were  found  to  use  alcohol  to  excess:  sixty-five  were  moderate 
drinkers;   and   thirty-one   were   teetotalers. 

Pratt  found  that  painting,  especially  interior  decorating, 
yielded  more  lead  poisoning  than  any  other  industry,  not  pro- 
portionately, but  in  the  total  number  of  victims.     He  considers 


that  the  builder  should  safeguard  his  painters  by  using  zinc- 
white.    With  regard  to  plumbism  in  general,  he  concludes  as  follows: 

"In  preventing  industrial  disease,  especially  lead  poisoning, 
an  educational  campaign  is,  it  seems  to  me,  the  thing  of  prime 
importance — education  of  the  worker  and  education  of  the 
employer.  The  first  step  in  the  education  of  the  employee  is  a 
knowledge  of  the  rudiments  of  English,  then  the  simple  rules 
for  the  care  of  health  and  self  which  are  so  effective  in  pre- 
venting lead  poisoning.  The  employer,  on  the  other  hand, 
should  be  told  that  there  is  such  a  thing  as  lead  poisoning,  and 
then  how  to  prevent  it  and  how  to  treat  it.  There  are  many 
employers  who  are  willing  and  anxious  to  safeguard  their  work- 
ers. One  white-lead  manufacturer  is  spending  S2o,ooo  on 
prevention." 

Rambousek  {Chem.  Zlg.,  36,  882),  in  a  recent  report  on  the 
hygiene  of  the  German  lead-color  industry,  considers  that  the 
most  essential  problem  is  the  education  of  the  worker  to  a  higher 
standard  of  cleanliness.  The  principal  technical  precaution  is 
the  avoidance  of  dust,  and  personal  precautions  include  medical 
examination,  the  supply  of  prescribed  food  and  medicines,  the 
non-use  of  alcohol,  and  the  use  of  respirators  and  special  wearing 
apparel. 

The  attempts  at  the  control  of  plumbism  date  from  1876. 
The  problem  has  not  yet  been  solved. 


THE  CHEMICAL  INDUSTRIES  OF  FRANCE  IN  191 1. 

The  following  report  on  the  French  chemical  industries  is 
taken  from  The  Chemical  Trade   Journal,  51,  141: 

The  exports  of  artificial  silk  from  France  continue  to  grow 
year  by  year,  the  figure  for  191 1  being  179.200  kilograms  as 
compared  with  161,7cm  kilograms  for  1910.  The  consumption 
of  this  product  is  constantly  increasing,  and  the  French  firms 
engaged  in  its  manufacture  are  unable  to  meet  the  demand, 
especially  from  Germany,  where  the  weaving  industry  has 
taken  a  great  development  of  late.  A  process  has  been  invented 
by  a  Lyons  chemist  for  manufacturing  net  and  gauze  net  of 
cellulose,  and  works  have  been  erected  at  St.  Quentin  for  the 
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purpose  <>l  working  this  process,  which  is  said  to  produce  net 
closely  resembling  woven  fabric  at  '  ,  oi  its  cost. 

The  chief  electrochemical  products  of  France  are  calcium 
carbide,    carborundum,    chlorates,    phosphorus,    sodium,    and 

explosives.  The  Nitrogenc  Co.,  with  works  at  Briancon,  is 
still  experimenting  with  the  manufacture  of  nitric  acid  by  the 
Pauling  electrical  process  (direct  oxidation  of  nitrogen  with 
the  aid  of  electrical  discharges). 

The  demand  for  chemical  products  in  general  was  active  and 
prices  were  satisfactory  during  the  year,  though  there  is  nothing 
in  particular  to  note.  Sulphuric  acid  was  largely  consumed 
and  heavy  quantities  were  imported,  principally  from  Belgium. 
Nitric  and  hydrochloric  acids  were  not  in  such  brisk  demand. 
There  is  an  increased  consumption  of  superphosphates  in  manures. 
The  law  prohibiting  the  use  of  white  lead  for  outdoor  painting 
purposes,  which  comes  into  operation  three  years  hence,  does 
not  appear  to  be  in  favor  with  the  public  and  it  is  doubtful  if 
it  will  come  into  force. 

The  production  of  beetroot  alcohol  from  October,  1910,  to 
September,  191 1,  was  only  23,684,210  gallons,  against  26,733,256 
gallons  in  1909-10.  This  is  not  surprising,  as  the  late  rainy 
season  of  1910  prevented  the  sugar  factories  from  starting  as 
early  as  usual  and  considerably  reduced  the  crop  and  value  of 
the  roots.  Consequently,  in  spite  of  the  stock  of  6,172,100 
gallons  of  alcohol  on  the  Paris  market  at  the  end  of  September, 
the  prices,  sustained  by  speculation  and  by  the  small  production 
from  fruit  and  wines,  ruled  high.  The  production  of  alcohol 
from  molasses  amounted  to  11,242,308  gallons  for  the  1910-11 
season.  It  is  predicted  that  the  production  for  the  1911-12 
season  will  be  less.  The  consumption  of  denatured  alcohol 
continues  to  increase  throughout  the  republic. 


THE  DENATURATION  OF  ALCOHOL  WITH  PYRIDINE. 

German  methylated  spirit  contains  2  per  cent,  of  wood-naphtha 
and  0.5  per  cent,  of  pyridine  bases,  with,  optionally,  0.125  per 
cent,  of  lavender  or  rosemary  oil.  This  specification  was  es- 
tablished in  1888  by  an  appointed  commission.  While  wood- 
naphtha  contains  acetone  and  bodies  which  absorb  bromine, 
it  has  been  generally  recognized  that  it  alone  does  not  satisfy 
all  the  requirements  of  an  effective  denaturant.  Kraemer 
(Z.  Spiritusind.,  35,  417)  states  that  the  commission,  in  recom- 
mending pyridine  bases  as  a  subsidiary  component  of  the  de- 
naturing mixture,  considered  the  following  properties:  Pyridine 
bases  impart  a  very  nauseating  taste  to  the  spirit;  it  may  be 
procured  easily;  it  is  miscible  with  water  in  all  proportions; 
it  is  absorbed  by  wood  charcoal  but  to  a  limited  extent  at  the 
dilution  used;  it  is  fixed  by  mineral  acids  only  when  these  are 
employed  in  large  excess;  it  increases  the  solvent  properties  of 
the  alcohol:  it  is  combustible  without  leaving  a  residuum;  and 
it  is  non-toxic  in  the  dilutions  used. 

None  of  the  many  substances  since  proposed  for  the  same 
purpose  has  all  the  above  desirable  properties  found  in  the  case 
of  the  pyridine  bases,  which  have  continued  to  be  used  and  are 
now  obtained,  not  only  from  bone-tar  as  formerly,  but  from 
coal-tar  oils.  Kraemer  looks  upon  the  property  of  complete 
miscibility  with  w-ater  as  one  of  the  most  important  qualifica- 
tions of  a  denaturant,  and  does  not  approve  of  the  raising  of  the 
specification  for  boiling  point  to  160°  C,  whereby  constituents 
are  included  which  are  insoluble  in  water  and  which  are  more 
easily  eliminated  by  means  of  wood  charcoal  than  pyridine. 


process  of  the  Vmrtiniffe  ' ilaiizsloff-Fabriken,  Elberfeld,  dj 
closes  1  n<  1  profit  of  574,365  francs,  against  416,634  francs  last 
year.  The  agreement  with  the  Soie  Arlificielle  d'Yzieux  and 
the  various  French  companies  working  the  viscose  artificial 
silk  process  is  giving  satisfactory  results.  The  gross  results  of 
the  Yzicux  company  have  advanced  from  511,834  francs  in  [910 
to  712,341  francs  in  1911,  and  the  net  profits  last  year  amounted 
to  t-'3,74o  francs  (Paper,  9,  29).  The  competitive  ability  of 
the  guncotton  artificial  silk  process  as  against  the  cupro-amninn 
ium  ami  viscose  processes  docs  not  appear  to  improve.  The 
Plauen  Artificial  Silks  Works,  formed  in  19 10,  has  decided  to 
close  its  plant  temporarily,  the  present  high  prices  of  alcohol 
in  Germany  making  profitable  working  out  of  the  question. 
Several  plants  are  still  operating  in  Belgium  and  Great  Britain, 
for  in  these  countries  alcohol  can  still  be  obtained  sufficiently 
cheap. 

ANOTHER  RUBBER  SUBSTITUTE. 

It  is  reported  that  a  large  factory  for  the  manufacture  of 
rubber  substitute  is  in  the  course  of  erection  at  Ymuiden,  to  be 
in  charge  of  an  Austrian  expert,  Adler.  The  process  to  be  put 
in  operation  is  the  invention  of  Van  der  Heyden,  and  it  has  been 
patented  in  Austria  and  Belgium. 

The  process  of  Van  der  Heyden  is  said  to  consist  in  mixing 
fish  with  15-16  per  cent,  of  natural  rubber,  producing  a  material 
which  is  claimed  to  be  as  elastic  and  strong  as  real  rubber,  but 
considerably  cheaper;  in  fact,  the  product  is  said  to  cost  about 
eight  times  less  than  caoutchouc.  An  additional  advantage 
of  the  material  is  its  reported  greater  resistance  to  heat,  benzine, 
etc.;  moreover,  its  vulcanization  may  be  effected  more  easily 
and  rapidly.  Van  der  Heyden  claims  also  to  produce  albumin 
as  a  by-product  from  the  fish-flesh,  and  the  new  company  has  in 
mind  the  manufacture  of  fertilizers  as  well. 


THE  STATUS  OF  THE  ARTIFICIAL  SILK  INDUSTRY. 
There  was  a  marked  development  in  the  productive  capacity 
of  the  artificial  silk  industry  during  the  past  year,  particularly 
in  Russia.  The  consumption  is  steadily  increasing,  and  velvet 
manufacturers  are  beginning  to  make  use  of  artificial  silk  in 
rather  large  quantities.  The  report  just  issued  by  the  Soie 
Artificielle,  the  French  company  working  the  cupro-ammonium 


THE  STATE  OF  THE  PLATINUM  MARKET. 

Toward  the  end  of  August  the  platinum  market  was  rather 
quiet,  as  consumers  hoped  for  materially  lower  prices.  Shortly 
afterwards  there  was  further  talk  of  lower  prices,  but  they  did 
not  materialize,  and  dealers  still  asked  $45.50  per  ounce  for 
refined  platinum  and  $48.00  per  ounce  for  hard  metal.  It  was 
reported  from  Russia  that  sales  of  platinum  continued  small  in 
comparison  with  those  in  the  same  season  of  the  previous  year, 
but  the  tendency  of  the  large  producers  was  not  to  lower  the 
prices.  It  was  reported  from  France  that  there  were  large  stocks 
of  platinum  held  by  the  Compagnie  Industrielle  du  Platine, 
which  controls  85  per  cent,  of  the  Russian  output.  However, 
it  was  said  that  small  lots  of  platinum  could  be  obtained  in 
Ekaterinburg  at  a  low  price.  The  metal  was  quoted,  on  August 
15,  1912,  in  St.  Petersburg  at  37,500  rubles  per  pood  and  at 
Ekaterinburg  at  9.80  rubles  per  zolatnik,  both  for  crude  metal, 
83  per  cent,  platinum. 

The  placers  in  the  Urals  are  becoming  exhausted  and  it  is 
necessary  to  exploit  the  poorer  placers  or  platinum  lying  lower 
in  the  stratum.  The  high  prices  of  platinum  in  recent  years, 
together  with  the  question  of  a  state  platinum  monopoly,  has 
stimulated  the  exploitation  of  all  the  existing  sources  of  this 
metal.  It  has  been  shown  that  neither  in  the  Goroblagodat  nor 
in  the  Nizhni-Tagil  platinum  region  is  it  possible  to  expect  a 
discovery  of  rich  new  placers;  it  is  predicted  that  this  hope  can 
be  entertained  only  in  the  north  of  the  Urals,  hitherto  poorly 
investigated,  particularly  on  the  River  Ioutyn,  where  outcrops 
of  olivine  rocks  are  shown.  The  Tura  River  for  50  miles  below 
the  mouth  of  the  Iss  is  a  promising  dredging  field,  containing 
an  immense  amount  of  alluvial  platinum,  but  existing  laws  are 
an  effectual  bar  to  the  development  of  dredging  on  this  river. 

The  search  for  platinum  substitutes  continues.  It  has  recently 
been  proposed  to  use  tantalum  instead  of  platinum  for  certain 
purposes,   as  balance  weights,  etc.;  and  earlier  in   the  year  it 
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was  announced  that  a  process  was  being  exploited  by  the  Paparoa 
Iron  Ore  Co.,  of  Taranaki,  New  Zealand,  for  the  extraction  of  a 
"hitherto  unknown  white  metal,  having  similar  properties  to 
platinum"  from  a  certain  type  of  iron-sand  found  in  large  quanti- 
ties about  Taranaki.  Inquiries  addressed  to  this  firm  failed  to 
bring  forth  any  response. 


INCREASING  THE  RESISTANCE  OF  ALLOYS   TO   CHEMICAL 
ACTION. 

Barth  (Metallurgie,  o,  261)  states  that  of  the  alloys  of  cobalt 
and  tin,  those  containing  but  small  amounts  of  one  or  other  of 
the  metals  are  more  readily  attacked  by  acids  than  the  pure 
metals.  An  alloy  containing  40  per  cent,  cobalt  and  60  per 
cent,  tin  is  said  to  be  highly  resistant  to  acids,  but  to  be  brittle 
and  unworkable.  Barth  found  that  when  this  alloy  is  fused 
with  four  times  its  weight  of  copper,  a  yellow,  malleable  metal  is 
obtained  which  is  resistant  to  the  action  of  dilute  nitric  acid. 
He  also  found  that  the  addition  of  2  per  cent,  of  cerium  to  alumi- 
num greatly  increased  the  malleability  of  the  aluminum,  in- 
creased the  solubility  in  dilute  nitric  acid,  but  did  not  affect  the 
solubility  in  alkalies  or  hydrochloric  acid. 

THE  PURIFICATION  OF  BOILER-FEED  WATER. 

It  has  been  pointed  out  by  Cribb  and  Arnaud  (Analyst,  30, 
225),  as  the  result  of  studies  on  the  action  of  slightly  alkaline 
waters  on  iron,  that  water  containing  more  than  a  certain  pro- 
portion of  alkali  does  not  rust  iron.  In  the  case  of  artificially 
softened  waters,  these  investigators  found  that  with  small  amounts 
of  alkali,  however,  the  action  was  equal  in  intensity  to  that  of 
the  unsoftened  water.  These  results  induced  the  view  of  Arch- 
butt  that  it  is  possible  after  all  that  carbon  dioxide  is  the  chief 
corrosive  agent,  the  action  of  which  ceases  when  a  sufficient 
excess  of  alkali  has  been  added.  Heyn  and  Bauer  (Mitt.  Konigl. 
Materialpriifungsamt,  26,  1)  showed  that  the  presence  of  a 
considerable  amount  of  sodium  carbonate  in  water  retards  the 
rusting  of  iron,  although  alkali  carbonates  are  not  always  pro- 
tective. Basch  (Client.  Zlg.,  36,  769)  now  points  out  that  the 
conditions  which  obtain  in  boilers  are  much  more  complex  than 
those  under  which  the  above  experiments  were  made.  Sodium 
chloride  prevents  the  protective  influence  of  sodium  carbonate 
on  iron,  and  water  which  has  been  treated  with  "permutite" 
(see  This  Journal,  4,  No.  4)  has  a  tendency  to  froth  in  the 
boiler,  owing  to  the  presence  of  alkali,  and  in  addition  causes 
corrosion.  Basch  states  that  While  boiler-feed  water  is  softened, 
it  can  not  be  said  to  be  purified  by  treatment  with  "permutite" 
as  the  salts  which  produce  incrustation  are  merely  replaced  by 
sodium  carbonate  and  sulphate.  Upon  evaporation,  the  water 
becomes  rich  in  these  soluble  salts  and  must  be  removed  periodi- 
cally. In  this  way,  much  heat  is  lost  and  the  cost  of  treatment 
is  increased. 


THE  ALKALI  INDUSTRY  IN  GREAT  BRITAIN  DURING    191 1. 

According  to  the  F.orty-cighih  Annual  Report  on  Alkali,  etc., 
Works  by  the  Chief  Inspector  (Proceedings  during  the  year  ion, 
etc.;  /.  Soc.  Chem.  Ind.,  31,  715),  recently  issued,  the  number  of 
works  registered  in  the  United  Kingdom  was  1463,  including 
167  works  in  Scotland;  of  these,  82  are  "alkali"  works,  8  being 
in  Scotland.  It  is  reported  that  there  is  again  a  reduction  in 
the  acidity  of  gases  of  "all  chimneys,"  this  acidity  being  equiva- 
lent to  1. 192  grains  of  sulphuric  anhydride  per  cubic  foot.  Op- 
erations continued  active  throughout  191 1  in  the  alkali  and  wet 
process  copper  works.  A  new  form  of  furnace,  for  the  calcina- 
tion of  burned  cuprous  pyrites  with  sodium  chloride,  was  put 
into  operation  during  the  year  (see  Ramen  and  Baskow,  J.  Soc. 
Chem.  Ind.,  29,  1459),  and  another  form  of  mechanical  furnace 
has  been  under  trial.  In  fact,  there  has  been  an  extended  adap- 
tation of  mechanical  appliances  to  various  chemical  processes. 


At  one  alkali  works  in  Cheshire,  hoods  have  been  erected  for 
drawing  off  the  vapors  at  the  time  of  drawing  the  hot  saltcake 
from  the  furnaces,  and  it  is  suggested  that  the  idea,  which  has 
proved  quite  successful,  might  be  applied  elsewhere  with  ad  vantage; 
much  fume  may  also  be  avoided  in  this  operation  by  immediately 
covering  the  hot  material  with  a  little  cold  saltcake. 

The  year  was  a  very  active  one  in  the  cement  industry.  The 
development  of  the  later  forms  of  kiln  still  continues,  while  the 
earlier  forms  are  steadily  going  out  of  use;  this  has  been  ac- 
companied by  a  diminution  in  the  proportion  of  fume  given  off 
during  working,  a  lessening  in  the  formation  of  black  smoke, 
and  the  discharge  of  fuel  gases,  etc.,  into  the  air  from  a  smaller 
number  of  higher  chimneys.  Rotary  kilns  have  attained  a 
great  size  and  output  capacity;  of  the  six  erected  and  started 
during  191 1,  all  exceeded  150  feet  in  length,  the  longest  being  230 
feet. 

Further  progress  has  been  made  in  considerably  reducing  the 
proportion  of  dust  and  fume  present  in  the  gases  from  smelting 
works,  and  in  preventing  the  escape  of  an  undue  proportion  of 
acid  gases.  In  three  works  calcining  zinc  blende,  the  sulphurous 
gases  evolved  arc  successfully  utilized  in  the  manufacture  of 
sulphuric  acid.  There  was  an  active  and  general  demand  for 
sulphuric  acid  during  the  year,  and  consequently  the  works  of 
this  class  were  kept  busy.  In  some  cases,  excessive  escapes  of 
acid  gases  were  due  to  difficulties  associated  with  working  the 
chamber  process  during  the  unusual  heat  of  the  summer.  Ex- 
tended adoption  of  the  "intensive"  system  of  working  the  cham- 
ber process  occurred  during  the  year;  one  process  in  which  the 
manufacture  is  carried  on  in  towers  only,  that  of  Opl  as  prac- 
tised at  Hruschau  for  about  three  years,  was  put  into  operation 
toward  the  end  of  the  year,  with  apparently  successful  results, 
a  large  saving  in  the  area  of  ground  required  for  a  given  pro- 
duction of  acid  and  in  the  first  cost  of  construction  being  effected 
by  its  adoption.  Mechanical  burners  for  pyrites,  spent  oxide, 
etc.,  were  also  more  extensively  introduced.  In  South  Wales 
and  Monmouth,  new  types  of  packing  are  being  largely  used  in 
both  Glover  and  Gay-Lussac  towers,  and  in  several  districts  a 
further  increase  in  the  use  of  fans  to  secure  steady  draught  of 
chamber  gases  is  reported.  The  steam  jet  blower  originally 
used  in  the  Kessler  concentrating  plant  is  being  displaced  by 
mechanical  blowers,  and  the  employment  of  silica  vessels,  where 
concentration  is  effected  in  plant  of  the  "cascade"  type,  has 
considerably  extended;  "tantiron"  basins  have  also  been  found 
satisfactory. 

Mechanical  devices  for  the  removal  of  manufactured  super- 
phosphate from  the  "den,"  and  for  the  simultaneous  rapid 
removal  of  excessive  moisture,  are  being  more  widely  adopted; 
of  late  the  acid  effluent  leaving  the  wash- towers  has  been  utilized 
in  some  cases  for  the  preparation  of  an  alkali  silicofluoride,  which 
has  a  ready  sale. 

The  relative  proportion  of  ammonium  sulphate  from  gas 
works,  as  compared  with  the  total  production  of  gas,  is  becoming 
less,  owing  partly  to  the  greatly  increased  production  of  gas  per 
ton  of  coal  carbonized,  arising  from  changes  in  methods  of  gas 
manufacture,  and  partly  to  the  rapid  growth  of  processes  for 
the  recovery  of  by-products  from  coke-oven  gases  and  from 
producer  gas.  The  "direct"  method  of  ammonia  recovery  (see 
J.  Soc.  Chem.  Ind.,  30,  890)  was  brought  into  further  use,  al- 
though not  to  the  extent  which  might  have  been  anticipated. 
At  one  works  in  which  the  process  has  been  applied  successfully, 
a  reduction  of  75  per  cent,  in  the  effluent  was  reported.  Atten- 
tion has  been  directed  to  methods  by  which  the  ammonia  present 
in  crude  gas  may  be  recovered  without  the  provision  of  sulphuric 
acid,  hydrogen  sulphide  from  the  gas  being  utilized  instead,  and 
the  Burkheiser  process  of  producing  ammonium  sulphate  in 
this  manner  (see  /.  Sot .  Chem.  Ind.,  28,  359)  is  being  experimented 
with  at  one  works.  In  view  of  the  somewhat  rapid  deterioration 
of  the  brick  depositing  chamber  in  the  Claus  sulphur  recovering 
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process,  especially  al  the  kiln  end,  a  sheet  lead  chamber  1ms 
been  introduced  at  one  works,  and  has  been  found  a  marked 
improvement,  As  regards  the  waste  gases  resulting  from  the 
distillation  of  ammoniacal  liquors,  experience  continues  to  show 
that  when  using  oxide  of  iron  purifiers,  the  heap  form  is  to  be 
preferred,  and  that  the  low  broad  based  heap  has  ad\  mi;  . 
over  the  high  conical  heap  with  comparatively  restricted  base. 
A  further  installation  for  the  manufacture  of  bleaching  powder 
in  a  mechanically  wrought  plant  was  put  into  operation  during 
the  year,  and  is  favorably  noticed  as  minimizing  nuisance  from 
dust,  escape  of  chlorine,  etc.  In  view  of  the  present  over  pro- 
duction of  the  carbide  industry,  the  attention  of  manufacturers 
is  drawn  to  a  possible  new  outlet  for  chlorine  in  the  preparation 
of  a  series  of  compounds  starting  from  the  parent  substance 
acetylene  tetrachloride,  i  In  the  United  States  manufacturers 
are  making  inquiries  concerning  a  commercial  process  for  making 
hydrochloric  acid  from  chlorine  and  hydrogen;  and  the  possible 
commercial  production  of  chlorine  substitution  products  of 
methane  occurring  in  natural  gas  is  under  investigation.)  It  is 
reported  that  the  employment  of  coke  towers  in  the  production 
of  chlorine  for  bleach  manufacture  is  being  given  up  in  certain 
English  districts,  as  they  lead  to  reactions  taking  place  which 
are  detrimental  to  the  formation  of  high-class  bleach. 


SULPHUR  DIOXIDE  FROM  IRON  PYRITES. 

A  Mechanicsvillc,  X.  V.,  paper  concern,  which  uses  large 
quantities  of  sulphur  dioxide  in  its  sulphite  plant  in  the  manu- 
facture of  sulphite  fiber,  is  contemplating  the  erection  of  a  plant 
for  the  production  of  sulphur  dioxide  from  iron  pyrites.  The 
ore  is  to  be  obtained  from  Pyrites,  Canada,  and  will  be  trans- 
ported to  Mechanicsvillc  by  barges;  after  treatment,  the  iron 
ore  will  be  sold  to  iron  furnaces.  The  obtainment  of  sulphur 
dioxide  by  the  proposed  plan  is  new  in  New  York,  but  has  been 
in  use  in  Yirginia  for  several  years.  It  is  reported  that  sulphur 
dioxide  can  be  produced  from  pyrites  for  use  in  paper  mills  at  a 
much  less  cost  than  it  can  be  obtained  by  burning  native  sulphur. 


A  HYDROGEN-SUPPLY  FOR  DIRIGIBLE  BALLOONS. 

The  "Elektron"  works  of  the  Chcmischc  Fabrik  Grieshcim 
have  laid  a  line  of  hydrogen  supply  pipes  from  their  works  to 
the  airship-harbor  at  Frankfort-on-Main.  This  line  has  a 
length  of  2s/,  miles  and  is  laid  much  in  the  same  way  as  gas  pipes. 
Most  of  the  joints  are,  however,  welded,  in  order  to  avoid  risks 
of  escape  of  the  gas,  and  sleeve  couplings  are  used  in  only  a  few- 
places.  The  hydrogen  is  obtained  as  a  by-product  in  the 
electrolytic  production  of  sodium  hydroxide  and  chlorine.  At 
the  present  time  about  1,000  cubic  meters  of  hydrogen  can  be 
supplied  daily  under  a  head  of  1,000  mm.  of  water.  A  hydrogen 
gas-holder  of  6,ooo  cubic  meters  capacity  has  been  constructed 
near  the  hangar,  with  which  it  is  connected  by  several  distribut- 
ing pipe  lines.  

"DUROBAX"  GLASS. 
The  Jena  glass  works  have  introduced  several  special  glasses 
for  water-gauges.  In  1891,  this  firm  marketed  "robax"  glass; 
in  1900,  "durax"  glass;  and  quite  recently  "durobax"  glass 
{Eng.,  94,  330).  Nearly  all  glasses  for  water-gauges  can  stand 
a  pressure  of  200-300  atmospheres  in  the  cold.  Exposed  to 
the  action  of  superheated  steam,  all  glasses  will  likewise  fail  at 
pressures  of  about  35-40  atmospheres,  as  the  tensile  strength 
of  glass  falls  off  very  much  at  about  250 °  C.  This  may  be  de- 
termined in  the  Schott  and  Herschkowitsch  apparatus,  which 
also  serves  for  the  determination  of  the  pressure  at  which  a 
glass  under  high  pressure  and  temperature  will  fail  when  sud- 
denly played  upon  by  a  jet  of  cold  water.  This  apparatus 
consists  of  a  strong  iron  pipe,  bent  to  a  loop,  and  provided  with 
sockets  and  glands  for  fixing  a  water-gauge  at  the  ends;  the  pipe 
is  further  fitted  with  a  pressure-gauge,  a  valve,  and  a  cock  for 


filling  it  with  water,  The  whole  apparatus  is  placed  in  a  box 
and  lualed  by  a  Fletcher  burner.  In  front  of  the  box  is  a  small 
glass  tube,  through  which  cold  water  is  kept  Mowing;  this  jet 
■  >l  watei  can,  by   turning  the  tube,  In-  so  directed  that  it  strikes 

upon  tii*-  water  gauge.  This  cold  jet  is  repeated  at  pressure 
intervals  of  2  atmospheres  until  the  gauge  cracks.  Ordinary 
gauge  glass  will,  under  this  treatment,  stand  only  6-7  atmoi 
pheres;  "robax"  glass  will  stand  15  atmospheres;  "durax"  glass, 
27  atmospheres;  while  "durobax"  glass  breaks  only  at  a  pres- 
sure of  3 1  atmospheres.  Thus  the  limit  of  resistance  would 
in  this  respect  almost  be  reached,  for  at  a  pressure  of  40  atmos- 
pheres the  glass  would  fail  simply  owing  to  thermal  stress. 
The  resistance  to  water-softening  agents  was  deduced  from  the 
loss  in  weight  which  the  glass  showed  when  kept  for  24  hours 
in  steam  at  8  atmospheres  (171  °  C.)  in  solutions  of  sodium 
carbonate  and  sodium  hydroxide  (0.5  per  cent.).  "Durobax" 
glass  lost  1.5  and  3.09  mg.  per  sq.  cm.  The  loss  in  good  feed 
water  was  1  mg.  in  31  days. 

"TRIPLEX"  GLASS. 
"Triplex"  glass,  a  French  product,  is  said  to  be  a  perfectly 
transparent  sheet  or  plate,  which,  when  broken,  does  not  fly 
into  pieces,  and  which  may  be  cracked  but  not  smashed  to  bits. 
It  is  made  as  follows  (La  Nature,  August  17,  1912):  Two  sheets 
of  glass  are  taken  and  one  face  of  each  is  covered  with  a  thin 
layer  of  gelatin;  the  sheets,  gelatin  faces  opposite,  are  placed 
together,  with  a  very  thin  sheet  of  celluloid  interposed.-  The 
whole  is  then  subjected  to  hydraulic  pressure  to  render  the 
combination  solid.  Ordinary  sheets  of  glass  are  shattered  to 
fragments  by  a  mass  of  two  pounds  falling  10-12  feet.  "Tri- 
plex" glass  is  cracked,  but  it  resists  the  shock  and  the  pieces 
are  not  separated;  the  energy  of  the  ball  is  absorbed  in  a  much 
greater  number  of  fractures,  but  the  pieces  remain  adherent  be- 
cause of  the  layers  of  gelatin  between  them.  Such  glass  may  be 
of  great  service  in  carriages,  automobiles,  public  conveyances, 
etc.,  and  the  invention  should  be  of  considerable  interest  to 
accident  insurance  companies. 


IMPORTS  AND  EXPORTS  OF  CHEMICALS. 
The  imports  and  exports  of  chemicals  and  fertilizers,  including 
raw  materials  for  chemical  manufactures,  in  the  United  States 
for   the  seven  months   ended   July   31,    19 12,   follow.     Exports 
include  re-exports  of  foreign  materials. 

Imports.  Exports. 

Copper  sulphate  in  pounds ....  5 ,  504 ,  879 

Bleach  in  pounds 41,520,981  400 

Potash  sails  in  pounds 374,784,300  1,710,625 

Soda  salts  in  pounds 7,187,205  300,808 

Acetate  of  lime  in  pounds ....  45 ,  777 ,  383 

Phosphates  in  tons ....  702,  767 

Sulphur  in  tons 15,377  24,944 

Pyrites  in  tons 555 ,  059  .... 

Maonesite  in  pounds '     128,756,843  1,333,024 

Ammonium  sulphate    in  pounds 56,560,924  357,600 

Arsenic  in  pounds 2,983,425  850 


ACID-RESISTING  ALLOYS. 

It  is  reported  that  Borchers  has  produced  alloys  of  iron  which 
will  resist  entirely  the  action  of  acids,  while  the  articles  produced 
can  be  manipulated  by  the  usual  workshop  methods.  The  new- 
alloys  are  prepared  by  adding  from  2  to  5  per  cent,  of  molybde- 
num to  an  alloy  of  ferrochrome,  which  contains  no  carbon  or 
very  little,  and  not  less  than  10  per  cent,  of  chromium.  An 
alloy  which  contained  only  36  per  cent,  of  iron,  against  60  per 
cent,  of  chromium,  was  found  to  be  insoluble  even  in  boiling- 
nitric  acid,  while  it  possessed  all  the  usual  qualities  of  iron  and 
could  be  worked  in  the  usual  way.  Not  quite  such  favorable 
results  were  obtained  by  adding  titanium  and  vanadium. 

It  is  claimed  in  Metal  Industry,  Aug.  12,  1912,  that  if  bismuth. 
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2  parts,  copper  5  parts,  silicon  1  part,  be  melted  and  added  to 
92  parts  of  melted  aluminum,  this  alloy  will  resist  acid. 


THE  SCHOOP  METALLIZING  PROCESS. 
Gradenwitz  (Set.  .4m.,  107,  224)  states  that  although  the 
Schoop  metallizing  process  was  announced  sometime  ago,  yet 
the  details  of  the  process  and  apparatus  have  just  been  made 
public.  According  to  Gradenwitz,  in  the  first  metallizer  con- 
structed by  Schoop,  molten  metal  was  pulverized  by  a  jet  of 
high  pressure  steam,  and  projected  in  a  stream  of  spray  upon  the 
object  to  be  coated  with  metal.  This,  however,  required  a 
stationary  apparatus.  In  the  portable  apparatus,  the  molten 
metal  is  replaced  by  a  metal  powder,  which  is  carried  along  by  a 
jet  of  steam  or  of  compressed  gas.  The  jet  of  gas  is  heated 
either  by  means  of  a  flame  or  an  electric  resistance  or  arc.  The 
particles  of  metal  powder  are  shot  out  of  the  apparatus  by 
means  of  a  jet.  The  object  to  be  coated  with  the  metal  is  thus 
bombarded  with  fine  metallic  particles.  At  the  moment  they 
strike  the  surface  there  occurs  a  transformation  of  live  energy 
into  heat,  and  this  heat  contributes  to  liquefying  the  particles 
so  as  to  solder  them  to  one  another. 

Ajvery  convenient  form  of  portable  apparatus  is  represented 
in'the  diagram.     The  mouth-piece  C,  from  which  the  jet  heated 

by  a  gas  flame  is  blown 
forth,  is  fixed  at 'the  end  of 
a  flexible  tube.  The  gas 
enters  through  the  valve  2, 
into  an  inner  tube  fitting 
concentrically  with  the  pas- 
sage 7.  The  air,  which  is 
generally  at  a  pressure  of  five 
atmospheres,  passes  through 
the  tube  1,  into  a  chamber 
fitted  with  two  yalves,  3,  and 
4.  By  turning  the  valve 
3  compressed  air  is  ad- 
mitted directly  into  the  pas- 
sage 7,  and  by  operating  the 
valve  4  it  is  led  into  the 
lower  half  of  the  apparatus, 
where  it  produces  a   whirl  of 

Details  of  the  apparatus  for  depositing    metal  powder,  carrying  along 
pulverized  metal.  some  of  the  powder  mto    the 

conduit  6,  then  into  the  conduit  7,  and  finally  into  the  flexible 
tube  connected  with  the  mouth-piece.  The  apparatus  is  mounted 
to  turn  on  a  horizontal  axis,  so  that  the  last  traces  of  metal 
may  be  removed  by  the  compressed  air,  by  tipping  the  apparatus 
on  its  axis. 

The  apparatus  is  started  by  opening  the  gas  valve  2  and 
igniting  the  gas.  The  compressed  air  admission  having  been 
opened,  the  valve  3  is  adjusted  until  a  satisfactory  flame  is 
obtained.  Then  the  valve  4  is  opened  so  as  to  introduce  the 
metal  powder.  In  order  to  insure  a  really  homogeneous  layer, 
it  is  essential  that  no  oxide  film  covers  the  particles.  A  striking 
feature  of  the  operation  is  that  the  expansion  of  the  gas  is  at- 
tended by  a  strong  cooling  which  solidifies  the  metal  rapidly, 
while  the  surface  temperature  remains  low;  in  fact,  with  such 
metals  it  is  below  6o°  C.  It  is  claimed  that  inflammable  sub- 
Stances,  like  celluloid,  as  well  as  flowers  and  fruits  can  be  metal- 
lized. The  thickness  of  the  deposit  may  vary  between  a  hun- 
dredth of  a  millimeter  and  several  millimeters,  depending  upon 
the  surface  to  be  coated,  and  on  the  relative  speed  of  the  jet. 
The  latter  also  governs  the  hardness  and  density  of  the  metal 
coating.  This  system  of  metallizing  has  been  used  for  forming 
accumulator  plates;  constructing  resistances  in  the  form  of  a 
metal  thread  of  zig-zag  shape;  obtaining  electric  contacts 
instead  of  soldering  them;  and  metallizing  the  clothes  of  elec- 
tricians. 


THE  STATE  OF  THE  ANTIMONY  MARKET. 

While  75  tons  of  antimony  ore  were  produced  in  the  United 
States  in  1910,  this  was  entirely  used  for  experimental  purposes; 
and  in  191 1  there  was  no  production,  notwithstanding  the  fact 
that  the  antimony  imported  in  the  form  of  ore,  regulus  or  metal 
amounted  to  [0,975,844  pounds.  This  was  in  part  to  be  at- 
tributed to  the  li>u  price  ($0.08  per  pound)  at  which  the  anti- 
mony was  selling,  but  in  the  main  to  the  high  requirements  for 
ore,  namely,  v>-6o  per  cent,  antimony  content.  There  is  a 
great  possibility  that  the  ores  of  Nevada  and  Arkansas  may  be 
utilized  in  the  near  future,  for  there  are  mines  capable  of  fur- 
nishing the  American  demand  and  successful  experiments  have 
already  been  made  to  increase  the  grade  of  production;  but  the 
market  must  be  strong  and  the  prices  higher  than  those  of  the 
past  year. 

In  October,  dealers  in  antimony,  which  is  extensively  used 
in  this  country — antimonial  lead  being  largely  used  by  manu- 
facturers of  type  metals,  babbitt  metals,  and  metal  novelties: 
the  sulphide  in  medicine;  and  the  oxide  in  the  ceramic  and  enamel 
industries — quoted  Cookson's  brand  at  $0.10125  Per  pound, 
Hallett's  at  go. 095,  and  Chinese,  Hungarian  and  other  outside 
grades  at  So. 09.  The  demand  was  good,  but  the  advance  in 
price  was  ascribed  to  a  scarcity  of  ore.  The  largest  producer, 
China,  where  the  condition  of  the  antimony  industry  has  been 
changing  rapidly  during  late  years,  is  now  reported  as  having 
about  exhausted  its  deposits;  if  this  is  found  to  be  correct, 
according  to  a  prominent  firm,  "we  shall  see  a  high  antimony 
market  until  some  country  is  found  to  take  the  place  of  China 
as  a  producer  of  antimony  ore."  While  the  production  of 
Germany,  Hungary,  Italy,  and  Turkey  has  been  considerable, 
the  prospects  for  American  production  appear  to  be  brighter 
than  hitherto. 

POROUS  METALS. 
Hannover  (Compt.  rend.,  154,  1594)  finds  that  when  a  binary 
alloy  containing  a  greater  percentage  of  the  one  component 
than  corresponds  with  the  eutectic  composition  is  centrifugalized 
while  in  the  somewhat  pasty  condition,  the  eutectic  can  be 
expelled,  leaving  the  component  in  excess  in  a  porous  state. 
Using  an  alloy  of  lead  and  antimony  containing  90  per  cent,  of 
lead,  and  one  of  tin  and  lead  containing  80  per  cent,  of  tin, 
Hannover  obtained  both  porous  lead  and  porous  tin.  In  a 
similar  manner,  from  an  alloy  of  lead  with  an  excess  of  anti- 
mony, porous  antimony  was  obtained.  It  is  stated  that  the 
porous  lead  so  obtained  may  be  employed  in  making  accumula- 
tor plates  of  very  large  capacity.  According  to  a  Berlin 
correspondent  (Set.  Am.  Suppl.,  74,  133),  exhaustive  tests  of 
accumulator  plates  made  from  such  porous  metal,  conducted 
at  the  central  workshops  of  the  Danish  State  Railway,  have 
shown  the  new  type  of  plate  to  give  very  great  capacities. 
Whereas  the  means  of  increasing  the  surface  of  accumulator 
plates  so  far  employed  (perforating  and  ribbing)  at  the  most 
give  a  surface  8  times  as  large  as  the  natural  surface,  Hannover 
has  been  able  by  his  process  to  increase  the  natural  surface 
about  130  fold,  the  number  of  hollows  being  20  per  millimeter. 
Porous  metals  could  also  be  used  for  filtering;  as  bearing-metal, 
the  oil  being  fed  through  the  pores;  for  plugs  in  conduits  con- 
taining explosive  gases;  as  catalyzers  for  chemical  reactions;  etc. 


PEAT  FUEL  FOR  THE  PRODUCTION  OF  POWER. 

Large  supplies  of  peat  arc  available  in  Portadown,  Ireland, 
and  Engineering  News,  68,  520,  states  that  a  plant  there  has  run 
since  September,  191 1,  on  this  fuel,  which  is  fired  as  it  comes 
from  the  drying  yard.  On  a  test  producer  run  of  6  hours  dura- 
tion, with  a  load  of  250  IS.  H.  P.,  the  peat  consumption  averaged 
2.55  pounds  per  B.  H.  P.  hr.  with  a  fuel  containing  18.98  per 
cent,  of  water.  Two  producers  were  running  and  the  loads 
were  considerably  below  the  total  capacity  of  the  plant;   this 
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load  could,  in  fact,  be  safely  carried  with  either  produce!  working 
singly.     Fuel  containing  as  much  as  70  per  cent,  of  water  has 

been  used  and  the  plant  worked  well.  The  separation  of  tar 
from  the  gas  has  been  the  chief  difficulty  to  overcome.  It  has 
been  found  to  be  better  to  rely  011  water  sprays  than  coke  scrub 
bcrs,  for  the  latter  rapidly  clogged.  The  main  portion  of  the 
tar  is  thrown  out  into  a  tar  sump  by  a  centrifugal  extractor,  but 
unless  the  gases  arc  subjected  to  a  thorough  washing  and  cooling 
it  has  been  found  that  certain  portions  get  past  into  the  gas- 
engines.  The  precise  amount  of  water  necessary  has  been 
determined  for  the  cooler  to  ensure  condensation  of  the  tar  vapor 
before  reaching  the  extractor,  and  thus  the  amount  of  tar  in  the 
gas  at  the  engines  is  small  and  the  valves  require  cleaning  only 
once  a  week.  At  first,  the  plant  and  producers  required  thorough 
cleaning  once  a  week,  but  at  present  they  can  be  run  for  three 
weeks.  The  washing  water  is  now  7  gallons  per  B.  H.  P.  hr. 
The  cost  of  running  the  factory  on  coal  was  about  $155.00  per 
week,  compared  with  $80.00  on  peat,  not  allowing  for  extra 
labor.  The  peat  has  the  following  average  composition:  Car- 
bon, 24.75  Per  cent.;  volatile  matter,  55.17  per  cent.;  water, 
18.98  per  cent.;  and  ash,  1.10  per  cent.  The  gas  resulting 
therefrom  has  a  calorific  value  of  144  B.  t.  u.  per  cubic  foot. 
Apparently  by-product  producers  are  not  used,  for  no  mention 
is  made  of  ammonium  sulphate  recovery. 


A  NEW  WATER-JET  AIR-PUMP. 
The    water-jet    air-pump    illustrated    herewith,    of    German 
manufacture,  is  intended  for  use  in  operating  siphons,  centrif- 


A. — Air  chamber.  D. — Water  supply 

H. — Siphon  arrangement.  S. — Suction  pipe  of  the  pump. 

L],  L>. — Water  jet  air-pump. 

ugal  pumps,  pulsometers,  for  exhausting  the  air    from  vacuum 
chambers,  etc. 


THE  PARKINSON  PATENT  FURNACE. 
With  many  grades  of  fuel,  especially  those  of  the  lignite 
variety  where  moisture,  volatile  matter  and  ash  are  high,  it  is 
difficult  to  obtain  efficient  combustion.  The  Parkinson  patent 
furnace,  described  in  Power,  36,  367,  is  especially  designed  for 
use  with  low-grade  fuels.  This  furnace  has  five  distinctive 
features:  a  large  ash-pit  which  closes  air-tight;  individual  rocking 
water-cooled  grates;  a  deep  firebox  accommodating  a  fuel  bed 
14-24  inches  deep;  a  primary  air  system  supplying  air  to  the 
ash-pit  under  the  fuel  bed  together  with  the  required  moisture, 
usually  in  the  form  of  exhaust  steam  from  the  fan  engine;  and  a 


secondary  air  system  supplying  preheated  air  over  and  beyond 
the  fuel  bed.  The  primary  air  is  obtained  from  an  engine- 
driven  blower,  the  exhaust  from  the  engine  of  which  is  utilized  in 
the  ash  pit.  This  air  is  introduced  at  a  pressure  just  sufficient 
to  force  it  through  the  fuel.  The  draft  over  the  fuel  is  generally 
maintained  at  0.1-0.13  inch  water  gauge.  The  quantity  of 
secondary  air  is  regulated  at  the  stack  damper  and  the  damper 
in  the  supply  pipe.  This  air  is  preheated  in  flowing  between 
two  firebrick  arches  of  the  furnace. 

REINFORCED  GALVANIZED  SPIRAL  PIPE. 
There  has  been  placed  on  the  market  a  reinforced  galvanized 
spiral  pipe  which  is  made  from  two  strips  of  steel  of  different 
widths  and  with  a  continuous  interlocking  seam.  Both  strips 
of  steel  are  rolled  to  shape  on  the  edges  and  are  interlocked  and 
rolled  down  under  very  high  pressure  in  a  special  machine  which 
has  been  patented  by  tffe  pipe  manufacturers.  The  strips  of  steel 
are  first  cut  to  the  required  width  from  long  sheets  of  steel  and 
the  ends  are  welded  together.  The  steei  is  then  placed  on  large 
spools.  The  strip  used  for  the  outside  or  reinforcing  band 
comes  from  the  steel  mills  in  long  lengths  on  reels.  Both  of 
these  strips  are  fed  into  the  machine  at  one  end,  rolled  down 
interlocked  in  the  machine,  coming  out  at  the  other  end  in  the 
shape  of  pipe.  The  pipe  is  smooth  on  the  inside  and  has  the 
reinforcing  band  running  on  the  outside  the  entire  length  of  the 
pipe;  it  can  be  made  endless. 

A  NEW  AUTOMATIC  WATER-JET  AIR-PUMP. 
The  pump  illustrated  in  the  accompanying  diagram  is  capable 
of  producing  a  vacuum  of  about  9  meters  at  a  working  pressure 
of  10  meters.  The  air-chamber  cares  for  the  air  which  is  brought 
up  by  the  movement  of  the  water  in  the  pipes.  It  is  possible 
by  means  of  observations  through  a  transparent  glass  to  ascer- 
tain  whether   the  content  of  the  air  chamber  is  water  or  air. 


A.     Air  chamber. 

**•     Glass  for  observa- 
tion. 

C-      Water  exhaust. 

D'      Water  pressure  con- 
nection. 

H-      Syphon  connection. 


In  the  evacuation  of  centrifugal  pumps  the  exhaust-pipe  must 
be  provided  with  an  air-tight  protection  in  order  to  permit  of 
the  formation  of  a  vacuum  throughout  the  air-pump.  To 
operate  the  pump,  the  water  is  admitted  first,  and  then  the  air; 
in  order  to  stop  it,  the  reverse  is  done.  In  operating  the  pump 
under  a  pressure  of  about  20  meters,  the  connecting-pipes  must 
be  placed  a  few  centimeters  under  water. 
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THE  USE  OF  GRAPHITE  IN  BOILERS. 
An  editorial  contributor  to  Power,  36,  430,  remarks  that  there 
have  been  too  many  cases  of  the  successful  use  of  graphite  for 
the  prevention  and  removal  of  scale,  and  the  avoidance  of  pitting 
in  boilers,  to  leave  its  usefulness  for  this  purpose  longer  open  to 
debate.  There  may  be  a  difference  in  views  as  to  why  and  how 
it  accomplishes  it,  but  in  numerous  cases  the  feeding  of  graphite 
into  a  boiler  has  not  only  prevented  the  formation  of  new  scale, 
but  has  removed  large  quantities  of  scale  already  accumulated. 
In  some  cases,  however,  graphite  has  been  tried  without  success; 
this  is  undoubtedly  due  to  the  fact  that  graphite  has  its  limita- 
tions— that  it  is  efficient  in  some  eases  and  not  in  others.  Such 
failure  is  also  attributable  to  the  kind  of  graphite  used  and  to  the 
mode  of  application.  The  action  of  graphite  in  this  case  is  cer- 
tainly a  mechanical  one;  the  presence  of  graphite  in  scale  des- 


troys the  adhesion  of  the  particles,  so  that  the  scale  either  does 
not  form  or  is  easily  broken  up  by  the  disturbances  incidental  to 
the  ordinary  operation  of  the  boiler.  It  is  essential  that  the 
right  kind  of  graphite  be  employed.  Graphite  such  as  is  sold  to 
foundries  for  facing  molds,  has  been  used,  with  the  result  that 
considerable  scale-forming  material  is  deliberately  introduced 
into  the  boiler,  and  not  sufficient  amorphous  carbon  is  present 
to  counteract  its  effect  combined  with  that  of  the  scale-forming 
material  already  present.  The  graphite  used  must  be  as  pure 
as  can  be  obtained  and  must  have  lubricating  properties. 

"Apexior"  is  a  special  paint,  the  base  of  which  is  amorphous 
carbon,  which  has  lately  appeared  on  the  market.  It  is  said  to 
be  used  for  coating  the  internal  surfaces  of  boilers,  forming  a  sur- 
face, the  nature  of  which  hinders  the  formation  of  hard  scale,  while 
any  deposit  formed  adheres  so  lightly  that  it  can  be  easily  removed. 


NOTES  AND  CORRESPONDENCE. 


THE  THIRD  INTERNATIONAL  RUBBER  EXHIBITION. 

The  Third  International  Rubber  and  Allied  Trades  Exhibi- 
tion was  held  from  September  23  to  October  3,  1912,  at  the 
New  Grand  Central  Palace,  New  York,  under  the  patronage 
of  the  President  of  the  United  States,  the  Presidency  of  the 
Governor  of  the  State  of  New  York,  and  the  Vice-presidency  of 
Mr.  H.  C.  Pearson.  This  exposition,  for  which  delegates  repre- 
senting 21  different  governments  had  been  preparing  for  several 
months,  was  divided  into  three  parts:  first,  rubber  manufacture 
and  manufacturing  machinery,  which  occupied  the  main  floor 
of  the  Palace;  second,  the  allied  lines,  including  reclaimed  rubber, 
chemicals  and  compounding  mixtures,  on  the  mezzanine  floor; 
and  third,  crude  rubber,  which  filled  the  third  floor. 

On  the  main  floor  there  were  47  exhibits  by  American  manu- 
facturers. The  Bureau  of  Standards  also  exhibited  here  ap- 
paratus for  studying  the  composition  and  properties  of  crude 
and  manufactured  rubber.  Thirteen  American  rubber  com- 
panies exhibited  goods  made  from  Cerqueira  Pinto's  Para 
rubber  prepared  by  a  "smokeless"  process;  "caucho"  treated 
by  the  Pinto  process  is  reported  to  be  of  better  appearance  and 
quality  than  that  prepared  previously  under  any  other  system. 
The  makers  of  rubber  machinery  made  a  splendid  display  of 
their  products,  and  some  of  the  machines  were  supplied  with 
power  and  could  be  seen  at  work.  These  exhibits  are  described 
in  The  India  Rubber  World,  47,  24-31. 

The  Allied  Trades  Section  included  21  exhibits  by  manufac- 
turers of  rubber  strengtheners  and  preservers,  regenerated 
rubber,  deresinated  products  of  Pontianak,  lithopone,  zinc 
oxide,  mineral  rubber,  compounding  materials,  colors,  and 
substitutes.  One  of  the  interesting  features  of  this  section 
was  the  exhibitions  of  stocks  of  reclaimed  rubber  by  seven  Amer- 
ican reclaimers,  each  of  whom  claims  distinctive  features  for 
the  stocks  marketed:  alkali,  acid,  mechanical,  and  electrolytic 
processes  of  reclamation  are  in  use  in  this  country,  and  the 
advances  which  have  been  made  in  the  industry  were  shown  by 
the  uniformity,  cleanness,  low  density,  high  tensile  strength, 
stretch  and  recovery  of  the  stocks. 

The  Crude  Rubber  Section  contained  31  exhibits.  Here  was 
the  Brazilian  Exhibit,  the  most  impressive  in  the  Exposition — 
one  which  had  been  planned  with  great  care,  as  was  shown  by 
its  comprehensiveness.  It  covered  about  15,000  square  feet 
and  included  charts,  photographs,  models,  and  specimens, 
relating  not  only  to  rubber  but  to  the  other  great  industries 
of  Brazil  as  well.  A  pyramid  of  Para  rubber,  weighing  30 
tons,  surmounted  by  a  large  sphere  of  the  same  material,  over 
1,400  pounds  in  weight,  was  a  unique  feature  of  the  exhibit. 
It  was  pointed  out  that  the  exports  of  Brazil  in  the  last  20 
years  have  increased  251  per  cent.,  that  rubber  stands  second 
to   coffee   only    in   point    of   importance   among    the    Brazilian 


exports,  and  that  while  Brazil  exported  31  tons  of  rubber  in 
1827,  the  exportation  in  191 1  was  36,547  tons.  The  maximum 
year  was  in  1909,  when  39,026  tons  were  exported.  It  was 
stated  that  so  far  Brazil  has  had  no  serious  competition  to  fear 
from  the  other  rubber-producing  countries.  A  219  page  brochure 
was  issued  by  the  Brazilian  Government  for  distribution  at  the 
exhibition;  this  treats  in  a  most  comprehensive  manner  of  the 
status  of  the  crude  rubber  industry. 

The  exhibit  of  the  Moro  Province,  Philippine  Islands,  showed 
that  while  rubber  culture  was  begun  only  seven  years  ago, 
there  are  now  several  flourishing  plantations  in  the  Province 
and  rubber  is  no  longer  an  experiment  there.  Some  fine  pale 
unsmoked  sheet  Para  was  shown,  as  well  as  smoked  Para  in 
blocks.  There  were  also  smoked  Ceara  block  and  Castilloa 
virgin  scrap.  It  is  said  that  in  the  Moro  Province,  5-year-old 
Para  rubber  trees  have  averaged  3/4  pound  per  tree  and  that 
the  cost  per  pound  for  producing  dry  rubber  of  the  very  finest 
quality  ready  for  shipment  has  been  $0.33  per  pound.  The 
rubber  sold  at  auction  in  London  in  19 10  realized  $2. 63  per 
pound. 

The  rubber  exhibited  in  the  Hawaiian  booths  was  chiefly 
Ceara,  the  first  seeds  of  which  were  planted  in  Hawaii  in  1897. 
The  yield  for  1912  will  be  about  6,000  pounds.  The  opportunity 
for  small  planters  is  said  to  be  promising. 

The  Government  of  Burma,  India,  was  represented  by  samples 
of  plantation  rubber  from  five  leading  estates.  Samples  of  the 
balls  and  crepe  produced  from  Chavenessia  esculenta,  exported 
as  "Rangoon  rubber,"  were  also  on  show;  the  vine  from  which 
this  rubber  is  collected  by  natives  grows  wild  in  the  virgin  jungles, 
often  attaining  a  length  of  300  feet.  The  vine  gradually  kills 
the  forest  trees  to  which  it  attaches  itself  and  is  consequently 
under  a  ban  of  extermination  in  the  Government  Teak  Re- 
serves. 

The  object  of  the  exhibit  of  the  Imperial  Institute  of  London 
was  to  illustrate  the  rubber  resources  of  the  British  Empire 
by  means  of  specimens  from  the  collections  of  the  Institute. 
Rubber  from  27  parts  of  the  British  Empire  included  Para 
from  India,  Ceylon,  Straits  Settlements,  British  North  Borneo, 
Gold  Coast,  Nigeria,  Uganda,  Zanzibar  and  Trinidad.  In  1898, 
rubber  began  to  be  planted  as  a  commercial  enterprise  in  British 
Malaya  and  there  are  now  over  900  rubber  estates;  it  is  estimated 
that  about  26  millions  of  pounds  have  been  expended  in  the 
development  of  rubber  plantations.  Besides  Para,  Ceara  rubber 
and  Castilloa  rubber  arc  produced  in  Ceylon,  although  the  latter 
two  are  of  small  importance  as  a  source  of  supply;  certain  new 
species  of  Manihot  are  under  trial:  215,000  acres  of  rubber 
made  up  the  total  area  planted  in  191 1,  in  which  year  3,194 
tons  were  exported.  It  is  estimated  that  5,500  tons  of  rubber 
will  be  exported  from  Ceylon  in  19 12. 
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In  connection  with  the  exhibition,  a  conference  of  rubber 
manufacturers,  producers  and  experts  «as  held  for  the  purpose 
of  promoting  knowledge  of  crude  rubber  and  rubber  products. 
A  number  of  special  papers  were  presented  and  in  the  topical 
discussions  on  specifications  for  fire  bose,  steam  hose,  insulated 
win-,  and  packings  much  of  interest  was  brought  out.  The 
next  International  Rubber  Exhibition  is  to  be  held  in  London 

in  June,    11)14.  \V.    A.    I  [AMOR. 


THE    UNDERWRITERS'    LABORATORIES   EXTRACTION 
APPARATUS:     A    NOTE. 
Received  September  26,  1912- 
Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

On  page  535  of  your  July  number  of  this  year,  under  the  head- 
ing "The  Underwriters'  Laboratories  Extraction  Apparatus," 
the  Chemical  Department  of  the  Underwriters'  Laboratories  is 
credited  with  the  design  of  an  extractor  that  was  in  reality 
designed  by  Mr.  G.  T.  Cottle,  the  chemist  of  the  New  York 
Insulated  Wire  Co.,  some  four  years  or  more  ago.  The  Under- 
writers' Laboratories  are  indebted  for  the  idea  to  a  drawing  of 
Mr.  Cottle's  apparatus  that  was  given  them  a  little  over  eighteen 
months  ago.  Several  months  before  the  article  in  question  was 
received  by  you,  Mr.  Cottle  exhibited  blueprints  of  the  most 
recent  form  of  it  to  various  chemists  of  the  rubber  industry  who 
had  not  previously  been  informed  about  it  and  arranged  to  send 
copies  to  such  as  were  interested,  and  it  is  already  known  to  a 
considerable  number  of  analysts  of  rubber  as  the  "  Cottle  ex- 
tractor. " 

The  author  of  this  article  further  credits  the  Chemical  De- 
partment of  the  Underwriters'  Laboratories  with  having  "spent 
several  years  in  developing  methods  and  apparatus  to  be  used 
in  a  standard  procedure  for  chemical  tests  of  rubber  compounds 
used  on  wires  and  cords,"  which  methods  they  are  ready  to  dis- 
tribute. I  therefore  feel  obliged  to  state  that  the  methods 
referred  to,  a  copy  of  which  has  since  been  sent  me,  are  actually 
the  joint  work  of  several  chemists  of  the  insulated  wire  industry 
and  that  they  completed  the  work  without  the  smallest  assistance 
from  the  Underwriters'  Laboratories.  The  complete  procedure 
was  then  given  to  the  Underwriters'  Laboratories,  who,  except- 
ing one  or  two  slight  verbal  changes,  the  result  of  which  was  to 
make  the  procedure  somewhat  less  definite,  and  the  addition  of 
alternative  methods  for  ash  and  total  sulphur,  also  tending  to 
make  them  less  definite,  published  it  verbatim  as  the  "Under- 
writers' Laboratories'  Methods  of  Procedure  for  Chemical  Tests 
of  Rubber  Compounds  Used  on  Wires  and  Cords."  Appended 
to  this,  on  a  sheet  marked  "Extractors,  Underwriters'  Labora- 
tories Inc."  they  publish  a  copy  of  the  drawing  that  had  been 
given  them  of  the  Cottle  extractor. 

I  am  informed  that  the  author  of  the  article  in  the  July  num- 
ber of  This  Journal  is  not  connected  with  the  Underwriters' 
Laboratories  and  does  not  represent  them  in  any  way.  He  was 
probably  laboring  under  the  misunderstanding  that  would 
naturally  result  from  the  manner  in  which  this  material  has 
been  published  by  them,  a  misunderstanding  that  seems  to  be 
somewhat  wide-spread.  The  men  who  gave  this  procedure  to 
the  Underwriters'  Laboratories  presumably  acted  in  that  spirit 
of  helpfulness  that  is  common  enough  among  chemists.  They 
could  hardly  have  anticipated  the  liberties  that  were  to  be  taken 
with  their  work.  In  the  case  of  the  Cottle  extractor  I  think 
some  public  acknowledgment  is  due  the  actual  designer  of  the 
apparatus.  The  design  is  novel  and  presents  certain  practical 
advantages  over  previous  extractors  that  become  obvious  under 
the  conditions  of  service  required  by  the  rubber  analyst.  First 
of  all  it  is  extremely  simple.  It  consists  merely  of  a  spiral 
condenser  of  one-eighth  inch  block  tin  tube  that  will  slip  into 
the  neck  of  an  ordinary  300  cc.  Erlenmeyer  flask  of  Jena  glass, 
which  forms  the  external  part  of  the  apparatus,  and  an  ex- 
traction cup  which  hangs  from  the  condenser,  and  which,  in  its 


latest  form,  is  simply  a  piece  of  glass  tube  with  a  wire  gBUZC 
bottom,      Such    tlasks    are    always    ready    to    hand,    and    both 

condenser  and  extraction  tube  can  be  made  by  the  chemist  in  a 

lew  minutes  from  stock  materials.  It  costs  only  a  fraction  of 
tin-  price  of  an  ordinary  extraction  apparatus  to  make  it,  and  it 
is  much  less  liable  to  breakage.  It  dispenses  altogether  with 
joints,  which  for  various  reasons  are  generally  unsatisfactory, 
liuur\er  made.  As  compared  with  the  Wiley  extractor,  which 
it  resembles  in  some  respects,  it  has  the  advantage  of  better 
means  lor  handling  the  extract,  of  greater  simplicity  of  con- 
struction, of  being  more  readily  heated,  and  of  not  requiring 
any  support  to  hold  it  upright.  In  general  convenience  and 
effectiveness  it  leaves  nothing  to  be  desired. 

The  apparatus  as  described  in  the  Jul)-  number  of  This 
Journal  presents  no  practical  advantage  that  was  not  present 
in  Mr.  Cottle's  original  design.  It  does  show  some  not  very 
obvious  changes  in  detail  that  are  either  immaterial  or  to  its 
disadvantage.  By  making  the  flask  taller  and  narrower  the 
apparatus  is  made  top-heavy.  Nothing  is  gained  in  convenience 
by  this.  The  chemical  balances  in  commonest  use  can  take 
a  300  cc.  or  even  a  500  cc.  flask,  and  those  that  cannot,  can  be 
provided  with  a  suitable  pair  of  wide  bows  to  support  the  pans 
at  a  cost  of  fifty  cents.  The  addition  of  a  cap  to  the  condenser 
is  unessential  unless  the  apparatus  is  used  on  a  water  bath,  and 
a  water  bath  is  not  a  suitable  means  of  heating  an  extractor 
of  this  type,  even  if  covered.  The  special  form  of  flask  and  the 
condenser  with  cap  have  the  additional  disadvantage  of  having 
to  be  made  by  experts,  so  that  the  chemist  is  made  more  com- 
pletely' dependent  on  the  manufacture  of  apparatus  for  his  parts. 
The  same  is  to  some  extent  true  of  the  use  of  the  Gooch  crucible 
as  an  extraction  cup.  So  altogether  the  result  is  to  increase 
the  cost  without  increasing  the  value. 

For  all  that  is  effective  in  the  design  of  this  extractor  the 
LTnderwriters'  Laboratories  are  indebted  to  Mr.  Cottle's  draw- 
ing, as  originally  submitted  to  them,  and  he  is  entitled  to  full 
and  exclusive  credit  for  it.  Under  the  circumstances  it  is  a 
matter  of  surprise  to  me  that  the  Underwriters'  Laboratories 
have  not  already  made  public  acknowledgment  of  this  them- 
selves. 

Very  truly  yours, 

G.  H.  Savage. 

18  Walnut  Street, 
Worcester,  Mass. 


BUREAU  OF  STANDARDS  ANALYZED  SAMPLES. 

The  Bureau  of  Standards,  Washington,  D.  C,  is  now  prepared 
to  issue  pure  sodium  oxalate  for  use  as  a  standard  in  oxidimetry, 
in  bottles  containing  120  and  200  grams,  the  fees  for  which  are 
respectively  $2.00  and  $3.00.  With  each  sample  is  furnished  a 
certificate  giving  the  purity  of  the  material,  and  brief  directions 
for  its  use  in  the  standardization  of  permanganate  solutions. 

Circular  No.  40,  on  "Sodium  Oxalate  as  a  Standard  in  Volu- 
metric Analysis,"  is  now  ready  for  distribution  and  will  be  sent 
upon  request.  It  includes  a  description  of  properties,  prepa- 
ration and  testing  of  sodium  oxalate,  and  a  discussion  of  its 
suitability  as  a  standard  in  oxidimetry  and  acidimetry. 

The  fourth  edition  of  Circular  25,  "Standard  Analyzed  Sam- 
ples— General  Information,"  is  now  ready  for  distribution.  At- 
tention is  called  to  the  fact  that  the  fee  for  sample  No.  24, 
Vanadium  Steel,  has  been  changed  from  $2.00  to  $2.50. 

Chrome-tungsten  Steel,  No.  31,  is  now  ready  for  distribution. 


THE  DETERMINATION  OF  BENZALDEHYDE,  MARASCHINO 
CHERRIES  AND  MARASCHINO  LIQUEUR:    A  CORRECTION. 

In  the  article  on  this  subject  on  page  589  of  the  August  number 
of  This  Journal  the  directions  for  the  procedure  (opposite 
Table  IV)  should  read,  "Add  10  cc.  of  the  reagent,"  etc., 
instead  of  100  cc.  A.  G.  Woodman. 
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PHENOL-FORMALDEHYDE  CONDENSATION  PRODUCTS: 
A  CORRECTION. 

In  the  article  on  "Phenol- Formaldehyde  Condensation 
Products,"  published  in  the  October  number  of  This  Joi'rnal, 
an  inaccuracy  has  occurred. 


On  page  741,  second  column,  second  line,  strike  out  "500  or" 
so  as  to  make  the  sentence  read:  "This  tendency  to  foam  be- 
comes pronounced   only   at    tempera  lures   above    100°  C,  etc." 

L.   H.   Baekeland. 


BOOK  REVIEWS 


Industrial  Chemistry.  A  Manual  for  the  Student  and  Manu- 
facturer. By  Allen  Rogers  and  Alfred  B.  Aubert, 
with  thirty-four  collaborators.  Octavo,  854  pages,  340 
illustrations.  New  York:  D.  Van  Nostrand  Co.  Price, 
$5.00. 

The  suggestion  has  often  been  made  that  the  difficult  prob- 
lem of  writing  a  book  on  industrial  chemistry  could  easily  be 
solved  by  having  each  subject  treated  by  a  specialist.  This 
volume  is  made  up  of  a  series  of  chapters  contributed  by  well- 
known  chemists,  engineers  and  manufacturers  and  the  book 
will  be  studied  with  great  interest  by  everyone  familiar  with 
the  problems  involved  in  the  presentation  of  works  on  applied 
chemical  processes.  The  selection  of  topics  and  the  arrange- 
ment of  matter  is  a  serious  editorial  problem  on  account  of  the 
vastness  of  the  field  to  be  covered  and  the  diversified  interests 
of  the  readers.  The  specialist  is  interested  in  facts,  figures  and 
details  while  the  teacher  and  student  must  of  necessity  deal 
with  principles.  The  book  cannot  be  said  to  meet  the  difficult 
problem  of  presenting,  in  one  volume  and  by  the  same  treat- 
ment of  subjects,  both  a  works  managers'  handbook  and  a 
students'  text-book. 

Another  difficulty  encountered  in  this  composite  book  is  the 
lack  of  uniformity  in  the  scope,  method  of  presentation  and  analy- 
sis of  the  subjects  presented.  Some  of  the  chapters  are  very 
elementary,  general  descriptions  and  others  are  devoted  almost 
entirely  to  definitions  without  any  attempt  to  discus's  indus- 
trial principles  or  practices.  The  main  value  of  the  work  is 
found  in  the  subjects  which  have  been  treated  as  manufacturing 
and  industrial  problems  and  based  upon  the  applications  of 
physical  and  chemical  principles  which  are  duly  and  clearly 
set  forth. 

The  chapter  on  general  processes  shows  the  effect  of  too  much 
pruning.  Some  of  the  most  important  fundamental  processes 
have  been  omitted  and  others  should  have  been  elaborated  and 
illustrated.  Stamp  mills,  Griffin  mills,  cement  kilns,  pumps, 
montejus,  etc.,  might  have  been  described  and  illustrated  and 
multiple  effect  evaporation,  solution,  extraction  and  drying 
apparatus  deserve  fuller  treatment.  This  is  followed  by  a  short 
descriptive  chapter  on  some  of  the  materials  used  in  construc- 
tion. 

Water  for  industrial  purposes  is  well  treated,  but  might  have 
been  accompanied  by  fuller  descriptions  .and  illustrations  of 
gravity,  pressure  and  sand  filters  and  by  cuts  of  open  and  closed 
feed  water  heaters. 

The  fuels  chapter  discusses  gaseous,  solid  and  liquid  fuels, 
describes  and  illustrates  two  of  the  standard  forms  of  pyrometer, 
the  Mohler  calorimeter  for  solids  and  liquids  and  the  Junker 
for  gases.  Wood,  peat,  lignite,  bituminous  coal,  anthracite, 
charcoal,  coke,  liquid  and  gaseous  fuels  are  briefly  discussed 
in  the  order  given. 

A  chapter  on  producer  gas  is  given  over  to  general  discussion 
with  numerous  illustrations  of  the  construction  and  operation 
of  various  types  of  producers.  It  is  to  be  regretted  that  more 
care  and  accuracy  could  not  have  been  used  in  the  presentation 
of  the  theoretical  principles  involved.  The  producer  reactions 
may  be  effectively  used  to  illustrate  to  the  student  the  methods 
available  for  controlling  physical  conditions  by  a  proper  adjust- 
ment of  chemical  conditions  and  the  author  might  easily  have 
greatly  enhanced  the  educational  value  of  this  chapter  by  giving 


less  rambling  descriptive  matter  and  more  facts,  figures  and 
principles. 

Power  and  power  transmission  have  been  attempted  in  thirty 
pages.  If  this  subject  is  to  be  discussed  at  all  in  a  book  on 
industrial  chemistry,  considerably  more  space  should  be  given 
to  prevailing  types  of  engines,  boilers,  pumps,  heaters,  furnaces, 
drafts  and  innumerable  other  fundamental  considerations. 

The  power  plant  is  the  heart  of  the  factory  and  such  super- 
ficial knowledge  as  might  be  conveyed  in  a  short  chapter  in  a 
book  on  industrial  chemistry  is  of  doubtful  value.  The  whole 
field  of  electrical  and  mechanical  engineering  and  the  practice 
of  engineering  thermodynamics  is  involved  in  power  and  power 
transmission  and  unless  the  work  can  be  directed  by  men  with 
more  than  a  superficial  knowledge  of  these  subjects,  it  had  better 
be  left  in  the  hands  of  the  practical  man. 

Sulphuric,  nitric  and  hydrochloric  acids  are  given  in  three 
chapters  (71  pages).  The  consumption,  properties,  raw  mate- 
rials, approved  American  practice  and  apparatus  in  use  are 
all  carefully  treated  and  illustrated  and  the  chemistry  of  the 
processes  fully  elaborated.  Various  types  of  apparatus,  con- 
struction of  functional  parts,  operating  methods  and  costs  are 
discussed.  These  are  excellently  presented  chapters  and  repre- 
sent the  most  recent  developments  in  heavy  acid  practice. 

A  chapter  on  commercial  chemicals  is  devoted  largely  to 
definitions  of  a  number  of  the  standard  products.  The  alkali 
industries  briefly  described  in  this  chapter  might  well  have  been 
treated  in  considerable  detail.  The  chemistry,  past  and  pres- 
ent processes  of  manufacture  and  the  engineering  problems 
involved  are  all  of  fundamental  importance  and  have  great 
educational  value. 

The  commercial  importance  of  chlorine  is  recognized  in  a  good 
chapter  discussing  the  electro-chemical  and  strictly  chemical 
processes  for  the  manufacture  of  this  element  and  its  allied 
products.  This  is  followed  by  a  short  description  of  some 
electrochemical  industries  such  as  carbon,  carbides,  carborun- 
dum, graphite,  etc.  Electrochemical  processes  and  the  princi- 
ples involved  might  well  have  been  treated  with  more  thor- 
oughness and  detail  both  on  account  of  their  great  industrial 
importance  and  their  potential  possibilities. 

Cement,  plaster,  clay,  pottery  and  glass  have  been  treated 
in  three  chapters  covering  forty-four  pages.  The  chapter  on 
glass  is  especially  well  illustrated.  The  four  chapters  covering 
white  lead,  paints,  oils  and  pigments  are  followed  by  a  good 
chapter  on  the  metallurgy  of  iron  and  steel  and  one  on  fertilizers. 
Illuminating  gas  is  thoroughly  and  excellently  treated  both 
from  the  standpoint  of  text  and  illustrations.  This  is  followed 
by  good  chapters  on  tar,  petroleum  and  wood  distillation  in- 
dustries. The  chapters  on  oils,  fats  and  waxes,  and  lubricating 
oils  are  devoted  largely  to  definitions  with  practically  nothing 
on  industrial  processes  of  manufacture. 

Soaps,  laundering,  essential  oils,  varnish,  sugar,  starch  and 
glucose,  brewing  and  malting,  wine-making,  distilled  liquors, 
textiles,  dyestuffs,  paper,  explosives,  leather,  tanning  materials, 
glue  and  casein  arc  each  given  a  chapter. 

The  book  is  well  printed,  well  bound  and  shows  the  results 
of  careful  proof-reading.  To  get  out  such  a  work  is  a  great 
undertaking  and  the  editors  are  to  be  congratulated  on  the  de- 
gree of  success  they  have  attained.  They  have  invited  and 
will  no  doubt  receive  the  constructive  suggestions  of  their  fellow 
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chemists  and  engineers  with  a  view  to  improving  future  edi- 
tions-    Technical   libraries,   chemists,   engineers   and    teachers 

will   and    this  volume  :i   necessary  addition    to   their   works  on 
industrial  chemistry.  M.  C  Whitakkk. 

Food    and    Drugs.     By    Kknkst    J.    Parry.      Volume    I.  The 

Analysis  of  Food  and  Drugs  (Chemical  and  Microscopical); 

Vol.  II  The  Sale  of  Food  and  DrugsActs,  1875-1907.     London: 

Scott.   Greenwood   &   Son,    191 1.     (The   Van   Nostrand  Co., 

Importers.)     Large    Octavo,    744    and    181    paees.      Prices, 

S7.50  and  S3. 00. 

Volume  I  comprises:  Tea,  Coffee  and  Cocoa  Products,  40 
pages:  Milk,  Cheese,  Butter,  Lard,  Suet,  Olive  Oil,  74  pages; 
Carbohydrate  Foods,  74  pages;  Spices,  Flavoring  Essences, 
etc.,  82  pages;  Alcoholic  Beverages,  85  pages;  Flesh  Foods, 
58  pages;  Microscopical  Analysis,  11  pages;  Crude  Drugs  and 
Certain  Galenicals,  74  pages;  Drugs  Containing  Alkaloids, 
etc.,  Capable  of  Approximate  Determination,  105  pages;  The 
Essential  Oils  of  the  British  Pharmacopoeia,  20  pages;  Fatty 
Oils,  Waxes  and  Soaps  of  the  British  Pharmacopoeia,  22  pages; 
The  Chemicals  of  the  (British)  Pharmacopoeia,  68  pages. 

The  general  plan  seems  to  be  to  give  under  each  food:  defini- 
tions, a  very  brief  sketch  of  the  source  and  chemical  nature, 
and  a  fairly  full  account  of  analytical  methods  and  possible 
adulterants  with  means  for  their  detection.  The  arrangement 
of  the  book  and  the  manner  of  treatment  (which  is  strictly  from 
the  point  of  view  of  the  British  Public  Analyst)  are  not  such  as 
to  encourage  its  use  as  a  text  book;  the  chemist  who  is  already 
experienced  in  food  analysis  and  familiar  with  the  standard 
works  on  the  subject  will  find  here  few  new  methods  or  helpful 
criticism  of  methods,  but  may  gain  useful  suggestions  as  to  the 
adulterants  to  be  sought.  The  analytical  data  quoted  from 
various  sources  and  the  discussion  of  definitions  from  the  stand- 
point of  British  law  and  custom  also  add  to  the  value  of  the  book. 

Volume  II  begins  with  an  introduction  which  gives  a  conve- 
nient outline  of  the  scope  and  content  of  each  of  the  British  Acts 
relating  to  foods  or  drugs.  Then  follow  "The  Sale  of  Food  and 
Drugs  Act,  1875;"  "The  Sale  of  Food  and  Drugs  Act  Amendment 
Act,  1879;"  "The  Sale  of  Food  and  Drugs  Act,  1899;"  "The 
Margarine  Act,  1887;"  "The  Butter  and  Margarine  Act,  1907;" 
a  General  Index  and  an  Index  of  Cases. 

The  text  of  each  act  is  given  section  by  section  with  full  ex- 
planation and  discussion  and  often  with  illustrative  cases. 
To  those  who  have  to  do  in  any  way  -with  the  drafting  or  in- 
terpretation of  our  food  laws,  the  British  practices  and  expe- 
rience as  recorded  and  explained  by  Mr.  Parry,  who  is  both  a 
member  of  the  Society  of  Public  Analysts  and  a  Barrister-at- 
Law,  should  be  of  much  interest  and  importance. 

H.  C.  Sherman. 

Die  Analyse  der  seltenen  Erden  und  der  Erdsauren.     By  Prof. 

Dr.   R.  J.  Meyer  and  Dr.  O.  Hauser.     Stuttgart:  Ferdinand 

Enke,  1912.     10  M. 

The  appearance  of  this  book  at  this  time  is  of  peculiar  interest, 
inasmuch  as  the  importance  of  the  chemistry  of  the  rare  ele- 
ments is  daily  increasing,  largely  due  to  the  uses  made  of  them 
in  the  incandescent  gas  mantle,  the  incandescent  electric  light, 
the  flaming  arc  lamp,  the  Nerast  glower,  and  in  the  metallurgy 
of  modern  steel. 

Probably  no  two  chemists  better  fitted  by  experience  with 
these  elements  could  have  been  selected  to  bring  together  the 
matter  herein  presented    than  R.  J.  Meyer  and  Otto  Hauser. 

The  literature  has  been  thoroughly  reviewed  and  the  subject 
matter  is  well  presented.  In  addition  to  the  qualitative  and 
quantitative  treatment,  a  large  amount  of  space  is  devoted  to 
the  general  characteristic  chemistry  of  the  elements  and  also 
to  the  conventional  methods  of  separation,  which  latter  in  many 
cases  are  not  adaptable  for  analytical  work.  As  a  result,  the 
book  will  prove  of  great  value  to  those  who  desire  to  work  with 


the  rare  earths     zirconium,  titanium,  Columbium,  and  tantalum. 

The  book  is  a  valuable  contribution,  containing  aa  it  'iocs  all 
of  the  important  analytical  methods  in  this  field,  together  with 
the  essential  descriptive  matter  pertinent  to  their  chemistry, 

Victor  Lrnhbr. 

Researches  in  Cellulose.      Vol.  Ill,  1905-1910.     By  C.  F.  Cross 

and    E.    J.    Bevan.     pp.      170.     Longmans,    Green    &    Co. 

Price,  $2. 50,  net. 

The  third  volume  of  the  Researches  in  Cellulose  (1905-1910) 
has  been  developed  along  the  same  lines  as  the  first  two  volumes 
which  included  the  Researches  of  1895-1900  and  from  1900- 
1905.  The  preparation  of  the  present  book  was  delayed  to 
include  the  research  work  of  191 1. 

The  subject  matter  is  divided  into  five  chapters  with  follow- 
ing general  headings:     I.  General  Review;  II.  Cellulose;    III. 
Cellulose   Esters;  IV.  Ligno  Celluloses;  V.  Technical   Develop- 
ments. 

The  authors  have  provided  in  their  third  volume  of  the 
Researches  in  Cellulose,  a  valuable  addition  which  will  be  ap- 
preciated by  all  interested  in  the  scientific  or  technical  develop- 
ment of  cellulose.  O.  Kress. 

Methods  of  Organic  Analysis.     By   Henry  C.  Sherman,  Ph.D., 

Professor  of  Food  Chemistry  in  Columbia  University.     Second 

Edition,    rewritten    and    enlarged.     New    York:  The    Mac- 

millan  Co.,  1912.     Price,  S2.40,  net. 

This  work,  first  published  in  1905  by  Professor  Sherman 
for  the  use  of  his  chemistry  classes  in  Columbia  University, 
now  appears  rewritten  and  considerably  enlarged  both  in  volume 
and  scope.  Designed  primarily  to  cover  the  subjects  grouped 
under  the  general  title  of  food  chemistry,  it  has  now  been  en- 
larged to  cover  solid  and  liquid  fuels,  industrial  alcohol,  drying 
oils,  petroleum,  etc. 

We  consider  it  to  be  an  excellent  book  for  the  use  of  students 
and  for  general  purposes  of  instruction.  Besides  frequent 
foot-notes,  each  chapter  concludes  with  references  to  the  special 
books  bearing  on  the  subject  treated  and  to  quite  a  full  list  of 
journal  references  chronologically  arranged. 

While  not  intended  to  be  encyclopaedic  or  to  review  all  methods 
in  use  as  do  works  like  Allen's  "Commercial  Organic  Analysis," 
or  to  convey  information  as  to  the  composition  of  food  products 
as  does  Leach's  "Food  Inspection  and  Analysis"  in  its  tables 
of  analyses,  the  purely  analytical  side  is  very  fully  covered. 
For  instance,  Chapter  III,  on  Carbohydrates,  General  Methods; 
Chapter  IV,  on  Special  Methods  of  Sugar  Analysis;  and  Chapter 
V,  on  Starch  and  Amylase,  cover  in  a  most  admirable  and  thor- 
ough way  these  important  related  classes.  Many  of  the  special 
qualitative  tests  first  described  by  Mulliken  in  his  "Identifica- 
tion of  Pure  Organic  Compounds"  have  been  tested  by  the 
author  and  are  discussed  at  some  length. 

In  the  chapter  on  fuels,  the  author  reviews  the  methods  of 
determining  calorific  power  by  the  use  of  the  different  bomb 
calorimeters  and  the  relations  of  chemical  composition  and 
calorific  power  of  organic  compounds,  noting  the  general  formulas 
for  calculation  of  calorific  power  from  the  results  of  ultimate 
analyses  and  illustrating  the  subject  by  experimental  work  of  his 
own.  Much  attention  is  given  in  the  discussion  of  food  analytical 
subjects  to  the  methods  of  the  Association  of  Official  Agri- 
cultural Chemists  and  in  several  cases  the  proposals  of  the  In- 
ternational Commissions  for  the  Unification  of  the  Methods  of 
Analysis  of  special  industries  are  given. 

In  addition  to  the  book  and  journal  references  before  referred 
to,  as  accompanying  each  Chapter,  the  book  has  a  satisfactory 
subject  index  and  is  thus  made  a  practical  and  convenient  book 
for  the  student.  It  ought  to  meet  very  general  acceptance 
from  all  interested  in  the  analysis  of  food  products  and  allied 
substances.  S.  S.  SadtlER. 
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NLW  PUBLICATIONS 


By  D.  D.  Bbrolzheimer,  Librarian,  Chemists'  Club,  New  York. 


Acids;  The  Mineral —  of  the  Chemical  Industry.     By  G.  F.  Jaubert. 

8vo.      Price.  $4.00.     Gauthier-Villars,  Paris.      (French.) 
Analysis;   Volumetric — .     By  Charles  H.   Hampshire.     8vo.     Price. 

$1.00.     J    &  A.  Churchill.  London. 
Analyst's  Laboratory  Companion.     By  Alfred  E.  Johnson.     4th  Ed. 

8vo.      Price,  $1.75.     J.  &  A.  Churchill.  London. 
Brickmaking;    Modern — .     By    Alfred    B.    Searle.     8vo.,    440    pp 

Price.  $5.00.     D.  Van  Nostrand  Co..  New  York. 
Cements  and  Hydraulic   Limes.     By   L.   Bertelli.     8vo.,   pp.   572. 

Price.  $2.25.     Milan.  1912.      (Italian.) 
Chemistry;   Practical—,   Including   Simple   Volumetric   Analysis 

and  Toxicology.     By  P.  A.  Ellis  Richards.     8vo  ,  pp.   149.     Price. 

$0.75.      Balliere,  Tindall  &  Co.,  London. 
Chemistry;  Theoretical  and  Physical — .     By  S.  L.  Bigelow.     8vo.. 

pp.544.      Price,  $3.00.     Century  Co..  New  York. 
Colorists;  Yearbook  lor —  Dyers,  Vol.  XIV  for  1911.     By  Herman 

A.  Metz.     Sm.  8vo.,  pp.  503.     Farbwerke-Hoechst  Co.,  New  York. 
Copper;  Modern — Smelting.      By  D.  M.  Levy.     8vo..  pp.  272.     Price. 

$2.75.     Chas.  Griffin  &  Co.,  London. 
Drying  by  Means  of  Air  and  Steam.     By  E.  Hausbrand.     2nd  Ed. 

Cr.  8vo.  pp.  80.      Price.  $1.25.     Scott,  Greenwood  &  Co.,  London. 
Explosives ;  Historical  Papers  on  Modern — .     By  G.  W.  MacDonald. 

8vo.  pp.  192.     $2.50.     Whittaker&  Co..  London. 
Explosives;  Notes  on  Military — .     By  Erasmus  M.  Weaver.    3d  Ed. 

8vo.,  pp.  358.     Price,  $3.00.     John  Wiley  &  Sons,  New  York. 
Foods;  Their  Origin,  Composition  and  Manufacture.     By  William 

Tibbles.     8vo,  pp.  950.     Price,  $4.50.     Balliere.  Tindall  &  Co..  London. 
Foundry;  Notes  on —  Practice.     By  J.  J.   Morgan.     8vo..  pp.    108. 

Price.  $0.75.     Charles  Griffin  &  Co.,  London. 
Inorganic  Chemistry;  A  Laboratory  Manual  of — .     By  J.  B.  Ekeley. 

Cr.  8vo.,  pp.  128.      Price.  $1.25.     John  Wiley  &  Sons.  New  York. 
Inorganic;  Modern —  Chemistry.     By  J.  w.  Mellor.     8vo.,  pp.  871. 

Price.  $2.20.     Longmans,  Green  &  Co.,  New  York. 

Inorganic;  Recent  Advances   in  Physical  and —  Chemistry.    By 

A.  W.  Stewart.     8vo.,  pp.  272.     Price.  $2.50.     Longmans.  Green  &  Co.. 

New  York. 
Inorganic;  Treatise  on —  Chemistry.     By  E.  Molinari  and  E.  Feil- 

mann.      8vo.      Price.  $5  25.     J.  &  A.  Churchill,  London. 
Iron;  The  Chemical  Analysis  of—.     By  A.  A.  Blair.     7th  Ed.     8vo. 

Price,  $4.00.     J.  B.  Lippincott  Co..  Philadelphia. 
Microscope;   The —   and   its   Use.     By   Hermann   Hager   and   Carl 

Mez.     8vo.,  pp.  375.     Price   $2.50.     Julius  Springer.  Berlin.      (German.) 
Mining;  Index   of —   Engineering   Literature,   n.     By  Walter  R. 

Crane.     8vo  .  pp.  445.     Price.  $3.00.     John  Wiley  &  Sons,  New  York. 
Petroleum;  The  Chemistry  and  Physics  of — .    Vol.  I,  Part  I.     By 

C.  Engler.     8vo.     Price,  $7.00.     S.  Hirzel.  Leipzig. 
Progress  of  Chemistry ;  Annual  Reports  on  the —  for  1911 .     Chemical 

Society    (London).     By    J.    C.    Cain.     8vo.     pp.    319.     Price,    $2.00. 

Gurney  &  Jackson.  London. 
Retort;    Modern —    Settings:    Their    Construction    and   Working. 

By  T.Brooke.      8vo..pp.  200.      Price,  $3.00.     John  Allan  &  Co..  London. 
Rubber;  Euphoria   lorifoiia,  a  Possible  Source  of —  and  Chicle: 

Physical    and    Chemical    Properties.     By    Wm.    McGeorge    and 

W.    A.    Anderson.     8vo.,    pp.     16.     Hawaii    Agricultural    Experiment 

Station,  Honolulu. 
Scientific  American  Reference  Book  for  1913.     By  Albert  A    Hop- 
kins and  A.  Russell  Bond.     L.  8vo..  pp.  608.     Price.  $1.50.     Munn  & 

Co..  New  York. 
Silk;   Raw — .     By   Leon   Ducan.     8vo.     Price,   $2.50.     Silk   Publishing 

Co.,  New  York. 
Soap  Makers'  Handbook.     By  William  T.  Brannt.     2nd  Ed.     8vo.. 

pp.  535.      Price.  $5.00.      Henry  Carey  Baird  &  Co..  Philadelphia. 
Starch ;  A  Method  for  the  Determination  of—  in  Meat  Food  Products. 

By  T.  M.  Price.     8vo..  pp.  6.     U.  S.  Dept.  of  Agriculture,  Bureau  of 

Animal  Industry.  Circular  No   203. 
Sugar;   The   Management   of   Steam   in   the —  Factory.     2nd   Ed. 

8vo.,    pp.    175.     Price.    $1.50.     Schallehn    &    Wollbrueck,    Magdeburg. 

(German.) 
Sugar;  The  World's  Cane —  Industry,  Past  and  Present.     By  H.  C. 

Prinsen     Geerligs.     Roy.  8vo..     pp.     400.     Price,     $3.00.     Norman 

Rodger,  Altrincham. 
Textile;  Mechanical  and  Physico  Technical—  Examination.     By 

P.    Heermann.     8vo.     Price.    $2.50.     Julius    Springer.    Berlin.      (Ger- 
man.) 
Water    Analysis.     By    Herbert    B.    Stocks.     8vo.,    pp.    136.     Price, 

$1.25.     Chas.  Griffin  &  Co.    London. 
Water  Purification  and  Sewage  Disposal.     By  J.  Tillmans.     L  8vo.. 

pp.  157      Wilhelm  Knapn   Halle.     (German.) 


RECENT  JOURNAL  ARTICLES. 
Alcohol;  The  Chemical  Effects  of  Methyl  and  Ethyl—.     By  Hans 

von  Liebig.      Archiv  der  Pharmazie.  Vol.  250.  1912.  No.  6.  pp.  402-113. 
Caseins;    Technical—,    their    Examination    and    Valuation.     By 

W.   Hoepfner  and  H.    Burmeister.      Chemiker  Zeitung   Vol.36.  1912, 

No.  112.  pp.  1053-1054. 
Colors;  The  Aspect  of—  under  Artificial  Light.     By  David  Patter- 
son.     Cotton.  Vol.  76,  1912.  No.  11.  pp.  464-166. 
Copper;   The    Electrolytic—   Refining   Industry.     By   John    B.    C. 

Kerskaw.      Chemical  World.  Vol.  1,  1912.  No.  10,  pp.  343-345. 
Corrosion;  Passivity  of  Iron  under  Boiler  Conditions.     By  Horace 

G.    Byers   and    Floyd   T.    Voris.     Journal   of    the   American    Chemical 

Society.  Vol.  34.  1912.  No.  10,  pp.  1368-1379. 
Essential  Oils;  Progress  in  the  Domain  of 'the  Terpenes  and  — . 

By  A.  Reclaire.      Chemiker  Zeitung.  Vol.  36.  1912,  No.  117.  pp. 1125- 

1126. 
Ether;  Examination  of — .     Georg  Kassner.     Archiv  der  Pharmazie. 

Vol.  250,  1912,  No.  6,  pp.  436-447. 
Gas;  The  Analysis  of  Water—  Purification  Material.     By  E.   C. 

Uhlig.     Gas  Institute  Xews,  Vol.  1.  1912.  No.  9.  pp.  419-434. 
Gas;    By-products    In —    Manufacture.     By  Charles     E.    Munroe. 

Progressive  Age.  Vol.  30.  1912.  No.  19,  pp.  822-830. 
Hydrogen;  Determination   of—   and  Methane   in   Gas   Mixtures. 

By   Walther   Hempel.     Zeitschrift  fuer  angewandte  Chemie.  Vol.   25, 

1912    No.  36.  pp.  1841  -1845. 
Manganese;  Determination  of—  as  Sulfate  and    by  the  Sodium 

Bismuthate  Method.     By  William  Blum.    Journal  of  the  American 

Chemical  Society.  Vol.  34.  1912,  No.  10,  pp    1379-1398. 
Paper;  The  Analysis  of — .     By  B.  Setlik.    Paper.  Vol.  9.  1912,  No.  1, 

pp.  15-17. 
Peroxid  Production,  Past  and  Present.     By  J  S.  Brewer.     Druggists' 

Circular.  Vol.  56.  1912,  No.  10.  pp.  609-613. 
Petroleum;  Chemistry  and  Technology  of—  in  1911.     By  L.  Gur- 

witsck.     Zeitschrift   fuer   angewandte    Chemie,   Vol.    25,   1912,    No     37. 

pp.  1897-1904. 
Refrigeration ;  The  Power  Required  for — .     By  John  J.  Smith.     Metal- 
lurgical and  Chemical  Engineering.  Vol.  10.  1912,  No.  10.  pp.   657-659. 
Rubber;  The  "Insoluble"  Constituents  of  Para—  and  its  Influence 

on  the  Quality  of  the  Rubber.     By  Clayton  Beadle  and  Henry 

P.  Stevens.     India  Rubber  Journal.  Vol.  44,  1912,  Nos.  11  and  12,  pp. 

14   15  and  15-16. 
Silica;  Present-Day  Use  of  Fused—  Ware  in  the  Industries.     By 

A.   Pohl.     Zeitschrift  fuer  angewandte   Chemie.   Vol     25.    1912,    No.   36. 

pp.  1845-1855. 
Silver;  The   Solubility  of—   Oxid   in   Lead   Oxid   (Litharge).     By 

Ernst  J.  Kohlmeyer.     Chemiker  Zeitung.  Vol.  36.  1912.  No.  113,  pp. 

1079-1082. 
Starch;   Observations   on—   Grains   and   the   Counting   Chamber, 

an  Aid  to  the  Quantitative  Determination  of  the  Adulteration 

of  Vegetable  Powders.     By  C.  Hartwick  and  A  Wichmann.     Archiv 

der  Pharmazie.  Vol.  250,  1912,  No.  6.  pp.  452-171. 
Steel,    The    Electric—    Furnace    in    Foundry    Practice.     By    Paul 

Girod.      Metallurgical  and  Chemical  Engineering.  Vol.    10,    1912,  No.  10, 

pp.  663-665. 
Sucrose ;  Determination  of —  in  the  Raw  Material  of  the  Cane  Sugar 

Industry.     By  H.  C.  Prinsen  Geerligs.     International  Sugar  Journal. 

Vol.  14.  1912.  No.  165.  pp.  511-525. 
Tanning;  Comparative  Analyses  of —  Materials.    By  W.  K.  Alsop. 

Journal   of    the   American   Leather    Chemists'  Association.    Vol.    7.    1912, 

No.  10,  pp.  527-547. 
Tar ;  The  Electrical  Separation  of—  from  Coal  Gas.     By  A.  H.  White, 

J.  H.  Hackee  and  Frank  Steere.      AmericanGas  Light  Journal.  Vol.  97, 

1912.  No.  14.  pp.  210-211. 
Tar  Phenols;  The  Scientific  and  Technical  Significance  of  the — . 

By    F.    Rascbig.     Zeitschrift   fuer   angewandte    Chemie.    Vol.   25,    1912, 

No.  38.  pp.  1939-1948. 
Terpenes;   The — .     By   J.    B.   Cohen.     Chemical  World.   Vol.    1,    1912. 

No.  10,  pp.  331-332. 
Tungsten;  Production  of  Ductile —  (Production  of  Pure  Tungsten, 

Melting   Point,   etc.).      By  Otto    Ruff.     Zeitschrift  fuer  angewandte 

Chemie.  Vol.  25.  1912.  No.  37.  pp.  1889-1897. 
Turbine;  The   Steam—   in  the   Sugar  Industry.     By   H.   Treitel. 

International  Sugar  Journal.  Vol.  14.  1912,  No.  165.  pp.  504-511. 
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RE.CLNT  INVENTIONS 


Reported  by  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGill  Iluilding.  Washington,  D.  C. 


PROCESS  OF  PURIFYING  HYDROGEN. 
U.  S.  Patent  No.  1,034,646,  to  Gustav  H.  Rabenalt,  of  Dover, 
New  Jersey. 
By  this  process  hydrogen  is  (reed  from  hydrogen  sullid 
by  passing  it  into  B  solution  of  iodin  in  a  suitable  solvent  and 
simultaneously  passing  an  electric  current  through  the  solution. 
Sulfur  is  precipitated  and  the  hydriodic  acid  formed  is  decom- 
posed by  the  electric  current  into  hydrogen  and  iodin. 


METHOD  OF  PRODUCING  REFINED  METALS  AND  ALLOYS. 

U.  S.  Patent  No.  1,034,784,  to  Albert  E.  Green,  of  Pueblo,  Colorado, 

Assignor  to  American  Electric  Smelting  and  Engineering 

Company,  of  St.  Louis,  Missouri. 

In  this  process  an  ore  change  is  smelted  in  a  furnace  of  the 

character  illustrated,  and  the  gases  from  the  top  of  the  furnace 

are  withdrawn  and  introduced  into  the  bath  of  metal  and  slag 


which  is  maintained  within  selected  temperatures  by  means  of 
an  electric  current  passed  therethrough.  In  this  way  the  metal 
is  freed  from  undesirable  elements  which  are  oxidized  and  elimi- 
nated. 


PROCESS  OF  MANUFACTURE  OF  ALKALINE  AND   EARTHY- 
ALKALINE  NITRATES. 
U.  S.  Patent  No.  1,036,611,  to  Philippe  Auguste  Guye  and  Georges 
Darier,  of  Geneva,  Switzerland,  and  Allart  van  Vloten 
of  Haarlem,  Netherlands. 
In  order  to  completely  convert  alkaline  chlorids   into  nitrates 
it  is  necessary  to  heat  them  several  times  with  an  excess  of  nitric 
acid.     Under  these  circumstances  aqua  regia  is  formed  and  at  the 
same  time  a  large  part  of  the  excess   nitric  acid  is  decomposed 
$U}JL 


to  tlu  action  of  nitric  acid  diluted  to  at  least  35%  of  UNO. 
and  carrying  on  the  reaction  at  a  temperature  not  exceeding 
8o°  C.  and  under  a  pressure  lower  than  300  mm.  of  mercury. 

METHOD  OF  PRODUCING  CARBON-BLACK. 

U.  S.  Patent  No.  1,036,362,  to  John  A.  Snee,  of  West  Elizabeth, 

Pennsylvania. 

Carbon-black,  if  allowed  to  remain  in  the  presence  of  the  heat 
necessary  to  decompose  hydrocarbon  gases  will  coke,   thereby 
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detracting  from  its  market  value.  The  patentee  prevents  this 
deterioration  by  introducing  the  hydrocarbon  gas  horizontally 
into  a  highly  heated,  flame-excluded  zone,  the  resulting  carbon- 


into  oxides  of  nitrogen.     The  patentees  avoid  the  disadvantages 
of  this  method  by  subjecting  the  alkali  or  alkaline  earth  chlorids 


black  being  deposited  upon  the  lower  surface  of  the  retort, 
this  surface  being  maintained  at  a  lower  temperature  than  the 
zone  in  which  the  gas  is  decomposed. 

PROCESS  FOR  EXTRACTING  ALUMINA  AND  POTASH  FROM 

FELDSPAR. 

U.   S.    Patent  No.  1,035,812,    to    Samuel  Peacock,    Assignor   to 

American  Acid  Company,  of  Baltimore,  Maryland. 

The  feldspar  is  first  coarsely  ground  and  calcined  with  sufficient 
carbonate  of  lime  to  supply  at  least  one  and  not  more  than  two 
chemical  equivalents  of  CaO  for  each  chemical  equivalent  of  Si02. 

The  calcined  mixture  is  pulverized  to  100  mesh  and  there 
is  added  sufficient  soda  or  potash  to  make  one  chemical  equiva- 
lent for  each  chemical  equivalent  of  alumina  present. 

The  mixture  is  boiled,  preferably  under  pressure,  and  with 
sufficient  water  to  make  a  thin  paste.  The  alumina  becomes 
soluble  as  an  alkali  aluminate  and  the  silica  remains  insoluble 
as  calcium  silicate.  The  soluble  and  insoluble  materials  are 
separated  by  filtration  and  the  aluminum  recovered  as  alumina 
by  passing  carbon  dioxid  through  the  solution.  The  alumina 
is  freed  from  the  remaining  alkali  by  adding  one  equivalent  of 
silica  for  each  equivalent  of  soda  or  potash  present  in  the  alumina 
and  the  mixture  treated  in  a  digester  with  superheated  steam 
at  a  pressure  of  five  atmospheres.  When  the  charge  is  washed 
with  water,  the  silica  and  alkali  are  removed  as  alkali  silicate, 
leaving  the  alumina  practically  pure. 
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METHOD  OF  REDUCING  IRON  ORE. 

U.  S.  Patent  No.  1,033,051,  to  Gustaf  Grondal,  of  Djursholm, 
Sweden. 

This  is  a  continuous  process  in  the  practice  of  which  is  em- 
ployed an  inclined  cylindrical  furnace  mounted  and  kept  rota- 
ting in  the  usual  manner.  One  end  of  the  furnace  communi- 
cates with  a  device  for  charging  the  ore-carbon  mixture  and  its 
other  end  communicates  on  the  one  hand  with  a  discharge  for 
the  reduced  product  and  on  the  other  hand  with  a  recuperator, 
from  which  the  heated  gas  or  gas  mixture  comes  and  sweeps 
through  the  furnace.  The  gases  produced  during  the  reduction 
in  the  furnace,  consisting  of  carbonic  oxide  and  carbonic  acid 
as  well  as  the  gas  or  gas  mixture  used  for  heating,  are  led  from 


the  charging  end  of  the  furnace  to  a  fan  or  blower  by  means  of 
which  they  are  forced  back  to  the  recuperator  and  through  it 
and  after  being  heated  to  a  suitable  temperature,  say  800°  C, 
again  through  the  furnace.  Here  they  are  mixed  with  the 
gases  generated  during  the  continued  reduction  and  forced 
back  to  the  recuperator  and  through  it,  and  so  on  in  a  con- 
tinual circulation.  The  excess  of  gases  arising  from  the  addi- 
tion of  the  gases  generated  during  the  continuous  process  of 
reduction  and  which  is  not  needed  for  the  transmission  of  heat, 
is  led  away  and  used  for  heating  the  recuperator  into  which  it 
is  led  and  where  the  combustible  part  is  burned. 


PREPARING  NITROGENOUS  COMPOUNDS. 
U.  S.  Patent  No.  1,033,842,  to  Leland  L.  Summers,  of  Chicago, 
Illinois. 
This  is  a  process  of  preparing  nitrogenous  compounds,  such  as 
cyanogen  and  ammonia,  together  with  the  numerous  salts  de- 
rived from  these  compounds,  the  nitrogen  from  the  atmosphere 
being  preferably  used,  though  other  sources  of  nitrogen  may  be 
utilized.  The  process  consists  in  treating  a  metallic  nitride 
with  ammonia  and  hydrogen  in  the  presence  of  heated  carbon- 
aceous material. 


In  carrying  out  the  pocess  there  is  placed  in  the  drum  A  a 
metal  which  is  capable  of  uniting  with  nitrogen  to  form  a  nitride, 
preferably  an  alkaline  earth  metal,  magnesium  or  calcium. 
When  metallic  magnesium  is  placed  in  the  retort  and  heated 
to  a  temperature  of  4000  to  5000  C,  and  nitrogen  is  introduced 


through  the  shaft  S,  the  retort  being  revolved,  an  intimate 
contact  takes  place  between  the  heated  magnesium  and  the 
nitrogen.  If  charcoal  or  other  forms  of  carbon  are  placed 
in  the  retort  in  contact  with  the  magnesium  nitride,  and  hydro- 
gen and  ammonia  introduced  through  the  shaft  5,  the  retort 
being  revolved  and  a  suitable  current  passed  through  the  re- 
sistance R  so  that  the  temperature  in  the  retort  is  raised  to  a 
point  between  300°  and  6oo°  C,  a  reaction  will  take  place  in 
which  the  carbon  will  unite  with  the  nitrogen  of  the  magnesium 
nitride  to  form  cyanogen;  this  will  react  with  the  hydrogen 
and  ammonia,  forming  ammonium  cyanide  and  hydrocyanic 
acid.  The  ammonium  cyanide  is  readily  decomposed  into 
hydrocyanic  acid  and  ammonium  at  temperatures  in  excess  of 
350  to  400  C,  so  that  the  proportions  of  the  ammonium  cyanide 
and  of  hydrocyanic  acid  will  depend  upon  the  amount  of  gases 
introduced  and  the  temperatures  at  which  they  are  discharged 
into  the  absorber  B.  In  the  absorber  is  placed  a  mixture  of 
sodium  chloride  and  aqueous  ammonia. 


PROCESS  OF  OBTAINING  SUBSTANTIALLY  PURE  NITROGEN 

FROM  THE  AIR. 

U.  S.    Patent   No.    1,036,788,   to  Charles  Blagburn,   of  Antioch, 

California. 

The  patentee  employs  sulfur  to  combine  with  the  oxygen  of 

the  air.     The  air  is  directed   downward  upon   the  surface  of 


burning  sulfur,  the  amount  of  air  being  so  restricted  that  no 
more  oxygen  will  be  present  than  will  combine  with  the  sulfur. 
The  nitrogen,  sulfuious  acid  and  unburned  sulfur  are  conducted 
away,  the  sulfur  being  deposited  and  the  sulfurous  acid  washed 
out,  leaving  the  nitrogen  ready  for  use. 


PROCESS    OF  MANUFACTURING    SUBSTITUTES    FOR  OILS, 

CAOUTCHOUC,  RESINS  AND  THE  LIKE. 
U.  S.  Patent  No.  1,037,158,  to  Leon  Lilienfeld,  of  Vienna,  Austria- 
Hungary. 
By  heating  Chinese  wood  oil  with  orthotoluidin  in  the  pres- 
ence of  zinc  chlorid  the  patentee  obtains,  according  to  the 
proportions  of  the  reagents  employed,  a  thick  oil  suitable  for 
use  in  the  manufacture  of  varnishes  or  a  material  which  may 
be  used  as  a  substitute  for,  or  an  admixture  to  caoutchouc, 
guttapercha,  balata  or  the  like  or  a  plastic  mass  of  the  nature 
of  celluloid,  horn  or  resin.  The  rubber-like  product  is  said  to 
be  elastic,  soluble  in  volatile  solvents  and  suitable  for  many 
purposes  for  which  rubber  is  used. 


MARKET  REPORT. 

AVERAGE   WHOLESALE   PRICES   OF    STANDARD   CHEMICALS,    ETC.,    FOR    MONTH    OF   OCTOBER. 


ORGANIC   CHEMICALS. 

Acctanilid Lb. 

Acetone  (drums) Lb. 

Alcohol,  grain  (188  proof) Gal.    2 

Alcohol,  wood  (95  per  cent.) Gal. 

Alcohol,  denatured  (180  proof) Gal. 

Amyl  Acetate Gal.    2 

Acetic  Acid  (28  per  cent.) C.       2 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn) C.       3 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb.     1 , 

Salicylic  Acid Lb. 

Starch  (corn) C.       2 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid  crystals Lb. 

INORGANIC   CHEMICALS. 

Acetate  of  Lime  (gray) C.       2 

Acetate  of  Lead  (brown,  broken) Lb. 

Alum  (lump) C.       1 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aluminum  Sulphate C. 

Aqua  Ammonia  (drums)  160 Lb. 

Arsenic,  white Lb. 

Brimstone  (crude,  domestic) Ton  22  . 

Barium  Chloride C.       1 . 

Barium  Nitrate Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Bromine,  bulk Lb. 

Bleaching  Powder  (35  per  cent.) C.       1 . 

Barytes  (prime  white,  foreign) Ton  18 . 

Blue  Vitriol Lb. 

Calcium  Chloride C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton  1 1 . 

Feldspar Ton    7 . 

Fuller's  Earth,  powdered C. 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (180) C.       1 . 

Iodine  (resublimed) Lb.     3 . 

Lead  Nitrate Lb. 

Lithium  Carbonate Lb. 

Magnesite  (raw) Ton    7 . 

Nitric  Acid,  360 Lb. 

Phosphorus Lb. 

Phosphoric  Acid,  sp.gr.  1.75 Lb. 

Plaster  of  Paris Bbl.    1 . 

Potassium  Bromide Lb. 

Potassium  Permanganate  (bulk) Lb. 

Potassium  Cyanide  (bulk)  98-99%.  . .  .Lb. 

Potassium  Iodide  (bulk) Lb.     2 . 

Potassium  Chlorate,  crystals Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Bichromate,  50° Lb. 
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Quicksilver,  Flask 

Salt  Cake  (glass-makers') C. 

Silver  Nitrate Oz 

Soapstone  in  bags Ton  10 

Sodium  Acetate Lb. 

Sodium  Chlorate Lb. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Hydroxide,  60  per  cent C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate,  95  per  cent.,  spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulphur,  Roll C. 

Sulphur,  Flowers  (sublimed) C. 

Sulphuric  Acid,  6o°  B C. 

Talc  (American) Ton  1 5 

Terra  Alba  (American) ,  No.  1 C. 

Tin  Bichloride  (500) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill. . .  .Gal. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (double-boiled) Gal. 

Paraffine  Oil  (high  viscosity) Gal. 

Paraffine  (crude  120  &  122  m.  p.) Lb. 

Rosin  Oil  (first  run) Gal. 

Spindle  Oil,  No.  1 Gal. 

Sperm  Oil  (bleached  winter),  38 ° Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

METALS. 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Copper  (electrolytic) Lb. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin .....Lb. 

Zinc Lb. 

FERTILIZES  MATERIALS. 

Ammonium  Sulphate C.       3 .  25 

Fish  Scrap,  domestic,  dried Unit  2.50 

Blood,  dried Unit  2 .  75 

Tankage,  high  grade Unit  2 .  60  ( 

Bone,  4'A  and  50,  ground,  raw Ton  28 .00 

Potassium,  "muriate,"  basis  80% Ton  38 .  55 

Phosphate,  acid,  16  per  cent Ton    6.75 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton    3 .  70 

Tennessee,  68-72  per  cent Ton    4.25 

Pyrites,  furnace  size,  imported Unit  o.  131/ 

Castor  meal Unit  nominal 

Mowrah  meal Ton    8.50       @    9.00 
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THE  RESEARCH  CORPORATION,    AN    EXPERIMENT   IN 

PUBLIC  ADMINISTRATION  OF  PATENT  RIGHTS. 
Some  seven   years  ago  while  working  in    the    Uni- 
versity of  California  on  a  set  of  problems  in  sulphuric 

acid  manufacture,  the  author  came  upon  certain 
phenomena  which  promised  to  lead  to  important 
improvements  in  the  electrostatic  collection  of  smoke 
and  fumes  from  chemical  and  metallurgical  plants. 
He  was  at  once  confronted  by  the  old  dilemma  of 
adjustment  between  academic  and  commercial  ac- 
tivities, as  only  through  direct  construction  and  study 
of  installations  on  a  commercial  scale  did  it  seem  pos- 
sible to  develop  into  full  usefulness  the  inventions 
involved. 

Finally  with  the  personal  and  financial  help  of 
Prof.  Edmond  O'Neill,  of  the  Chemistry  Department, 
and  Dr.  Harry  East  Miller  and  Mr.  E.  S.  Heller,  both 
alumni  of  this  Department  of  the  University,  the 
commercial  development  of  the  project  was  under- 
taken and  patents  secured.  The  understanding  among 
those  thus  actively  concerned  was  that  when  the  re- 
ceipts from  the  business  should  have  repaid  the  initial 
investment  w'th  reasonable  interest  at  least,  a  con- 
siderable portion  of  the  pa'ent  rights  should  be  turned 
over  to  the  University  of  California,  or  some  other 
public  institution,  to  be  administered  as  the  nucleus 
of  a  fund  for  the  promotion  of  research;  it  was  also 
hoped  that  this  might  set  a  precedent  and  stimulate 
similar  contributions  from  others. 

The  business  and  technical  development  of  the 
project  struggled  through  and  over  many  difficulties 
and  disappointments  for  the  first  few  years  but  with 
a  constantly  growing  scale  of  operation;  it  was  not 
until  the  fifth  year  of  the  work  that  the  latter  repaid 
what  the  organizers  had  spent  upon  it. 

It  is  not  the  purpose  here  to  enter  upon  the  technical 
details  of  the  inventions  involved  as  the  early  history 
of  these  has  already  been  published  in  This  Journal 
and  quite  fully  abstracted  elsewhere.  ("The  Electrical 
Precipitation  of  Suspended  Particles,"  This  Journal, 
3,  542.  Engineering  News,  Oct.  26,  1911,  pp.  495-498. 
The  Engineering  ami  Mining  Journal,  Oct.  14,  191 1,  92, 
763-764.  Mining  and  Scientific  Press,  Aug.  26  and 
Sept.  2,  1911,  103,  255-258,  286-289.  Ranch  und 
Staub,  Apr.,  1912,  2,  187-195.)  A  further  supple- 
mentary account  and  discussion  was  also  given  at 
the  annual  meeting  of  the  American  Institute  of  Mining 
Engineers  last  February. 

Merely  as  an  index  to  the  practical  significance 
which  the  work  has  already  attained,  suffice  it  to  say 
that  installations  made  under  these  patents  have  now 
been  in  commercial  operation  for  over  five  years  and 
the  largest  of  these  have  been  on  a  scale  representing 
a  construction  cost  of  over  $100,000  each.  The  first 
were  in  the  far  West  but  several  are  now  in  operation 
or  under  construction  in  and  about  New  York  City 
(see  article  by  Schmidt,  This  Journal,  4^  719  and  by 
Bradley,  p.  908  of  this  issue,  for  instances). 


By  the  time  the  work  had  thus  reached  a  self-sup- 
porting basis,  its  sign  i  Ilea  nee  was  fell  to  have  broadened 
to  a  degree  which  made  its  control  by  a  local  institution 
such  as  a  single  University  inexpedient;  the  fullest 
success  of  such  a  movement  is  inevitably  conditioned 
upon  its  being  most  broadly  representative  of  the 
common  interest  of  those  whose  cooperation  and 
support  it  aspires  to  secure.  Through  Director  j.  A. 
Holmes,  of  the  U.  S.  Bureau  of  Mines,  who  had  taken 
a  very  helpful  interest  in  the  work,  it  was  brought 
to  the  attention  of  the  Smithsonian  Institution  nearly 
two  years  ago;  the  informal  discussion  which  followed 
resulted  last  October  in  a  formal  offer  of  the  patent 
rights  to  the  Institution.  The  only  condition  quali- 
fying this  offer  was  that  these  patent  rights  should  be 
given  an  adequate  business  administration  and  the 
proceeds  be  devoted  to  furthering  scientific  research. 

In  December  last,  after  careful  consideration  and 
discussion  with  the  prospective  donors  and  under 
their  hearty  indorsement,  the  Board  of  Regents  of 
the  Smithsonian  Institution  adopted  the  following 
resolutions: 

Resolved:  That  the  Board  of  Regents  of  the  Smith- 
sonian Institution  do  not  deem  it  expedient  for  the 
institution  to  become  the  direct  owner  of  the  proposed 
gift  of  royalty-bearing  patents; 

Resolved  Further:  That  the  Board  of  Regents 
of  the  Smithsonian  Institution  decide  that  the  Insti- 
tution may  properly  accept  a  declaration  of  trust  from 
the  owners  of  the  patents  to  hold  and  operate  the  same 
in  the  interests  of  the  Institution,  and  to  pay  over  to 
the  said  Institution  the  net  profits  therefrom. 

The  Board  further  authorized  it's  Executive  Committee 
and  its  Secretary,  Dr.  Charles  D.  Walcott,  to  cooperate 
with  those  from  whom  the  offer  had  come  in  the 
organization  of  either  a  subsidiary  or  an  independent 
board  of  trustees  or  directors  to  conduct  the  business 
side  of  the  project. 

In  elaborating  this  plan,  the  organizers  have  tried 
to  study  carefully  both  the  economic  and  academic 
needs  which  it  was  intended  to  subserve.  The  fol- 
lowing are  among  the  considerations  which  have 
perhaps  had  most  to  do  in  determining  the  form  and 
po!icy  of  the  new  organization  as  finally  constituted. 

During  the  last  few  years,  the  rapid  growth  of 
engineering  and  technical  education,  coupled  with  a 
general  awakening  to  the  commercial  importance  of 
research  in  the  industries,  has  brought  about  a  per- 
sistent demand  the  world  over  for  closer  and  more 
effective  cooperation  between  the  universities  and 
technical  schools  on  the  one  hand  and  the  actual 
industrial  plants  on  the  other. 

The  value  to  both  sides  from  such  cooperation  is 
to-day  generally  conceded,  but  as  to  the  most  ex- 
pedient methods  of  its  accomplishment  opinions 
differ,  and  we  are  still  in  the  experimental  stage  of 
working  out  the  problem. 

One    solution    which    has    been    extensively    applied 
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consists  in  universities  and  schools  permitting  and 
even  encouraging  the  members  of  their  teaching  staffs 
to  go  into  private  consulting  practice.  Another  form 
of  cooperation  is  seen  in  the  Industrial  Fellowships 
recently  established  at  several  universities,  through 
which  their  laboratories  undertake  the  investigation 
of  certain  problems  for  individual  commercial  firms 
or  organizations;  the  latter  bear  the  expenses  and 
receive  the  first  fruits  of  the  investigations,  but  under 
restrictions  as  regards  final  publication  and  use  in- 
tended to  justify  the  universities  or  technical  schools 
in  taking  their  part  in  the  work. 

While  these  and  similar  methods  now  in  use  bring 
about  the  desired  cooperation,  it  has  been  felt  by  some 
that  they  are  open  to  the  objection  of  introducing 
too  direct  business  relations  between  the  academic 
institutions  or  the  members  of  their  faculties  and 
individual  financial  interests.  As  still  another  alter- 
native, intended  particularly  to  meet  to  some  degree 
at  least  this  last  objection,  the  Research  Corporation 
has  been  organized. 

Briefly  stated,  the  Research  Corporation  is  a  board 
of  administration,  whose  work  is  to  guide  the  develop- 
ment of  such  patents  as  may  be  turned  over  to  it, 
and  finally  market  them,  the  net  profits  from  all  such 
business  being  devoted  to  scientific  research  "by 
contributing    the    net    earnings    of    the    corporation 

to    the    Smithsonian    Institution   and    such 

other  scientific  and  educational  institutions  and 
societies  as  the  Board  of  Directors  may  from  time  to 
time  select,  in  order  to  enable  such  institutions  and 
societies  to  conduct  such  investigations,  research  and 
experimentation."  Under  this  system,  it  will  be 
noticed,  a  part  at  least  of  the  financial  returns  of  the 
scientific  investigations  of  our  academic  laboratories 
automatically  goes  back  to  them  for  aiding  further 
investigations. 

But  this  represents  only  one  side  of  the  good  which 
the  plan  aims  to  accomplish.  Conservation  has  of 
late  become  a  word  to  conjure  with,  and  all  manner 
of  economic  wastes  are  very  properly  receiving  a  too- 
long  delayed  attention.  '  The  men  in  our  universities 
and  colleges  have  been  among  the  first  and  most 
effective  in  promoting  the  general  conservation  move- 
ment, yet  there  is  what  we  may  term  an  •  intellectual 
by-product  of  immense  importance,  a  product  of  their 
own  activities  still  largely  going  to  waste.  This  is 
the  mass  of  scientific  facts  and  principles  developed 
in  the  course  of  investigation  and  instruction,  which 
through  lack  of  the  necessary  commercial  guidance 
and  supervision  never,  or  only  after  unnecessary 
delay,  reaches  the  public-at-large  in  the  form  of  useful 
inventions,  and  then  often  through  such  channels  that 
the  original  discoverers  are  quite  forgotten. 

The  Research  Corporation  was  primarily  intended 
to  serve  the  ever-growing  number  of  men  in  academic 
positions  who  evolve  useful  and  patentable  inventions 
from  time  to  time  in  connection  with  their  regular 
work  and  without  looking  personally  for  any  financial 
reward  would  gladly  see  these  further  developed 
for  the  public  good,  but  are  disinclined  either  to  under- 


take such  developments  themselves  or  to  place  the 
control  in  the  hands  of  any  private  interest. 

During  the  process  of  organization,  however,  it 
became  evident  that  the  class  of  donors  of  patents  to 
the  cause  would  by  no  means  be  limited  to  men  in 
academic  positions,  but  rapidly  extended  not  only 
to  private  individuals  outside  the  colleges,  but  even 
to  large  business  corporations  who  often  find  them- 
selves incidentally  developing  patents  which  overrun 
their  own  field  of  activities.  Such  patents  are  very 
apt  to  get  pigeon-holed  and  come  to  actually  stand 
in  the  way  of  true  industrial  progress,  even  though 
their  owners  may  realize  that  development  and  use 
by  others  would  indirectly  benefit  themselves.  As 
an  official  of  one  of  the  large  electrical  companies 
put  it — "Any  extension  of  the  use  of  electricity,  or 
even  power  in  general,  is  pretty  sure  eventually  to 
mean  more  business  for  us  through  one  department 
or  another.  " 

A  procedure  adopted  by  many  men  in  academic  and 
public  positions  in  an  attempt  to  bring  various 
inventions  before  the  public  and  at  the  same  time 
prevent  private  monopoly  has  been  to  secure  patents 
as  a  matter  of  record  and  then  throw  them  open  gratis 
to  public  use.  This  procedure  received  official  recog- 
nition in  the  U.  S.  Patent  Act  of  March  3,  1883,  which 
authorizes  the  remission  of  all  Patent  Office  fees  to 
Government  officials  on  patents  bearing  on  their  face 
permission  for  everyone  in  the  country  to  use  the 
invention  without  the  payment  of  any  royalty. 

Practice  has  shown,  however,  that  this  does  not 
accomplish  all  that  had  been  hoped  for  it.  A  certain 
minimum  amount  of  protection  is  usually  felt  neces- 
sary by  any  manufacturing  concern  before  it  will 
invest  in  the  machinery  or  other  equipment,  to  say 
nothing  of  the  advertising  necessary  to  put  a  new 
invention  on  the  market.  Thus  a  number  of  meri- 
torious patents  given  to  the  public  absolutely  freely 
by  their  inventors  have  never  come  upon  the  market 
chiefly  because,  "what  is  everybody's  business  is 
nobody's  business. " 

If  some  of  these  patents,  on  the  other  hand,  were 
placed  in  the  hands  of  such  an  organization  as  the 
Research  Corporation,  it  could  study  the  situation 
and  arrange  licenses  under  fair  terms,  so  as  to  justify 
individual  manufacturers  undertaking  the  introduc- 
tion of  the  inventions  and  at  the  same  time  it  would 
be  accumulating  from  the  royalties  funds  for  further 
investigations. 

As  to  the  details  of  organization,  the  Research 
Corporation  was  incorporated  February  26,  !gi2  as 
a  stock  company  under  the  laws  of  the  state  of  New 
York,  with  its  office  at  63  Wall  St.,  New  York  City, 
its  declared  purposes  being: 

(a)  To  receive  by  gift  and  to  acquire  by  purchase 
or  otherwise,  inventions,  patent  rights  and  letters 
patent  either  of  the  United  States  or  foreign  countries, 
and  to  hold,  manage,  use,  develop,  manufacture, 
install  and  operate  the  same,  and  to  conduct  commer- 
cial operations  under  or  in  connection  with  the  de- 
velopment of  such  inventions,  patent  rights  and  letters 
patent  and  to  sell    license  or  otherwise  dispose  of  the 
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same,  and  to  collect  royalties  thereon,  and  to  experi- 
ment with  and  test  the  validity  and  value  thereof, 
and   to  render  the  same  more  available  and  i 

in  the  useful  arts  and  manufactures  and  lor  scientific 
purposes  and  otherwise 

(b)  To  provide  means  for  the  advancement  and 
extension  of  technical  and  scientific  invest  i 
research  and  experimentation  by  contributing  the  net 
earnings  of  the  corporation,  over  and  above  such 
sum  or  sums  as  may  be  reserved  or  retained  and  held 
as  an  endowment  fund  or  working  capital,  and  also 
such  other  moneys  and  property  belonging  to  the 
Corporation  as  the  Board  of  Directors  shall  from  time 
to  time  deem  proper,  to  the  Smithsonian  Institution, 
and  such  other  scientific  and  educational  institutions 
and  societies  as  the  Board  of  Directors  may  from  time 
to  time  select  in  order  to  enable  such  institutions  and 
societies  to  conduct  such  investigation,  research  and 
experimentation. 

(c)  To  receive,  hold  and  manage,  and  dispose  of 
such  other  moneys  and  property,  including  the  stock 
of  this  and  of  any  other  corporations,  as  may,  from 
time  to  time,  be  given  to  or  acquired  by  this  Corpora- 
tion in  the  furtherance  of  its  corporate  purposes, 
and  to  apply  the  same,  and  -the  proceeds  or  income 
thereof,  to  the  objects  specified  in  the  preceding  para- 
graph. 

As  practically  all  technical  work  under  the  Cor- 
poration's supervision  will  be  done  in  cooperation 
with  either  industrial  works  on  the  one  side,  or  school 
and  college  laboratories  on  the  other,  its  expenses 
will  be  chiefly  administrative,  and  were  estimated  for 
the  first  year  at  $10,000,  the  expectation  being  that 
after  this  it  would  be  self-supporting.  As  a  margin 
for  unforeseen  contingencies,  the  capital  was  placed 
at  $20,000,  divided  in  200  shares,  of  a  par  value  of 
$100  each,  and  issued  under  the  condition  that  "no 
dividends  shall  be  declared  or  paid  thereon,  and  the 
entire  net  profits  earned  by  said  capital  stock  shall 
be  applied  to  or  expended  for  the  aforesaid  purposes. " 
All  stock  issued  is  also  under  an  option  to  the  Cor- 
poration by  which  the  latter  may,  at  any  time,  through 
its  Board  of  Directors,  repurchase  it  at  par,  and  the 
stock  cannot  be  otherwise  sold,  without  first  notifying 
the  Board  and  allowing  the  latter  an  opportunity  to 
exercise  this  option. 

Of  the  total  200  shares,  101  have  thus  far  been 
issued  and  their  par  value  paid  into  the  Corporation's 
treasury  as  working  capital.  This  stock  is  held  in 
lots  of  from  three  to  ten  shares  by  the  following  list 
of  stockholders: 

Edward  D.  Adams,  of  the  Deutsches  Bank,  New  York. 

Cleveland  H.  Dodge,  of  the  National  Bank  and  Farmers  Loan  and 
Trust  Company,   New  York. 

James  Douglass.  President  of  Phelps,  Dodge  &  Co..  President  of  El 
Paso  &  S.  W.  R.  R..  New  York. 

T.  Coleman  du  Pont,  formerly  President  of  the  du  Pont  Powder  Co., 
Wilmington.  Del. 

Frederick  A.  Goetze.  Dean  of  the  Faculty  of  Applied  Science,  Colum- 
bia University,  New  York. 

Elon  Huntington  Hooker,  President  of  the  Development  &  Funding 
Co.,  New  York. 

Hennen  Jennings,  of  the  Sea  Board  Air  Line. 

Charles  KirchhofT,  Past  President  American  Institute  of  Mining  Engi- 
neers. New  York. 

Benjamin  B.  Lawrence,  Consulting  Mining  Engineer,  New  York. 


Atiliui   I).  Little,  President  American  Chemical  Society,  Boston 
'ill. Jin. 1    c    Meadow  ,   \  li  •   President  International  Agricultural  Cor- 
poration, New  York. 

lie   Perkins,  President  Oriental  ( Udatins.  M u,-  (  ..  .  \™  York. 

I  li.nl.".. A.    Stone,   Of  Stone  &    Webster.    Bo   '"" 

I  on.       I     Storrow.  of  Lee,   Hlgginson  &  Co.,   Hankers.   Boston, 

Ivhliii    I  In. in  on.  ill  tlieC.ener.il  Electric  Co.,  Lynn,  Mi 

Henry  R,  Towne,  of  Yale  &  Towne,  President  ..1  th.   Merchant 

elation,   \'eu    York. 

Charles    1).    Walcott,    Secretary  of   the   Smithsonian    Institute,   Wash- 
ington, D.  C. 

The  Directors,  who  need  not  be  stockholders,  are 
15  in  number,  seven  constituting  a  quorum,  and  are 
elected  for  a  period  of  three  years,  one-third  going 
out  each  year.  They  in  turn  elect  each  year  an 
executive  committee  of  five,  of  which  three  constitute 
a  quorum.  The  present  personnel  of  the  adminis- 
tration is  as  follows: 


Vice-President, 
Secretary, 
Treasurer. 
Assistant  Treasurer, 


T.  Coleman  duPont 
Arthur  D.  Little 


officers: 

Charles  D.  Walcott 
Lloyd  N.  Scott 
Benjamin  B.  Lawrence 
Columbia  Trust  Co. 
directors: 
To  serve  until  IQI3. 

Charles  A.  Stone 
Elihu  Thomson 

M.  B.  Philip 
To  serve  until  1QI4 


Frederick  A.  Goetze 
Benjamin  B.  Lawrence 


John  B.  Pine 
Lloyd  N.  Scott 


Charles  D.  Walcott 

To  serve  until  IQI5 
Thomas  C.  Meadows  Hennen  Jennings 

Elon  H.  Hooker  Charles  Kirchhoff 

James  J.  Storrow 

executive  committee: 
Frederick  A.  Goetze,  Chairman 
Benjamin  B.  Lawrence  Elon  H.  Hooker 

Charles  D.  Walcott  Arthur  D.  Little 

John  B.  Pine,  Counsel 

Linn  Bradley,  Engineer 

It  is  not  proposed  to  fill  the  offices  of  President  and 
Manager  until  the  work  of  the  Corporation  is  well 
under  way  and  the  permanent  demands  and  responsi- 
bilities on  these  officers  can  be  better  estimated,  their 
duties  devolving  in  the  meantime  upon  the  Vice- 
President,  Chairman  of  the  Executive  Committee  and 
Engineer. 

The  present  organization  is  not  considered  as 
necessarily  permanent  in  all  its  details  but  was  deemed 
the  most  simple  and  generally  expedient  for  carrying 
out  the  initial  stages  of  this  experiment  in  economics, 
at  least  until  it  should  have  earned  a  safe  working 
surplus  of  its  own  and  demonstrated  its  ability  to 
produce  a  substantial  permanent  revenue.  It  will 
then  devolve  upon  the  Board  of  Directors  to  decide 
upon  a  definite  policy  for  the  ultimate  control  of  the 
Corporation.  This  may  be  done  by  exercising  the 
option  to  repurchase  all  outstanding  stock  at  par 
and  then  proceed  to  redistribute  the  same,  as  for 
example,  by  turning  the  whole  over  to  the  Smithsonian 
Institution,  or  perhaps  better  still  by  dividing  it  among 
a  number  of  universities  and  similar  institutions. 
This,  of  course,  does  not  mean  that  the  particular 
institutions  so  selected  would  thereby  acquire  any 
more  direct  claim  on  the  profits  of  the  corporation 
than  others,   since  the  stock  is  non-dividend  bearing, 
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but  merely  that  they  would  become  trustees  responsi- 
ble for  the  election  of  Directors  who  would  give  the 
Corporation  a  business  administration,  thoroughly 
practical  but  conforming  to  the  ideals  implied  by  its 
objects  and  associations. 

The  terms  under  which  each  new  patent  shall  be 
acquired  by  the  Corporation  are  entirely  in  the  hands 
of  the  Board  of  Directors,  but  at  least  for  some  time 
to  come  it  is  probable  that  only  such  patent  rights  will 
be  primarily  considered  as  are  offered  freely,  without 
restrictions  as  to  mode  of  administration  or  obligation 
of  any  financial  return  from  the  Corporation,  as  present 
indications  are  that  the  latter  will  find  itself  well 
occupied  even  by  these  offers  alone. 

The  Board  has  authority  to  purchase  patents  where 
this  may  appear  as  good  business  policy,  which  may 
quite  conceivably  occur  from  "time  to  time  in  rounding 
out  fields  in  which  it  has  already  embarked.  Con- 
tracts with  owners  of  patents  for  administrating  the 
same  on  a  profit-sharing  basis  will  probably  not  be 
considered,  chiefly  owing  to  the  unforeseen  complica- 
tions which  it  is  easily  possible,  not  to  say  certain, 
that  such  agreements  would  eventually  lead  into  as 
the  further  developments  of  different  interests  began 
to  overlap. 

A  much  simpler,  safer  and  more  expedient  pro- 
cedure appears  to  be  for  the  patentee  to  retain  if  he 
so  chooses  complete  title  and  control  of  his  patent 
in  certain  geographical  territory,  while  assigning  the 
same  in  other  territory  entirely  unencumbered  to  the 
Corporation.  Any  development  which  the  latter  can 
give  it  will  then  automatically  enhance  the  value  to 
both. 

This  procedure  is  well  illustrated  in  the  case  of  the 
first  patents  to  come  into  the  possession  of  the  Corpora- 
tion, viz.,  those  referred  to  above  as  initially  offered 
to  the  Smithsonian  Institution  itself.  The  owners  of 
these  at  the  time  of  their  original  offer  had  already 
spent  considerable  time  and  money  in  their  develop- 
ment,   but    from    the    outright    sale    of    their    foreign 


rights  and  the  rights  of  six  western  states  (California, 
Oregon,  Washington,  Idaho,  Nevada,  and  Arizona), 
together  with  a  license  for  the  one  industry  of  Portland 
Cement  manufacture  throughout  the  whole  United 
States,  they  felt  adequately  remunerated  for  their 
work  and  financial  risks,  and  were  willing  to  turn  over 
all  remaining  United  States  patent  rights  as  a  nucleus 
for  the  experiment  in  economics  which  the  Research 
Corporation  represents.  Together  with  this  there 
came  to  the  Corporation  a  10  per  cent,  interest  in  the 
net  profits  of  the  parties  who  purchased  the  rights  for 
the  Western  States  and  for  the  cement  industry, 
while  incidentally  growing  out  of  the  negotiations  on 
the  foreign  rights,  another  set  of  valuable  patents 
has  come  to  the  Corporation  from  Mr.  Erwin  Moeller, 
of  Germany,  which  emphasizes  in  a  most  practical  way 
the  fact  that  academic  organizations,  and  particularly  the 
Smithsonian  Institution,  are  international  in  spirit, 
and  so  recognized  by  scientific  men  the  world  over, 
presenting  at  once  a  nucleus  from  which  may  well 
be  developed  many  activities  leading  toward  world 
consciousness,  cooperation  and  peace. 

The  present  movement,  as  stated,  had  its  inception 
on  the  far  western  edge  of  this  continent  in  very 
unpretentious  beginnings,  but  has  already  overrun 
national  borders  both  in  the  character  of  its  work 
and  the  personnel  of  its  supporters.  It  is  a  question 
which  should  peculiarly  interest  this  Congress  as  to 
how  far  and  in  what  way  international  cooperation 
can  best  be  assured  in  such  activities  which,  from  their 
very  nature  and  aims,  should  from  the  outset  transcend 
political  boundaries  and  national  pride  and  be  treated 
by  one  and  all  from  a  standpoint  as  broad  as  humanity 
itself.  It  was  with  this  in  mind  that  the  present 
paper  has  been  presented,  not  so  much  as  a  record  of 
present  achievement,  as  to  stimulate  discussion  and 
cooperative  effort  toward  ever  wider  and  more  effective 
activities. in  this  most  promising  field. 

F.   G.   COTTRELL.1 
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A  STUDY  OF  THE   VARIATIONS   OF   THE   PHYSICAL    AND 

CHEMICAL  PROPERTIES  OF  RED  LEAD. 

By  O.  W.  Brown  and  A.  R.   Nees. 

Received  Aug.  2.  1912. 

Red  lead  is  an  oxide  having  the  empirical  formula 
Pb304.  The  chemical  composition  and  physical  prop- 
erties vary  within  wide  limits,  depending  upon  the 
method  of  manufacture  and  the  nature  of  the  ma- 
terial from  which  it  is  made.  Two  distinct  modifica- 
tions of  this  oxide  are  known  in  commerce:  ordinary 
red  lead  or  minium,  and  orange  mineral.  The  exact 
difference  between  these  two  modifications  is  not 
clearly  understood.  It  is  not  our  purpose,  however, 
to  enter  into  a  discussion  of  this.  What  we  do  want 
to  do,  is  to  point  out  some  of  the  variations  in  chem- 
ical and  physical  properties  of  ordinary  red  lead  and 
the  factors  which  control  these  variations. 

In  order  to  make  the  subsequent    discussion  clear, 


a  brief  resume'  of  the  various  processes  employed  for 
the  manufacture  of  red  lead  will  be  given.  Companies 
which  make  white  lead  burn  their  "off  color"  white 
lead  o  minium.  In  a  second  process  molten  lead  is 
rabbled  in  a  reverberatory  furnace.  The  greenish 
yellow  oxide,  or  massicot  as  it  is  called,  thus  obtained 
is  ground  and  separated  from  the  particles  of  metal 
by  air  or  by  levigation.  This  oxide  is  then  burned 
to  red  lead.  In  some  processes  the  levigation  is  dis- 
pensed with  and  the  massicot  is  alternately  ground 
and  heated  until  conversion  to  red  lead  is  complete.2 
In  another  method^  litharge  is  first  made  from  the 
metal,  and  tapped  from  the  furnace  in  a  fused  condi- 
tion.    After  being  allowed  to  cool   it  is  ground  and 

1  The  substance  of  this  article  was  presented  in  an  address  before  the 
Eighth  International  Congress  of  Applied  Chemistry,  New  York.  Septem- 
ber, 1912. 

2  W.  Eekford,  Brit.  Pat.  25.256,  Dec.  4,  1908,  and  15.423.  July  1,  1909. 
J.  S.  C.  I..  29,  166. 

3  Hoffman's  "  Metallurgy  of  Lead."  4th  Ed.,  pp.  15  and  16. 
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burned  to  red  lead.  Two  modifications  of  litharge 
may  be  obtained  by  this  process.  If  the  fused  lith- 
arge is  allowed  to  COOl  slowly,  a  so-called  "red"  lith- 
arge is  obtained ;  bu1  if  it  is  cooled  rapidly  by  allowing 

it  to  flow  Onto  water  cooled  iron  plates  a  "yellow" 
litharge  is  obtained.  Both  varieties  arc  used  for 
making  red  lead.  Processes  are  also  in  vise  in  which 
atomized  lead,  after  previous  treatment  with  water 
etc.,  is  converted  into  red  lead.  The  "Nitrate  Method" 
in  which  sodium  nitrate  is  reduced  to  nitrite  by  means 
of  metallic  lead  is  also  in  use.  The  oxygen  from  the 
sodium  nitrate  oxidizes  the  lead  to  litharge  or  even  to 
red  lead.  Several  other  methods  have  been  patented 
and  arc  in  use.1  The  red  lead  obtained  by  these 
various  processes  differs  widely  in  physical  and  chem- 
ical properties.  In  most  eases  it  is  easy  to  determine 
the  method  of  manufacture  of  a  commercial  red  lead 
by  means  of  a  microscopic  examination. 

A  review  of  the  literature  shows  that  little  work 
has  been  done  toward  determining  the  conditions  best 
suited  for  the  production  of  a  red  lead  having  given 
chemical  and  physical  characteristics.  J.  Milbauer 
has  made  a  study  of  the  factors  which  affect  the  oxida- 
tion of  litharge  to  red  lead.  The  result  of  his  work 
is  given  in  a  series  of  papers  on  "The  Physical  Chem- 
ical and  Technical  Studies  of  Minium."2  Milbauer 
carried  out  his  experiments  in  a  rotatable  tube  through 
which  air  or  oxygen  was  passed.  He  found  that  the 
rate  of  oxidation  was  independent  of  the  rate  of  rota- 
tion of  the  tube  up  to  a  certain  limit.  When  the  rate 
of  rotation  exceeded  thirty  revolutions  per  minute, 
small  pellets  were  formed,  thus  reducing  the  surface 
exposed,  and  hence  the  rate  of  oxidation.  The  pres- 
ence of  moisture  or  preheating  of  the  air  or  oxygen 
had  no  effect  on  the  rate  of  oxidation.  The  surface 
being  sufficiently  great,  the  only  things  which  affect 
the  rate  of  oxidation  are  the  temperature  and  partial 
pressure  of  the  oxygen.  For  example,  in  one  of  Mil- 
bauer's  experiments  lead  oxide  heated  at  twelve 
atmospheres  pressure  for  one  hour  contained  60  per 
cent,  red  lead,  while  in  pure  oxygen  at  the  same  tem- 
perature and  pressure  only  a  few  minutes  were  re- 
quired for  the  oxidation  to  take  place.  At  atmos- 
pheric pressure  about  fifteen  hours  are  required  to 
effect  the  same  degree  of  oxidation.3  He  has  pointed 
out  that  the  source  of  the  litharge  has  a  greater  in- 
fluence upon  the  rate  of  oxidation  than  the  size  of  the 
particles.4 

Milbauer  concluded  from  his  experiments  that  under 
450  °  C.  no  red  lead  is  obtained  from  litharge,  the 
product  always  being  brown  in  color.  From  450 ° 
to  550°  C.  the  product  was  red.  The  best  results 
were  obtained  at  about  4700  C.  He  also  states  that 
red  lead  made  from  lead  carbonate  is  reduced  at  this 
temperature.  These  statement  are  not  all  in  ac- 
cordance with  our  own  experimental  results,  as  will 
be  shown  later.  He  says  that  small  amounts  of  im- 
purities in  the  litharge  have  a  very  marked  influence 
upon  the    rate  of  oxidation;  that  nitric  acid  and  am- 

1  E.  L.  Burton.  Fr.  Pat.  351.812,  Feb.  28.  1905.     J.  S.  C.  I.,  24,  892. 

2  J.  Milbauer,   Chcm.  Ztg.,  33,  522. 

3  J.  Milbauer,   Eng.  Pat.  25.757.  Nov.  18,  1911. 

4  J.  Milbauer.    Chcm.  Ztg..  34,  1341-42. 


monia  vapors  reduce  the  rate  ol  oxidation  to  about 
one-third  and  one  seventh,  respectively,  of  its  original 
value;    that    small    amounts    (about    o.i     per   Cent.)    of 

lead   nitrate   and  ol   sodium  nitrate  slightly  accelerate 

the     rate     Of    oxidation;     that      the     presence     of     o.i 

per  cent,  ol  lead  nitrate  gives  the  product  a  tine 
pink  color   and  that  a  similar  amount  ot  NaOH  gives  an 

intense  red  '  He  found  that  an  increase  of  ten  degrees 
C.  in  the  reaction  temperature  multiplied  the  rate  of 
reaction  by  only  about  1.05,  as  compared  with  the 
usual  doubling  or  trebling  the  speed  of  an  ordinary 
chemical  reaction,  for  an  increase  of  ten  degrees. 
From  this  fact  he  concluded  that  the  change  is  a  phys- 
ical rather  than  a  chemical  one,  and  is  to  be  explained 
by  the  theory  of  solid  solutions  advanced  by  Horst- 
mann.2  In  another  paper  Milbauer3  states  that  de- 
composition is  less  rapid  in  oxygen  than  in  air,  more 
rapid  in  carbon  dioxide  than  in  either  air  or  oxygen, 
and  most  rapid  in  a  vacuum. 

It  should  be  borne  in  mind  that  in  all  of  these  studies 
of  the  rate  of  oxidation,  Milbauer  used  litharge  as  a 
starting  material.  Litharge  is  much  more  difficult 
to  oxidize  to  red  lead  than  normal  or  basic  lead  car- 
bonate or  lead  hydroxide.  In  the  papers  referred  to 
above,  Milbauer  gives  470 °  C.  as  the  temperature 
best  suited  for  the  oxidation  of  -litharge  to  red  lead. 
He  also  points  out  that  at  a  temperature  only  five 
degrees  above  this,  red  lead  made  from  lead  carbonate 
is  rapidly  reduced.  We  find  that  reduction  does  not 
take  place  at  this  temperature  and  that  red  lead  con- 
taining more  than  30  per  cent,  lead  peroxide  (about 
87  per  cent.  Pb304)  can  be  obtained  from  lead  car- 
bonate at  500°  C. 

In  the  experiments  which  we  have  carried  out, 
not  only  the  effect  of  temperature  upon  the  rate  of 
oxidation  of  different  starting  materials  but  also  the 
physical  and  chemical  properties  of  the  red  lead  formed 
from  the  different  substances  under  different  condi- 
tions of  temperature  have  been  studied.  We  have 
studied  red  lead  made  from  litharge,  lead  hydroxide, 
white  .lead,  lead  sponge,  metallic  lead  and  lead  tar- 
trate. A  microscopic  examination  of  each  sample 
was  made.  The  real  and  apparent  density  and  con- 
tent of  lead  peroxide  were  determined.  The  relative 
plasticity  of  the  different  samples  when  made  into 
putty-like  paste  with  water  was  also  noted.  Besides 
the  samples  prepared  in  the'  laboratory  we  have  ex- 
amined a  large  number  of  samples  of  commercial  red 
lead  and  litharge  manufactured  by  different  companies. 

In  the  study  of  the  rates  of  oxidation  the  "Rotary 
Electric  Laboratory  Furnace,"  to  be  fully  described 
by  us  in  another  paper,  was  used.  A  slow  current 
of  air  was  forced  through  the  furnace;  the  rate 
of  flow  of  the  air  through  the  furnace  seemed 
to  have  little  effect  upon  the  rate  of  oxidation.  Three 
porcelain  balls  about  an  inch  in  diameter  were  kept 
in  the  rotating  jar,  for  the  purpose  of  keeping  the 
charge  well  stirred.  The  rate  of  rotation  was  about 
nineteen  to  twenty  revolutions  per  minute. 

1  J.  Milbauer,  Chem.  Ztg.,  33,  950. 

2  Hortsmann,  Z.  physik.  Chem.,  6,  7. 
;!  J.  Milbauer,  Chem.  Ztg.,  34,  138-40. 
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The  plan  of  the  furnace  is  shown  in  Fig.  A.  ]> 
and  E  are  heating  coils,  F  is  the  rotating  jar,  and  B 
is  the  outer  jacket .  The  air  follows  the  course  indicated 
by  the  arrows.     In  this  furnace  the  method  of  heat- 
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ing  insures  that  the  rotating  jar  and  its  contents 
will  be  heated  to  the  same  temperature  and  that  a 
pyrometer  inserted  in  the  jar  will  record  the  true 
temperature  of  the  charge. 

In  the  case  of  white  lead  the  rate  of  oxidation  was 
determined  at  temperatures  ranging  from  350  °  C.  to 
5000  C. 

During  each  run  small  samples  were  taken  from 
time  to  time  and  analyzed  for  lead  peroxide.  (The 
amount  of  lead  peroxide  is  a  measure  of  the  degree  of 
oxidation.  Red  lead  of  theoretical  composition  cor- 
responding to  the  formula  Pb30«  contains  34.89  per 
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tion  of  the  white  lead.  <  Ixidation  can  proceed  only 
after  the  CO,  is  driven  off.  The  steep  part  of  the  curve 
represents  the  real  rate  of  oxidation  before  a  condi- 
tion of  equilibrium  is  approached.  The  straight  part 
of  the  curve  at  the  end,  especially  noticeable  at  the 
higher  temperature,  represents  the  state  of  equilib- 
rium between  the  red  lead  and  air  at  that  tempera- 
ture. 

The  rate  of  oxidation  of  white  lead  at  different 
temperatures  is  illustrated  by  the  curves  on  Plate  I. 
Oxidation  takes  place  most  rapidly  at  425  °  to  450 ° 
C.  At  4500  C.  a  state  of  equilibrium  between  air 
and  red  lead  is  reached  at  about  32.7  per  cent.  Pb02, 
while  at  425  °  C.  the  state  of  equilibrium  is  above  34 
per  cent  Pb02.  Above  450 °  the  rate  of  oxidation 
decreases.  This  is  illustrated  in  Curve  VI  on  Plate  I, 
which  shows  the  progress  of  oxidation  at  475  °  C. 
At  500  °  C.  oxidation  is  much  slower,  eight  hours  being 
required  to  obtain  a  red  lead  containing  31 .  50  per  cent, 
of  PbO,.  It  was  not  possible  to  obtain  a  smooth  curve 
at  this  temperature  since  the  rate  of  oxidation  isnot 
uniform. 

In  Plate  IV  the  percentage  of  PbO,  is  plotted  against 
the  temperature,  the  time  being  the  constant  factor. 
The  percentage  of  Pb02  in  the  product  at  the  end  of 
three  hours  and  two  hours  at  the  various  tempera- 
tures is  shown  in  Curves  I  and  II,  respectively.  These 
curves  clearly  indicate  that  the  rate  of  oxidation  of 
white  lead  is  a  maximum  at  a  temperature  of  425 ° 
C.  to  4300  C. 

The  rate  of  oxidation  of  sublimed  litharge1  at 
425  °  C.  is  shown  by  the  curve  on  Plate  III.  In  this 
case  equilibrium  was  reached  at  33.72  per  cent.  Pb02. 
This  composition  was  maintained  during  five  hours 
heating. 

In  Curve  I  on  Plate  II  the  rate  of  oxidation  of  a  red 
litharge  at  450 °  is  shown,  while  that  of  a  litharge  of 

Curve  EL    40.0°C- 
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cent,  lead- peroxide.)  The  effect  of  temperature  is 
very  strikingly  illustrated  by  the  curves  on  Plate  I, 
in  which  the  percentage  of  lead  peroxide  is  plotted  as 
ordinate  against  the  time  as  abscissa.  In  each  case 
it  will  be  noticed  that  the  curve  rises  slowly  at  first, 
then  more  rapidly,  and  again  very  slowly  toward  the 
end,  thus  dividing  it  into  three  distinct  parts.  The 
slow  rise  at  the   beginning   is  due  to  the  decomposi- 


the  yellow  modification  is  shown  in  Curve  II.  It 
will  be  noticed  that  the  yellow  litharge  oxidized  much 
Lowly  than  the  red  variety.  If  litharge  is 
treated  with  water,  dilute  tannic  acid,  or  glue  solu- 
tion, the  rate  of  oxidation  is  materially  decreased. 
Water  and  tannic  acid  solution  have  about  the  same 
effect,  while  glue  solution  has  less  retarding  influence. 

1  Sample  furnished  by  Picher  Lead  Company. 
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Tin-  untreated  red  litharge  was  converted  to  r» 
containing    28.01    per   cent,    lead    peroxide    in    eight 
hours,  while  sixteen  hours  wire  required  to  obtain  a  red 
lead  ot   like  composition  after  the  litharge  had  been 
treated  with   water  or  tannic  acid  solution.     Eleven 


pig    lead,    atomized    lead,    and    lead    tartrate    were    also 

studied. 

The  lead  hydroxide  was  prepared  l<y  the  el<  •  ■ 

NfaNO,    solution,    using    lead    ■  The 

roughly  washed,  dried  and   ground 


7 


hours  were  required  in  the  case  of  litharge  treated 
with  glue  solution.  These  facts  are  brought  out  in 
Curves  III,  IV,  and  V,  respectively.  A  like  treat- 
ment affected  the  rate  of  oxidation  of  yellow  litharge 
to  about  the  same  extent. 

We  did  not  make  an  extended  study  of  the  effect 
this  class  of  substances  has  upon  the  rate  of  oxidation 
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and  the  results  stated  above  were  noted  in  connec- 
tion with  a  series  of  experiments  carried  out  for  a 
different  purpose.  However,  it  is  of  interest  to  know 
that  water  and  certain  colloidal  solutions  have  a  very 
marked  effect  upon  the  rate  of  oxidation.  The  specific 
gravity  and  apparent  density  are  also  slightly  influ- 
enced by  these  additional  agents  and  by  the  single 
treatment  with  water,  as  will  be  shown  later. 


350  C    375       400       425       450      475      SOO 


It  is  to  be  noted  that  other  litharges  which  do  not 
appear  to  have  been  fused  during  the  process  of  manu- 
facture require  a  much  longer  time  for  oxidation  to 
red  lead. 

Red  leads  made  from  lead  hydroxide,  lead  sponge, 


3     /O    //      /Z    /3    /4    /J    /6   /7  Ars- 


in  a  pebble  mill.  It  was  found  impossible  to  remove 
all  of  the  nitrate  even  by  the  most  thorough  washing. 
J.  Milbauer  has  pointed  out  that  the  presence  of  ni- 
trates is  not  objectionable.  The  presence  of  the  ni- 
trates in  this  instance  seemed  to  reduce  the  rate  of 
oxidation.  Oxidation  did  not  begin  at  all  until  all 
of  the  nitrates  were  broken  down.  Hydroxide  which 
has  been  exposed  to  the  air  for  several  weeks  is  more 
easily  oxidized  than  freshly  prepared  hydroxide, 
due  to  the  fact  that  it  is  partially  converted  to  car- 
bonate. The  old  hydroxide  can  be  oxidized  to  red 
lead  of  almost  theoretical  composition  at  450°  C.  in 
about  five  hours,  while  the  fresh  material  requires 
twice  as  long  as  the  same  temperature.  The  red  lead 
prepared  from  lead  hydroxide  is  amorphous  as  shown 
in  Fig.  19  and  has  a  slight  pinkish  tint  due  to  the  ni- 
trates which  were  present  in  the  hydroxide.  The 
specific  gravity  is  low,  varying  from  8.46  to  8.93, 
depending  upon  the  temperature  at  which  it  was  made. 

The  lead  sponge  used  in  these  experiments  was  ob- 
tained by  two  methods:  (1)  by  electrolyzing  a  hot, 
saturated  solution  of  litharge  in  caustic  soda,  using 
lead  electrodes,  and  (2)  by  deposition  from  an  aqueous 
lead  acetate  solution  acidified  with  acetic  acid,  using 
a  large  lead  anode  and  a  small  lead  cathode.  The 
sponge  thus  obtained  was  carefully  washed  and  dried 
at  50  °  to  60  °  C.  It  was  then  repeatedly  moistened 
with  water  and  dried.  This  exposure  to  air  and  water 
partially  converts  the  sponge  to  hydrated  oxide  and 
carbonate.  The  crystals  of  the  acetate  sponge  dis- 
integrate much  more  readily  upon  exposure  to  air 
and  moisture  than  do  those  from  the  alkali  bath, 
due  probably  to  the  acetic  acid  present. 

Both  varieties  of  sponge  yield  an  excellent  quality 
of  oxide  of  a  fine  deep  red  color.  A  microscopic  ex- 
amination shows  the  product  to  be  made  up  largely 
of  crystals  mixed  with  some  fine  amorphous  parti- 
cles. In  general,  the  specific  gravity  is  about  that  of 
a  red  lead  made  from  ordinary  litharge.  The  rate  of 
oxidation  of  both  the  acetate  and  alkali  lead  sponge 
is  lower  than  that  of  fused  litharge  and  more  rapid 
than   that   of   a   litharge   which   has   not   been   fused; 
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however,  the  alkali  sponge  oxidizes  more  rapidly 
than  that  from  the  acetate  hath. 

It  is  interesting  to  note  that  a  red  lead  of  lower 
specific  gravity  than  any  so  far  obtained  was  pro- 
duced from  sponge  taken  from  the  alkali  bath.  The 
sponge  was  almost  free  from  crystals  and  was  rapidly 
oxidized  to  nearly  theoretical  composition.  It  had  a 
specific  gravity  of  8.32.  All  other  samples  prepared 
from  sponge  had  a  much  higher  specific  gravity; 
however,  the  samples  of  sponge  from  which  they 
were  made  were  more  crystalline  and  not  amor- 
phous. 

Samples  of  red  lead  were  also  prepared  from  ordi- 
nary metallic  lead  and  from  atomized  lead.1  It  was 
not  possible  in  any  experiment  to  oxidize  the  metal 
directly  to  red  lead.  Various  temperatures  from  just 
above  the  melting  point  (^26°-^2-j°)  up  to  500°  C. 
were  tried.  The  metal  first  fuses,  then  becomes 
granular,  due  to  the  rotation  of  the  furnace.  The 
finer  particles  are  entirely  converted  to  red  lead 
while  the  larger  ones  merely  become  coated  over 
with  the  oxide,  making  further  oxidation  very  diffi- 
cult. When  the  product  reached  this  stage  it  was  re- 
moved from  the  furnace  and  ground.  The  finer  parti- 
cles were  separated  by  levigation,  the  residue  was 
roasted  again,  and  the  grinding  and  levigation  re- 
peated The  second  treatment  left  only  a  small 
residue  of  unoxidized  lead  which  was  discarded. 
The  finer  portion,  which  was  a  reddish  brown  color, 
was  then  put  into  the  furnace  and  further  oxidized. 
Only  a  short  time  (three  to  four  hours  at  430 °  to  450 ° 
C.)  was  required  to  convert  the  material  into  a  bril- 
liant, amorphous  red  lead. 

The  atomized  lead  was  treated  in  the  same  manner 
as  ordinary  metal  and  seemed  to  possess  no  advan- 
tages over  it.  The  atomized  lead,  of  course,  did  not 
fuse  since  the  particles  become  quickly  coated  with 
oxide. 

By  means  of  the  microscope  one  is  able  to  distin- 
guish different  modifications  of  red  lead.  In  general, 
there  are  two  distinct  modifications,  amorphous  and 
crystalline.  Some  commercial  red  leads  are  entirely 
amorphous,  some  are  entirely  crystalline,  while  others 
.  are  a  mixture  of  the  amorphous  and  crystalline  modi- 
fication. So  far  as  we  have  been  able  to  determine, 
red  lead  has  no  definite  crystalline  form  of  its  own 
but  retains  the  form  of  the  substance  from  which  it 
is  made.  The  fact  will  be  made  clearer  by  an  examina- 
tion of  the  photo-micrographs.  All  of  the  oxides 
shown  in  the  photo-micrographs  are  magnified  to  215 
diameters. 

A  study  of  the  effect  of  temperature,  time  of  heat- 
ing, chemical  composition,  and  physical  modifications 
upon  the  specific  gravity  was  also  made.  Considera- 
ble difficulty  was  encountered  in  obtaining  accurate 
determinations  o  the  real  specific  gravity.  The 
method  finally  adopted  was  to  use  15  cc.  and  20  cc. 
graduated,  glass-stoppered  flasks,  for  pyknometers. 
Alcohol  was  used  in  the  pyknometers  instead  of  water. 
Water  is  not  suitable  because  it  does  not  wet  the  par- 

1  The  atomized  lead  was  procured  from  The  Chemical  Process  Co.,  of 
New  York  City. 


tides  of  red  lead  thoroughly  and  because  a  portion 
of  the  sample  always  floats,  due  to  the  high  surface 
tension  of  the  water.  Ordinary  95  per  cent,  alcohol 
was  treated  with  silver  oxide  and  caustic  soda  for 
several  days  and  then  distilled.  This  treatment  re- 
moves the  aldehydes  and  other  impurities.  Before 
distillation,  a  small  amount  of  water  was  added  and 
only  that  part  of  the  distillate  reserved  for  use  which 
had  the  composition  of  the  constant  boiling  mixture 
of  alcohol  and  water.  This  treatment  gives  a  pure 
alcohol,  which  does  not  appreciably  change  in  density 
upon  exposure  to  air.  The  alcohol  thus  prepared 
was  put  into  a  vacuum  desiccator  and  the  pressure 
reduced  to  about  3  cm.  of  mercury  for  two  hours. 
The  density  of  the  alcohol  was  then  carefully  deter- 
mined by  means  of  the  pyknometers  mentioned  above 
— the  exact  capacity  of  the  pyknometers  having  been 
determined  by  means  of  distilled  water  at  a  known 
temperature. 

Since  a  long  series  of  determinations  was  to  be  made 
and  since  alcohol  has  a  relatively  high  coefficient 
of  expansion  it  was  necessary  to  work  under  condi- 
tions of  constant  temperature.  Twenty-five  degrees 
C.  was  chosen  as  being  the  most  convenient.  For 
this  purpose  an  ordinary  electrically  operated  thermo- 
stat was  used.  The  temperature  remained  constant 
to  within  less  than  o .  1  °  C. 

The  determinations  were  carried  out  in  the  follow- 
ing manner:  Ten  to  fifteen  grams  of  the  sample  are 
introduced  into  the  weighed  pyknometer  and  the  total 
weight  carefully  made.  The  flask  is  filled  about  half 
full  of  the  standard  alcohol  and  thoroughly  shaken. 
It  is  then  placed  in  a  vacuum  desiccator  and  the  pres- 
sure reduced  to  about  4  cm.  of  mercury  for  two  to 
three  hours.  This  treatment  is  necessary  in  order 
to  remove  the  small  air  bubbles  which  adhere  to  the 
particles  of  red  lead.  The  flask  is  then  filled  accu- 
rately to  the  mark  with  more  alcohol  (while  the  tem- 
perature is  maintained  at  25 °  C.)  and  weighed.  The 
specific  gravity  is  calculated  according  to  the  follow- 
ing formula, 

d  w 
D 


wl  —  (W  — W,)  ' 
where  d  =   density  of  the  alcohol,  w   =   weight  of  the 
sample,  wx   =   weight  of  alcohol  required  to  fill  flask, 
W  =  total  weight  of  bottle  +  sample  +  alcohol,  W,  = 
weight  of  bottle    +    sample. 

Close  attention  to  details  is  necessary  in  order  to 
obtain  accuracy  in  these  determinations.  After  each 
determination  the  pyknometers  should  be  rinsed 
with  alcohol  and  then  with  nitric  acid,  which  in  pres- 
ence of  the  alcohol  quickly  dissolves  all  of  the  red 
lead  remaining.  They  are  successively  washed  with 
water,  alcohol,  and  finally  with  ether,  the  latter  be- 
ing removed  by  a  current  of  air. 

The  specific  gravity  of  red  lead  is  found  to  vary 
from  8.32  to  9.16.  The  lower  value  was  obtained 
for  a  red  lead  made  from  lead  sponge.  The  sample 
was  slightly  crystalline,  as  is  shown  by  Fig.  7. 
The  higher  value  was  found  for  a  commercial  red 
lead  (see  Fig.  8)  which  appears  from  the  photo- 
micrograph   to   be   a   mixture   of    the   crystalline   and 
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Fig.    1. 
Lead  Tartrate  Crystals. 
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Fig.  2. 
Red  Lead  made  from  Lead  Tartrate. 
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Fig.  3. 

al  "Red"  Litharge. 
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Fig.   4. 

A   commercial    Red    Lead    made    from    the 

Litharge  shown  in   Fig.  3. 


Fig.  5. 

Red  Lead  made  from  the  Lead  Sponge  shown 

in  Fig.  6. 


Fig.  6. 
Lead  Sponge  from  an  Acetate  Bath. 


A   commercial  Red  Lead,   partly  crystalline 
and  partly  amorphous. 


Fig.  7. 
Red  Lead  made  from  Alkali  Sponge. 
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Fig.  11. 
Sublimed  Litharge. 


Fig.  9. 
An  amorphous  commercial  Red  Lead. 
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Fig.  10. 

A  Litharge  made  from  the  Red  Lead   shown 

in  Fig.  9. 
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Fig.  12. 
Red  Lead  made      om  Sublimed  Litharge 


Dec,  1912  THE  JOIRXAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


873 


Fig.    13. 
lade  from  White  Lead. 
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Fig.  14. 
Red  Lead  made  from  White  Lead. 
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amorphous  modifications  In  general,  amorphous 
samples  prepared  in  the  laboratory  and  found  in 
commerce  have  a  specific  gravity  of  from  about 
8.66  to  8.9,  while  the  crystalline  varieties  have  a 
higher  real  density.  This  generalization  is  not  strictly 
true  in  all  cases.  In  the  following  table  the  specific 
gravity  of  various  samples  prepared  in  the  laboratory 


Red  Lead  made  from  White   Lead  that  has  been 
reduced  to  Litharge  and   then  re-oxidized. 

constant,  the  higher  the  specific  gravity.  The  more 
nearly  the  sample  approaches  the  formula  Pb30,. 
the  lower  is  the  specific  gravity. 

The  specific  gravity  also  increases  slightly  with  time 
of  heating.  For  example,  sample  B— C— 4,  heated  at 
4000  C.  for  four  hours,  contained  33. 41  per  cent. 
PbOj  and  had  a  specific  gravity  of  8.82.  while  sample 
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Fig.  16. 

Red  Lead  made  from  Atomized  Lead. 


Fig.   17. 
Red  Lead  made  from  Metal. 
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Fig.  18. 
An  amorphous  Red  Lead  (See  Fig.  9)   ground 

for  50  hours 

as  well  as  a  number  of  commercial  samples  is  given. 
The  data  in  Table  I  shows  that  the  specific  gravity 
of  red  lead  made  from  white  lead  varies  from  8 .  66 
to  9.12.  This  variation  seems  to  be  a  function  of 
the  temperature,  the  time  of  heating,  and  the  chemical 
composition.  In  general,  the  higher  the  temperature 
at   which   oxidation   takes  place,    other  factors  being 


B-D-10  heated  at  the  same  temperature  for  eight 
hours  and  containing  33.73  per  cent.  PbO,  had  a 
specific  gravity  of  8.90.  The  effect  o"  temperature 
on  the  specific  gravity  is  shown  very  strikingly  in  the 
case  of  samples  B-V  and  B-V-K.  Sample  B-V 
was  made  from  white  lead,  at  about  425  °  C.  It  con- 
tained 32.97  per  cent,  lead  peroxide  and  had  a  specific 


Red  Lead  made  from  Lead  Hydroxide. 
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Fig.  20. 
Lead  Carbonate  from  Sodium  Methyl  Sul- 
phate Hath 
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Fig.  21. 
Red  Lead  made  from^the  Carbonate  lin  Fig.  20. 
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gravity  oi  8.66.  It.  was  then  completely  reduced  bo 
litharge  by  heating  to  a  temperature  a  little  above 
5000  C,  after  which  it  was  reoxidized  to  red  lead  at 
425  °  C.  The  rate  of  oxidation  in  this  case  was  very 
slow.  About  forty  hours  wore  required  to  bring  the 
per  cent,  of  peroxide  up  to  its  former  value.  The 
specific  gravity  was  now  found  to  be  9.12  instead  ol 


made  i  mm  litharge.  Any  amorphous  red  lead  will, 
if  heated  to  525°,  be  reduced  to  litharge.  The 
litharge  thus  obtained  will  not  be  amorphous  but 
crystalline.  Fig.  10  shows  a  litharge;  made  by 
heating  the  amorphous  red  lead  shown  in  Fig.  9. 
A  comparison  of  the  two  figures  will  bring  out  the 
striking  physical  change  which  has  taken  place.     The 


Table  I. 

Temp. 

Hours 

Per  cent. 

Specific 

Samite. 

Starting  material. 

c. 

heating. 

PbOj. 

gravity. 

Apparent  density 

B-E-8 

White  lead 

425° 

3A 

34.42 

8.69 

B-E-4 

" 

425° 

2 

22.72 

8.73 

B-A-9 

" 

350° 

6'A 

25.28 

8.78 

B-O-10 

" 

400° 

8 

33.73 

8.90 

17.11 

B-C-2 

" 

400° 

2'A 

28.73 

9.02 

B-C-t 

" 

400° 

4 

33.41 

8.82 

B-B-6 

" 

375° 

2'A 

22.39 

8.91 

B-B-10 

" 

375° 

8'A 

33.06 

8.74 

19.82 

B-F-4 

" 

450° 

1 

24.33 

9.07 

B-F-8 

" 

450° 

3 

32.70 

8.91 

B-F-6 

" 

450° 

2 

32.27 

8.89 

B-G-ll 

" 

474° 

S'A 

33.06 

9.05 

19.03 

B-I-ll 

" 

500° 

8 

31.50 

9.04 

27.30 

B-K-3 

425° 

2'A 

30.52 

8.81 

10. 341 

B-V 

« 

425° 

32.97 

8.66  ) 

B-V-K 

" 

425° 

32.49 

9.12  ) 

F-A-6 

Lead  hydroxide 

425° 

6 

8.46 

23.31 

F-VIII 

445° 

5A 

8.92 

F-IY 

" 

400° 

15 

83.53 

8.58 

F-III 

" 

450° 

29.24 

8.93 

F-V 

" 

400° 

34.45 

8.55 

H-A-9 

Lead  sponge 

450° 

6'A 

28.10 

8.96 

34.05 

H-I 

400° 

9 

34.15 

8.32 

H-III-14 

" 

400° 

22 

28.36 

8.78 

H-V-6 

400° 

9 

26.04 

9  04 

H-VI-6 

" 

440° 

9 

23.25 

9.10 

K-A-7 

Sublimed  litharge 

375° 

7 

25.30 

9.04 

K-B-13 

425° 

11  yt 

32.72 

9.02 

17.16 

M-A-17 

Litharge 

400° 

15 

14.20 

9  24 

28.06 

M-E-15 

450° 

163A 

28.59 

8.78 

24. 411 

M-F-17 

" 

450° 

16 

28.30 

8.87 

21.20 

M-G-ll 

" 

450° 

11 

28.24 

8.87 

20. 621 

M-H-12 

" 

450° 

8H 

28.01 

8.80 

19. 221 

M-I-ll 

" 

450° 

7 

22.80 

8.94 

25.88 

C-C-C 

Atomized  lead 

425°-450° 

30.99 

8.89 

29.2 

R-PP 

Metal 

425°-450° 

9.02 

S-R-L-50 

32.41 

8.83 

24.41 

S-R-L 

32.41 

8.81 

18.83 

P-S-L 

9  26 

7.32 

A-R- 

26.93 

9    16 

30.87 

A-Y 

9.36 

30.83 

S-L 

9.33 

36.09 

R-R-L 

27.05 

9.06 

22.43 

R-I-R 

25.18 

8.87 

19.11' 

R-I-L 

9.19 

26.83' 

R-I-L-W 

8.73 

R-I-L-T 

8.95 

R-I-L-G 

8.95 

R-D-L 

9.32 

31 .54' 

R-D-R 

23.58 

8.92 

22.79' 

L-S-R 

9.45 

32.76 

E-R  25.04 

S-L-50 

'  Determined  with  Scott  apparatus,  as  modified  by  Dr.  Schaffer. 

8.66.  The  same  experiment  was  tried  in  other  cases 
and  the  same  effect  was  always  observed;  in  most 
instances  the  effect  was  much  more  marked  than  in 
the  above  example.  From  Fig.  15  it  is  seen  that 
partial  crystallization  takes  place  when  the  sample 
is  heated  to  500°  or  above.  Indeed  we  are  no  longer 
dealing  with  a  red  lead  made  from  white  lead  but  one 


Made  from  lead  carbonate  prepared  elec- 
trolytically  in  a  lead  methyl  sulphate    bath. 

Sample  B-V  reduced  to  litharge  at  525° 
and  reoxidized  to  form  B-V-K. 


Alkali  sponge. 
Acetate  sponge. 
Alkali  sponge. 


Red  modification  treated  with  water. 

Red  modification  treated  with  tannic  acid 
solution. 

Red  modification  treated  with  glue  solu- 
tion. 

Red  modification  (untreated). 

Yellow  modification  (untreated). 


Amorphous  commercial  red  lead,   ground 
fifty  hours. 

Same  as  above.      Not  ground. 

Sublimed  litharge. 

A  commercial  red  lead. 

A  commercial  litharge. 

A  commercial  litharge. 

A  commercial  red  lead. 

A  commercial  red  lead. 

A  commercial  red  litharge. 

Same  as  R-I-L  treated  with  water. 

Same  as  R-I-L  treated  with  tannic  acid. 

Same  as  R-I-L  treated  with  glue  solu- 
tion. 

Yellow  litharge  from  fused  litharge. 

Red  lead  made  from  R— D— L. 

Litharge  made  from  amorphous  red  lead 
(S-R-L). 

A  commercial  red  lead. 

Same  as  S-L  ground  fifty  hours. 


objection  may  be  raised  that  the  particles  of  litharge 
do  not  seem  to  conform  to  any  of  the  crystallographic 
forms,  and  that,  strictly  speaking,  they  should  not 
be  called  crystals.  It  is  true  that  only  in  very  rare 
cases  do  perfect  crystals  appear,  as,  for  example, 
in  Fig.  15.  However,  the  shape  of  the  particles 
indicate  that  they  are  fragments  of  crystals. 
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The  marked  change  in  specific  gravity  noted  in 
the  above  experiments  clearly  indicates  that  a  perma- 
nent physical  change  has  taken  place  and  that  after 
an  amorphous  red  lead  has  been  heated  above  the 
reduction  temperature  and  again  oxidized  to  its 
original  peroxide  content,  it  exists  as  a  different 
modification,  having  different  physical  properties. 

An  amorphous  red  lead  formed  at  temperatures 
just  below  the  reduction  temperature  (see  B-I-11 
and  B-G— 11,  Table  I)  also  has  a  high  specific  gravity, 
which  goes  to  show  that  the  transformation  begins 
below  the  reduction  temperature. 

However,  the  fact  that  a  red  lead  is  crystalline 
does  not  necessarily  mean  that  it  has  a  high  specific 
gravity.  On  the  other  hand,  a  red  lead  made  from 
lead  sponge  from  a  sodium  hydroxide  bath  and  having 
a  slightly  crystalline  character,  had  a  specific  gravity 
of  8.32,  which  is  the  lowest  value  we  have  observed 
in  any  case.  (See  H-I  in  Table  I,  Fig.  7.)  Certain 
commercial  red  leads,  for  example  R-I-R,  Fig.  4, 
made  from  a  fused  litharge,  also  have  a  specific  gravity 
which  is  comparable  to  that  of  the  amorphous  red  lead 
found  on  the  market  or  made  in  the  laboratory.  It 
would  appear  from  these  facts  that  some  change  other 
than  of  mere  physical  form  is  responsible,  in  part  at 
least,  for  the  variations  in  specific  gravity. 

This  phenomenon   may  be  explained  on  the  basis 
of  Wades'1   theory  concerning  the  polymerization  of 
lead  compounds.     He  assumes  that  litharge,   for  ex- 
ample, does  not  have  the  simple  formula  PbO,  but  a 
complex    formula,    Pb^O^..      He     also     assumes     that 
when  PbO  is  converted  to  red  lead  it  is  not  converted 
molecule  by  molecule,   but   that   the   oxidation  takes 
place    gradually    and    uniformly    through    the    whole 
mass,  whenever  the  conditions  of  oxidation  are  favor- 
able.    For    example,    if    we    assume    the    formula    of 
litharge  to  be  Pb,20i2  the  oxidation,  according  to  the 
theory,  takes  place  in  the  following  manner: 
Pb12012  =   i2PbO; 
Pb12013  =   1 1  PbO  +  PbO,; 
Pb120H  =   loPbO  +  2Pb62; 
Pb120I6  =     8PbO  +  4Pb02  =  4Pb304; 
Pb12018  =     6Pb(J  +  6PbO,  =  6Pb203. 

The  molecule  of  litharge  is  not  converted  directly 
to  Pb304  but  passes  through  successive  stages  of  oxida- 
tion and  may  even,  in  some  cases,  pass  as  far  as  the 
sesquioxide  Pb203. 

The  application  of  this  theory  to  the  observed  varia- 
tions in  specific  gravity  is  at  once  obvious.  Let  us 
assume  that  the  formula  of  a  red  lead  made  under 
certain  conditions  of  temperature  is  Pb^O^,  this 
oxide  will  have  a  certain  specific  gravity.  Now  if 
the  temperature  is  increased,  the  formula  might  be- 
come Pb^O^,  for  example,  and  the  oxide  will  have  a 
different  specific  gravity.  Oxides  formed  at  differ- 
ent temperatures  have  different  specific  gravities, 
and  it  may  be  assumed  therefore  that  they  have 
different  degrees  of  polymerization.  The  acceptance 
of  this  theory  does  not  exclude  the  influence  of  the 
crystalline  and  amorphous  modifications  upon  the 
specific  gravity.     The  relative  degree  of  polymeriza- 

1  Lyndon,   "Storage  Battery  Engineering,"  pp.  25-26. 


tion  of  the  two  modifications  may  be  such  that  their 
specific  gravities  are  about  the  same. 

The  amorphous  and  crystalline  modifications  of. 
red  lead  show  a  marked  difference  in  character  when 
mixed  to  stiff  putty-like  paste  with  water.  The  paste 
made  from  amorphous  red  lead  is  tough  and  plastic, 
while  that  made  from  a  crystalline  oxide  has  much 
less  plasticity  and  shows  a  tendency  to  harden  and 
crumble.  A  commercial  red  lead  made  from  fused 
litharge  showed  lack  of  plasticity  to  a  marked  degree. 

We  attempted  to  overcome  this  lack  of  plasticity 
by  treating  the  litharge,  before  oxidation,  with  col- 
loids such  as  tannic  acid,  glue,  etc.  One  kilogram  of 
the  litharge  was  made  to  a  thin  paste  with  water  in 
which  was  dissolved  one  gram  of  glue  or  tannic  acid. 
In  the  treatment  of  one  sample,  water  without  any 
addition  agent  was  used.  These  samples  were  al- 
lowed to  stand,  with  frequent  stirring  and  occasional 
additions  of  water,  for  about  sixty  days,  after  which 
they  were  dried  and  ground  in  a  mortar  to  crush  the 
lumps.  Portions  of  about  300  grams  of  the  treated 
and  untreated  litharge  were  then  oxidized  to  red  lead. 
There  was  no  noticeable  difference  in  the  plasticity 
of  any  of  the  samples.  The  only  effect  that  the  treat- 
ment seemed  to  have  was  to  cut  down  the  rate  of 
oxidation  as  noted  above,  and  to  make  an  oxide  of  a 
slightly  lower  specific  gravity  in  the  case  of  the  sam- 
ple treated  with  water  and  one  of  a  slightly  higher 
specific  gravity  where  tannic  acid  and  glue  were  used. 
In  each  case  the  specific  gravity  of  the  litharge  itself 
was  considerably  reduced  by  the  treatment  due  proba- 
bly to  the  formation  of  lead  hydrate. 

All  of  the  amorphous  samples  prepared  in  the  lab- 
oratory from  white  lead  showed  a  high  degree  of 
plasticity  as  did  also  certain  commercial  samples 
which  appear  under  the  microscope  to  be  a  mixture  of 
amorphous  and  crystalline  oxides.  Samples  of  amor- 
phous oxide,  which  showed  a  very  high  plasticity,  were 
also  prepared  in  the  laboratory  furnace  from  metallic 
lead. 

We  had  no  means  at  hand  for  making  a  quantita- 
tive study  of  the  plasticity,  but  the  qualitative  tests 
showed  such  striking  differences  that  we  have  thought 
the  results  worth  recording. 

The  apparent  densities  which  are  given  in  Table  I 
were  determined  with  a  Scott  volumeter.  The  values 
are  in  grams  per  cubic  inch.  The  apparent  densities 
of  the  various  samples  have  no  definite  relation  to 
the  real  specific  gravities,  but  vary  with  the  size  of 
the  particles.  In  general,  the  finer  the  oxide  the  lower 
the  apparent  density.  In  the  case  of  an  amorphous 
red  lead,  however,  which  was  ground  for  fifty  hours 
in  a  pebble  mill,  the  apparent  density  as  shown  by 
the  Scott  apparatus  was  increased  from  18.40  to  24.41. 
By  grinding  a  crystalline  litharge  for  twenty  hours 
the  apparent  density  was  decreased  from  36.09  to 
28.58,  while  at  the  end  of  fifty  hours  the  apparent 
density  was  29.81.  A  full  discussion  of  the  effect 
of  grinding  upon  the  apparent  density  will  be  brought 
out  in  a  later  paper.  The  sample  prepared  from 
atomized  lead  had  the  highest  apparent  density 
(29.20)  of  any  sample  prepared  in  the  laboratory. 
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Sample  B-K-3  was  prepared  from  lead  carbonate. 
The  carbonate  was  made  by  electrolysis  with  lead  elec- 
trodes in  a  sodium  methyl  sulphate  bath  in  the  pres- 
ence of  sodium  carbonate  and  carbon  dioxide.  This 
sample  of  red  lead  had  an  apparent  density  of  10.34, 
which  is  much  lower  than  that  of  any  other  oxide 
which  we  have  examined.  The  real  density  was  8.81. 
Photomicrographs  of  the  carbonate  and  red  lead  are 
shown  in  Figs.  20  and  21,  respectively. 

The  lead  peroxide  in  all  of  the  samples  was  deter- 
mined by  distillation  with  hydrochloric  acid,  accord- 
ing to  the  method  described  by  the  authors  in  the  Pro- 
ceedings of  the  Indiana  Academy  of  Science,   191 1. 

CONCLUSIONS. 

From  these  experiments  we  may  draw  the  follow- 
ing conclusions: 

1 .  Red  lead  may  be  either  crystalline  or  amorphous. 

2.  The  crystalline  modification  has  no  definite 
form,  but  the  crystals  retain  the  form  of  the  material 
from  which  the  red  lead  is  made. 

3.  The  specific  gravity  varies  between  compara- 
tively wide  limits,  from  8.32  to  9.16. 

4.  The  variation  in  specific  gravity  depends  upon: 
(<))  the  temperature  at  which  the  oxide  is  formed; 
(6)  the  time  of  heating;  (c)  the  chemical  composition; 
and  (d)  the  physical  nature  of  the  starting  material. 
It  is  supposed  that  these  conditions  influence  the  de- 
gree of  polymerization  of  the  oxide,  and  that  the  de- 
gree of  polymerization  is  directly  responsible  for  the 
variation  in  specific  gravity. 

5.  The  apparent  density  depends  mainly  upon 
fineness  of  the  particles  of  the  oxide,  decreasing  as 
the  fineness  increases  up  to  a  certain  point. 

6.  The  temperature  best  suited  for  the  formation 
of  red  lead  varies  with  the  starting  material  used. 
About  4250  C.  to  430 °  C.  is  best  for  white  lead,  4500  C. 
to  470 °  C.  for  litharge  and  lead  sponge,  and  about 
4So°  C.  for  converting  lead  hydrate  and  metallic 
lead  to  red  lead.  In  fact,  450°  C.  may  be  taken  as 
the  temperature  at  which  red  lead  can  be  economic- 
ally formed  from  any  suitable  starting  material. 

7.  Any  red  lead  is  rapidly  and  completely  reduced 
to  litharge  at   525  °  C.  to  5300  C. 

8.  Both  "yellow"  and  "red"  litharge  are  roasted 
to  red  lead  much  more  slowly  after  being  treated  with 
water,  showing  that  "air  separation"  of  the  litharge 
before  roasting  is  to  be  preferred  to  "floating"  in 
water. 

Electrochemical  Laboratory, 
Indiana  University, 
Bloomington. 


THE   CONTINUOUS   PURIFICATION   OF   COAL    GAS    WITH 

WEAK  AMMONIA  LIQUOR.1 

By  J.  G.  O'Neill. 

In  the  manufacture  of  coal  gas,  the  crude  gas  from 
the  retorts  is  pulled  by  an  exhauster  through  a  con- 
denser to  free  it  from  tar  and  considerable  ammo- 
niacal  liquor,  and  is  then  forced  by  the  exhauster  into 
another  condenser  to  rid  it  of  excess  heat,  then  through 
scrubbers  which   wash   out   the   ammonia,   and  finally 

1  Paper  presented   at   the   Eighth    International    Congress   of  Applied 
Chemistry,  New  York,  September,    1912. 


through  the  purifying  boxes  where  it  is  purified  from 
hydrogen  sulphide  and  cyanogen,  on  into  the  holder. 
In  washing  the  ammonia  from  the  gas,  two  scrubbers 
are  used:  the  first  scrubber,  taking  the  gas.  washes 
it  with  gas  liquor,  which  absorbs  a  small  amount  of 
ammonia  and  hydrogen  sulphide  from  the  gas;  the 
second  scrubber  washes  the  gas  with  fresh  water, 
which  completely  absorbs  the  ammonia  from  the  gas. 

The  present  practice  of  purifying  coal  gas  from  hydro- 
gen sulphide  and  cyanogen  consists  of  passing  the 
gas  through  a  mixture  of  iron  oxide  and  shavings  in 
air-tight  boxes,  whereby  the  hydrogen  sulphide  and 
cyanogen  in  the  gas  combine  with  iron  oxide  to  form 
iron  sulphide  and  ferrocyanides.  When  the  iron  oxide 
no  longer  takes  up  any  hydrogen  sulphide,  it  is  taken 
from  the  boxes  and  exposed  to  the  air,  whence  by  oxida- 
tion and  throwing  off  of  free  sulphur,  it  again  becomes 
active  or  "revivified."  This  operation  is  repeated 
four  or  five  times  until  the  percentage  of  free  sulphur 
in  the  purifying  material  increases  to  about  30  per 
cent.,  when  the  iron  oxide  will  no  longer  revivify. 
In  earlier  times  the  oxide  would  revivify  and  could 
be  used  until  it  contained  60  per  cent,  free  sulphur, 
but  with  the  modern  practice  of  making  gas  at  much 
higher  temperatures  the  cyanogen  in  the  gag  has 
greatly  increased,  and  a  large  percentage  of  the  iron 
goes  to  form  inactive  ferrocyanides.  By  introducing 
about  2  per  cent,  of  air  into  the  gas  before  the  puri- 
fiers, a  certain  amount  of  revivification  takes  place 
in  the  boxes,  and  reduces  the  number  of  times  neces- 
sary to  expose  the  oxide  to  the  air  to  again  make  it 
active. 

There  are  many  disadvantages  which  we  encounter 
in  the  iron  oxide  method  of  purification,  some  of  which 
are  as  follows:  the  process  is  non-elastic,  consequently 
the  normal  increase  of  gas  consumption  from  year  to 
year;  the  very  much  greater  consumption  during  cer- 
tain periods  of  the  year;  the  difficulty  of  obtaining 
coal  low  in  sulphur — all  these  conditions  are  forcing 
us  to  rapidly  increase  our  puri  ying  capacity  at  a  very 
large  expense,  especially  considering  the  facts  that  the 
purifying  boxes  are  extremely  bulky  and  that  many 
coal  gas  plants  are  already  cramped  for  space;  the 
danger  of  a  gas  explosion  every  time  a  box  is  opened, 
and  the  close  attention  necessary  to  prevent  firing 
of  the  oxide  when  exposed  to  the  air  for  revivifica- 
tion; the  cost  of  oxide  and  the  labor  cost  in  filling 
and  emptying  boxes,  also  the  accumulation  of  spent 
oxide,   which  gradually  becomes  a  nuisance. 

All  these  disadvantages  of  oxide  purification  have 
been  recognized  in  the  past;  several  investigators  have 
devised  other  purification  processes,  none  of  which 
have  met  with  general  approval.  Of  these  attempts, 
two  are  of  interest  to  us,  the  first  by  F.  C.  Hills  (Brit- 
ish Patent  No.  1369,  of  1868,  and  934,  of  1874),  whereby 
he  heats  ammonia  liquor  in  a  special  apparatus  to  1800 
F.  and  obtains  a  liquor  having  caustic  properties. 
He  washes  the  unpurified  coal  gas  with  this  liquor 
and  absorbs  the  hydrogen  sulphide  from  it.  His 
process  failed  because  of  the  los;  of  ammonia  in  pre- 
paring the  caustic  liquor  and  because  of  his  failure  to 
determine  the  correct  temperature  of  the  liquor  and 
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gas  during  the  washing.  Had  he  determined  this 
correct  temperature,  he  would  have  found  that  double 
the  quantity  of  ammonia  from  a  ton  of  coal  would  ab- 
sorb all  the  hydrogen  sulphide  in  the  gas  from  a  ton 
of  coal,  instead  of  six  to  seven  times  the  ammonia  as  is 
believed  to  the  present  time. 


Previous  papers  describing  my  process  will  be  found 
in  the  Progressive  Age  of  July,  191 1,  and  August  15, 
191 1.  In  this  article  I  wish  to  lay  before  you  the 
manner  of  operation  and  the  results  obtained  in  the 
use  of  the  process  for  the  past  six  months. 

In  my  method  of  operation  we  absorb  the  hydrogen 


Fro/n  ri/sn/>8 


SKETCH  OF  WEAK  AMMOAHA  L/QUO#  PVK/r/CATION  SYSTEM 
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The  other  process  by  C.  F.  Claus  (U.  S.  Patent  No.  sulphide,  cyanogen  and  some  carbon  dioxide  from  the 

337,246,  of  1886)  also  sought  to  use  the  caustic  proper-  unpurified  coal  gas  by  means  of  a  weak  alkaline  am- 

ties    of    ammonia.      He    prepared    pure    ammonia   gas  monia  solution,  prepared  in  an  ordinary  crude  ammo- 

in   an   elaborate    apparatus   and    introduced    the   pure  nia  concentrator.      We  simply  increase  the  quantity  of 

ammonia   gas   directly    into   the    unpurified   coal  gas,  weak  ammonia  liquor  feeding  into  the  ammonia  still 

before  the  scrubbers.      This  process  was  fundamentally  and   draw  off  this   increase   of  liquor  near  the   outlet 

wrong,   it  complicated  gas  purification  and  increased  of  the  first  ring,  whose  contents  have  been  subjected 

its  cost.  to  the  action  of  steam  containing  a   high  percentage 

Nov.  11.  Nov.  22.  Die    S.  Dec.  7.  Dec.  14.  Jan.  2. 

„       ,.  ,.„  IGPLNH— 7.00  5.27  4.25  3.87  6.15  Too 

Gas  liquor  to  ammonia  still -j  „_T  , 

(GPL    HjS— 3.20  2.49  1.98  2.31  3   57  3   20 

„.     .    ,.  ,  ....  j  GPL  NHj- 7.48  6.93  5.50  4.79  5.98  8.48 

W  ash  liquor  from  ammonia  still ■<   _T,T    ....,,,  .    ._ 

I  GPL  H>S— 1.46  1.12  .68  74  .80  1    4o 

„.     ,    ,.  .  c     t  .,  (GPLNHj-7  48  6.83  5.84  5.03  7.82  9    18 

Wash  liquor    rum  hrst  scrubber <  _„_    .,  *     ,   .„  ,   „ 

(GPL   H^S— 6.12  6.00  3.80  4   4i  6.13  8    17 

Grains  H?S  per  100  cu.  ft.  in  crude  gas   before  scrubbers .  807.8  703.8  592.1  703.8  557 

Grains  H^  per  100  cu.  ft.  in  crude  gas  after  scrubbers.  .  .  276  4  96.3  33.6                      44  25  30  6 

No.  of  thousand  cu.  ft.  gas  washed  per  hour 45  40  35                         37  45  44 

Gallons  liquor  washed  used  per  hour 720  815  700                      900  600  900 

Grains  H2S  eliminated  per  gallon  liquor  wash  used 314  298  279                      270  399  457 

Any   advance    in   the   art   of   gas   purification    must  of    ammonia    vapor.      We    do    not    interfere    with    the 

have    for   its   basis   simplicity   of   operation.      It    must  actual   amount   of   liquor   being   distilled    or    with    the 

be   more   economical   of  labor,    material   and   of  space  operation    of    the    ammonia    still.      The    liquor    drawn 

than  the  present  oxide  purification  practice,  and  to  be  from  this  ring  is  cooled  to  at  least  300  C.  and  is  pumped 

generally  adopted   it   must  be  applicable  to  both   the  into  the  first  scrubber,   taking  the  place  of  the   usual 

large   and   small   coal  gas  plant.      Such   a   process   we  gas     liquor     wash.      The     only     additional     apparatus 

have  had  in  operation  in  our  plant  for  the  past  six  months.  needed    to    carry    out    this    process    is    a  cooling   ap- 
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paratus  which  consists  of  a  coolihg  coil  with 
water  spray  and  a  small  tubular  cooler,  which  cools 
the  liquor  coming  from  the  treatment  ring  oi  the 
ammonia  still,  thus  cooling  it  for  use  in  the  first 
scrubber.  The  impurities  given  off  by  this  liquor 
in  the  ammonia  still  saturate  the  concentrated  am 
monia  in  the  condenser  oi  the  ammonia  still,  while 
the  excess  impurities  pass  ofT  into  the  air  after  being 
washed  of  all  traces  of  ammonia  in  the  catch-pot. 

The  effects  of  washing  the  crude  gas  with  this  liquor 
are  shown  by  the  preceding  data. 

All  of  the  cyanogen  in  the  crude  gas  is  eliminated 
by  the  liquor  wash. 

On  an  average,  we  found  the  liquor  wash  absorbed 
from  0.3  to  0.5  per  cent,  of  carbon  dioxide  from  the 
gas.  My  opinion  is  this  absorption  would  be  greatly 
increased  with  a  liquor  wash  containing  a  higher 
percentage  oi  ammonia  and  with  a  longer  time  of 
contact. 

The  temperature  of  the  liquor  wash  to  the  first 
scrubber  must  not  be  higher  than  30  °  C,  neither 
should  the  temperature  of  the  gas  to  the  scrubber 
be  higher  than  30  °  C.  The  best  results  are  obtained 
when  the  two  temperatures  are  held  at  about  25  °  C. 
This  is  the  temperature  of  the  gas  to  the  scrubbers 
that  we  meet  with  in  ordinary  coal  gas  practice. 
If  gas  liquor  is  substituted  for  the  liquor  wash  there 
is  practically  no  increase  in  hydrogen  sulphide  in  the 
gas  liquor  or  decrease  of  hydrogen  sulphide  in  the  gas. 

Since  our  scrubbing  apparatus  was  limited  to  one 
fresh-water  scrubber  consisting  of  eight  bell-shaped 
compartments,  I  divided  the  scrubber  using  the  four 
lower  compartments  for  the  liquor  wash  and  the  four 
top  ones  for  fresh  water.  The  results  would  have 
been  much  more  satisfactory  if  we  had  one  scrubber 
for  the  liquor  wash  and  one  for  the  fresh  water,  then 
we  could  have  used  much  stronger  liquor  and  would 
have  obtained  much  higher  elimination  of  impuri- 
ties per  gallon  of  liquor  wash  used,  without  fear  of 
losing  any  ammonia  from  insufficient  washing. 

Another  very  disagreeable  feature  of  our  opera- 
tion was  the  uneven  make  of  gas,  the  amount  of  gas 
washed  for  one  hour  differing  as  much  as  50  per  cent, 
from  another  hour  of  the  same  day,  with  little  regula- 
tion of  the  liquor  wash  to  meet  the  increase  or  de- 
crease in  the  gas. 

Considering  all  the  disadvantages  mentioned  above, 
still  nowhere  in  the  process  was  there  the  least  possi- 
bility of  ammonia  loss,  also  the  average  yield  of  am- 
monia for  the  six  months  exceeded  the  average  yield 
for  the  six  months  previous  to  the  installation  of  the 
process.  No  difficulty  was  experienced  in  the  opera- 
tion of  the  ammonia  still.  The  total  amount  of  steam 
required  to  operate  the  ammonia  still  was  not  apprecia- 
bly increased  because  the  cooling  water  for  the  ammo- 
nia vapors  was  practically  eliminated. 

During  the  month  previous  to  installing  the  process, 
27  per  cent,  of  the  coal  used  for  gas-making  was  a 
high  sulphur  coal.  The  purifying  capacity  consisted 
of  three  boxes,  holding  a  total  of  6000  bushels  of 
shavings  and  iron  oxide;  during  this  month  we  found 
it  impossible  to  change  the  oxide  in  the  boxes  rapidly 


bo   purify    the   gas   from    hydrogen    sulphidi 
even  using  new  oxide  and  introducing  some  air  into 
the  gas  before  the-  purifiers. 

For  bhe  six  months  alter  installing  the  Liquor  purifi- 
cation process,  the  o\jdc  in  the  boxes  was  not  changed, 
no  labor  was  expended  on  purification,  tin-  average 
monthly  outpul  oi  gas  for  the  first  three  months 
increased  12  per  cent,  and  for  the  last  three  months 
decreased  2o  per  cent,  (partly  t\\u-  to  coa]  shortage), 
the  percentage  ol  high  sulphur  coal  used  was  increased 
to  50  per  cent,  of  the  total,  and  at,  the  end  of  this 
period  we  found  all  boxes  clean.  A  very  small  quan- 
tity of  .nr  was  drawn  into  the  gas  before  the  exhausters, 
approximately  0.5  per  cent.;  the  quantity  of  nitro- 
gen m  this  air  introduced  into  the  gas  was  more  than 
offset  by  the  quantity  of  carbon  dioxide  absorbed  from 
the  gas  by  the  liquor  wash.  The  gas  issuing  from 
the  first  purifying  box  in  the  series  would  at  times 
show  a  trace  of  hydrogen  sulphide,  but  on  changing 
the  flow  of  the  gas,  so  as  to  remove  this  box  from  be- 
ing first  to  receive  the  gas,  it  would  immediately  clean 
up.  The  gas  has  gone  through  the  boxes  for  a  month 
at  a  time  without  the  gas  from  the  first  box  showing 
a  trace  of  hydrogen  sulphide  with  lead  acetate  paper. 

During  the  severe  winter  weather,  the  wash  liquor 
in  the  pipe  line  to  the  scrubber  became  frozen,  conse- 
quently for  several  hours  the  liquor  wash  was  discon- 
tinued. The  three  boxes  went  foul  even  though  a 
short  time  before  they  were  all  perfectly  clean.  When 
the  wash  liquor  was  again  turned  on  the  three  boxes 
gradually  cleaned  up,  proving  that  by  using  this 
liquor  wash  with  a  very  small  quantity  of  air,  the 
foul  boxes  could  again  be  made  clean,  without  the 
necessity  of  first  passing  the  gas  through  a  clean  box. 

The  actual  saving  obtained  by  using  this  process 
is  very  large,  even  for  a  small  plant,  both  in  labor 
cost  and  using  high  sulphur  coal ;  the  process  is  simpler 
than  oxide  purification,  elastic,  independent  of  one 
grade  of  coal,  without  danger  of  fire  or  explosions,  does 
away  with  any  installation  of  new  purifying  boxes, 
and  saves  valuable  space. 

The  gas  business  being  a  world-wide  industry, 
consequently  any  improvement  in  the  manufacture 
of  gas  is  of  world-wide  interest.  With  the  modern 
development  of  uses  for  gas,  any  improvement  in  its 
manufacture  is  a  direct  aid  to  the  progress  of  the  world. 

Geneva,  N.  Y. 

STUDIES  ON  FISH  OILS.1 

III.     Properties  of  Fish  and  Vegetable  Oil  Mixtures. 

By  George  F.  White  and  Adrian  Thomas. 

Received  Aug.  14,  1912. 

In  consequence  of  the  continually  increasing  in- 
terest in  the  utilization  of  various  fish  oils  for  the  most 
diverse  commercial  operations,  their  substitution 
where  possible  for  the  more  valuable  vegetable  oils, 
and  the  lack  of  intimate  and  complete  knowledge 
of  their  physical  and  chemical  properties,  it  has  seemed 
desirable  to  continue  and  extend  the  work  which  was 
carried  out  recently  by  one  of  us  on  fish  oils  of  known 
origin.      The  uncertainty  of  the  various  tests  that  have 

1  For  previous  communications  bearing  on  this  subject  see  This 
Journal,  4,  106  and  267. 
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been  applied  to  any  oil  to  detect  possible  adulteration 
by  another  of  inferior  value  has  been  due  rather  to 
the  want  of  a  full  conception  of  the  behavior  of  fish 
oils  under  all  circumstances  than  to  any  inherent  diffi- 
culty connected  with  the  problem.  A  careful  study 
of  mixtures  of  fish  oils  with  each  other  and  with  vege- 
table oils  should  yield  results  of  value  to  both  analyst 
and  manufacturer. 

In  this  article  there  is  presented  the  results  of  the 
analysis  of  dogfish  liver  (Mustelus  canis),  soya  bean, 
linseed,  china  wood  oils,  and  mixtures  of  these  latter 
with  the  fish  oil.  The  fish  oil  was  extracted  from 
livers  by  steam  pressure  by  the  method  previously 
described  by  one  of  us.1  Mixtures  were  made  up 
by  weight.  The  viscosity,  density,  index  of  refrac- 
tion, saponification  number,  acid  number,  and  iodine 
number  were  then  measured  according  to  the  descrip- 
tion given  below. 

VISCOSITY   AND    FLUIDITY. 

It  has  been  shown  that  the  fluidities  of  fish  oil 
mixtures  are  additive,  and  it  should  be  expected  that 
the  same  condition  would  obtain  with  all  oils  except 
in  those  cases  where  there  is  association,  decomposi- 
tion, or  some  other  exceptionally  disturbing  factor. 
As  the  viscosity  of  an  oil  is  of  particular  interest  to 
the  paint  manufacturer,  and  fish  oils  are  largely  used 
for  outside  paints  or  to  adulterate  oils  for  other  pur- 
poses, this  property  has  therefore  been  especially 
considered  in  our  study  of  these  oils. 

A  viscosimeter  capable  of  very  accurate  measure- 
ment gave  satisfactory  service  in  our  previous  work  and 
a  new  one  was  made  and  calibrated  according  to  the 
method  already  given.  The  constants  obtained  for 
this  instrument  are: 

Length  of  capillary  (approx.) 1.6  cm. 

Volume  of  left  limb 2.1310  cc. 

Volume  of  right  limb 2  .0748  cc. 

Pressure  correction  (30°),  left  limb — 0.30  cm. 

Pressure  correction  (30°),  right  limb — 0.30  cm. 

Ratio  of  r*  to  / 0  .00005835 

0.00005822 
0.00005837 

The  formula  used  for  the  calculation  of  the  vis- 
cosity was 

—  7T''4M    _        vd 
**  8vT  8tM  ' 

where  7;  is  the  viscosity,  r  the  radius,  and  /  the  length 
of  the  capillary,  v  the  volume  of  liquid  passing  through 
the  capillary,  d  the  density  of  the  liquid,  p  the  pres- 
sure, and  t  the  time  of  flow.  The  method  of  calibration 
and  manipulation  has  been  fully  described  in  previous 
papers. 

In  the  following  tables  are  presented  the  results 
of  the  viscosity  measurements,  which  were  taken  at 
30 °,  50 °,  70 °  and  90 °,  for  the  right  and  left  limbs, 
the  average  of  the  two,  and  the  reciprocal  of  this  lat- 
ter, which  is  the  fluidity.  The  china  wood  oil  was 
measured  at  35  °  and  the  values  at  30 °  extrapolated 
from  the  curve,  as  the  oil  was  so  viscous  at  the  lower 
temperature  that  the  time  necessary  for  a  determina- 
tion was  very  long.  The  pure  oils  were  cooled  after 
measurement  at  90  °  and  the  viscosity  redetermined 

1  The  Soya  Bean  and  China  wood  oils  were  furnished  us  by  Marden. 
Orth.  and  Hastings,  of  Boston.  The  linseed  oil  was  obtained  from  Eimer 
.&  Amend.  New  York. 


at   30  °  to  note  any  possible  change  due  to  chemical 
decomposition. 

Table  I. — Dogfish  Oil. 
Viscosity. 

Temp. 


Temp. 
30° 


Right  limb. 

Left  limb. 

Average. 

Fluidity 

0.4143 

0.4140 

0.4142 

2.414 

0.2113 

0.2110 

0  2112 

4.735 

0.1247 

0.1247 

0.1247 

8.020 

0.08046 

0.08063 

0.08055 

12.41 

0.4142 

0.4142 

0.4142 

2.414 

Table  II. — Linseed  Oil. 

Viscosity. 

Right  limb. 

Left  limb. 

Average. 

Fluidity. 

0.3312 

0.3311 

0  3312 

3.019 

0.1757 

0.1757 

0.1757 

5.692 

0.1071 

0.1069 

0.1070 

9.346 

0.07103 

0.07119 

0.07111 

14.06 

0.3312 

0.3316 

0.3314 

3.017 

Table  III. — Soya  B 

ean-  Oil. 

Viscosity. 

Temp. 


Right  limb. 
0.4067 
0  2060 
0.1207 
0.07807 
0.4069 


Left  limb. 
0.4058 
0.2065 
0.1209 
0.07836 
0.4067 


Average. 
0.4063 
0 . 2063 
0.1208 
0.07822 
0.4068 


Fluidity. 

2.461 

4.847 

8.278 
12.79 

2.458 


Table  IV. — China  Wood  Oil. 
Viscosity. 


Temp 


Temp. 


p.        Right  limb.       Left  limb. 

Average. 

Fluidity 

1.859 

0.5379 

1.591 

1.587 

1.589 

0.6293 

0.7796 

0.7805 

0.7801 

1.282 

0.3699 

0.3717 

0.3708 

.2.697 

0  2126 

0.2128 

0.2127 

4.702 

1  .933 

1.957 

1.946 

0.5139 

Table  V. — Dogfish  Liver — 

Linseed  Oil  Mixtures. 

25 

Per  cent.  Linseed. 

Viscosity. 

Right  limb, 

Left  limb. 

Average. 

Fluidity. 

0.3954 

0.3943 

0.3949 

2.533 

0.2027 

0.2018 

0 . 2023 

4.943 

0.1204 

0.1201 

0.1203 

8.313 

0.07784 

0.07798 

0.07791 

12.84 

50  Per  cent.  Linseed. 

0.3712 

0.3712 

0.3712 

2.694 

0.1930 

0.1925 

0.1928 

4.943 

0.1150 

0.1151 

0.1151 

8.688 

0  07554 

0.07561 

0.07558 

12.23 

' 

75  Per  cent.  Linseed. 

0.3555 

0.3556 

0.3556 

2.812 

0.1866 

0.1866 

0.1866 

5.354 

0.1123 

0.1124 

0.1124 

8.897 

0.07425 

0.07427 

0.07426 

13.47 

Table  VI. — Dogfish  Liver— 

-Soya  Bean  Oil 

Mixtures. 

25  Per  cent.  Soya  Bean. 

0.4121 

0.4125 

0.4123 

2.425 

0.2121 

0.2094 

0.2108 

4.744 

0.1234 

0.1227 

0.1231 

8.123 

0.07952 

0.07934 

0.07941 

125.9 

50  Per  cent.  Soya 

Bean. 

•  0.4099 

0.4130 

0.4115 

2.430 

0.2074 

0.2082 

0.2078 

4.813 

0.1215 

0.1227 

0.1221 

8.190 

0 . 7930 

0.07954 

0.07942 

12.59 

75 

Per  cent.  Soya  Bean. 

0.4074 

0.4071 

0.4073 

2.455 

0.2072 

0 . 2075 

0.2074 

4.822 

0.1210 

0.1214 

0.1212 

8.251 

0.07852 

0  07865 

0.07859 

13.72 

SSo 
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SO  Pel  cent   China 

Wood  Oil. 

Viscosit] 

'emp. 

[tight  limb. 

Left  Limb. 

Average. 

Fluidity 

10' 

0.7950 

1.258 

35° 

0.6926 

0.6942 

0.6934 

1.442 

50° 

0.3895 

0.3875 

0.3885 

2.574 

70° 

0 . 2085 

0.2080 

0.2083 

4    801 

90° 

0.1258 

0.1259 

0.1259 

7.943 

The  viscosity  and  fluidity  are  pictured  graphically 
in  Figs.  1-3.  According  to  Bingham's  fluidity  hy- 
pothesis,1   the    fluidities   of  liquid   mixtures  should   be 


lis  fluidity  curve  does  not  have  the  game  Blope  as 

■  the  Other  Oils,  and  also  its  fish  oil  mixtures  do 
not  give  additive  fluidities.  The  data  in  Table  I  V 
shows  that  it  changes  in  composition  on  being  heated 
to  900  since  its  viscosity  at  350  increases  from  1.589 
to  1.946.     The  values  for  the  other  oils  remain  con 

slant. 

It   is   interesting  to   note   how   much   more   viscous 


76° 

additive  when  there  is  no  association  or  action  be- 
tween the  components.  This  is  true  when  the  fluidity- 
temperature  curve  is  linear.  It  may  be  seen  from 
Fig.  2  that  the  fluidities  of  the  dogfish,  linseed  and 
soya  bean  oils  are  nearly  linear  functions  of  the  tem- 
perature and  their  curves  have  the  same  slope. 

Fig.  3  shows  that  mixtures  of  these  oils  have  fluidi- 


the  china  wood  oil  is  than  the  other  three  oils,  this 
property  being  a  good  test  of  its  purity,  since  a  little 
adulteration  by  other  oils  of  viscosity  approximating 
the  others  would  lower  the  viscosity  of  the  china  wood 
oil  markedly. 

The  viscosity  curves  of  the  mixtures  are  given  for 
30  °  in  Fig.   1.     As  has  been  shown  before,  the  linear 


tfrCatnfat  i-ti»n 

ties    which    are    linear    functions    of    the    composition. 
On  the  other  hand,  china  wood  oil  behaves  differently. 

1  Z.  physik.  Chem.,  1909,  1 


.  „  so         ys 
tjm  Ctnpo.ii  t*.on. 

curves  obtained  for  the  soya  bean  and  linseed  oil 
mixtures  were  to  be  expected  since  the  viscosities 
of  the  components  are  nearly  identical.      Neither  the 
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viscosity  nor  fluidity   curves  for  the  china  wood  oil 
mixtures  are  linear. 

DENSITY. 

There  is  little  to  be  said  in  regard  to  the  data  fur- 
nished by  specific  gravity  determinations.  These  were 
made   by   use   of   the    Ostwald   pyenometer.     The   re- 
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suits  are  given  in  Table  VIII  and    shown  by  graphs 
in'Figs.  4-5.     Fig.  4  shows  that  the  density  is  a  linear 

Table  VIII. — Densities  of  Oils. 

30°.  35°.  50°.  70°.  90°. 

Dogfish  liver 0.9228  ....  0.9175  0  9131  0.9082 

Linseed 09251  0  9219  0  9183  0.9141 

Soyabean 0  9191  ...  0  9149  0  9095  0  9063 

China  wood 0.9411  0  9389  0  9324  0  9279  0  9260 

Dogfish  liver- 25  percent. 


linseed 0.9237        .... 

Dogfish  liver-50  per  cent. 

linseed 0.9235        .... 

Dogfish  liver— 75  per  cent. 

linseed 0.9245        .... 

Dogfish  liver-25  per  cent. 

soya  bean 0.9200        .... 

Dogfish  liver-50  per  cent. 

soya  bean 0.9200        .... 

Dogfish  liver-75  per  cent. 

soyabean 0.9191        .... 

Dogfish  liver-25  per  cent. 

china  wood 0  9268     0.923 

Dogfish  liver-50  per  cent. 

china  wood 0.9300     0.9289     0  9255     0.9209     0.9188 

Dogfish  liver-75  per  cent. 

china  wood 0  9348     0  9322     0  9245     0  9230     0.9204 


0  9158  0  9120  0  9090 

0  9124  0  9051  0.8986 

0.9169  0.9100  0.9051 

0  9158  0  9111  0  9082 

0.9149  0.9076  0.9055 

0  9141  0.9076  0.9046 

0  9149  0  9103  0.9074 


position  of  which  changes  on  heating.  Linseed  and 
dogfish  liver  oil  mixtures  have  additive  densities  at 
30°  while  the  other  mixtures  do  not.  These  data  were 
of  value  to  us,  principally  in  our  calculation  of  the 
viscosities. 

INDEX   OF   REFRACTION. 

The  refractive  indices  were  measured  by  the  use  of 
a  microscope,  the  apparent  and  true  depths  of  a  col- 
umn of  liquid  being  compared.  Fig.  6  shows  that 
the  index  of  refraction  is  not  a  good  criterion  of  the 
composition  of  linseed  and  soya  bean  oils  when  being 
tested  for  the  presence  of  fish  oil,  but  it  should  be 
valuable  in  the  case  of  china  wood  oil.  the  refractive 
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function  of  the  temperature  over  the  range  at  which      index  of   which    is    considerably    greater    than     that 
we  worked,  except  with  the  china  wood  oil,  the  com-      of    the    other  oils.      This   has   been   brought   out   by 

Index  of 
refraction 

Oil.  at  25  . 

Dogfish 1    4801 

Linseed I    4805 

Soya  bean 1  .4837 

China  wood 1   5560 

Dogfish — 25  per  cent,  linseed 1    4948 

50  per  cent,  linseed 1  .4872 

75  per  cent,  linseed 1    4870 

25  per  cent,  soya  bean 1    4790 

50  per  cent,  soya  bean 1.4819 

75  per  cent,  soya  bean 1  -4834 

25  per  cent,  china  wood  1    4997 

50  per  cent,  china  wood 1   5120 

75  per  cent,  china   wood  1    5363 


Table   IX. 

Acid  number. 

Saponification  number. 

Iod 

ne  number 

2. 

Av. 

1. 

2. 

Av 

1. 

2. 

Av. 

»1          2.94 

2.93 

191  .3 

191    2 

191    3 

122.7 

120  3 

121    5 

)8          4  01 

4   00 

194    0 

195   3 

194    7 

152    1 

152    7 

152  4 

)8          3  .  08 

3.08 

196    J 

\<>ly   4 

[>>i,   5 

130.5 

125.1 

127.8 

17           1    49 

1    48 

190    1 

190    2 

1 90  2 

•  1J4    4? 

137.1 

137    1 

16          3.06 

3.06 

191    4 

191    6 

191    5 

129.2 

129  2 

H           1 .43 

3  42 

192  0 

192   4 

192  2 

137   9 

1 39    1 

138.5 

75          3.68 

3   72 

191    0 

194  9 

193.0 

144    3 

145    1 

144    7 

35          2.85 

2  85 

193    5 

193.5 

193   5 

1 2.i  3 

123    1 

123.2 

?4          2.92 

2.93 

195   (. 

[95   9 

195.8 

123    1 

122    1 

122.6 

30         3  .  03 

3.02 

1 96    4 

196    1 

196  3 

126.9 

127    7 

127  3 

>o          2.72 

2.66 

193    2 

193   0 

193    1 

128.0 

126  4 

127   2 

14          2.19 

2    17 

187   '. 

187.9 

187.8 

133.2 

131    4 

132   3 

\s         i   76 

1    77 

188  5 

188.9 

188.7 

135.6 

L36    5 

136.1 

THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


i». 1 


191a 


the    work  oi    Wise'  in    a   recent    study    oi     tins    oil. 

ICID,  SAPO     tPI»    LTION,  AND  IODtNE  NUMBERS. 

The  results  oi  the  measurements  of  the  acid,  saponi 
1  and  iodine  numbers  arc  presented  in  Table 
IX  and  Pigs.  7-9.  The  lirst  two  numbers  represent 
the  milligrams  of  potassium  hydroxide  necessary  for 
one  gram  of  oil,  while  the  iodine  numbers  were  op- 
tained    by    Hubl's    method,    being    per    cent,    iodine 

absorbed   b\    the  oil. 

The  acid  numbers  arc  seen  to  be  generally  additive 
for  the  mixtures,  while  the  saponification  numbers 
offer  no  general  behavior.  The  iodine  numbers  are 
additive  for  the  linseed  and  soya  bean  mixtures, 
the  china  wood  mixtures,  however,  giving  a  hyper- 
bolic curve.  As  the  iodine  number  of  the  linseed  is 
so  much  higher  than  that  of  the  dogfish  liver  oil,  this, 
as  is  well  known,  furnishes  good  evidence  of  the  purity 
of  the  former.  The  numbers  for  the  other  vegetable 
oils  are  so  near  those  of  the  fish  oil  that  great  value 
cannot  be  placed  in  these  tests.  Reference  may  be 
made  to  the  work  of  Mcllhiney1  for  a  method  of  ex- 
amining china  wood  oil. 

SUMMARY. 

i.  The  fluidities  of  fish  and  vegetable  oil  mixtures 
are  additive,  except  where  there  is  decomposition  of 
either  component  on  heating. 

2.  The  viscosities  of  these  mixtures  are  also  addi- 
tive when  the  values  for  the  components  approximate 
each  other  closely. 

3.  The  fluidities  of  vegetable  oils  are  nearly  linear 
functions  of  the  temperature.  It  has  been  previously 
shown  that  this  holds  true  for  various  fish  oils. 

4.  The  fluidity  of  china  wood  oil,  as  it  is  unusually 
low,  is  a  good  test  of  its  purity. 

5.  The  specific  gravities  of  the  mixtures  are  approxi- 
mately additive  and  vary  linearly  with  the  tempera- 
ture.    The  density  of  china  wood  oil  is  very  high. 

6.  The  index  of  refraction,  acid  number,  and  saponi- 
fication number  of  the  mixtures  do  not  allow  any 
general  conclusions.  The  acid  number  of  linseed 
oil  is  high,  and  that  of  china  wood  oil  lowr,  compared 
with  that  of  dogfish  liver  oil.  The  refractive  index 
of  china  wood  oil  is  lowered  by  the  introduction  of 
small  amounts  of  fish  oil. 

7.  The  low  iodine  number  of  the  dogfish  liver  oil 
makes  the  presence  of  this  oil  in  vegetable  oils  known 
by  marked  lowering  of  their  iodine  values. 

U.  S.  Bureau  of  Fisheries.  Woods  Hole.  Mass.  ; 
Clark  College,  Worcester,  Mass.  ; 
Richmond  College.  Richmond.  Va. 


THE  RELATION    OF   THE   REFRACTIVE   INDEX   OF  SODA- 
BARIUM  AND  SODA-LIME  GLASSES  TO  THEIR 
CHEMICAL  COMPOSITION. 
By  Edwin  Ward  Tillotso.v.  Jr. 
Received  July  1,  1912. 

'Slany  attempts  have  been  made  to  discover  the  re- 
lation which  exists  between  the  refractive  index  and 
the  chemical  composition  of  substances,  and  many 
formulae  have  been   derived  to  express  this  relation. 

1  This  Journal.  4,  497  (1912  V 

2  Ibid..  4,  496  (1912  1. 


ill  of  these  expressions  are  based  upon 
.i.mi    known  as  the  specific   refractive  power   which 

has   been   defined    l>v    Gladstone   and    Dale    as 

"    ,   '      « 
a 

and  by   Lorent/.'  and   Lorenz1  as 

«'  —  1         l 

rX      X       =  K'. 
w  +  2       a 

This  specific  refractive  power  (K  and  K')  represents 
a  relation  between  the  refractive  index  and  the  density 
of  a  substance  and  is  nearly,  but  not  quite,  constant 
over  a  large  range  of  temperature.  It  is  also  depend- 
ent on  both  the  chemical  composition  and  the  consti- 
tution, or  structure,  of  the  compound.  The  product 
of  the  specific  refractive  power  and  the  molecular 
weight  is  known  as  the  molecular  refractive  power 
and  has  been  found,  for  many  organic  compounds, 
to  be  the  sum  of  its  several  atomic  refractive  powers 
modified  by  the  structure  or  atomic  arrangement 
within  the  molecule. 

These  relationships  have  been  studied  to  only  a 
limited  extent  in  connection  with  silicates.  Owing 
to  our  lack  of  knowledge  of  the  compounds  which  are 
formed  in  a  glass  or  of  their  atomic  structure,  the  deri- 
vation of  atomic  refractive  powers  for  the  glass 
forming  oxides  is  impossible.  Investigations  have, 
therefore,  been  limited  to  the  study  of  mixtures  of 
pure  silicates.  Larsen4  has  shown  that  the  specific 
refractive  power  of  mixtures  of  calcium  and  magne- 
sium silicate  is  a  nearly  linear  function  of  the  composi- 
tion, calculated  in  percentages  by  weight,  and  the 
writer  has  shown5  that  this  is  also  true,  within  limits, 
of  soda-lime  glasses. 

Neither  the  refractive  index  nor  the  specific  refrac- 
tive power  of  mixtures  is  necessarily  a  linear  func- 
tion of  the  composition.  In  addition  to  the  changes 
in  volume  which  may  occur  on  mixing  two  liquids, 
there  may  be  a  similar  change  in  the  specific  refrac- 
tive power  which  may  or  may  not  be  parallel  with, 
or  proportional  to,  the  change  in  volume.  Schutt5 
and  Pulfrich7  have  derived  some  rather  complex  for- 
mulae to  express  these  relations,  both  of  which  show 
excellent  agreement  with  the  experimental  data. 
Schutt's  formula  is  as  follows, 

K  =  E*- 

1  —  c  (a  +  bp) 

in  which  K  is  the  specific  refractive  power  of  the  mix- 
ture, Hk  is  the  sum  of  the  specific  refractive  powers 
of  the  components  calculated  by  percentages  by  vol- 
ume, c  is  the  percentage  change  in  volume  on  mixing, 
and  (a  +  bp)  is  a  factor  dependent  on  a  similar  change 
in  the  specific  refractive  power.  Pulfrich's  formula, 
is  analogous  to  the  above  and  is  as  follows, 


/i  —  ac\ 

v  — c  ) 


2*. 


1  Phil.  Trans..  337  [,1863V 
-Wied.  Ann.,  9,  641  (1880). 
3  Ibid.,  11,  70  (1880). 
*  Am.  J.  Sci.,  28,  263  (1909). 

5  This  Journal,  4,  246  (1912). 

6  Z.  phys.  Chem.,  9,  349    (1892). 

7  Ibid..  4,  561  (1889). 
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in  which  K,  Hk  and  c  have  the  same  significance  as 
before  and  a  is  a  factor  dependent  on  the  change  in 
the  specific  refractive  power.  In  applying  either  of 
these  formulae  to  isomorphous  mixtures,  or  to  mix- 
tures which  do  not  change  in  volume  on  mixing, 
the  factor  c  becomes  zero,  and  both  formulae  reduce 
to  K  =  Hk.  Mixtures  of  silicates  closely  approach 
this  condition.  The  densities  of  glasses,  differing 
widely  in  composition,  are  very  nearly  the  same  as 
those  calculated1  from  their  components.  We  should, 
therefore,  expect  the  specific  powers  of  mixtures  of 
silicates  to  be  a  very  nearly  linear  function  of  their 
compositions,  expressed  in  percentages  by  volume. 

This  paper  is  a  partial  account  of  an  investigation 
on  the  refractive  index  and  specific  refractive  power 
of  some  soda-barium  glasses  for  the  purpose  of  throw- 
ing light  on  the  relation  between  refractive  index 
and  composition  and  possibly  to  identify  compounds 
or  doub'e  silicates  which  may  exist.  The  prepara- 
tion of  the  glass,  the  procedure  adopted  for  carrying 
out  these  experiments,  and  the  probable  errors  have 
been  described  in  a  previous  paper.2  The  Gladstone 
and  Dale  formula  for  the  specific  refractive  power 
has  been  employed  throughout  on  account  of  its  sim- 
plicity and  ease  of  manipulation,  and  also  because  a 
large  number  of  comparisons  in  this  work  have  not 
disclosed  any  appreciable  superiority  of  one  formula 
over  the  other.  The  compositions  of  the  glasses  have 
been  calculated  as  percentages  by  volume  in  accord- 
ance with  the  formula  of  Schutt  and  Pulfrich  given 
above. 

The  results  obtained  with  soda-barium  glasses  are 
shown  graphically  in  Figs.  1-4,  in  which  the  composi- 
tion of  the  glasses  is  represented  by  the  abscissas  and 


^ 

Fiy 

1 

*; 

CJ 

t 

"^/JD 

to 

N.l0-1S.Q1     bo         10         to 


80        so  B.o-S.-o, 


the  specific  refractive  powers  by  the  ordinates.  The 
glasses,  whose  specific  refractive  powers  are  shown 
in  Fig  1,  varied  in  composition  from  Na,0.3Si02 
to  BaO.Si02)  those  in  Fig.  2  from  Na20.3-5Si02 
to    BaO.Si02l    those    in    Fig.    3     from  Na20.sSi02    to 


£1 

F.,. 

a. 

J[_ 

i 

80         90B.0S.0, 
N*t0  3.SS.Qt    80         70         to        SO        10         10        io         10  0 

BaO.Si02)     and     those     in     Fig.     4    from  Na20.3Si02 
to  Ba0.2Si02.     Fig.  4  is   instructive  in  that   it  shows 

1  Winkelmann  and  Schott,  Arm.  d.  Phys.  und  Clum..  61,  697  (1894). 
Tillotson,  This  Journal,  3,  897  (1911). 

2  Tillotson,   Loc.  cit. 


distinctly  two  straight  lines  meeting  at  a  point  corre- 
sponding to  a  composition  consisting  of  equimolecular 
proportions    of    Na20    and    BaO — in     this  case  Na20. 
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Ba0.5Si02.  This  second  line  is  also  observable  in 
the  other  figures,  but  is  not  so  distinct  because  of  the 
lack  of  data  for  glasses  approaching  barium  meta- 
silicate  in  composition.  These  glasses  possess  a  very 
high  melting  point,  crystallize  readily  and  are  subject 


*, 
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to  large  experimental  errors  both  in  the  composition 
and  in  the  measurement  of  the  refractive  index.  The 
data  is  sufficient,  however,  to  indicate  the  direction 
of  the  two  lines.  If  the  conclusion  that  the  specific 
refractive  powers  are  additive  is  true,  this  change  in 
direction  of  the  curve  indicates  a  compound  at  the 
point  where  the  break  occurs,  which  in  this  case  is 
of  the  type  Na2O.BaO.*Si02. 

In  Fig.  5  are    shown,    for   comparison,    the    specific 
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refractive  powers  of  the  soda-lime  glasses,  which  were 
described  in  a  former  paper,  recalculated  and  plotted 
in  terms  of  percentages  by  volume.  The  results  are, 
in  general,  the  same  as  those  previously  found,  and 
show  plainly  the  two  lines  meeting  at  a  composition 
corresponding  to  2Na2O.3CaO.9SiO;,. 

In  Tables  I  to  V  are  presented  the  numerical  data 
corresponding  to  Figs.  1-5,  respectively.  The 
first  four  columns  in  these  tables  show  the  composi- 
tion of  the  glasses  in  molecular  per  cent,  and  in  per- 
centages by  volume.  In  the  fifth  column  are  given 
the  densities  as  calculated  from  the  composition;1 
in  the  sixth,  the  observed  refractive  index  for  white 
light;  and  in  the  seventh  the  values  of  K,  calculated, 
with  the  aid  of  Gladstone  and  Dale's  formula,  from 
the  data  in  columns  five  and  six. 

1  Tillotson,  Loc.  cil. 
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BaSiOj.  SiOi.  BaO.  NajO. 

Uol.  pel  cent.  Vol.  pet  cent.  Vol.  pit  cent.  Vol.  pet  cent.    1 


0 
in 
20 
30 
50 
60 
70 
80 
90 


78.1 

76.6 
75.6 

74.0 
70.6 
68.4 
65. 9 
62.8 
59.2 


18.9 


29.8 
36.9 


21, 

21.0 
19.5 
18  2 
14.7 
12.7 
10.2 
7.4 
3.9 


)  calc. 

2.41 

2.515 

2.625 

2.755 

3.055 

3.25 

3.48 

3.74 


\  obs. 
1.500 
1  ,510 

1  525 
1  530 
1.560 
1  .572 
1  .  593 
1.606 
i  .648 


K  obi, 

I)  20747 
0  2025 
n  1999 
0.1925 
0  1835 
0.1760 
0. 1705 
11  1620 
0.1520 


K  calc. 
0.2075 
0 . 2038 
0.1992 
0.1946 
0.1830 
0.1769 
0.1702 
0  1619 
0.1521 


N  calc. 

N  call    obi 

1.5000 

±0.0000 

1.5126 

+  0.0026 

1  .5229 

—0.0021 

1 .5361 

4-0.0061 

1.5591 

—0.0009 

1 .5749 

+  0.0029 

1.5923 

—0.0007 

1 .6055 

—0.0005 

1.6160 

+  00012 

BaSi03.  SiOj.  BaO.  Na20. 

Uol.  per  cent.  Vol.  per  cent.  Vol.  per  cent.  Vol.  per  cent. 


0 
10 
20 
30 

33 1/3 
40 
50 
60 
70 
80 
90 


80.6 
79.7 
78.3 
76.7 
76.0 
74.8 
72.7 
70.5 
67.7 
64.3 
60.0 


2.0 

3.8 

7.0 

8.0 

10.0 

13.5 

17.8 

22.5 

28.5 

36.3 


19.4 
18.3 
17.9 
16.3 
16.0 
15.2 
13.8 
11.7 
9.8 
7.2 
3.7 


D  calc. 
2.40 
2.49 
2.57 
2.71 
2.76 
2.845 
3.01 
3.20 
3  41 
3.675 
4.03 


N  obs. 

1.495 

1.503 

1.515 

1.5255 

1    533 

1.540 

1.560 

1.575 

1.585 

1.604 

1  .613 


K  obs. 

0    2062 

0.2020 

0.2005 

0.1939 

0.1931 

0.1898 

0.1860 

0.1797 

0.17156 

0.16435 

0.1520 


K  calc. 
0 . 2066 
0.2031 
0  2001 
0.1950 
0.1932 
0.1901 
0.1843 
0.1782 
0.1720 
0.1638 
0.1538 


N  calc. 

N  calc. -obs. 

1 .4958 

+  0 . 0008 

1 .5057 

+  0.0027 

1    5142 

—0.0008 

1.5284 

+  0.0029 

1.5332 

+  0.0002 

1.5408 

+  0.0008 

1.5547 

—0.0053 

1.5702 

—0.0048 

1.5865 

+  0.0015 

1.6019 

— 0  0021 

1.6198 

+  0.0068 

BaSi03.  Si02.  BaO.  Najl  I. 

Uol.  per  cent.  Vol.  per  cent.  Vol.  per  cent.  Vol.  per  cent. 


10 
20 
30 
40 
50 
60 
70 
80 
90 


83.3 
82.0 
80.1 
78.0 
75.5 
72.3 
68.3 
62.6 


1.8 
3.4 
5.2 
.  8.0 
10.9 
14.5 
19.2 
25.3 
33.6 


13.9 

13.3 
12.8 
11  9 
11.1 
10  0 
8.5 
6  4 
3.8 


D  calc. 
2.45 
2.52 
2.605 
2.74 
2.865 
3.03 
3.245 
3.52 
3.90 


N  obs. 
1.496 
1  .504 
1.515 
1  .526 
1  .537 
1  .555 
1  .571 
1.590 
1.622 


K  obs. 

0.2024 

0 . 2000 

0   1973 

0   19196 

0.18776 

0.18316 

0.1761 

0.1676 

0.1595 


K  calc. 
0  2019 
0.1992 
0.1964 
0.1920 
0.1871 
0.1823 
01760 
0.1675 
0.1562 


N  calc. 

N  calc. -obs. 

1.4947 

— 0.00l3 

1.502 

—0.0020 

1.5126 

—0.0024 

1.5261 

+  0.0001 

1.5360 

— 0.0010 

1.5524 

—0.0027 

1.5711 

+  0.0001 

1.5899 

—0.0001 

1.6091 

+  0.0016 

BaSi03.  Si02.  BaO.  Xa..O. 

Mol.  percent.  Vol.  per  cent.  Vol.  per  cent.  Vol.  per  cent. 


77.8 
76.8 
76.4 
75.7 
74.8 
74.1 
72.9 
72.4 
71.7 
70.8 


2.0 
4.7 
7.1 
9.7 
12.5 
15.4 
19.0 
22.1 
25.4 
29.2 


20.2 
18.5 
16.5 
14.6 
12.7 
10.5 
8.1 
5.5 
2.9 


D  calc. 
2.495 
2.615 
2.72 
2.83 
2.95 
3  075 


N  obs. 
1  .508 
1.520 
1.531 
1.537 
1.5475 
1.5594 
1.5718 
1.5847 
1.5945 
1.6054 


K  obs. 
0.2035 
0.1983 
0.1955 
0.1898 
0.1855 
0.1820 
0.1780 
0  1735 
0.1693 
0.1648 


K  calc. 
0.2038 
0.1993 
0.1950 
0.1903 
0.1853 
0.1816 
0.1780 
0.1738 
0.1700 
0.1650 


K  calc. 

N  calc. -obs. 

1 .5085 

+  0 . 0005 

1  .5211 

+  0.0010 

1.5304 

—0  0006 

1 .5385 

+  0.0015 

1    5466 

—0.0009 

1.5584 

—0.0010 

1.5718 

+  0.0000 

1.5857 

+  0.0010 

1.5967 

+  0.0022 

1 . 6063 

+  0.0009 

CaSi03.  Si02.  CaO.  Na20. 

Mol   per  cent.  Vol.  per  cent.  Vol.  per  cent.  Vol.  per  cent. 


60 
70 


77.2 
76.4 
75.7 
74.8 
74  8 
73.6 
72.3 
70  6 
70.6 


5.0 
7.2 
9.7 
9.7 
12.8 
16.4 
21  I 
21  .1 


17.1 
15.5 


8.3 
8.3 


D  calc. 
2.43 
2.455 
2.48 
2.51 
2.55 
2.55 
2.60 
2.65 
2.72 
2.72 


Table  V. 

Nobs. 
1.5064 
1.5115 
1.5172 
1.5240 
1.5334 
1.5300 
1.5425 
1  .5590 
1.5796 
1 .5800 


K  obs. 

0 . 2085 

0.2084 

0 . 2085 

0.2088 

0.2092 

0.2087 

0 . 20866 

0.21094 

0  21310 

0.21323 


K  calc. 
0  2080 
0.2080 
0.2085 
0.2087 
0.2090 
0.2090 
0.2090 
0.2107 
0.2129 
0.2129 


N  calc. 

N  calc. -obs. 

1.5054 

—0.0010 

1.5106 

—0 .  0009 

1.5172 

±0  0000 

1.5238 

— 0.0002 

1.5330 

—0.0004 

1.5330 

+  0.0030 

1.5433 

+  0.0008 

1.5584 

— 0.0006 

1.5791 

—0 .  0005 

1.5791 

—0 .  0009 

Since  the  specific  refractive  power  is  additive  for 
glasses  of  certain  well  defined  compositions,  it  is  possi- 
ble to  calculate  the  specific  refractive  powers  which 
the  several  oxides  show  in  those  glasses.  They  are 
as  follows: 

sio2 0 . 1995 

BaO 0.0500 

CaO 0  2410 

X.1.1  1    0.2360 

These  empirical  factors  apply  for  glasses  varying  in 


composition  from  the  pure  sodium  silicates  up  to  the 
point  where  the  change  in  direction  of  the  specific  re- 
fractive power  curve  takes  place  and  includes  nearly 
all  of  the  typical  commercial  glasses.  The  specific 
refractive  powers  and  the  refractive  index  of  these 
glasses  have  been  computed  by  the  use  of  these  fac- 
tors, and  are  given  in  columns  eight  and  nine  in  the 
tables.  The  specific  refractive  powers  of  the  glasses 
which    occur   between  the  break  in  the  curve  and  the 
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pure  barium  and  calcium  silicates  were  not  calculated 
from  factors,  but  were  taken  from  the  curves  in  Figs. 
1-4.  It  is  possible  to  derive  factors  which 
satisfy  conditions  for  these  glasses,  but  they  are  quite 
different  from  the  factors  given  above  and  are  un- 
satisfactory for  calculating  the  specific  refractive 
power  for  glasses  of  this  composition.  Not  only  is 
the  factor  for  every  oxide  different  from  those  in  the 
above  table,  but  the  same  oxide  may  possess  different 
refractive  powers  in  different  glasses  of  this  type. 
For  example,  Si02  possesses  a  different  specific  refrac- 
tive power  in  soda  barium  glasses  from  what  it  does  in 
soda  lime  glasses  and  a  different  value  in  BaO.SiO, 
from  what  it  does  in  Ba0.2Si02.  This  behavior  is 
doubtless  to  be  explained  as  due  to  the  compounds 
which  are  present,  and  if  so,  will  prove  a  valuable  aid 
in  determining  the  true  constitution  of  a  glass.  To 
illustrate  this  point,  the  glass  in  Table  IV,  containing 
90  molecular  per  cent,  of  Ba0.2SiO,,  has  the  following 
composition: 

Per  cent. 

Na20.Ba0.4Si02 19  5 

Ba0.2Si02 "6.4 

Si02 4    1 

The  specific  refractive  power  of  Na,O.Ba0.4SiO,, 
calculated  from  the  factors  given  above,  is  0.1830, 
that  of  Ba0.2Si02  experimentally  found  is  0.1650, 
and  that  of  Si02  is  0.1995.  Using  these  factors,  the 
specific  refractive  power  of  a  glass  of  the  above  com- 
position is  o.  1700 — a  value  which  is  in  fair  agreement 
with  that  found  experimentally  (0.1693)  but  which 
is  not  in  harmony  with  the  value  calculated  from  a 
consideration  of  the  oxides  alone. 

SUMMARY. 

i.  Several  series  of  soda-barium  and  soda-lime 
glasses  have  been  made  and  their  refractive  indices 
measured. 

2.  The  existence  of  compounds  of  the  types  Na,0, 
BaO.#Si02  and  2NajO.3CaO.xSiO,  have  been  indi- 
cated. 

3.  The  specific  refractivities  of  these  glasses  com- 
puted with  the  aid  of  the  calculated  densities  are  ad- 
ditive from  the  pure  sodium  silicate  up  to  the  double 
silicate  and  from  the  double  silicate  to  the  barium  or 
calcium  silicate. 

4.  Factors  have  been  derived  by  which  the  specific 
refractive  power  of  soda-lime  and  soda-barium  glasses 
may  be  calculated  within  the  limits  described  above 
from  the  percentages  by  volume  of  the  oxides.  These 
are,  for  use  with  Gladstone  and  Dale's  formula,  as 
follows: 

sio2 0.199S 

BaO 0.0500 

CaO 0    '11.. 

NajO 0.2360 

5.  Since  these  factors  have  values  which  are  char- 
acteristic of  the  compounds  which  may  be  present, 
an  exact  knowledge  of  these  compounds  is  necessary 
for  a  thorough  understanding  of  the  optical  behavior 
of  a  glass. 

Department  of  Industrial  Research, 
University  op  Kansas. 
Lawk  1  H<  i 


COMPOSITION  OF  THE  SALINES  OF  THE  UNITED  STATES. 
II.     Natural    (Subterranean)    Brines  and   Mother   Liquors   from 

Natural  Brines. 

By  J.  W.  Tcrrentinb,  with  analyses  l>y  A.  K    Mi  kz  and  R.   F.  Gardner. 

Received  Aug.  7,  1912. 

The  term  natural  brine  has  been  restricted  in  these 
papers  to  mean  the  salt  solution  of  various  degrees 
of  salinity  which  occur  in  more  or  less  deep  lying 
strata,  as  contrasted  with  those  which  are  found  on 
the  surface,  in  saline  creeks,  lakes  or  marshes,  or  just 
beneath  the  surface  of  saline  flats.  This  definition 
is  justified  when  it  is  remembered  that  these  brines 
constitute  an  important  source  of  salt  in  a  number 
of  states  east  of  the  Rocky  Mountains  and  their  em- 
ployment in  the  manufacture  of  salt  in  this  country 
antedates  that  of  rock  salt.  This  classification  also 
differentiates  them  from  these  other  brines,  prepared 
by  dissolving  rock  salt,  used  extensively  in  the  manu- 
facture of  salt,  which  have  been  discussed  in  the  fore- 
going chapter. 

Natural  brines  are  confined  to  no  geological  horizon. 
Their  occurrence  seems  to  be  correlated  with  porosity 
more  than  with  any  other  property  of  their  contain- 
ing strata. 

Distribution. — In  Pennsylvania,  Ohio,  West  Vir- 
ginia and  Michigan,  salt  is  manufactured  on  a  com- 
mercial scale  from  natural  brines.  However,  their 
distribution  is  by  no  means  confined  to  the  rocks 
underlying  these  states,  but  is  found  in  other  states, 
associated  especially  with  petroleum  and  natural  gas. 
This  association,  it  appears  probable,  is  attributable 
only  to  the  fact  that  these  three  mobile  products 
seek  the  natural  reservoirs  afforded  by  the  more 
porous  strata. 

The  salt  industries  of  Southeastern  Ohio  in  Meigs 
and  Morgan  Counties  derive  their  brines  from  certain 
previous  strata  underlying  the  Conemaugh  formation.1 
These  strata  occur  at  different  horizons.  As  the  brines 
have  been  exhausted  in  the  upper  strata,  at  a  depth 
of  300  feet,  the  wells  have  been  deepened  until  now 
they  have  attained  a  depth  of  about  1600  feet. 

In  West  Virginia  salt  is  made  from  natural  brines 
in  the  Ohio  and  Kanawha  Valleys.  The  former  region, 
Mason  County,  lies  closely  adjacent  to  the  Pomeroy 
region  of  Ohio,  and  the  brines  there  obtained  come 
from  the  same  strata  as  do  those  obtained  at  Pome- 
roy.  In  the  Kanawha  Valley  the  wells  penetrate 
the  saliferous  sandstones  of  the  Pottsville  series  of 
the  Carboniferous,2  which  lie  at  a  depth  of  600  to  1000 
feet  below  the  surface.  In  Michigan  they  are  de- 
rived from  the  Marshall  sandstones  which,  in  the 
Saginaw  region,  lie  at  a  depth  of  about  1000  feet  be- 
low the  surface. 

( >rigin-  -Theoretically,  natural  brines  are  actual 
occlusions  of  sea  water,  bottled  up,  so  to  speak,  within 
the  porous  strata  which  now  contain  them  by  so-called 
impervious  strata;  because  of  their  isolation  they  have 
remained  unaltered  since  their  occlusion  and,  there- 
fore, are  representative  of  the  sea  which  was  instru- 
mental in  the  formation  of  their  enclosing  rocks. 

1  Bownoclcer,  Geol.  Survey  Ohio.  Hull  8. 
-'  Harris,  (",.-. •!     Survey  Louisiana,  Hull.  7. 
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Presuming  for  the  momenl  thai  the  natural  brines 
lusions  "i  sea  water,  from  their  chemical  com- 
position it  is  evident  that  the  sea  of  which  the; 
remnant  was  of  a  quite  different  composition  from  the 
ocean  ol  the  present  age,  or  from  the  sea  from  which 
the  Stassfurt  deposits  were  crystallized- — the  sea  of 
an  earlier  geological  age, -and  from  the  present  inland 
seas.  Natural  brines  differ  most  markedly  from  ocean 
water  in  the  ratio  between  calcium  and  sulfate  ions. 
In  ocean  water  that  ratio  is  small,  while  in  natural 
brines  it  is  large. 

Certain  physico-chemical  and  geo-chemical  con- 
siderations make  it  appear  that  natural  brines  should 
be  regarded  as  the  product  of  the  leaching  of  beds  of 
rock  salt,  or,  less  probably,  of  great  masses  of  rocks 
which  have  been  laid  down  in  brine,  rather  than  oc- 
clusions of  sea  water. 

It  cannot  be  said  from  existing  data  what  the  com- 
position of  seepage  water  would  be  on  emerging  from 
a  bed  of  rock  salt  Probably  it  would  be  a  saturated 
solution  of  sodium  chloride  and,  perhaps,  of  calcium  sul- 
fate, since  these  are  the  two  solids  present  in  largest 
amounts.  Its  content  in  these  two  constituents 
would  be  determined  by  their  solubility  in  that  solu- 
tion, or  mutual  solubility.  Beyond  that  concentra- 
tion, of  course,  no  more  of  them  could  be  dissolved 
whatever  the  actual  or  relative  amount  in  which 
they  were  present  in  the  beds  of  salt.  In  addi- 
tion, the  other  soluble  impurities  present  in 
the  rock  salt  would  be  found  in  the  seepage  water. 
Their  ultimate  origin  would  be  the  mother  liquor 
from  the  sodium  chloride  crystallization.  Their 
concentration  would  be  determined  by  several  fac- 
tors, among  which  may  be  mentioned  the  amount 
in  which  they  were  present  in  the  rock  salt  and  the 
thickness  of  the  strata  penetrated  by  the  seepage 
water.  Their  concentration  in  the  seepage  water 
would  be  limited  ultimately  by  their  solubility  in  that 
solution  and  not  by  the  relative  amounts  in  which 
they  were  present.  In  other  words,  the  seepage  water 
from  a  salt  bed  may  not  be  at  all  representative  in 
composition  of  the  rock  salt  which  it  has  penetrated. 
Qualitatively,  the  seepage  water  might  be  expected 
to  contain  the  same  salts  that  were  found  in  the  sea 
from  which  the  rock  salt  was  crystallized,  since  the 
impurities  in  the  rock  salt  had  their  origin  in  this  sea 
water.  That  the  natural  brines  are  so  markedly 
different  from  any  lake  or  sea  water  with  which  we 
are  acquainted  is  at  first  sight  a  strong  indication  of 
the  erroneousness  of  our  theory. 

At  least  two  factors  are  operative  in  the  occlusion 
of  other  saline  substances  which  take  place  in  the 
crystallization  of  sodium  chloride  from  an  impure 
brine — namely,  mechanical  occlusion  of  droplets  of 
mother  liquor  and  adsorption.  Impurities  occluded 
in  the  former  way  are  present  in  the  form  in  which 
they  occur  in  the  mother  liquor;  those  in  the  latter 
way  may  be  entirely  different.  Since  adsorption  is  a 
selective  phenomenon,  from  a  solution  of  sodium 
chloride  and  calcium  sulphate,  calcium  ions  may  have 
been  adsorbed  in  proportionately  larger  amounts 
than  sodium  ions,  and  chloride  than  sulfate  ions. 
In    the    subsequent    leaching    of    the    precipitates    by 


.1  solution  ol  a  lower  concentration  than  that  in  which 
the  precipitates  wen  deposited,  the  adsorbed  ions,  in 
par!  may  have  been  forced  back  into  solution.  A 
solution  would  have  resulted,  then,  in  which  the  ratios 
n  the  ions  had  been  determined  by  the  coeffi- 
cients of  adsorption  of  the  ions  in  the  resp< 
solut  ions. 

It  is  proposed  that  in  some  such  way  the  natural 
brines  were  produced — by  the  permeation  of  strata 
or  rock  salt  or  shales  containing  adsorbed  saline  ma- 
terials, by  seepage  waters.  Their  high  concentration 
in  sodium  chloride  strongly  suggests  that  they  have 
passed  through  rock  salt  rather  than  through  shales. 
The  presence  of  potassium  salts  in  them  further  sug- 
gests the  same  conclusion.  In  this  way  the  pres- 
ence in  natural  brines  of  any  or  all  of  the  saline  sub- 
stances found  therein  may  be  accounted  for,  and  thus 
may  be  explained  the  excess  of  calcium  over  sulfate 
ions. 

Technology. — The  technology  of  the  natural  brines 
is  essentially  the  same  as  that  of  the  artificial  brines. 
However,  since  the  mother  liquors  in  many  instances 
are  to  be  utilized  for  the  recovery  of  calcium  chloride, 
the  preliminary  precipitation  is  restricted  to  the  treat- 
ment for  the  elimination  of  suspended  solids,  hydro- 
gen sulphide  and  iron. 

The  method  of  obtaining  natural  brines  from  the 
earth  is  much  the  same  as  that  employed  in  obtain- 
ing petroleum.  A  hole  is  drilled  to  the  saliferous 
strata,  a  cavity  for  the  accumulation  of  the  brine  is 
made  by  "shooting"  with  nitroglycerine  and  the  brine 
is  then  pumped. 

For  the  recovery  of  calcium  and  magnesium  chlor- 
ides the  mother  liquors  from  the  evaporators  are 
further  evaporated  to  the  point  where,  on  cooling, 
the  ultimate  possible  crystallization  of  sodium  chlor- 
ide is  accomplished.  The  mother  liquor  from  this 
crystallization  is  evaporated  in  kettles,  heated  with 
steam  coils,  to  the  concentration  at  which  on  cool- 
ing the  mass  solidifies.  The  water  present  is  taken  up 
as  water  of  crystallization.  The  product  is  a  mix- 
ture of  hydrated  calcium  and  magnesium  chlorides, 
with  the  calcium  salt  in  preponderating  amount. 

For  the*  recovery  of  bromine,  the  mother  liquor, 
before  the  final  evaporation,  is  acidified-and  is  sub- 
jected to  distillation  in  the  presence  of  a  suitable 
oxidizing  agent,  such  as  a  chlorate.  The  acid  is 
neutralized  subsequently  with  lime  and  the  solution 
is  then  evaporated  for  the  preparation  of  the  solid 
calcium  chloride. 

The  origin  of  the  samples  and  the  methods  of  analy- 
sis employed  have  been  mentioned  in  the  discussion 
of  the  composition  of  artificial  brines,  in  a  former 
chapter  and  need  not  here  be  repeated. 

HISTORICAL. 

Numerous  analyses  of  natural  brines  of  Michigan 
and  of  salt  prepared  from  them  are  reported  by  Rom- 
inger.1  Eckel2  has  compiled  a  table  of  analyses  of 
both  natural  and  artificial  brines  from  various  Amer- 
ican and  foreign  sources,  which  are  quoted  by  Harris. 3 

1  Geol.  Survey  Michigan,  Vol.  III.  appen.  B,  pp.   179-196. 
2U.  S.  Geol.  Survey,  Bull.  213,  415   (1902). 
3  Geol.  Survey.  Louisiana.  Bull.  7,  84  (1907). 
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ANALYTICAL    RESULTS. 


B.  of  S.  No  72. 

Serial  No.  64. 

K trace 

Na 77.8 

Ca 10.8 

Mg 3.8 

CI 145.4 

SO4 4.2 

Br 0.4 

KCI trace 

NaCI 197.3 

CaCl2 24.9 

MgCl2 13.3 

NaaSd 

CaSO, 6.0 

MgBr2 0.8 

NaBr 


Table  I.— 

-Natural  Brines  of  X 

73. 

74. 

75. 

76. 

66. 

68. 

71. 

73. 

0.4 

1    4 

0  8 

1.0 

100.0 

129   7 

78.2 

86.6 

7.6 

12   8 

10.8 

16    0 

1  .0 

3.6 

3.2 

4    4 

155    1 

155.4 

145.9 

172.8 

2.4 

26.0 

2.2 

1.2 

1.7 

2  0 

0.5 

0.4 

Conventional  Combi 

nation: 

0  8 

2.7 

1.6 

1  .9 

239.6 

242  8 

198.4 

219.7 

18.3 

35.4 

27.4 

42.9 

3.9 

6.3 
39.7 

9.8 

15.3 

3.4 

trace 

3.1 

1  .7 

4.0 

1.2 

0.9 

1.2 

trace 

trace 

0.8 

52.5 

85.5 

1115 

132.6 

50.2 

15.8 

4  2 

2.8 

11.6 

4.0 

13.2 

0.4 

205.4 

163.0 

205.4 

205.4 

0.6 

0.6 

1  .8 

3.6 

trace 

2.0 

2.8 

1.1 

2.3 

trace 

trace 

1  .5 

133.3 

217.0 

283.2 

334.0 

183.0 

42.9 

9.4 

3.6 

2.2 


Fc.Cl,-, 
2.3 


72.  Bliss   Van   Auken    Co.,    Saginaw,    Mich.      Composite    natural    brine 
from  3  wells,  80°  by  salimeter.      1911.      R.  F.  Gardner,   analyst. 

73.  Edward  Germain,  Saginaw,  Mich       Natural  brine  from  well  No.  1, 
750  feet  deep.    1910.     R.  F.  Gardner,  analyst. 

74.  Mershon,  Eddy,  Parker  &  Co.,  Saginaw.  Mich.      Composite  natural 
brine  from  2  wells.     1911.     R.  F.  Gardner,  analyst. 

75.  S.   L.   Eastman   Flooring  Co..   Saginaw,   Mich.     Composite  natural 
brine  from  2  wells,  80°  by  salimeter.      1911.      R.  F.  Gardner,  analyst. 

76.  Saginaw   Plate  Glass  Co.,   Saginaw,   Mich.     Composite   brine  from 
10  wells.     1911.     R.  F.  Gardner,  analyst. 


77.  Dow  Chemical  Co.,  Midland,  Mich.     Composite  brine  from  10  wells- 
1911.      R.  F.  Gardner,  analyst. 

78.  Dow  Chemical  Co  ,  Mt.  Pleasant,  Mich.     Composite  brine  from  5 
wells.      1911.      R.  F.  Gardner,  analyst. 

79.  Saginaw  Salt  Co.,  St.  Charles,  Mich.     Brine  from  one  well.      1911. 
R.  F.  Gardner,  analyst. 

80.  Saginaw   Salt   Co.,   St.   Charles,    Mich.     Plant   No.    2.     Composite 
natural  brine  from  2  wells.     1911.     R.  F.  Gardner,  analyst. 

81.  Port  Huron  Salt  Co.,   Port  Huron,   Mich.     Natural  brine  from  a 
shallow  well  at  plant.      1911.     R.  F.  Gardner,  analyst. 


Table  II. 

B.  of  S.  No.  82. 

Serial  No.  105. 

K 3.2 

Na 68.0 

Ca 29.0 

Mg 6.4 

CI 170.2 

SO4 0.6 

Br 0.2 

KCI 6.1 

NaCI 172.6 

CaCl2 70.3 

MgCl2 23.9 

Na2SO< 

CaSO< 2.0 

MgBr2 0  5 

NaBr 


-Natural  Brines  from  Ohio  and  West  Virginia. 
83.  84.  85.  86. 

108.  113.  114.  119. 


3  2 

5.8 

3.9 

0.2 

0.2 

1.0 

trace 

62.7 

48.0 

43.4 

24.6  . 

37.1 

124.8 

4.4 

30.8 

45.6 

48  6 

2.6 

3.8 

1.0 

1.2 

6.4 

9.8 

11.2 

5.8 

1.0 

1.6 

0.2 

164.8 

187.0 

188.4 

57.2 

66.0 

183.0 

65.8 

trace 

none 

0.2 

trace 

trace 

1.0 

trace 

2.0 

0.4 

0.6 

1.6 

1.8 

Conventional  Combinations. 

6.1 

11.1 

7.4 

0.4, 

0.4 

2.0 

trace 

159.1 

121.8 

109.7 

62.4 

92.8 

289.6 

104.1 

85.2 

126.1 

134.2 

7.2 

10.5 

2.8 

3.2 

14.9 

36.8 

43.9 

19.6 

3.9 

6.3 
11.8 

0.8 

trace 

none 

0.3 

trace 

trace 

trace 

trace 

4.6 

0.8 

1  .4 

2.1 

2.3 

65.6 

trace 


trace 
95.9 


82.  Colonial  Salt  Co.,  Akron,  Ohio.  Natural  brine  occurring  in  strata 
above  rock  salt  horizon.      1911.     R.  F.  Gardner,  analyst. 

83.  Columbia  Chemical  Co.,  Barberton,  Ohio.  Natural  brine  occurring 
above  artificial  brine  horizon.     1911.     R.  F.  Gardner,  analyst. 

84.  Diamond  Alkali  Co..  Fairport  Harbor,  Ohio.  Natural  brine  oc" 
curring  in  strata  300  feet  above  rock  salt  horizon.  1911.  R.  F.  Gardner- 
analyst. 

85.  Diamond  Alkali  Co.,  Fairport  Harbor.  Ohio  Natural  brine.  1911. 
A.  R.  Merz,  analyst. 


86.  Dixie  Salt  Works,  Mason,  West  Va.     Composite  natural  brine  from 
4  wells.      1911.     R.  F.  Gardner,  analyst. 

87.  Pomeroy    Salt    Association,    Pomeroy,    Ohio.     Composite    natural 
brine  from  2  wells.     1911.     R.  F.  Gardner,  analyst. 

88.  Pomeroy   Salt   Association,    Pomeroy,    Ohio.     Natural   brine   from 
spring.      1911       R.  F.  Gardner,  analyst 

89.  Hartford  City  Salt  Co.,   Hartford,   West  Va.     Composite   natural 
brine  from  5  wells.      1911.     R.  F.  Gardner,  analyst. 

90.  Liverpool  Salt  Co.,  Hartford  City,  West  Va.     Composite  brine  from 
Swells.     1911.     R.  F.  Gardner,  analyst. 


Table  III. — Miscellaneous  Natural  Brines. 

B.  of  S.  No.                                                                                                   91.  92.  93. 

Serial  No.                                                                                                 13.  39.  46. 

K 0.1  0.2  0.4 

Na 19.3  114.4  112.1 

Ca 44  1.8  7.6 

Mg 1.4  1.0  1.2 

CI 39.5  179.4  185.8 

S04 0.4  3.6  3.8 

Br 0.7  trace  0.4 

Conventional  Combinations. 

KCI 0.2  0.4  0.8 

NaCI 49.0  290.3  284.5 

CaCI2 11.6  0.8  16.6 

MgCl2 3.1  3.8  3.1 

Na2SO, 

CaSO, 0.6  5.1  5.4 

MgSO< 

MgBr2 13  trace  0.8 


94. 

95. 

96. 

49. 

55. 

62. 

0  2 

0.2 

0.1 

2.1 

44.5 

15.5 

trace 

8.2 

1  .2 

slight  trace 

trace 

1  .8 

3.4 

83.2 

28.2 

trace 

trace 

4.2 

none 

none 

none 

0.4 

0  4 

0.2 

5  3 

113  0 

34.2 

trace 

22.7 

3.3 

slight  trace 

trace 

7.1 
6.2 

trace 

trace 

trace 
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Co  ,  Ualdi  d,  w  .  \  .1      Natural  brii 
I  deep      1910,     u.  P.  Gardner,  analyst 

rand  Saline' Salt  Co.,  Saline,  Texas,     Natural  brine  direct  from  well 
1;    l'  Oardner,  analyst 

93.  W.   11.  Chancy,  Salton,  Okla.     Brine  from  spring,     1910.     K.  P. 
Gardner,  anal]  Jl 

94,  \.   v.   \'.    Pranchot    (Olean,    N'.   Y.'i.   Indian  Creek,   McKcan  Co., 


r.nn      Natural  brine  from  one  well,  UOOfeetdeep,     1910.     R..  F.  Gardner, 
analysl 

95      Pine  oil  Co.,  Bistersville,  W,   Va.     Natural  brine  from  i 
12S0  feet  deep,     1910.     EL  F.  Gardner,  analyst. 

'»,  \iu  Domain  Oil  and  Gas  Co.  (Lexington,  Ky.i,  Griffin,  Wayne  Co., 
Ky  Natural  brine  from  one  well,  loo  feet  deep;  above  oil  sand  1910. 
H    p,  Gardner,  analyst. 


Table  IV.-  -Bitterns  prom  Natural  Brines  of  Michioan. 


B.  of  S.  No.  97. 

Serial  No.  63. 

K 1.3 

Na 66.1 

Ca 40.6 

11.5 

CI           207  . 7 

SO, 0  4 

Br 

KC1 2.S 

NaCl 167   5 

CaCl2 1118 

MgCl2 45.1 

\  \&Ot 

CaSO, 0.6 

MgSO, .      

MgBr, 

NaBr 


98. 

99. 

100. 

101. 

102. 

103. 

104, 

105 

106. 

65. 

67. 

69. 

74. 

75. 

80. 

81. 

85. 

89. 

1.6 

4.2 

2.6 

0.3 

10  2 

1.2 

0.2 

trace 

trace 

83.3 

78.2 

76.1 

1.0 

42.1 

52.5 

0.1 

60  9 

119.9 

32.4 

36.4 

.   32.8 

18.9 

192.6 

50.2 

18.4 

0.6 

1.8 

9.6 

11.0 

9.6 

4  6 

35.2 

11.6 

3.4 

0.4 

trace 

198.4 

202.2 

195.8 

43.9 

427.8 

205.4 

42.6 

91.5 

184.2 

trace 

0  8 

1.4 

none 

none 

0.6 

none 

3.6 

4.8 

4.4     • 

3.3 

2.2 

1.1 

trace 

trace 

none 

4.3 

trace 

Conventional  Combinations. 

3.1 

8.0 

5.0 

0.6 

19.5 

2.3 

0.4 

trace 

trace 

211  .6 

198.4 

193.0 

2.5 

106.9 

133.3 

0.3 

147.2 

298.6 

89.6 

99.8 

89.1 

51.4 

532.6 

138.0 

50.6 

1.7 

5.0 

15.3 

19.3 

26.3 

12.5 

18.4 

45.5 

13  3 

CaHCG3 

0.4 

1.6 
5.3 

trace 
7.1 

trace 

1.1 

2.0 

none 
CaCOa 
0  9 

none 

0.9 

FjCl6 

2.3 

none 

trace 

trace 

10.1 

9.5 

5.1 

2.5 

H20 
29  6 

trace 

trace 

none 
H20 
35.0 

5.5 

trace 

97.  Hine  &  Co.,  Bay  City.  Mich.  Bittern  from  grainer,  5  days'  evap- 
oration.     1911.      A.  R.  Merz,  analyst. 

98.  Bliss,  Van  Auken  Co.,  Saginaw,  Mich.  Bittern  from  grainer.  5 
days' evaporation.      1911.      R.  F.  Gardner,  analyst. 

99.  Edward  Germain,  Saginaw,  Mich.  Bittern  from  grainer,  14  days' 
evaporation.      1911.      R.  F.  Gardner,  analyst. 

100.  Mershon,  Eddy.  Parker  Co.,  Saginaw,  Mich.  Bittern  from  grainer. 
4  days'  evaporation.      1911.      R.  F.  Gardner,  analyst. 

101.  Saginaw  Chemical  Works  (Saginaw  Plate  Glass  Co.),  Saginaw, 
Mich.  Solid  calcium  chloride;  results  in  per  cent.  Contains  also  trace 
of  barium  and  strontium.      1911.      R.  F.  Gardner,  analyst. 

102.  Saginaw  Chemical  Works  (Saginaw  Plate  Glass  Co.),  Saginaw, 
Mich.     Bittern,  which  had  been  evaporated  to  8.5  per  cent,  of  the  volume 


of  the  original  brine,  before  the  final  evaporation  for  the  preparation  of 
calcium  chloride.  Sample  was  taken  while  hot.  On  cooling,  a  crystalline 
solid  separated  which  contained  1.1  per  cent,  potassium,  or  2.3  per  cent, 
potassium  chloride.      1911.     R.  F.  Gardner,  analyst. 

103.  Dow  Chemical  Co.,  Mt.  Pleasant.  Mich.  Bittern  after  removal 
of  bromine.  Contaminated  with  iron  compounds.  1911.  R.  F.  Gardner, 
analyst. 

104.  Van  Schaack  Calcium  Works,  Mt.  Pleasant,  Mich.  Solid  calcium 
chloride;  results  in  per  cent.      1911.      R.  F.  Gardner,  analyst. 

105.  Saginaw  Salt  Co.,  St.  Charles,  Mich.  Bittern,  4  days'  evaporation. 
1911.     R.  F.  Gardner,  analyst. 

106.  Port  Huron  Salt  Co.,  Port  Huron.  Mich.  Bittern  from  grainer. 
2  weeks'  evaporation.      1911.      R.  F.  Gardner,  analyst. 


Table  V. — 

B.  of  S.  Xo.  107. 

Serial  Xo.  122. 

K 3.2 

Xa 2.6 

Ca 145.2 

Mg 42.4 

CI 348.8 

SO, 5.2 

Br 11  .6 

KC1 6.6 

NaCl 6.7 

CaCb 337.9 

MgCb 158.6 

N'ajSO, 

CaSO, 7.3 

MgBr: 13.3 

XaBr 


Bitterns  from  Xatcral  Brines  of  Ohio  and  West  Virginia 


108. 
131. 


none 
H20 


none 
H20 


110. 
120. 


191.2 

355.2 

53.9 

1.8 

4.8 

none 

none 

11.0 

trace 

Conventional  Combinations. 

0.8 

5.4 

trace 

246.9 

8.4 

9.4 

42.6 

362.5 

51.2 

188.8 

179.2 

20.8 
H20 
18.6 

2.6 

6.8 

none 

112. 

113. 

129. 

130. 

2.9 

0.8 

2.4 

143.4 

19.6 

43.4 

5.1 

346.4 

53.9 

3.8 

none 

379.0 
162.5 


5.3 
14.1 


20.0 
HjO 


none 
none 


trace 


107.  Pomeroy  Salt  Association,   Pomeroy,  Ohio.     Bittern  before  going 
to  bromine  salts.      1911.     A.  R.  Merz  and  R.  F.  Gardner,  analysts. 

108.  Eureka     Calcium     Works,     Pomeroy,     Ohio.      Calcium     chloride; 
results  in  per  cent       1911.     R.  F.  Gardner,  analyst. 

109.  Hartford  City  Salt  Co.,  Hartford.  W.  Va.      Bittern.      1910.      R.  F. 
Gardner,  analyst. 

110.  Dixie  Salt  Works,  Mason,  W.  Va.      Bittern  before  going  to  bromine 

A  large  number  of  natural  brines  of  Ohio  have  been 
analyzed  by  Wormley;1  these  analyses  are  of  especial 
interest  in  that,  unlike  most  analyses  of  American 
salines  recorded  in  the  literature,  they  have  included 
the  determination  of  potassium  salts. 

1  Geol.  Survey  Ohio,  II.;  601-2   I  is 74 


stills.      1911.      A.  R.  Merz  and  R.  F.  Gardner,  analysts. 

111.  Hartford  City  Salt  Co.,  Hartford,  W.  Va.  Solid  calcium  chloride; 
results  in  per  cent.      1911.      R.  F.  Gardner,  analyst. 

112.  Liverpool  Salt  &  Coal  Co..  Hartford,  W.  Va.  Bittern  before  going 
to  bromine  stills.      1911.     A.  R.  Merz  and  R.  F.  Gardner   analysts. 

113.  Liverpool  Salt  &  Coal  Co.,  Hartford.  W.  Va.  Solid  calcium 
chloride ,  results  in  per  cent.      1911.      R.  F.  Gardner,  analyst. 

DISCUSSION  OF  RESULTS. 

A  comparison  of  the  natural  brines  with  the  arti- 
ficial shows  that  the  former  are  purer  solutions  of 
sodium  chloride  than  the  latter.  This  is  to  be  ex- 
pected from  a  priori  consideration.  The  natural 
brines  in  their  migration  through  porous  strata  would 
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tend    to    become    contaminated     with     any     soluble 
materials  encountered. 

The  most  striking  difference  between  the  two  lies 
in  their  respective  calcium  content.  Natural  brines 
are  comparatively  rich  in  calcium  (and  magnesium), 
while  the  calcium  content  of  the  artificial  brines  repre- 
sents but  little  more  than  the  solubility  of  calcium 
sulphate  in  that  solution. 

Bureau  of  Soils, 

U.  S.  Department  of  Agriculture, 

Washington. 


THE  DETERMINATION  OF  ZINC  BY  ELECTROANALYSIS.1 
By  Ellwood  B.  Spear  and  Samuel  S.  Strahan. 

The  electrolytic  determination  of  zinc  has  been  at- 
tended by  unsatisfactory  results  because  many  of  the 
vital  conditions  were  not  known  and  many  of  the 
causes  of  deleterious  effects  not  clearly  understood. 
Two  years  ago  an  article  was  published2  by  one  of  us 
on  the  causes  of  the  high  results  so  frequently  ob- 
tained, and  in  another  article^  the  statement  was  made 
that  our  experiences  with  the  potassium  and  sodium 
hydroxide  methods  were  unsatisfactory.  Some  time 
later  Kemmerer4  published  very  fair  results,  having 
used  a  rapid  method  with  KOH.  This  method  is, 
with  the  slight  modifications  we  have  introduced, 
one  of  the  very  best  for  the  determination  of  zinc. 

Our  modifications  consist  in:  First,  cooling  the 
solution  a  few  minutes  before  the  end  of  the  experi- 


Fig.   1.  Fig.  2. 

ment.  Second,  reducing  the  amount  of  the  KOH 
employed.  The  reasons  for  these  changes  are  dis- 
cussed below.  We  have  also  carefully  investigated 
the  various  causes  of  error  in  the  employment  of  this 

1  Paper   presented    at    the   Eighth    International   Congress   of    Applied 
Chemistry.  New  York,  September.  1912. 

2  J.  Am.  Chem.  Soc.  32,  533. 

3  Ibid..  32,  532. 

4  This  Journal,  2,  375. 


method.  These  causes  will  be  considered  later.  The 
procedure  itself  is  as  follows: 

The  zinc  to  be  determined,  preferably  about  o .  4 
gram,  must  be  in  the  form  of  sulfate.  Nitrates  and 
ammonium  salts  must  be  absent.  Very  little  free 
sulphuric  acid  should  be  present,  because  potassium 
sulphate,  which  is  formed  when  the  acid  is  neutralized 
with  the  hydroxide,  is  not  very  soluble  in  strongly 
alkaline  solution:  10  to  25  grams  KOH  are  dissolved 
in  water  and  the  total  volume  of  the  electrolyte  made 
up  to  125  cc.  The  solution  is  brought  almost  to  the 
boiling  point  and  electrolyzed  with  a  normal  current 
density  of  3  amperes.  A  rotating  platinum  anode 
and  stationary  nickel  gauze  cathode  may  be  used, 
but  we  strongly  recommend  a  rotating  nickel  gauze 
cathode  (see  Fig.  1)  and  a  stationary  platinum  plate 
or  spiral  anode.  The  cathode  must  be  kept  com- 
pletely buried  in  the  solution.  The  anode  should  be 
placed  above  and  never  a  the  side  of  the  cathode. 
The  time  required  for  complete  precipitation  varies, 
of  course,  with  the  size  of  the  cathode.  With  a  cathode 
area  of  100  sq.  cm.  the  time  necessary  was  45  min- 
utes, using  25  grams  KOH,  and  30  minutes  using 
only  12  grams. 

Seven  to  eight  minutes  before  the  end  of  the  experi- 
ment, the  anode  and  the  inside  of  the  beaker  should 
be  washed  down  with  a  small  amount  of  water  from 
a  wash  bottle  in  order  to  obtain  any  zinc  that  may 
have  crept  up  owing  to  frothing  or  stirring.  This  is  a 
precaution  that  should  always  be  taken  in  electro- 
analysis. 

Five  to  six  minutes  before  removing  the  electrodes 
the  solution  should  be  cooled,  with  ice  if  necessary, 
to  below  25  °  C.  The  solution  should  be  lowered  from 
the  electrodes  without  interrupting  the  current.  The 
cathode  should  be  quickly  but  thoroughly  washed 
first  with  water,  then  with  alcohol,  and  finally  with 
(■///(•/•  that  lias  been  very  recently  dried  over  sodium  and 
freshly  distilled.  The  ether  should  be  immediately 
dried  off  the  cathode  by  gentle  heating  and  the  elec- 
trode weighed  after  standing  for  one-half  hour  in  a 
desiccator. 

Table  I.  Table  II. 

Grams  of  zinc.  Grams  of  zinc. 


Mo. 

Taken. 

Found. 

No. 

Taken. 

Found. 

0.3943 
0.3948 

2 

...   0 . 3946 

2 

0.3946 

0.3948 

3 

..    0.3946 

'  0.3949 

3 

0.3946 

0.3952 

4 . . : . . 

. . .   0 . 3946 

0.3947 

4 

0.3946 

0.3952 

5 

.  .   0.3946 

0.3949 

5 

0.3946 

0.3950 

6 

0.3946 

0.3955 

6 

0.3946 

0.3943 

7 

...   0.3946 

0.3945 

7 

0.3946 

0.3947 

8 

...   0  3946 

0.3942 

8 

0.3946 

0.3951 

The  method  is  capable  of  giving  very  good  results, 
but  this  is  due  to  a  compensation  of  errors.  When 
the  deposit  is  washed  with  water  some  zinc  is  always 
lost  in  the  wash  water,  while  some  zinc  hydroxide  is 
formed  at  the  same  time  on  the  electrode.  These 
two  amounts  are  small  and  very  closely  counter- 
balance each  other.  In  Tables  I  and  II  we  give  16 
consecutive  results,  using  25  and  12  grams  KOH,  re- 
spectively. The  results  were  not  all  obtained  on  the 
same  day  nor  by  the  same  experimenter. 
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PREPARATION    HP    THE    SOLUTIONS    FOR    THE    INVESTIGA- 
TION. 

Zinc  Sulphate. — About  4  grams  c.  p.  zinc,  the  purity 
of  which  had  been  verified  by  a  careful  analysis,  were 
dissolved  in  nitric  acid,  slightly  more  than  the  requi- 
site amount  of  concentrated  sulphuric  acid  was  added 
and  the  whole  evaporated  to  dryness  over  a  water 
bath.  The  resulting  zinc  sulphate  was  dissolved  in 
water  and  the  solution  made  up  to  250  cc.  in  a  care- 
fully calibrated  flask. 

Potassium  Hydroxide. — Two  hundred  and  fifty 
grams  KOH  of  good  quality  were  dissolved  in  water 
and  the  solution  made  up  to  one  liter. 

Solution  for  Analysis. — Twenty-five  cc.  of  the  zinc 
sulphate  solution  from  a  carefully  calibrated  pipette 
were  added  to  100  cc.  of  the  prepared  KOH  in  a  deep 
250  cc.  beaker.  For  the  analyses  using  a  lesser  amount 
of  KOH,  50  cc.  of  the  solution  and  50  cc.  water  were 
taken.  The  solution  was  brought  almost  to  the  boil- 
ing point  and  at  once  electrolyzed.  Zinc  deposits 
from  hot  KOH  have  a  much  more  metallic  appear- 
ance than  those  from  a  cold  solution  and  in  the  latter 
case  the  results  are  always  too  high.  The  solution 
must  not  contain  nitrates,  else  all  the  zinc  cannot  be 
thrown  down.  One  gram  of  potassium  nitrate  will 
almost  completely  prevent  the  deposition  of  the  zinc. 
We  have  not  yet  investigated  the  cause  for  this. 

THE  ELECTRODES   AND  THEIR  MANIPULATION. 

Cathode. — Many  copper,  platinum  and  nickel 
cathodes  of  various  shapes  were  tried  and  the  most 
satisfactory  was  found  to  be  one  of  our  own  design, 
as  shown  in  Fig.  1.  It  is  made  of  nickel  gauze,  30 
mesh  to  the  inch,  with  a  stout  wire  standard  of  the 
same  material.  The  gauze  should  not  continue  to 
the  center  to  meet  the  stem  because  the  rotating 
motion  given  to  the  solution  sometimes  causes  the 
center  to  become  exposed  to  the  air  and  some  of  the 
freshly  deposited  zinc  is  oxidized  to  zinc  hydroxide. 
If  zinc  is  deposited  electrolytically  and  any  portion 
of  the  deposit  exposed  to  the  air  a  white  ring  of 
zinc  hydroxide  can  be  seen  on  the  upper  edges.  Our 
investigation  showed  that  the  deposits  always  weighs 
2-4  mg.  too  much,  provided  that  the  cathode  pro- 
truded above  the  solution.  This  fact  doubtless  ex- 
plains some  of  the  high  results  obtained  by  many 
experimenters. 

The  upper  edge  of  the  cathode  should  be  turned  in 
toward  the  center,  dome-shaped,  for,  as  the  anode 
is  placed  above  the  cathode  for  reasons  given  below, 
most  of  the  deposition  will  take  place  on  the  extreme 
upper  edge,  become  bad  and  fall  off  if  the  cathode 
is  shaped  as  shown  in  Fig.  2.  The  cathode  was  rota- 
ted at  the  rate  of  400  revolutions  per  minute.  A 
rotating  cathode  is  preferable  to  a  rotating  anode, 
because  in  the  former  case  a  much  better  stirring  ef- 
fect on  the  immediate  surface  of  the  cathode  is  ob- 
tained. Copper  cathodes  are  not  suitable  because 
they  oxidize  somewhat  in  hot  solution  and  thus  intro- 
duce an  error.  Platinum  cathodes  do  not  give  as 
good  zinc  deposits  as  nickel,  possibly  because  of  the 
difference  in  polarization  effects  on  these  two  metals. 


Anode. — As  already  indicated,  the  anode  may  be  a 
platinum  plate  or  spiral.  The  object  in  placing  the 
anode  above  the  cathode  is  to  prevent  the  oxidation 
of  the  deposit  by  the  gases  liberated  by  the  current. 
It  was  found  by  experiment  that  the  rate  of  deposi- 
tion was  very  much  slower,  and  that  it  was  almost 
impossible  to  get  all  the  zinc  out  if  the  anode  were 
placed  by  the  side  of  and  close  to  the  cathode.  This 
is  an  excellent  confirmation  of  the  theory  pointed  out 
by  one  of  us  in  an  article  elsewhere  on  oxidation 
processes  at  the  cathode.1 

The  solution  should  be  cooled  for  the  last  5-6  min- 
utes, with  ice  if  necessary,  in  order  that  the  tempera- 
ture of  the  liquid  may  not  be  above  25°  C,  when  the 
cathode  is  removed.  At  the  moment  of  lowering 
the  solution,  the  cathode  is  covered  with  a  layer  of 
KOH,  which  rapidly  attacks  the  deposit  if  the  tempera- 
ture is  above  25 °  C.  Some  of  the  zinc  would  be  dis- 
solved and  potassium  zincate  be  formed.  When  the 
cathode  is  washed,  most  of  this  comes  off  and  zinc 
is  thus  lost  in  the  wash  water.  Even  when  the  tem- 
perature is  low  some  zinc  is  found  in  the  washings, 
but  the  amount  is  fortunately  small.  On  the  other 
hand,  the  solution  must  not  be  cooled  too  long  before 
the  end,  otherwise  the  character  of  the  deposit  is  affected. 

The  cathode  must  be  washed  thoroughly  by  rota- 
ting it  in  water  to  get  rid  of  the  KOH.  The  water 
should  be  cold  and  the  work  should  be  done  with 
despatch  or  an  appreciable  amount  of  zinc  hydroxide 
will  be  formed,  thus  invalidating  the  determination. 
The  deposit  should  next  be  dipped  into  alcohol  and 
finally  thoroughly  wet  with  ether  that  has  been 
dried  over  sodium.  Washing  with  alcohol  and  ether 
alone  will  not  remove  all  the  KOH,  and  the  results 
will  be  high  if  water  is  not  used.  The  deposit  should 
be  immediately  dried  over  a  heated  surface  or  free 
flame.  The  ether  must  not  be  allowed  to  evaporate 
off  in  the  air  nor  in  a  desiccator,  else  the  metal,  cooled 
below  the  temperature  of  the  surroundings,  will  be 
covered  with  a  film  of  moisture  that  will  attack  the 
deposit,  form  zinc  hydroxide,  and  therefore  increase 
the  weight.  This  was  shown  experimentally  by  treat- 
ing the  previously  dried  and  weighed  deposits  with 
ether,  allowing  them  to  stand  in  a  desiccator  until 
dry,  and  reweighing.  Each  treatment  caused  an  in- 
crease of  from  2  to  6  tenths  of  a  milligram.  It  is  un- 
wise to  heat  the  deposit  much  above  the  temperature 
of  the  surroundings.  If  the  ether  is  not  recently  dried 
and  distilled  it  contains  water  and  oxides  that  attack 
the  freshly   deposited   zinc. 

It  is  obvious  that  the  naked  cathode  should  be 
treated  in  precisely  the  same  manner  before  the  elec- 
trolysis in  which  the  deposit  is  to  be  made  as  when 
the  precipitation  is  completed. 

The  endeavor  was  made  to  prevent  the  loss  of  zinc 
in  the  wash  water  first,  by  siphoning  off  the  KOH 
solution  and  gradually  replacing  it  with  water;  and 
second,  by  making  the  wash  water  a  conductor  with  a 
few  drops  of  KOH  and  allowing  the  current  to  pass 

1  "The  Coprecipitation  of  Copper  and  Carbon  by  Electrolysis;  Oxida- 
tion at  the  Cathode."  Original  Communications  Eighth  International 
Congress  of  Applied  Chemistry,  Vol.  21,  p.  93. 
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through  while  the  cathode  was  being  washed.  The 
first  method  proved  a  failure  because  zinc  is  continu- 
ously redissolved,  even  during  the  passage  of  the  cur- 
rent. A  portion  of  this  zinc  was  unavoidably  siphoned 
•off  and  lost.  Employing  the  second  method,  we  suc- 
ceeded in  getting  all  the  zinc  on  the  electrode,  but  the 
results  were  invariably  from  2-4  mg.  too  high.  This 
increase  in  weight  was  doubtless  due  to  the  presence 
of  zinc  hydroxide  formed  by  the  action  of  water  on 
the  deposit. 

Our  investigations  embraced  a  large  number  of 
experiments  and  180  quantitative  determinations. 

SUMMARY. 

In  this  article  we  have  introduced  certain  modi- 
fications of  the  potassium  hydroxide  method  and  shown 
that  it  is  reliable  for  the  electrolytic  determination 
of  zinc. 

We  have  shown  that  this  method  entails  a  compensa- 
tion of  errors. 

A  new  cathode  has  been  devised  and  recommended 
for  use  in  electroanalysis. 

The  following  sources  of  errors  have  been  investiga- 
ted and  pointed  out: 

1.  The  loss  of  zinc  in  the  wash  water,  counterbal- 
anced by  the  formation  o  zinc  hydroxide  on  the 
cathode. 

2.  The  effect  of  air  on  an  exposed  cathode. 

3.  The  oxidation  of  the  deposit  by  anode  gases. 

4.  The  effect  of  temperature  at  the  beginning  and 
end  of  the  electrolysis. 

5.  The  effect  of  ether  containing  water  and  oxides 
on  the  deposit. 

6.  The  high  results  obtained  by  letting  the  ether 
evaporate  off  the  cathode  in  a  desiccator. 

7.  The  presence  of  nitrates. 

Laboratory  of  Inorganic  Chemistry. 

Massachusetts  Institute  of  Technology, 

Boston. 


THE  KAMBARA  EARTH.        A    DECOLORIZING    MATERIAL 
FOR  MINERAL  OILS,  ETC. 
By  K.  Kobayashi. 
Received  Sept.  18,  1912. 

The  production  of  Kambara  earth  in  Japan  has 
greatly  increased  in  the  last  three  years.  The  chief 
source  of  the  material  is  in  the  province  of  Echigo, 
though  deposits  of  the  earth  belonging  to  this  class 
have  also  been  found  in  other  provinces.  Now  the 
Kambara  earth  is  largely  used  as  the  decolorizing  ma- 
terial for  mineral  oils,  especially  for  neutral  oil  and 
lubricating  oil.  There  are  massive  deposits  of  very 
pure  Kambara  earth  near  Uchikura  River,  three  miles 
southeast  of  the  city  of  Shibata,  Kambara,  Echigo. 
I  have  found  two  other  deposits  of  the  earth,  one  in 
the  province  of  Fukushima,  and  the  other  in  the  prov- 
ince of  Ishikawa.  I  have  investigated  this  earth 
since  1892,  and  found  that  it  belongs  to  the  class  of 
Fuller's  earth  in  England  and  Florida  earth  in  the 
United  States  of  America. 

The  Kambara  earth  in  these  deposits  is  simply  dug 
out,  dried  in  iron  pans,  ground  with  iron  stamps,  and 
used  after  levigation  treatment.     This  Kambara  earth 


occurs  usually  in  massive  state,  with  white  or  yellow- 
ish color,  sometimes  bluish  or  sometimes  greenish. 

PHYSICAL   AND   CHEMICAL    PROPERTIES   OF  THE    KAMBARA 
EARTH. 

(/)  Outward  Appearance. — The  Kambara  earth  re- 
sembles hard  wax,  in  the  outward  appearances,  is 
soapy  to  the  touch  and  is  strongly  detergent,  absorb- 
ing grease  and  oil.  It  is  easily  dissociated  by  and  mis- 
cible  with  water.  A  fine  powder  of  the  earth  has  no 
soapy  feeling  as  the  powder  of  steatite  or  soapstone 
has.  The  paste  of  the  earth  made  with  water  shows 
no  adhesiveness  between  particles.  The  decolorizing 
action  of  the  earth  may  be  promoted  by  heating  it  to 
ioo°-i5o°  C.  But  if  the  earth  is  heated  to  red  heat, 
it  loses  its  combined  water  and  at  the  same  time  its 
suitability  as  a  decolorizing  agent  is  destroyed. 

(2)  Degree  of  Fineness  of  the  Earth. — The  Kambara 
earth  consists  of  very  fine  particles  of  the  earth  and 
has  no  crystalline  particles  of  quartz  in  it.  The  classi- 
fication by  sifting  shows  clearly  this  fact. 

Under    0.1-0.25  0.25-0.5   Above 

0.1  mm.      mm.  mm.        0.5  mm. 

Kambara  earth  (Echigo) 29.3  69.2  1.5  0 

Kambara  earth  (Fukushima). .  .      25.0  73.5  1.5  0 

Kambara  earth  (Ishikawa) 24.2  73.5  2.3  0 

Kaolin  (Owari) 14.5  36  4  23.6  25.5 

Kaolin  (Owari) 7.1  21.2  35.5  26.2 

Steatite  (Harima) 0.5  38.8  38.5  22.2 

From  these  results  it  will  be  understood  that  there 
is  a  great  difference  in  fineness  between  Kambara 
earth  and  other  kaolins.  Its  suitability  as  a  decolor- 
izing agent,  as  a  matter  of  fact,  depends  upon  the 
degree  of  fineness. 

(j)  The  Chemical  Composition  of  the  Earth. — The 
following  analysis  shows  the  composition  of  the  earth: 

Kambara  earth.  Clay. 

Fuku-  Ishi-  Stea- 

Percentages.  Echigo  shima.  kawa.  Kaolin.  Kaolin,     tite. 

Si02 60.71  63.17  58.11  68.60     4720     71.94 

A1203 13    18  13.2)  20  86  21.23     34.61      21.41 

Fe203 3.68  2.20  1.04  1.00        1.05        0  45 

CaO 0.62  1.44  0.56  0.10       0.21        0.31 

MgO    0.38  1.09  1.20  0.42        0.26       0.23 

Na20  +  K20 1.54  0.42  0.50  0.52       0.58       0.75 

Loss  on  ignition 20.04  17.95  18.58  7.93      16.17        5  01 

Loss  on  heacing  to  110° 

C 14.72  11.41  10.37        

From  the  above  analytical  point  of  view,  we  cannot 
distinguish  the  Kambara  earth  from  kaolin  or  steatite, 
but  we  can  do  it  by  the  determination  of  the  hydrates 
of  silica  in  it.  According  to  Mr.  D.  T.  Day,  the  ana- 
lytical results  on  Fuller's  earth  and  Florida  earth  are 
as  follows: 

Fuller's  Fuller's 

earth.  earth.  Florida  Dakota 

Yellowish.  Bluish.  earth.  earth. 

S1O2 59.37  52.81  56.73  58.72 

A1203 11.82  16.92  27.78  16.90 

Fe203 : 6  27  3.78  3.21              4.00 

CaO 6.17  7.40  0.81               4.06 

MgO 2.09  2   27  0.64              2.56 

NajO  +  K20 0.99  0  79               2.11 

Loss  on  ignition 13.19  14   29  19.52              8.10 

He  defines  Fuller's  earth  in  the  following  words: 
"Fuller's  earth  seems  to  be  a  high  percentage  of  silica, 
occasionally  as  much  as  from  65  per  cent,  to  70  per 


S,).' 


THE   JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


[ ..  i 


191  2 


Cent.,    and    water,    in    the    sun-dried    material,    from     15 

per  cent,  to  25  per  cent.,  of  which  only  aboul  one- 
half  is  expelled  at   ioo°  C." 

if)   Hydrates  of  Silica  in  the  Earth.  -It  seems  to  be 

the  ease  that  the  Kamhara  earth  is  essentially  com- 
posed of  hydrates  Of  silica  accompanied  by  aluminum 
silicate.  Weigh  out  exactly  1  gram  of  the  earth  into 
a  platinum  basin  and  add  50  cc.  of  caustic  soda  solu- 
tion is]),  gr.  1  .  115)  and  boil  it  for  live  hours.  In  this 
treatment  otic  portion  of  the  earth  will  be  dissolved 
in  the  alkali  solution.  Filter  the  solution,  wash  thor- 
oughly with  hot  water,  add  the  washings  to  the  main 
portion  of  the  liquid  and  determine  tin-  silica  in  this 
filtrate  by  the  usually  known  analytical  method. 
This  determination  will  show  the  percentage  of  silica 
which  existed  in  the  earth  in  a  form  of  certain  hy- 
drates of  silica.  My  analytical  results  were  as  fol- 
lows : 

Si02  as  hydrates 
of  silica. 
Per  cent. 

Kambara  earth  (Echigo  1 29.35 

(Fukushima) 24.54 

(Ishikawa) 18  03 

Fullers  earth 24 . 72 

Kaolin 6.62 

Steatite 2.93 

Kaolin  and  steatite  do  not  contain  so  much  hy- 
drates of  silica  as  the  Kambara  earth.  I  have  deter- 
mined the  amount  of  water  in  the  Kambara  earth 
dried  at  different  temperatures,  namely,  loss  of  weight 
under  ioo°C.  =  12. 43  per  cent. ;  100  °  C.  to  200°  C.  = 
2.44  per  cent.;  2000  C.  to  2500  C.  =  2.66  per  cent.; 
red  heat  =  6.69  per  cent. 

The  suitability  of  this  earth  as  a  decolorizing  agent 
for  oils  mainly  depends  upon  the  higher  percentage 
of  the  hydrates  of  silica,  probably  having  the  formula 
of   3Si02.2H20. 

(5)  The  Kanibara  Earth  is  Weakly  Acidic. — The 
samples  employed  for  the  following  tests  were  finely 
powdered,  dried  in  a  steam  bath,  and  sifted  to  the 
same  grade  of  fineness. 

Experiment  A. — The  Kambara  earth  was  placed 
upon  a  piece  of  blue  litmus  paper  and  moistened  with 
water;  the  color  changed  to  red  at  the  spot  of  contact. 

Experiment  B. — Ten  cc.  of  a  solution  of  methyd 
orange  were  placed  in  a  test  tube  and  1  gram  of  the 
sample  added  and  shaken  violently.  The  color  of 
the  samples  was  observed  after  standing  for  one  hour. 

Color  of  solution.  Color  of  earth. 
Kambara  earth  (Echigoi Decolorized  Pink 

(Fukushima). .  . 

(Ishikawa) 

Fuller's  earth 

Kaolin  (Xo.  1) Xot  decolorized      Original  color 

Steatite 

Kaolin  (No.  2) 

Kambara  earth  heated  to  100°  C.     Decolorized  Pink 

Kambara  earth  heated  to  200  °  C. 
Kambara   earth    heated    to   red 

heat Xot  decolorized      Original  color 

In  the  case  of  litmus  solution,  the  Kambara  earth 
decolorized  the  solution  and  the  earth  itself  became 
a  wine-red  color. 

From  the  above  results  we  know  that  there  is  a 
great    difference    between    the    Kambara    earth    and 


ordinary    kaolin    and     steatite,     with    respect     to    their 
act  ion  on  indicate  »rs. 

Experiment  C— Ten  grams  of  the  Kambara  earth 
were  weighed  out  into  a  llask  and  about  100  cc.  of 
distilled  water  added.  It  was  boiled  for  10  hours 
connected  to  a  reflux  condenser.  The  liquid  was 
allowed  to  stand  tor  10  minutes  after  digestion  and  fil- 
tered. The  filtrate  had  then  no  more  action  upon 
the  above  indicators.  This  filtrate  contained  a  small 
quantity  of  sodium  chloride. 

t"i  The  Kambara  Earth  Acts  >>n  an  Alcoholii 
tion  of  Guaiacutn  Resin.-  About  2  grams  of  guaiacum 
resin  were  taken  in  a  glass-stoppered  bottle  and  300 
cc.  of  absolute  alcohol  added.  This  was  kept  in 
a  cool,  dark  place  after  stirring  violently.  By  filtering 
the  same,  a  pale  brown  tincture  was  obtained:  25  cc. 
of  this  tincture  were  placed  in  a  small  Erlenmeyer  flask 
and  3  grams  of  each  sample  added. 

Color  of  solution.     Color  of  earth. 

Kambara  earth  (Echigo) Decolorized  Green  color 

(Fukushima). .  .  Pale  green 

(Ishikawa) 

Fuller's  earth • 

Kaolin  (No.  1) Xot  decolorized      Original  color 

(Xo.  2) 

Steatite 

From  these  results  it  seems  to  be  the  case  that  the 
action  of  the  Kambara  earth  is  not  only  of  a  physical 
but  also  of  a  chemical  nature. 

(7)  The  Kambara  Earth  Acts  on  a  Solution  of  Ani- 
line Sulphate. — The  Kambara  earth  decolorizes  a 
1  per  cent,  solution  of  aniline  sulphate  and  earth 
itself  becomes  a  dark  green  color.  Kaol.'n  and  steatite 
are  not  thus  affected. 

(8)  The  Kambara  Earth  Decolorizes  a  Solution  of 
Basic  Dyestuffs. — 

Experiment  A. — On  Rhodamine  solution.  The  color 
of  the  Rhodamine  solution  which  is  reddish  brown 
with  a  greenish  fluorescence  is  changed  to  pink  by  an 
acid.  If  the  Kambara  earth  was  added  into  the  solu- 
tion, the  earth  absorbed  the  color  and  the  earth  be- 
came pinkish  in  color. 

Experiment  B. — On  Magenta  powder.  If  aboutequal 
parts  of  a  finely  powdered  magenta  and  Kambara 
earth  were  placed  in  an  agate  mortar  and  mixed  well, 
the  color  of  the  mixture  changed  gradually.  If  we 
used  kaolin  instead  of  the  Kambara  earth  there  was 
no  such  change  of  color. 

Experiment  C. — On  Malachite  green  solution.  The 
Kambara  earth  absorbed,  the  color  of  the  solution  be- 
came dark  green. 

Experiment  D. — On  Benzoazoline.  A  Benzoazo- 
line  solution,  which  is  bluish  purple  in  color,  is  changed  to 
red  b\T  the  addition  of  a  drop  of  alkali  solution.  The 
Kambara  earth  absorbed  .this  color  became  a  violet  color. 

Besides  the  above  mentioned  dyestuffs,  I  also 
tested  Benzo-brown  BX,  Delta  purplin,  Benzo  black 
and  Congo  red. 

In  all  those  cases  the  Kambara  earth  absorbed  the 
color  of  the  solution  of  the  dyestuff  and  it  reacted 
chemically  as  a  weak  acid,  while  clays  that  do  not  be- 
long to  the  Kambara  earth  type  did  not  react  toward 
those  dyestuffs. 
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(9)  Action  of  Native  Hydrates  of  Silica  and  Precipi- 
tated Hydrates    of  Silica  on   Litmus. — 

Experiment  A. — If  hydrochloric  acid  is  added  drop 
by  drop  to  a  solution  of  sodium  silicate  with  constant 
stirring  it  will,  as  is  well  known,  give  the  gelatinous 
precipitate  of  orthosilicic  acid  (H4Si04).  This  color- 
less gelatinous  substance  does  not  affect  the  color  of 
litmus  and  possesses  no  resemblance  in  common  with 
Kambara  earth  provided  it  is  dried  for  one  hour. 

Experiment  B. — I''  carbon  dioxide  gas  is  passed  into 
the  solution  of  water  glass,  a  whi  e  precipitate  of 
hydrate  of  silica  will  be  produced.  This  precipitate, 
after  drying,  also  does  not  affect  the  color  of  litmus. 

Experiment  C. — If  one  part  of  powdered  glass,  two 
parts  of  cryolite  and  four  parts  of  concentrated  H,S04 
are  placed  in  a  flask  and  heated  gently,  hydrofluo- 
silicic  acid  gas  will  be  produced.  When  this  gas  is 
passed  into  distilled  water  in  a  flask,  white  featherlike 
hydrate  of  silica  will  be  obtained.  I  have  examined 
this  and  also  the  action  of  fine  powders  of  quartz, 
flint,  rock  crystal,  chalcedony,  opal  and  hyalite  on-  the 
solution  of  indicators,  etc.  But  all  such  substances 
do  not  decolorize  the  solution  of  indicators  and  have 
no  resemblance  to  the  Kambara  earth. 

(jo)  On  the  Crude  Oils  and  Distillates. — The  Kambara 
earth  has  a  great  decolorizing  action  on  crude  oil  and 
its  distillates.  The  earth  absorbs  the  unsaturated 
hydrocarbons.  I  have  determined  the  iodine  absorp- 
tion value  of  distillates  of  kerosene  by  Hubl's  method. 

Before  After 

treatment.  treatment. 

"  Chester"  brand  (0.805) 26.05  18  59 

Japanese  kerosene         (0  821  1 2  37  1.60 

Japanese  kerosene        (0.815 1 1    51  1.15 

To  cite  a  concrete  example,  the  Higashiyama  crude 
oil  is  of  a  very  dark  brown  color  and  has  a  somewhat 
offensive  smell.  Its  specific  gravity  is  0.8971  at  15.5° 
C.  The  Nishiyama  crude  oil  is  green  in  color,  with  a 
specific  gravity  of  0.8953  at  15.5 °  C.  If  we  treat 
the  former  crude  oil  with  the  earth,  then  the  color 
of  it  is  changed  to  as  dark  green  as  the  Nishiyama 
crude    oil. 

The  properties  of  the  Kitano  crude  oil  differ  widely 
from  the  above  two  petroleums.  The  oil  is  of  lamp- 
black brown  color  and  its  specific  gravity  is  0.871 
at  15. 50  C.  The  following  results  by  filtration  with 
the  Kambara  earth  were  obtained:  15  per  cent.,  sp. 
gr.  0.850;  next  10  per  cent.,  sp.  gr.  0.855;  next  12.5 
per  cent.,  sp.  gr.  0.860;  next  17.5  per  cent.,  sp.  gr. 
0.870.  The  first  t'wo  filtrates  were  of  amber  color 
and  the  last  two  pale  brown. 

CONCLUSION. 

Messrs.  Engler  and  Albrecht  investigated  Florida 
earth  and  Fuller's  earth  and  ascribed  their  action 
to  their  physical  properties.1  Messrs.  D.  T.  Day 
and  Richardson  have  also  the  same  opinion.  But  I 
have  found  that  Kambara  earth  acts  as  a  weak  acid. 
I  think  that  the  action  of  the  earths  depends  upon  both 
their  physical  and  their  chemical  action.  The  tests 
to  be  made  for  the  Kambara  earths,  in  the  order  of  their 
importance,     are:      Acidity,      fineness,     determination 

1Z.angew.  Chem.,  36,  889  (1901). 


of  hydrates  of  silica,  determination  of  loss  by  weight 
on  ignition,  action  upon  guaiac  resin  solution,  and  also 
practical  decolorizing  action  on  standard  oils. 

I  am  at  present  investigating  the  action  of  the  Kam- 
bara earth  on  the  products  from  the  dry  distillation 
of  wood  and  have*  found  that  not  only  some  impuri- 
ties in  methyl  alcohol  and  ketone  can  be  removed 
by  means  of  the  Kambara  earth,  but  that  the  earth 
is  also  applicable  for  separation  of  tar  from  pyrolig- 
neous  acid.  No  doubt,  the  Kambara  earth  is  in  the 
same  class  with  Fuller*s  earth,  but  the  Kambara  earth 
is  the  more  efficient  decolorizing  agent.  The  Kambara 
earth  is  the  most  important  substance  for  purifica- 
tion of  mineral,  animal  and  vegetable  oils,  and  can 
also  be  used  for  the  purification  of  some  alcohols 
and  ketones.  I  think  it  will  be  very  convenient  to 
give  the  name  "acid  earth"  to  all  such  earths  and  thus 
distinguish  them  from  the  ordinary  kaolin  and  clay. 

Tokyo.  Japan'. 


INVESTIGATION  OF    THE  METHODS  FOR  THE    DETERMI- 
NATIONS OF  TOTAL  FATTY  ACIDS  IN  COTTON-SEED 
FOOTS.1 

By  Frank   X.   Smalley. 

Recent  cooperative  work  conducted  by  the  Society 
of  Cotton  Products  Analysts  on  the  relative  solvent 
power  of  gasoline  of  different  boiling  points  when 
used  in  the  determination  of  total  fatty  acids  of  cot- 
ton-seed foots  by  the  Official  Method  of  the  Inter- 
state Crushers  Association,  show  such  non-agreeing 
results,  that  the  author  believed  that  an  investiga- 
tion of  the  Official  method  to  determine  the  reason 
for  the  wide  discrepancies  between  the  different  chem- 
ists, and  a  study  of  the  proposed  substitute  methods 
for  the  same,  would  be  of  value. 

It  might  be  well  to  state  that  the  cooperative 
work  brought  forth  the  fact  that  all  gasoline  whose 
boiling  points  did  not  exceed  75 °  C.  showed  no  differ- 
ences in  their  solvent  power.  And  as  the  greatest 
differences  between  any  one  chemist's  reported  values 
using  the  three  grades  of  gasoline  (boiling  under  50 °, 
from  50 °  to  65 °,  from  65°  to  75 °)  was  fifty-six  hun- 
dredths of  one  per  cent.,  while  the  greatest  difference 
between  the  different  chemists  using  the  same  grade 
of  gasoline  was  5.34  per  cent.,  the  author  believed 
that  the  differences  were  due  to  the  different  chemists 
using  different  modifications  of  the  official  method. 

The  following  is  the  Official  Interstate  Method:  Weigh 
out  eight  to  ten  grams  of  the  well-mixed  sample  into 
a  small  extraction  flask.  Saponify  with  an  alcoholic 
solution  of  sodium  hydroxide  over  a  steam  bath  and 
heat  with  occasional  stirring  until  all  the  alcohol  is 
driven  off.  Wash  out  the  soap  with  about  400  cc. 
of  hot  water  into  a  beaker  and  digest  on  a  water  bath 
until  complete  solution  of  the  soap  is  effected.  Acidify 
with  dilute  sulphuric  acid  and  continue  heating  on 
the  water  bath  until  the  layer  of  fatty  acids  has  melted 
clear.  Cool  and  filter  off  the  liquid  from  the  cake  of 
fatty  acids,  washing  with  cold  water  until  no  traces 
of  sulphuric  acid  are  left.     Allow  the  fatty  acids  to 

1  Paper   presented   at   the    Eighth   International   Congress  of  Applied 
Chemistry,  New  York.  September,  1912. 
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dry,    •  leniently    over    night.     Transfer    the 

fattj  acids  to  a  folded  filter  paper  and  place  in  a 
Soxhlel  extraction  apparatus  and  dissolve  the  fatty 
idhering  to  the  beaker  with  warm  petrolic 
ether  boiling  below  50  degrees  centigrade  and  extract 
with  petrolic  ether  boiling  below*  50  degrees  centi- 
grade for  three  hours.  Evaporate  off  the  ether  and 
heat  to  constant  weight.  Calculate  percentage  on 
original  weight. 

When  this  method  was  followed  as  closely  as  possi- 
ble the  author  obtained  values  of  95.70  and  95.63, 
average  95.66  per  cent.  In  this  method  the  cake  of 
crude  fat  was  dissolved  by  extraction,  care  being  taken 
to  transfer  from  the  beaker  as  much  as  possible  of 
the  same  to  the  filter  paper. 

(1)  A  modification  of  the  method  of  extracting 
was  carried  out  as  follows:  The  bulk  of  the  crude  fat 
was  retained  in  .the  beaker  and  successively  treated 
with  25  cc.  portions  of  warm  gasoline,  each  portion 
being  filtered  through  the  original  filter  paper,  into 
the  extraction  flask,  until  the  beaker  was  thoroughly 
cleaned;  the  filter  paper  now  extracted  in  a  Soxhlet 
apparatus,  as  before,  gave  the  values  of  95.33  and 
95  .  38,  average  95  .  36  per  cent. 

(2)  A  third  method  of  extracting  was  carried  out 
as  follows:  The  whole  of  the  crude  fat,  filter  paper 
included,  was  treated  with  100  cc.  of  gasoline  in  the 
original  beaker  and  complete  solution  obtained  by  a 
few  minutes'  boiling  over  an  electric  hot  plate.  This 
was  then  filtered  through  a  fresh  filter  paper  into  the 
extraction  flask  and  the  residue  treated  in  the  same 
manner  with  a  fresh  portion  of  gasoline  and  finally 
transferred  to  the  filter  paper  which  was  extracted 
as  before.  This  method  gave  results  of  94.55  and 
94.63,  average  94.59  per  cent. 

In  the  first  two  extraction  methods  it  was  noticed 
that  in  the  extracted  solutions  before  evaporation 
there  was  a  flocculent  precipitate  while  the  solution 
from  the  last  method  was  perfectly  clear,  showing 
that  a  saturated  solution  of  the  crude  fat  in  gasoline 
dissolves  resins  and  coloring  matter  which  are  precipi- 
tated out  on  dilution  of  the  same.  While  the  differences 
between  these  three  methods  is  only  one  and  seven- 
hundredths  per  cent,  the  author  believes  that  this  is 
the  particular  point  in  the  method  which  has  caused 
the  wide  differences  in  the  results  of  the  previously 
mentioned  cooperative  work. 

The  following  is  one  of  the  methods  which  has  been 
proposed  as  a  substitute:  Weigh  out  accurately  into 
a  tared  beaker  of  300  cc.  capacity  four  to  five  grams 
of  the  thoroughly  mixed  sample  and  treat  as  follows: 
10  to  12  cc.  of  40 °  B.  caustic  soda  and  15  to  20  cc.  of 
95  per  cent,  alcohol  are  added  and  the  whole  mass 
thoroughly  stirred.  The  beaker  is  then  placed  on  a 
sand  bath,  the  temperature  of  which  is  so  regulated 
that  the  evaporation  is  not  too  rapid  or  violent  and 
the  mass  stirred  repeatedly.  When  the  mass  is  nearly 
dry  the  sides  of  the  beaker  are  washed  down  with  a 
few  cc.  of  alcohol  and  the  evaporation  continued  until 
the  alcohol  is  expelled  and  the  soap  nearly  dry.  The 
beaker  and  contents  are  then  removed  from  the  sand 
bath  and  allowed  to  cool.     The  soap  is  then  thoroughly 


dissolved  in  about  200  cc.  of  boiling  water  and  de 
composed  b.  adding  dilute  sulphuric  acid  in  d 
eral.le  excess.  The  beaker  and  contents  are  again 
heated  ..11  the  '.and  bath  until  the  fatty  acids  1. 
While  still  hot  the  contents  of  the  beal 
filtered  through  a  filter,  previously  wet  with  hot 
water,  care  being  taken  to  hold  back  the  larger  part 
of  the  fatty  acids  until  the  water  has  filtered  through. 
The  fatty  acids  arc  then  transferred  to  the 
the  beaker  and  fatty  acids  thoroughly  washed  with 
boiling  water.  The  filter  is  allowed  to  drain  for 
minutes  and  is  then  transferred  to  the  original 
beaker  in  which  the  saponification  was  made  and 
the  whole  set  in  a  steam  oven  for  15  or  20  minutes 
to  expel  moisture.  When  thoroughly  dry,  which  is 
shown  by  the  saturation  of  the  filter  paper  by  the 
fatty  acids,  the  fatty  acids  are  dissolved  in  gasoline 
(distilling  under  50 °  C.)  and  filtered  through  a  clean, 
dry  filter  (but  using  the  same  funnel  used  in  the  pre- 
vious filtration  of  the  fatty  acids  from  the  acid  solu- 
tion) into  a  6  oz.  flask,  care  being  taken  to  wash  beaker 
and  funnel  free  from  fatty  acids.  At  least  100  to 
125  cc.  of  gasoline  should  be  used  in  dissolving  the 
fatty  acids  and  washing  the  beaker  and  funnel.  The 
solution  of  fatty  acids  in  gasoline  is  then  placed  on  a 
steam  bath  (with  air  jet)  until  the  gasoline  is  com- 
pletely expelled  after  which  the  flask  and  fatty  acids 
are  dried  in  an  oven  at  105  °  C.  for  15  minutes.  The 
flask  is  then  removed  from  the  oven  and  allowed  to 
cool  (the  fatty  acids  crystallizing),  after  which  the 
whole  is  weighed.  From  these  weights  the  percent- 
age of  fatty  acids  is  calculated.  Two  tests  on  each 
sample  are  run  and  the  duplicate  results  should  check 
within  0.25  per  cent,  or  less.  The  essential  differ- 
ence is  the  manner  of  separating  fatty  acids  from  the 
solution  from  which  they  are  precipitated.  It  has 
been  the  author's  experience  that  it  is  almost  impossi- 
ble to  sufficiently  wash  the  fat  free  from  mineral 
acid  without  a  small  portion  of  the  same  passing 
through  the  filter  paper.  Oftentimes  even  an  appar- 
ently clear  filtrate  when  allowed  to  stand  on  the  steam 
bath  for  some  time  will  show  small  globules  of  fat. 
This,  as  well  as  the  fact  that  drying  in  the  oven  with 
the  mineral  acid  not  thoroughly  removed  causes 
error,  condemns  the  method  in  the  opinion  of  the 
author. 

A  separatory  funnel  method  was  also  tried  in  which 
the  saponification,  solution,  and  throwing  out  of  the 
fatty  acids  was  conducted  just  as  in  the  official  method. 
The  solution  was  then  placed  in  a  separatory  funnel 
and  the  extraction  of  the  crude  fat  made  by  repeated 
treatments  of  gasoline,  the  various  gasoline  portions 
collected,  filtered  through  dry  paper,  and  the  fat 
thoroughly  removed  from  the  same,  and  the  gasoline 
evaporated  and  residual  fat  weighed.  This  method 
gave  results  as  follows:  93.28;  92.10;  92.50:92.98; 
92.50  and  93.48.  As  these  values  show  such  differ- 
ences among  themselves,  the  highest  showing  much 
lower  than  our  other  method,  the  author  considers 
method  (1)  which  requires  extreme  care  and  con- 
siderable skill  to  manipulate,  so  that  checking  re- 
sults may  be  obtained.     With  the  best  of  care  losses 
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occur,  and  furthermore  the  actual  manipulating 
time  is  considerably  increased.  On  these  grounds 
the  author  considers  that  the  method  need  not  be 
considered  as  a  substitute  for  the  official  method. 

A  number  of  other  modifications  of  the  official 
method  consist  of  methods  of  saponification  and  of 
solution. 

Therefore,  the  author  concludes  that  the  most  ac- 
curate method  is  that  of  the  Official  Inters/ate  Method 
with  the  following  modification:  For  the  solution  of 
the  crude  fat,  transfer  the  fatty  acids  on  the  filter 
paper  back  to  the  original  beaker  and  dissolve  by  the 
addition  of  ioo  cc.  of  gasoline  with  a  few  minutes' 
boiling  on  the  electric  hot  plate.  This  is  then  filtered 
through  dry  paper  and  the  residue  treated  with  suc- 
cessive  smaller  portions  of  gasoline  until  the  fat  is 
thoroughly  dissolved.  In  case  only  two  such  extrac- 
tions are  given,  it  is  recommended  that  the  filter 
paper  with  the  residue  be  given  an  extraction  in  a 
Soxhlet  apparatus. 
Savannah,  Georgia. 


THE  DETERMINATION  OF  CHROMIUM  AND  VANADIUM  IN 
STEEL. 

By   D.   J,    Demorest. 
Received  Sept.  17,  1912. 

The  writer  recently  described  a  method  for  the  de- 
termination of  vanadium  in  iron  and  steel,1  in  which 
the  vanadium  alone  is  determined.  Since  chromium 
is  present  in  manv  vanadium  steels  it  is  desirable  to 
determine  chromium  along  with  the  vanadium,  and 
the  present  paper  describes  a  modification  of  the  above 
mentioned  method  so  as  to  easily  determine  the  chrom- 
ium and  vanadium  in  the  same  sample.  Nothing 
new  is  presented  except  that  the  details  of  the  known 
method  for  chromium  are  worked  out  so  that  the 
author's  method  for  vanadium  can  be  combined  with 
it. 

The  process  is  as  follows:  Two  grams  of  the  sample 
are  dissolved  in  a  400  cc.  flask  by  a  mixture  of  12  cc. 
strong  sulphuric  acid  and  50  cc.  of  water.  The  flask 
is  heated  until  solution  is  complete,  when  it  is  set  off 
the  hot  plate  and  25  cc.  of  nitric  acid  (sp.  gr.  1.42) 
is  very  cautiously  added.  The  iron  is  immediately 
oxidized  to  the  ferric  state  with  the  evolution  of  much 
nitrous  fumes.  The  solution  is  heated  to  boiling  un- 
til the  brown  fumes  are  all  driven  off.  then  the  flask 
is  set  off  the  hot  plate  and  sodium  bismuthate  added 
until  everything  in  solution  is  oxidized  and  the  man- 
ganese appears  as  permanganic  acid,  which  docs  not 
disappear  on  shaking.  Now  the  solution  is  diluted  t" 
200  cc,  a  little  more  sodium  bismuthate  added, 
and  the  solution  boiled  for  20  minutes  to  decompose 
the  permanganic  acid  to  manganese  dioxide.  It  is 
then  cooled  by  adding  50  cc.  of  water  and  filtered 
through  asbestos.  Then  the  volume  is  made  up 
to  300  cc.  and  the  solution  cooled  to  tap  water  tem- 
perature, when  h  is  ready  for  the  chromium  titration 
after  the  addition  of  5  cc.  of  syrupy  phosphoric  acid 
to  decolorize  the  iron. 

Totitrate,  run  in  A'  100  ferrous  sulphate  solution  until 
all  chromium  and  vanadium  are  reduced.  This  can 
1  This  Journal  4.  249. 


be  told  by  testing  a  drop  on  a  white  plate  with  a  drop 
of  ferricyanide.  If  a  blue  color  is  obtained,  enough 
ferrous  sulphate  has  been  added.  Then  .Y/  100  perman- 
ganate is  added  until  a  pink  color  appears,  which 
persists  on  shaking,  and  a  few  cc.  more  are  added 
and  the  solution  is  st  irred  lor  a  minute.  Then  N/ 100 
ferrous  sulphate  is  added  until  the  pink  just  disappears. 
The  total  ferrous  sulphate  minus  the  permanganate  X 
0.0001733    equals    the    chromium    present. 

Now  t < »  the  solution  enough  ferrous  sulphate  to  re- 
duce  the  vanadium  and  a  considerable  excess  is  added, 
the  solution  mixed  and  about  one  gram  of  sized 
manganese  dioxide  is  dropped  in.  The  solution  is 
shaken  until  a  test  with  ferricyanide  on  a  white  plate 
shows  that  all  ferrous  iron  has  been  oxidized.  Then 
it  is  filtered  through  asbestos  (using  suction)  and  is 
ready  for  titration:  N/i 00  permanganate  is  added  un- 
til a  persistent  pink  color  is  obtained,  then  several 
cc.  more  are  added  and  the  solution  is  shaken  for  a 
minute.  Now  .Y  100  ferrous  sulfate  is  added  until 
the  pink  just  disappears.  The  permanganate  used 
minus  the  ferrous  sulphate  used  X  0.00051  equals 
the  vanadium  present. 

Notes  on  the  Process.  The  bismuthate  oxidizes 
the  chromium,  vanadium  and  manganese  to  chromic 
acid,  vanadic  acid  and  permanganic  acid.  Boiling 
destroys  the  permanganic  acid  and  manganese  dioxide 
precipitates  and  is  filtered  off.  When  ferrous  sul- 
phate is  added,  chromic  and  vanadic  acids  are  reduced 
to  trivalent  chromium  and  quadrivalent  vanadium; 
then  when  permanganate  is  added  vanadium  only  is 
oxidized  back  and  the  ferrous  sulphate  minus  the  per- 
manganate measures  the  chromium. 

Yanadium  is  again  reduced  by  ferrous  sulphate 
(not  measured),  the  excess  of  ferrous,  sulphate  oxi- 
dized by  manganese  dioxide,  leaving  the  vanadium 
ready  to  be  titrated. 

The  manganese  dioxide  must  not  be  too  fine.  It 
should  settle  perfectly  clear  in  a  beaker  of  water  in 
1  5  seconds.      It  must  be  natural  or  crystalline. 

The  following  are  some  results  obtained  by  the  above 
method: 


Percentages 

aiuidium. 

Percentages  cl 

iromium. 

Present. 

Found. 

Present. 

pi  mnd 

0    145 

0   143 

0.078 

0.086 

0.145 

0.145 

(i    155 

0.  160 

(1    145 

(1    147 

0.155 

0    157 

0.145 

(1    145 

0.233 

0.236 

0   078 

0.078 

0   233 

0  225 

0.145 

0    147 

3.100 

3  095 

A  blank  must  be  run  on  the  chromium  determina- 
tion, as  a  little  bit  of  MnO,  persists  in  solution  and 
runs  uniformly  the  same. 
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A  RAPID  CONTROL    METHOD    FOR    THE  DETERMINATION 
OF  OIL  IN  GRAINS. 
By  E     l'    Harding  and  Lillian   I,.    \i 
Received  'n!\    10,  1912. 
The  solvents  ordinarily  used  for  determining  extract 
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matter,  fats  and  nils  in  food-stuffs  and  the  various 
industrial  and  commercial  products  arc  ether,  petro- 
leum other,  carbon  tetrachloride,  carbon  bisulphide, 
acetone,  chloroform  and  alcohol.  Of  these,  pure 
anhydrous  ether  and  low-boiling  petroleum  ether  are 
most  generally  accepted  for  determining  fats  and  oils. 
In  cases  of  dispute  and  litigation,  ether  may  be  con- 
sidered as  the  official  solvent. 

The  principal  objection  to  ether  and  petroleum 
ether  as  solvents  in  control  work  is  the  length  of  time 
given  for  complete  extraction,  the  usual  time  being 
sixteen  hours.1  The  extraction  must  also  be  made 
on  a  moisture-free  sample.  It  is  very  difficult,  almost 
impossible,  with  a  common  hot  air  oven  not  provided 
with  a  thermostat  to  obtain  duplicate  results  on  foods 
and  food  materials,  especially  the  cereals.  A  slight 
variation  of  the  temperature  from  ioo°  C.2  affects 
not  only  the  percentage  of  moisture  but  also  as  a 
consequence  the  percentage  of  oil  in  the  dried  sample. 

The  object  of  this  paper  was  to  find  a  suitable 
solvent  and  method  that  would  extract  the  oil  from 
grains  completely  in  a  comparatively  short  time 
when  applied  either  to  the  oven-dried  or  the  air-dried 
sample.  Such  a  solvent  was  found  to  be  carbon 
tetrachloride. 

Carbon  tetrachloride  has  been  used  by  A.  P.  Bryant3 
for  extracting  oil  from  vegetable  substances  and  from 
one  meat  sample.  The  results  obtained  agreed  with 
those  obtained  with  ether  as  a  solvent.  The  extrac- 
tion was  made  in  a  Knorr  apparatus,  the  solvent 
distilled  and  the  residue  dried  to  constant  weight 
at  ioo°  C.  The  extraction  required  two  hours  and 
the  final  drying  two  hours.  The  last  trace  of  carbon 
tetrachloride  was,  however,  driven  off  with  some 
difficulty  and  in  some  cases  the  drying  was  completed 
at  i2o°  C.  This  method  requires  at  least  four  hours, 
the  long  drying  at  ioo°  and  the  final  drying  at  1200 
may  be  considered  as  an  objection  to  the  method 
when  applied  to  substances  containing  much  unsatu- 
rated oil. 

In  the  authors'  method,  the  grain  is  extracted  at 
the  temperature  of  boiling  carbon  tetrachloride 
(about  76 °),  the  mass  cooled,  mixed  with  absolute 
alcohol,  water  and  petroleum  ether,  thoroughly  shaken, 
whirled  in  a  centrifuge,  the  oil  blown  off,  filtered  into 
a  tared  flask,  and  dried  to  constant  weight  in  a  casserole 
water  bath.  The  time  required  for  a  complete  de- 
termination is  less  than  three  hours. 

The  apparatus  used  is  a  thick-walled  glass  cylinder, 
7V2  inches  long  and  ix/t  inches  in  diameter,  a  water 
bath,  a  reflux  condenser,  a  condensing  tube,  a  centri- 
fuge, a  blow-off  tube  similar  to  that  used  with  a  Werner- 
Schmidt  apparatus,  a  Soxhlet  extractor  provided 
with  a  glass  stopcock  connected  to  a  reflux  condenser, 
a  receiver,  a  casserole  five  inches  in  diameter,  a  flask, 
2V2  inches  bottom  diameter  by  4  inches  in  height, 
and  a  small  funnel. 

The  reagents  used  are  distilled  water,  absolute 
alcohol,    redistilled    carbon    tetrachloride,    b.    p.   76 °, 

1  Bur.  of  Chem..  Bull.  107,   $9    re\  ised 

2  This  Journal,  2,  19. 

3  /.  Am.  Chem.  Soc,  26,  568. 


and   distilled   petroleum   ether   with   a   boiling   point 
of  53°-68°. 

In  making  a  determination  a  burner  is  put  under 
iter  bath,  the  material  weighed  out  from  i  to 
3  grams  (depending  upon  the  amount  of  oil  in  the 
substance),  transferred  to  the  cylinder,  25  cc.  of 
carbon  tetrachloride  added,  the  cylinder  connected  with 
the  condenser  and  placed  in  the  water  bath  where 
it  is  kept  for  one  hour  at  the  temperature  of  boiling 
CC14.  In  the  meantime  the  flask  is  cleaned,  rinsed 
successively  with  alcohol  and  petroleum  ether  and 
heated  in  the  casserole  bath  to  constant  weight. 
In  weighing  the  flask  it  is  removed  from  the 
casserole,  held  under  a  tap  of  flowing  water  until 
cooled,  then  wiped  with  a  dry  towel  and  the  weighing 
made  within  one  minute's  time. 

At  the  end  of  one  hour's  boiling  the  cylinder  is 
detached,  attached  to  the  condensing  tube  and  12.5 
cc.  of  CC14  is  distilled  off  into  the  receiver.  The 
cylinder  is  then  cooled  by  holding  under  the  water 
tap,  25  cc.  of  absolute  alcohol  is  added  and  the  tube 
shaken:  12.5  cc.  of  water  is  added  and  the  tube 
again  shaken,  then  50  cc.  of  petroleum  ether  is  added 
and  the  whole  thoroughly  mixed  by  shaking.  The 
cylinder  is  then  put  into  a  centrifuge  and  whirled 
for  ten  minutes  at  the  rate  of  about  1000  revolutions 
per  minute.  The  cylinder  is  taken  out,  the  rubber 
stopper  removed,  the  blow-off  tube  inserted  and  the 
petroleum  ether  layer  blown  off  through  a  filter 
into  the  tared  flask.  The  flask  is  then  connected 
with  the  Soxhlet  apparatus  and  the  petroleum  ether 
distilled  off.  In  the  meantime  5  cc.  of  CC14,  5  cc.  of 
absolute  alcohol  and  50  cc.  of  petroleum  ether  are 
added  to  the  cylinder,  the  whole  thoroughly  shaken 
and  whirled  for  five  minutes.  The  petroleum  layer 
is  then  blown  off  through  the  filter  into  the  flask. 
The  flask  is  again  connected  with  the  Soxhlet  apparatus 
and  5  cc.  of  CC14,  5  cc.  of  absolute  alcohol  and  50 
cc.  of  petroleum  ether  is  added  to  the  cylinder  which 
is  whirled  once  more  for  five  minutes.  The  petroleum 
ether  layer  is  again  blown  off  as  before,  the  filter 
washed  with  petroleum  ether,  which  is  then  removed 
by  means  of  the  Soxhlet  apparatus.  The  flask  is  then 
put  into  the  casserole  water  bath,  which  is  boiling, 
and  heated  for  fifteen  minutes  and  weighed  under 
the  same  conditions  as  the  empty  flask  was  weighed. 
It  is  heated  again  for  fifteen  minutes  and  weighed. 
This  fifteen-minute  period  of  heating  and  weighing 
is  repeated  until  constant  weight  is  obtained.  Two 
heatings  of  fifteen-minute  periods  resulted  in  a  constant 
weight. 

In  trying  out  the  method  each  blow-off  was  blown 
into  a  separate  flask,  weighed  separately  in  order  to 
determine  the  proportionate  amount  of  oil  in  each 
blow-off  and  the  number  of  blow-offs  necessary  to 
remove  all  of  the  oil.  Extractions  were  also  made 
on  the  oven-dried  sample  with  pure  anhydrous  ether 
and  petroleum  ether  of  a  boiling  point  53°  to  68° 
in  order  to  compare  the  results  with  those  obtained 
with  these  solvents. 

The  following  results  were  obtained  on   "Diamond 
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Cut"    corn    meal,    an   approximately     2 -gram    sample 
being  used  in  the  extractions: 

Percentages. 

Carbon  tetrachloride.         Petroleum 

■- * .         ether.  Ether. 

Wet  sample.       16  hours'  16  hours' 

Dry  sample.     (Cal.  on  dry.l    extraction.  extraction. 

1st  blow-off 2  91      2.93     3.03     3  02 

2nd  blow-off 0.24     0.36     0    17     0.28 

3rd  blow-off 0.05     0.00     0.07     0.00 

Total,  3   20     3.29     3.27     3   30     3   21      3   20     3.23     3  39 

On  millet  flour  from  Crookston,   Minn.,  containing 
7  per  cent,  of  moisture. 

Carbon  Tetrachloride. 

Percentages. 


Dry  sample. 

1st  blow-off 4  26     4.30     4.20 

2nd  blow-off 0.27     0.14     0.32 

3rd  blow-off 0.02     0.09     0.00 

Total.  4.55     4.53     4.52 


Wet  sample. 

(Cal.  on  dry.) 
4.42  4.37 
0.34  0.18 
0.00     0.12 


Dry  sample. 

10  hours 4.56 

10  hours 4.55 

6  hours 4.46 

6  hours 4.55 

10  hours 

16  hours 


Dry  sample. 

10  hours 4.62 

10  hours 4.76 

10  hours 4.61 

10  hours 4  57 

16  hours 


Petroleum  Ether. 
Percentages. 

6  hours  longer 0 .  02 

6  hours  longer 0.02- 

24  hours  longer 0. 10 

24  hours  longer 0.01 


Ether. 
Percentages. 

6  hours  longer 0 .07 

6  hours  longer 0.02 

18  hours  longer 0.02 

18  hours  longer 0.03 


4.76     4.76 


Total 4.58 

Total 4.57 

Total 4.56 

Total 4.56 

4.60 
4.55 


Total 4   66 

Total 4.78 

Total 4.63 

Total 4.60 

4.62 


On  wheat  germ  from  the  Washburn  Crosby  Milling 
Co.,  Minneapolis. 

Carbon   Tetrachloride. 
Percentages. 

Wet  sample,  Different  sample.  No.  2. 


Dry  sample.    No.  1 

Av.  of  7. 

Dry 

sample.  (Cal. 

on  dry. ) 

1st  blow 

.ft' 

10.15          10.14 

10.23 

11  .77 

1  1    78 

off 

off 
,  >fi 

0.51            0.54 

(l   47 
0.11 
0.02 

11  .90 
11  .78 

0. 15            0.17 

4th  blow- 

0.02            0.01 

11.87 

Total.  10.83         10.86 

10.83 

Petroleum  Ether. 

Sample  No.   1 . 

Percentages. 

5  hours 

10. 

78     5  hours  longer  0.15 

Total 

.  .  10.93 

5  hours 

10 

74     5  hours  longer  0 .  20 

Total 

.  .  10  94 

5  hours 

10 

74     5  hours  longer  0.12 

5  hours  1 

onger 

o  n:     Total 

.  .  10.93 

6  hours 

10.92 

6  hours 

11.01 

10  hours 

10.95 

10  hours 

10.89 

10  hours 

11    09 

16  hours 

11.11 

16  hours 

11  .00 

16  hours 

11    04 

16  hours 

11.01 

5  hours 
10  hours 
10  hours 
10  hours 
10  hours 
10  hour-. 
16  hour-. 
16  hours 
16  hours 
16  hours 


Ether. 

Simple  No.  1.      Percentages. 
5  hours  longer  0   16 


Total 11. 


11.67 
11.46 
11  45 
11  .26 
11.35 
11.67 
11.48 
1  1  .47 
11.61 


The  above  method  for  the  determination  of  oil  in 
grains  gives  very  satisfactory  results  compared  with 
those  obtained  by  means  of  petroleum  ether  and  ether 
as  solvents. 

(i)  It  is  a  short  method,  two  and  one  half  hours 
being  required  for  a  complete  determination. 

(2)  There  is  no  difficult}''  encountered  in  removing 
the  last  trace  of  the  solvent. 

(3)  The  oil  extracted  is  purer  than  that  extracted 
by  petroleum  ether  or  ethyl  ether,  as  shown  by  a 
higher  iodine  absorption  value. 

(4)  It  is  a  rapid  control  method. 

Chemical  Laboratory. 

l'xiversity  of  Minnesota. 

Minneapolis. 


SOY  BEAN  CHEESE.1 

By  William   V.   Linder. 
Received  Aug.  22,  1912. 

In  the  line  of  my  official  work  a  few  weeks  ago,  I 
had  occasion  to  examine  two  samples  sent  to  the  lab- 
oratory from  a  western  state;  these  were  suspected  of 
being  filled  cheese.  Cheese  made  from  cream,  or 
milk  containing  fat  other  than  that  derived  from  the 
cream  or  milk  used  in  its  production,  is  classed  as 
filled  cheese  and  subject  to  an  internal  revenue  tax 
of  one-quarter  of  a  cent  per  pound. 

The  samples  somewhat  resembled  in  appearance 
and  taste  a  very  soft  and  mushy  cream  cheese,  satura- 
ted with  water. 

On  account  of  the  difficulty  of  obtaining  a  true  sam- 
ple, due  to  the  large  amount  of  water  present,  it  was 
decided  to  make  an  analysis  on  a  moisture-free  basis 
only.  About  ioo  grams  were  dried  in  an  electric 
oven  and  the  analysis  made  on  the  dry  sample,  with 
the  following  results: 


Laboratory  No. 


429991 
43285.. 


Protein. 

Per  cent. 

39.31 

45.07 


Fat. 

Per  cent. 

7.80 

6.04 


Ash. 

Per  cent. 

2.36 

1.83 


Sugar. 
None 
N'one 


One  hundred  grams  of  each  sample  were  extracted 
with  ether  and  the  fat  obtained  examined,  with  the 
following  results: 

Index  of  refrac- 

Laboratory  No.  tmn  at  25°  C.  Iodine  No. 

42991 1  .4749  130  4 

43285 1,4742  128.7 

From  the  results  obtained  it  was  clear  that  the  fat 
could  not  have  been  derived  from  milk  or  cream  and 

1  Published  by  permission  of  the  Commissioner  of  Internal  Revenue. 
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the  failure  to  find  milk  sugar  also  indicated   that   no 
milk  or  cream  had  been  used  in  their  production. 

The  analysis  of  the  fat  indicated  that  it  was  soy 
ill,  and  as  soy  beans  contain  a  large  percentage 
of  protein,  it  was  at  (.nee  suspected  that  this  was  one 
of  the  numerous  products  made  from  them.  It  is 
a  well  known  fact  that  in  China  and  Japan  soy  beans 
have  been  used  for  hundreds  of  years,  not  only  to 
produce  an  edible  oil.  but  in  the  production  of  many 
other  food  products. 

Two  hundred  grams  of  soy  bean  meal,  ground  from 
the  whole  bean  in  the  laboratory,  were  thoroughly 
mixed  in  1000  cc.  of  cold  water.  After  standing 
twelve  hours  fermentation  set  in  and  continued  for 
three  days.  No  effort  was  made  to  ascertain  the 
nature  of  this  fermentation.  At  the  end  of  this  time 
the  mash,  upon  which  a  mold  had  started  to  grow, 
was  strained  through  cheese  cloth;  a  heavy,  milky 
liquid  was  obtained.  Numerous  methods  were 
tried  to  coagulate  the  suspended  and  dissolved 
protein,  such  as  the  addition  of  acids,  rennet,  and  heat. 
Heating  upon  the  steam  bath  seemed  to  give  the  most 
satisfactory  results  as  the  dissolved  material  coagu- 
lated and  settled  out  upon  standing. 

The  coagulated  mass  was  filtered,  giving  a  product 


that  was  identical  in  appearance,  taste  and  odor  with 
the  two  samples  examined.  The  dried  product  was 
analyzed  showing  the    similarity    beyond  any  doubt. 


Laboratory  tio. 

I'rc.tc  111s. 

Pat, 

Ash. 

l'<  r  <  <nt . 

Pei  <  tut 

Sugar 

.       59    46 

11    XI, 

s   19 

Tlie  investigation  proved  that  the  product  sub- 
mitted tor  examination  could  not  be  classed  as  filled 
cheese,  although  a  very  good  substitute.  Cheese 
prepared  from  soy  beans  must  be  consumed  within  a 
few  days  as  it  deteriorates  very  rapidly. 

While  making  this  investigation  I  confirmed 
the  work  of  J.  Ruhiah,1  who  found  sucrose  present 
in  soy  beans.  The  beans  that  I  used  contained  4.4 
per  cent,  sucrose. 

As  thousands  of  tons  of  soy  beans  are  used  annually 
in  making  oil,  it  does  not  seem  improbable  that  a 
method  could  be  found  which  would  make  the  re- 
covery of  the  sucrose  possible  without  reducing  the 
yield  or  injuring  the  quality  of  the  meal  for  feeding 
purposes.  It  would  be  a  source  of  profit  from  an  in- 
dustrial product  that  is  now  entirely  wasted. 

Laboratory  Bureau  of  Internal  Revenue, 
Washington,  D.  C. 


LABORATORY  AND  PLANT 


A  NEW  FORM  OF  ORSAT  APPARATUS. 

By  L.   M.   Dennis. 
Received  October  14.  1912. 

In  the  analysis  of  commercial  grades  of  sodium 
carbonate  there  early  arose  a  demand  for  a  rapid  and 
convenient  method  for  the  determination  of  carbon 
dioxide,  which  was  met  in  1868  by  the  apparatus  de- 
signed by  Schlosing  and  Rolland.1  In.  1874  Orsat 
patented  a  device2  that  was  based  directly  upon  the 
principle  of  the  apparatus  of  Schlosing  and  Rolland, 
and  that  attracted  considerable  attention  at  the  time 
and  rapidly  came  into  general  use.  Because  of  its 
compactness  and  ease  of  manipulation,  the  Orsat 
apparatus  has  been  and  still  is  very  generally  employed 
by  gas  analysts.  In  its  original  form,  however,  and 
even  in  some  of  the  later  modifications,  it  possesses 
certain  inherent  faults,  and  the  unsatisfactory  charac- 
ter of  the  analytical  results  that  are  obtainable  with 
the  various  forms  is  evidenced  by  the  large  number 
of  changes  in  its  construction  that  are  constantly  be- 
ing brought  forward  in  chemical  journals.  The  chief 
objection  to  the  apparatus  is  the  incompleteness  of 
the  absorption  of  such  gases  as  oxygen  and  carbon 
monoxide.  The  researches  of  Gautier  and  Claus- 
mann.  Bendemann,  Hankus,  Hempel,  Nowicki,  Hahn, 
Dennis  and  Edgar,  and  others,  have  demonstrated 
that  the  complete  removal  of  oxygen  by  alkaline  pyro- 
gallol  and  of  carbon  monoxide  by  cuprous  chloride 
can  be  effected  only  when  the  absorbent  and  the  gas  are 

1  Annates  de  chimic  cl  de  physique,  4  serie,  14,  55  (18681. 
-  Ckem.  News,  29,  176  (1.S74 


shaken  together,  or  when  the  gas  is,  in  some  manner, 
brought  into  prolonged  and  intimate  contact  with 
the  absorbent.  With  most  of  the  suggested  forms 
of  the  Orsat  absorption  pipette,  the  removal  of  oxy- 
gen and  carbon  monoxide  is  quite  incomplete  unless 
the  gas  is  allowed  to  stand  in  contact  with  the  absorb- 
ent for  a  very  considerable  length  of  time,  or  is  passed 
back  and  forth  many  times  between  the  burette  and 
pipette.  Failure  to  recognize  this  inadequacy  of  the 
apparatus  frequently  results  in  the  incomplete  removal 
of  oxygen,  and,  as  a  consequence,  a  decrease  in  vol- 
ume is  observed  when  the  gas  mixture  is  next  passed 
into  the  cuprous  chloride  pipette.  In  very  many 
cases  the  analyst  has,  in  this  manner,  been  led  into  re- 
porting carbon  monoxide  in  a  gas  mixture,  such  as 
flue  gas,  when  in  fact  no  carbon  monoxide  is  present, 
the  decrease  in  volume  being  due  solely  to  the  absorp- 
tion, by  cuprous  chloride,  of  oxygen  that  still  remains 
in  the  gas  mixture. 

In  recent  y^ears  several  interesting  and  some  valua- 
ble suggestions  for  increasing  the  completeness  and 
rapidity  of  absorption  in  the  Orsat  apparatus  have  ap- 
peared in  chemical  journals.  Bendemann  proposes2 
that  two  pipettes  be  used  for  the  absorption  of  oxygen 
by  alkaline  pyrogallol  and  two  for  the  removal  of 
carbon  monoxide  by  cuprous  chloride.  This  would 
undoubtedly  lessen  the  errors  of  the  determinations 
but  would  hardly  remove  them  entirely.  More 
worthy7  of  consideration  are  the  proposed  modifica- 
tions of  the  form  of  the  absorption  pipette  to  bring 

1  See  Chemical  Abstracts,  4,  1789,  1912, 
-  J.  f.  Gasbcleuchlung.  49,  853  (1906>. 
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gas  and  liquid  into  intimate  contact.  Mos  of  these 
are  based  upon  the  construction  described  in  1899  by 
E.  Hankus"  and  shown  in   Fig.   1.      The  gas  enters  the 


pipette  through  A ,  passes  downward  through  the  capil- 
lary and,  by  impinging  on  the  plate  B.  is  broken  up 
into  minute  bubbles  which  then  pass  upward  through 
the  absorbing  liquid.  The  gas  is  brought  back  into 
the  burette  by  turning  the  stopcock  through  an  angle 
of  1800  and  lowering  the  level  bottle  of  the  burette. 

In  191 1  the  Chemists'  Committee  of  the  United 
States  Steel  Corporation  described2  and  copyrighted 
drawings  of  an  absorption  pipette  (Fig.  2)  that  is 
quite  similar  to  the  form  proposed  twelve  years  earlier 
by  Hankus,  but  is  slightly  less  efficient  than  the  Hankus 
pipette  (see  results  below)  since  it  permits  the  gas 
to  escape  freely  in  large  bubbles  from  the  lower  end 
of  the  capillary  tube. 

The  pipette  devised  by  Nowicki3  and  improved  by 
Heinz4  (Fig.  3)  yields  more  complete  absorption  than 
that  of  Hankus.  The  gas  passes  downward  through 
the  straight  capillary  tube  A  and  then  rises  in  small 
bubbles  through  the  spiral  tube  S,  which  insures  long 
and  thorough  contact  between  the  gas  and  absorbent. 
A  short  tube,  D,  is  attached  to  the  lower  end  of  the 
spiral,  and  fresh  absorbing  liquid  is  drawn  upward 
through  this  opening  when  the  gas  bubbles  rise  through 
the  spiral.  Experience  has  shown,  however,  that 
when  this  form  of  absorption  pipette  is  used  for  the 
determination  of  oxygen  with  alkaline  pyrogallol, 
the  gas  is  frequently  trapped  in  the  spiral.  Moreover, 
the  pipette  is  so  fragile  that  it  is  often  broken  in 
transportation,  which  renders  it  unsuitable  for  use  in 
a  portable  apparatus. 

The  very  rapid   and   complete  absorption  of  gases 

1  Oesterr.  Chem.  Zltj..  47,  si  (1899);/,  Gasbettuchhtng,  49,  367  (1906). 

•  Mel.  and  Chem.  ling-.  9,  303  (1911  I. 

3  Oesterr.  Zeil.  j.  Berg.-Hutt..  53,  337  (1905K 

1  /.  /.  Gasbeleuchtung,  49,  367  (1906). 


that,  upon  experiment,  was  found  to  be  obtainable 
with  the  Friedrichs  Gas  Washing  Bottle,'  led  the  writer 
to  employ  the  same  principle  in  the  construction  of 
an  absorption  pipette  for  the  Orsat  apparatus,  the 
form  of  pipette  that  was  finally  adopted  being  that 
shown   in    Fig.    4.      The  gas  mixture  enters  the  pipette 


mA 


^ 


through  the  capillary  .4  (the  stopcock  being  in  posi- 
tion I),  and,  passing  downward  through  the  capil- 
lary, escapes  at  B.  It  then  rises,  and  in  so  doing 
follows  the  spiral  S.  The  rising  gas  carries  some  of 
the  absorbing  liquid  with  it,  and  this  liquid  then  flows 
down  on  the  inside  of  the  cylinder  ( '  and  mixes  with 
the  main  body  of  the  absorbent  again  at  D.  After 
the  gas  has  risen  through  the  spiral  and  has  collected 
in  the  space  F,  the  stopcock  is  turned  through  180°  to 
position  II  and  the  gas  is  then  drawn  back  into  the 
burette. 

An  experimental  comparison  of  the  different  forms 
of  Orsat  pipette  here  illustrated  has  been  made  by 
Mr.  F.  H.  Rhodes.  In  the  first  series  of  comparative 
determinations,  oxygen  in  atmospheric  air  was  ab- 
sorbed by  means  of  an  alkaline  solution  of  pyrogallol. 
The  absorbent  was  prepared  by  dissolving  one  part 
by  weight  of  pyrogallol  in  three  parts  by  weight  of 
water  and  adding  one  volume  of  this  solution  to 
four  volumes  of  a  solution  of  potassium  hydroxide 
prepared  by  dissolving  one  and  one-half  parts  by 
weight  of  potassium  hydroxide  in  one  part  by  weight 
of  water  One  hundred  cc.  of  air  were  measured  off 
in  a  Hempel  burette,  and  this  was  then  connected 
with  the  pipette  under  examination,  and  the  gas  sam- 
1  Z.  ,ni,,l.  Chem,,  SO,  175  U9I 1  1. 
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pie  was  passed  bark  and  forth  between  the  absorp- 
tion pipette  and  the  burette  until  all  of  the  oxygen 
in  the  sample  had  turn  absorbed.  The  air  was  passed 
into  the  several  pipettes  at  a  uniform  speed.  The 
absorption  pipettes  that   were  tested   wei 

(a)  The  usual  form  of  Orsat  pipette,  which  is  Idled 
with  glass  tubes  to  increase  the  absorbing  surface; 

(fc)   The  Hankus  pipette  (Fig.   1); 

(c)  The  absorption  pipette  recommended  by  the 
Chemists'  Committee  of  the  United  States  Steel  Cor- 
poration (Fig.  2) ; 

(d)  The  Nowicki-Heinz  spiral  absorption  pipette 
(Fig.  3) ;  and 

(e)  The  new  form  of  pipette  here  described  (Fig.  4). 

The  sample  of  air  was  passed  over  into  each  absorp- 
tion pipette  in  one  minute.  It  was  then  immediately 
drawn  back  into  the  burette  and  again  passed  into 
the  absorption  pipette  at  the  same  speed  as  before. 
This  was  continued  until  all  of  the  oxygen  was  ab- 
sorbed. The  results  given  in  the  tables  are  the  aver- 
ages of  numerous  determinations. 


,j    Orsat 

Time  usual 

^minutes),  form. 

1  8.0 

2  13.3* 

3  16.7 

4  18.7 

5  19.5 

6  20  2 

7  20.4 


(6) 


.     V.  S.    (d)  Xowicki- 


u- 


Hankus          steel  Heinz  Pipette 

pipette,  committee,  pipette.  new  form. 

11.2                9.0  20.6  18.6 

16   5                14.2  20.8  20.4 

19.1               17.2  20.9  20.9 
20.1               18.8 


- 


20.8 
20.9 


20.5 
20.7 
20.8 
20.9 


19.8 
20.2 
20.6 
20.9 


In  the  analyses  here  tabulated,  the  sample  of  air 
was  first  passed  into  each  pipette  in  two  minutes, 
that  is,  at  half  the  earlier  speed.  It  was  then  imme- 
diately drawn  back  into  the  burette  and  passed  a 
second  time  into  the  pipette  in  one  minute. 


Table  II. 

Time 

(.minutes). 

(a)  Orsat 
usual 
form. 

(6)            (c)  U.  S.     (di  Xowicki 
Hankus           steel             Heinz 
pipette,     committee,     pipette. 

to 

Pipette 
new  form 

2                      10  3 
1  minute  more  17.2 

15.6               12.3              20.7 
18.3               17.2              20.9 

20.6 
20.9 

The  above  results  render  it  evident  that  the  com- 
plete absorption  of  oxygen  from  air  can  be  effected 
with  the  first  three  forms  of  pipette  only  by  repeated 
passage  of  the  gas  sample  into  the  pipette  and  back 
into  the  burette.  The  Nowicki-Heinz  pipette  and 
the  spiral  pipette  here  proposed  seem  to  be  of  nearly 
equal  efficiency,  but  the  former  is  open  to  the  objec- 
tions already  noted. 

To  ascertain  the  efficiency  of  the  new  spiral  pipette 
in  the  absorption  of  carbon  monoxide,  mixtures  of 
this  gas  with  known  amounts  of  air  were  prepared; 
oxygen  was  determined  in  one  spiral  pipette  by  ab- 
sorption with  an  alkaline  solution  of  pyrogallol  and 
carbon  monoxide  in  a  second  spiral  pipette  by  ab- 
sorption with  an  ammoniacal  solution  of  cuprous 
chloride.  In  the  absorption  of  oxygen  the  gas  mixture 
was  passed  into  the  pipette  in  two  minutes,  was  drawn 


back,  and  then  passed  in  a  second  time  in  one  minute. 
In  the  absorption  of  carbon  monoxide  the  same  time 
intervals  were  found  to  give  complete  absorption  of 
the  gas  unless  the  amount  of  carbon  monoxide  ex- 
ceeded 25  per  cent.  In  such  case  it  was  found  neces- 
sary to  pass  the  gas  mixture  three  times  into  the  pipette, 
the  tirst  time  in  two  minutes,  and  the  second  and  third 
times  in  one  minute  each.  The  results  were  as  fol- 
lows : 


Table 

III. 

Taken 

I 
17 

7 

Found 

17 

8 

Taken 

15 

8 

Found 

15 

8 

Carbon  monoxide. 


It  thus  appears  that  with  this  form  of  absorption 
pipette  both  oxygen  and  carbon  monoxide  can  be  re- 
moved as  completely  and  as  rapidly  as  is  possible 
with  the  Hempel  absorption  pipette  in  which  the  gas 
and  absorbent  are  shaken  together. 

A  further  error  in  analyses  made  with  the  usual 
forms  of  the  Orsat  apparatus  results  from  the  incor* 
rect  position  of  the  measuring  burette.1  After  the 
removal  of  the  absorbable  constituents  of  the.  gas 
mixture,  the  capillary  tube  that  connects  the  burette 
with  the  pipettes  remains  filled  with  the  combustible 
residue;  consequently,  when  a  portion  of  this  residue 
is  measured  off  in  the  burette  and  is  passed  to  the  com- 
bustion apparatus  through  the  capillary  tube  above 
the  pipettes,  it  will  carry  with  it  the  combustible  gas 
remaining  in  that  capillary.  This  difficulty  may  be 
avoided  by  filling  the  connecting  capillary  with  the 
confining  liquid  (water)  in  the  manner  suggested 
by  Pfeifer,2  or  more  simply  by  placing  the  burette 
between  the  absorption  pipettes  and  the  combustion 
apparatus  in  the  manner  recommended  by  Hahn.^ 

Since  the  Orsat  apparatus  is  chiefly  employed  for 
the  determination  by  absorption  in  liquid  reagents  of 
carbon  dioxide,  oxygen,  and  carbon  monoxide,  it  is, 
in  the  opinion  of  the  writer,  preferable  to  limit  the  ap- 
paratus to  the  determination  of  these  three  gases 
and  to  construct  it  in  such  manner  as  to  render  it 
easily  possible  to  connect  the  burette  when  so  de- 
sired with  suitable  special  apparatus  for  the  deter- 
mination of  hydrogen  and  hydrocarbons.  The  ap- 
paratus is  thus  rendered  smaller,  more  easily  portable, 
and  less  fragile,  and  the  combustion  results,  with 
proper  apparatus,  will  usually  be  much  more  accurate 
than  wdth  the  imperfect  devices  contained  in  the  many 
forms  of  the  Orsat  apparatus  now  upon  the  market. 

A  further  drawback  in  the  usual  forms  of  Orsat 
apparatus  is  to  be  found  in  the  rubber  bulbs  that  are 
attached  to  the  level  cylinders  of  the  pipettes  to  pro- 
tect the  various  reagents  from  the  air.  These  bulbs 
rapidly  deteriorate,  and  after  short  use  fail  to  accom- 
plish the  purpose  for  which  they  are  intended. 

In  the  hope  of  remedying  some,  if  not  all,  of  the  de- 


1  See  Hahn,  Zeit.  d.  Vereins  deutscher  Ingenu 
lung,  49,  367  (1906). 

2  /.  /.  Gasbeleuchtung,  51,  523  (1908). 

3  Loc.  cit. 


1906;    J .  j.  Gasbeleuch- 
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fects  of  the  Orsat  apparatus  that  have  been  enumera- 
ted above,  the  writer  has  designed  the  modification 
shown  in  Fig.  5.1 


The  burette  B  has  a  capacity  of  somewhat  more 
than  100  cc.  and  is  graduated  from  a  point  near  the 
bottom  upward  to  the  stopcock  /.  The  stopcock  is  a 
three-way  stopcock,  the  position  of  which  is  shown 
by  means  of  a  black  glass  — \  fused  to  its  outer  surface. 
The  capillary  tube  connecting  J  with  the  pipettes 
and  with  the  stopcock  K  has  an  external  diameter  of 
7  mm.  and  an  internal  diameter  of  1  mm.  In  fus- 
ing on  the  branch  capillaries  that  extend  downward 
to  the  three  pipettes,  the  internal  diameter  of  the 
capillary  should,  at  no  point,  be  much  greater  than  1 
mm.  if  the  apparatus  is  properly  made.  The  three 
absorption  pipettes,  E,  F  and  G,  are  of  the  form 
already  described,  and  are  filled,  respectively,  with 
solutions  of  potassium  hydroxide,  alkaline  pyrogallol, 
and  ammoniacal  cuprous  chloride.  They  are  con- 
nected with  the  capillary  tube  from  the  burette  by 
means  of  pieces  of  soft,  black  rubber  tubing  of  1 .  5 
mm.  thickness  of  wall,  and  these  rubber  tubes  are 
held  in  place  by  wire  hooks  that  pass  through  the 
blocks  behind  the  joints,  and  have  threaded  ends 
upon  which  small  set  screws  are  placed.  This  method 
of  attachment  renders  it  easily  possible  to  remove  all 
the  glass  parts  from  the  frame.  Into  the  open  ends 
of  the  three  level  tubes  of  the  pipettes  are  inserted 

1  The  apparatus  is  manufactured  by  Greiner  and  Friedrichs,  Stiitzer- 
hach  in  Thiiringen.  Germany. 


one-hole  rubber  stoppers,  and  through  the  openings 
of  these  stoppers  pass  the  branch  tubes  from  the  tube 
SS,  that  is  7  mm.  external  diameter  and  1  mm. 
thickness  of  wall.  This  tube  passes  downward  and  is 
joined  by  a  piece  of  rubber  tubing  to  the  upper  side 
of  the  stopcock  attached  to  the  cylindrical  vessel  T, 
which  in  turn  is  connected  with  V  by  the  glass  tube 
shown  by  the  dotted  line.  After  the  pipettes  have 
been  filled  with  the  several  reagents,  the  stoppers 
connecting  the  level  tubes  with  the  tube  SS  are  in- 
serted in  place  and  the  protecting  reservoir  VT  is 
half  filled  with  water.  As  the  gas  is  driven  over  from 
the  burette  into  the  pipette  and  is  drawn  back  into 
the  burette,  the  water  in  VT  rises  and  falls,  but  pro- 
tects the  reagents  at  all  times  from  contact  with  the 
air.  The  level  bottle  L  is  held  in  place  by  a  clamp 
when  the  apparatus  is  in  transport. 

After  the  absorbable  gases  have  been  removed  from 
the  gas  mixture,  the  combustible  residue  may  be 
burned,  if  so  desired,  by  connecting  the  capillary  M, 
which  has  an  external  diameter  of  6  mm.  and  a  bore 
of  1  mm.,  with  a  combustion  pipette  or  other  suita- 
ble device.  The  case  containing  the  apparatus  is 
57  cm.  high,  27  cm.  wide  and  16  cm.  deep.  The  panels 
forming  the  front  and  back  of  the  case  are  removed 
when  the  apparatus  is  in  use.  As  illustrative  of  the 
speed,  accuracy,  and  uniformity  of  the  results  yielded 
by  this  apparatus,  the  following  analyses  of  a  mix- 
ture of  carbon  dioxide,  oxygen,  and  carbon  monoxide 
may  be  cited.  A  single  passage  of  the  gas  mixture 
in  one  minute  into  the  first  absorption  pipette  serves 
to  completely  remove  the  carbon  dioxide.  In  the 
determination  of  oxygen  and  carbon  monoxide  each 
gas  was  twice  passed  into  the  absorption  pipette,  the 
first  time  in  two  minutes,  the  second  time  in  one 
minute. 


1. 

Carbon  dioxide,  per  cent 3.1 

Oxygen,  per  cent 6.0 

Carbon  monoxide,  per  cent 22  .5 

Cornell  University, 
Ithaca,  \".  Y. 
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THE  STORMER  VISCOSIMETER  AND  THE   VALUE   OF    VIS- 
COSITY DETERMINATIONS  BY  ITS  USE. 
By  Gilbert  Rigg  and  J.  L.  Carpenter. 
Received  Oct.  9,  1912. 

The  Stormer  viscosimeter  is  the  instrument  pro- 
posed for  use  in  bringing  paints  to  a  common  vis- 
cosity, and  for  the  comparison  of  the  viscosities  of 
different  paints.  It  may  be  briefly  described  as  fol- 
lows: A  weight  attached  to  a  string  falls  vertically 
from  the  instrument.  The  string  pays  out  over  a 
vertical  pulley  as  the  weight  falls,  and  unwinds  from 
about  the  shaft  of  a  large  toothed  wheel,  this  wheel 
lying  in  a  horizontal  plane.  The  large  wheel  fits  into 
a  small  gear  on  the  shaft  of  the  viscosimeter  cylinder. 
When  tne  large  wheel  is  caused  to  revolve  by  the  fall- 
ing weight,  this  shaft  is  turned,  and  the  cylinder  at- 
tached  to  its  lower  end  is  revolved  in  whatever  liquid 
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there    is    in    the   eup    below.      A    serew   gear   at    the    top. 
ol    this  shaft    tits   into   the   teeth  of  an   indicator   wheel, 

and  the  whole  instrument  is  so  geared  that  a  complete 

revolution  of  the  indicator  wheel  represents  ioo  turns 
of  the  cylinder  in  the  eup  below.  A  small  water  hath 
surrounds  the  container  eup.  and  rough  temperature 
control  may  thus  be  maintained. 

The  directions  for  using  the  instrument  are  sub- 
stantially as  follows:  'Pake  the  time  for  ioo  revolu- 
tions in  water  as  unity.  Then  the  relative  viscosity 
of  another  fluid  will  be  the  time  required  for  ioo  revo- 
lutions divided  bv  the  time  for  ioo  revolutions  in 
water.  If  a  liquid  is  found  too  viscous  for  comparison 
with  water,  first  determine  the  viscosity  of  an  inter- 
mediate liquid,  increase  the  weight  and  then  use  the 
intermediate  liquid  as  standard.  After  this,  calcu- 
late back  to  water  as  unity. 

Assuming  that  in  many  cases  the  instrument  would 
be  accepted  as  quite  accurate,  and  that  the  instruc- 
tions for  its  use  would  be  considered  complete,  an  in- 
vestigation  of  its  merits  was  determined   upon. 

In  the  directions  accompanying  the  instrument. 
the  very  important  factor  of  friction  in  the  machine 
seems  to  have  been  overlooked,  and  this  has  an  im- 
portant influence  upon  the  values  obtained  for  vis- 
cosities. This  is  especially  noteworthy,  when  it  is 
necessary  to  use  an  intermediate  liquid,  and  therefore 
increase  the  falling  weight. 

The  following  table  shows  the  necessity  of  deter- 
mining the  friction  factor  with  each  change  of  weight, 
as  well  as  the  necessity  for  introducing  a  correction 
for  the  instrument's  friction  into  each  relative  vis- 
cosity value. 

In  the  table,  the  columns  represent  the  following: 
(i),  the  mass  in  grams  of  the  falling  weight;  (2),  the 
time  in  seconds  for  the  viscosimeter  cylinder  to  re- 
volve 100  times  in  the  empty  cup  below — the  value  in 
air.  which  represents  the  retardation  of  the  machine, 
due  to  its  own  friction;  (3),  time  in  seconds  for  cylinder 
to  revolve  100  times  in  water  at  15.5  °  C. ;  (4),  time  for 
100  revolutions  in  linseed  oil  at  15.5 °  C. ;  (5),  ratio  of 
viscosities  of  water  and  oil  uncorrected,  i.  e.,  using  the 
values  in  columns  (3)  and  (4)  without  regard  to  the 
friction  correction  in  column  (2);  (6),  time  in  seconds 
for  100  revolutions  of  cylinder  in  water  after  correc- 
tion for  friction,  as  per  column  (2);  (7),  time  for  100 
revolutions  in  oil  corrected  for  friction  in  (2);  (8),  cor- 
rected relative  viscosities  of  water  and  oil,  *.  e.,  ratio 
between  values  shown  in  (6)  and  (7). 

Taking  water  as  unity,  columns  (5)  and  (8)  show  the 
effect  that  the  friction  factor  exerts  on  the  relative 
viscosities  of  two  liquids.  Not  to  use  the  friction 
factor  is  similar  in  effect  to  a  failure  to  weigh  a  cruci- 
ble before  a  moisture  determination. 

The  ratio  between  the  viscosities  of  two  liquids 
will  be  referred  to  hereafter  in  this  paper  as  "uncor- 
rected'' or  "corrected."  depending  upon  whether  the 
friction  value  of  the  machine  has  been  taken  into  ac- 
count or  not,  "uncorrected"  meaning  that  the  ratio 
is   between   the   observed  times   for    100   revolutions   of 


the  wheel  and  "corrected"  meaning  that  the  ratio  is  be- 
tween the  corrected  times  for  each  liquid  the  cor- 
rected   time    being    the   observed    time    minus    the    time 

tor  the  cylinder  to  revolve  ioo  times  in  air. 

The  following  tables  and  curves  show  the  relative 
viscosities  oi  several  pigments  in  different  quantities 
of  oil.  a  constant  weight  on  the  turning  wheel  being 
used  throughout . 

Tin-  relative  viscosity  values  an'  expressed  in  terms 
of  water  as  unity,  and  the  ratios  of  pigment  to  oil  are 
shown  in  the  top  horizontal  column. 
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As  is  clear,  upon  inspection  of  the  tables,  there  occur 
wide  variations  between  the  corrected  and  uncorrected 
values.  And  it  follows  from  this,  that  any  dust  or 
rust  accumulating  in  any  of  the  bearings  or  gears  of 
the  machine,  modifying  the  friction  correction,  would 
change  the  relative  viscosity  values  if  the  correction 
were  not  considered. 

The  above  experiments  were  carried  out  with  a 
three-fold  purpose  in  view:  First,  to  determine  the  rate 
of  change  of  fluidity  of  the  several  pigments  in  oil 
upon  addition  of  more  oil;  Second,  to  determine  and 
compare  the  relative  viscosities  of  the  several  pig- 
ments in  equal  quantities  of  oil;  Third,  to  find  out  the 
effect  of  the  friction  of  the  instrument  upon  the  rela- 
tive viscosities. 

A  series  of  experiments  was  next  carried  through  to 
determine  the  effect  of  changing  the  mass  of  the  fall- 
ing weight  which  drives  the  cylinder  in  the  viscosim- 
eter cup.  The  instrument  was  carefully  cleaned  and 
oiled,  and  new  friction  constants  determined  with  the 
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30.4 


(5) 
Ratio. 


1  :  4.6 


3.4 


27.2 


1  :  8 


TAB!  111.        (  IXIDE   "A"  AND  P.   M.   P.   Oil.. 

Ratio  oxide  to  oil  by  weight.      1:2  1:3  1:4  1:5  1:6 

Uncorrected  viscosity 39.9  14.4  12.8  15  0         15  0 

Corrected  viscosity 76.2         31.2         27.5         32.0         32.0 

i'ahi.i.  hi.    Oxide  "H"  and  i>.  m.  p.  on.. 

Ratio  oxide  to  oil  by  weight.      1:2  1:3  1:4  1:5  I      1. 

Uncorrected  viscosity 17.4         14.4         11.8         10  0         loo 

Corrected  viscosity 32.9         31.2         25.2         21.2         21.2 

Table  IV. — Oxide  "C"  and  1'.  M.  P.  on.. 

Ratio  oxide  to  oil  by  weight.      1:2  1:3  1:4         1:5         1:6 

Uncorrected  viscosity 19.7         11.6         10.2  9.6  8.7 

Corrected  viscosity 37.3         25.0         21.7         20.2         18.2 

Tafle  V. — Eagle  White  Lead  and  I'.  M.  I'.  Oil. 
Ratio    pigment    to    oil    by 

weigh! 1:2  1:3  1:4  1:5         1:6 

Uncorrected  viscosity 8.6  8.1  6.0  5.7  5.5 

Corrected  viscosity 15.7         14.7         10.7         10. 1  9.7 

Table  VI.     Blanc  Fixe  (BaS04)  and  P.  M.  P.  On.. 

Ratio    pigment    to    oil    by 

"fight 1:1  1:2  1:3  1:4 

Uncorrected  viscosity 18. 2  8.0  6  5  6.1 

Corrected  viscosity 34.4  14.5  11    7  10.8 

various  weights  to  be  used;  these  operations  in  fact 
were  carried  through  at  the  beginning  of  each  day. 
Three  different  weights  were  used,  and  the  constants 
for  all  the  liquids  tested  were  determined  with  these 
three  weights  without  removing  the  liquid  from  the 
cup.  This  rendered  it  absolutely  certain  that  the 
same  sample  of  liquid  was  tested  by  the  use  of  three 
different  weights. 

The  following  table  shows  the  results: 

Table  VII. 
Seconds  for  100  revolutions  Relative  viscosities — 

of  cylinder — in  water  unity. 

Driving  Water  Oil  l'amt  Oil  Paint 

Grams.  Air.  Obs.  Cor.  Obs.  Cor.     Obs.  Cor.     I'ncor.   Cor.    1'ncor.  Cor. 

38.42     4.8  10.2  54     64     59.2     600  595.2     6.27      11.1     58.9  1 10   2 

51.00     3.8  7.8  4  0     47     43.2     243  239  2     6  03     10  8     31.2  59  8 

73.84     2.8  5.8  3.0     30     27.2      111  108.2     5.18       9.1      19.1  36.1 

(1)        (2)        (3)       (4)      (5)       (6)       (7)       (8)  (91       (101       (11)       (12) 

It  is  quite  obvious  that  a  liquid  such  as  an  oil  can- 
not undergo  a  change  of  viscosity  1 1 .  1  to  9.1,  column 
(10),  or  a  paint  undergo  a  change  from  no.  2  to  36.  1, 
column  (12),  in  a  few  minutes  time — while  it  is  neither 
removed  from  the  cup  nor  suffers  a  change  of  tempera- 
ture of  more  than  2  or  3  degrees.  The  radical  varia- 
tions shown  in  the  relative  viscosity  values  with  chang- 
ing driving  weight  on  the  cylinder,  as  shown  in  columns 
(10)  and  (12),  at  once  make  it  clear  that  in  order  to 
secure  comparable  figures  in  the  ratio  of  time  for  100 
revolutions  of  the  cylinder  in  different  liquids,  a  con- 
stant weight  must  be  used. 

Another  error,  likely  to  be  sustained,-  is  uncovered 
if  the  directions  for  using  an  "intermediate"  liquid 
are  critically  tried  out.     Quoting  again  from  the  direc- 


tions for  use  accompanying  the  instrument,  the  fol- 
lowing paragraph  appears:  "If  a  liquid  of  medium 
viscosity,  say  6,  is  used  as  an  intermediate  to  deter- 
mine the  viscosity  of  a  very  viscid  fluid,  then  the  time 
for  the  unknown  must  be  divided  by  the  time  for  the 
known  and  this  result  multiplied  by  the  figure  of  the 
fluid  used  (in  this  case  6)  to  obtain  the  viscosity  with 
reference  to  water,  which  is  the  standard  or  unity." 
Without  doubt  this  recommendation  is  meant  to 
facilitate  work  when  a  change  in  the  mass  of  the 
driving  weight  is  made,  and  in  the  case  that  the  weight 
is  so  heavy  that  it  causes  the  cylinder  to  revolve  very 
rapidly  in  the  standard  liquid  -water -thereby  ren- 
dering errors  more  liable  in  the  reading  of  the  rapidly 
turning  indicator  wheel. 

Taking  the  recommendation  at  its  face  value,  which 
indeed  seems  theoretically  faultless,  and  applying  it 
to  a  case  in  the  above  table  where  the  water  figure  was 
actually  determined,  we  obtain  the  following  results: 
In  columns  (9)  and  (10)  the  uncorrected  and  corrected 
values  of  oil  are  6.27  and  11.1,  respectively,  for  a 
driving  weight  of  38.42  grams.  This  we  shall  call 
the  "intermediate"  liquid.  Now  with  a  driving  weight 
°f  73 -84  grams  the  time  in  seconds  for  100  revolutions 
of  the  cylinder  in  the  same  oil  was  30.0  (uncor.)  and 
27.  2  (cor.),  columns  (5)  and  (6),  and  for  a  paint  under  the 
same  conditions  the  time  was  ni.o  (uncor.),  108.3 
(cor.),  columns  (7)  and  (8).  Taking  the  uncorrected 
values  and  following  the  procedure  given  in  the  direc- 
tions, we  have  in/30  =  3 . 7 ;  3 . 7  X  6.  27  (figure  of  inter- 
mediate liquid)  =  23.20,  which  is  the  calculated  un- 
corrected viscosity  of  the  paint.  By  actual  compari- 
son with  water,  the  figure  is  19.  1.  Thus  we  have 
23-2 —  19.  1  =  4.1  or  about  20  per  cent,  error. 
Again  taking  the  corrected  values:  108.  2/27.2  =  3.98; 
3.98  X  1 1 .  1  (figure  for  intermediate  liquid)  = 
44.  18,  which  is  the  calculated  corrected  value  for  the 
paint.  As  actually  determined  (column  12)  the  value, 
is  36.1.  Now,  44.18  —  36.1  =  8.08,  or  about  22 
per  cent,  error. 

These  results  raise  a  serious  question  as  to  the  value 
of  the  instrument  except  within  very  narrow  limits. 
It  appears  to  be  unsafe  to  use  it  other  than  for  mere 
comparisons  between  liquids  whose  difference  in  fluid- 
ity will  not  require  a  change  in  the  driving  weight. 

Palmerton,  Pa. 

APPARAT  JS  AND  METHOD  FOR  "CARBON  TEST  AND    ASH 
RESIDUE"  IN  PETROLEUM  LUBRICATING  OILS.' 

By    P.    II.    CoNRADSON. 

In  the  examination  of  lubricating  oils,  especially 
those  intended  for  gas  and  oil  engines,  air  compressors, 
steam  turbines,  valve  and  cylinder  oils,  etc.,  the 
writer  has  found  that  the  carbon  residue  from  the  so- 
called  "Carbon  test"  sometimes  contains  other  ma- 
terials than  carbon,  such  as  chemicals  from  imperfect 
refining  treatment,  which  would  be  considered  as  car- 
bon unless  further  examined. 

The  following  method  and  apparatus  as  shown  in 
the  accompanying  photograph  have  proven  satisfac- 
tory in  most  cases. 

1  Paper   presented    at    the    Eighth    International  Congress  of  Applied 
Chemistry,  New  York,  September,  1912. 
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The  apparatus  consists  ol  an  iron  crucible  oj  re 
Normal  School  or  simihi 
about  -'oo  ci  capacity.  Approximate  inside  dimen- 
sions; diameter  on  top  80  mm.  I  ;  ttom  15  mm. 
height  55  mm.  (a1  ,")  Inside  ol  the  cruci- 
bte  is  placed  upon  a  suitable  support  either 
a  .^lass  crystallizing  <  1  isli .  />'.  about  65  mm 
in  diameter  or  a  platinum  dish  aboul 
70  ti>  So  cc.  capacity;  the  latter  is  preferred  for 
further  study  of  the  carbon  residue  In  the  lid  ol 
the  crucible  or  retort  is  attached  an  exit  or  delivery 
pipe,  D,  7  tu  8  mm.  ('  ,*)  in  diameter,  bent  as  shewn 
in  the  cut,  and  ii  so  desired  attached  to  a  condenser; 
another  pipe.  E,  with  small  bore  _>  mm.  (  1  ,„")  in  diam- 
eter, the  object  of  which  is  to  blow  out  the  heavy 
fumes  generally  produced,  at  the  end  ol  the  distilla- 
tion process 


1    when    heavy    fire   test    oils,  such   as 

Cylindl  I  tested,    and    at     1  he    last     I 

other  suitable  gas  is  momentarily  blown  through  th< 
inlet  pipe  to  drive  out  the  heavy,  dense  fumes  or  vapors 
After  cooling,  the  dish  containing  the  carbonaceous 
residue  is  weighed,  the  latter  ground  fine  and  leached 
out  first  by  boiling  with  water  (water  solution  ii 
with  litmus  paper  for  alkalinity  and  a  few  drops  with 
silver  nitrate  solution  lor  chlorids),  next'digested  and 
boiled  with  dilute  hydrochloric  acid  (i  I  r),  filtered, 
washed,  dried,  and  weighed  again.  The  difference  in 
weight,  it  any,  gives  approximately  the  amount  ol 
foreign  matter  in  carbon  residue.  The  carbon  residue 
transferred  back  to  the  platinum  dish  is  carefully 
burned  off  with  a  little  pure  nitrate  of  ammonia;  it 
any  residue  is  left,  it  is  weighed,  deducted  from  the 
rbon  weight  and  dissolved  in  hydrochloric'acid. 


The   test    is  conducted   as   follows: 


trams  of  the 


oil  are  put  in  the  weighed  dish,  which  is  placed  in  the 
iron  retort  or  crucible,  the  cover  C  with  its  pipe  con- 
nections being  securelv  clamped  down  (an  asbestos 
washer  is  found  suitable  to  make  a  tight  i 

The  apparatus,  thus  ready,  is  put  on  an  asbestos 
block  resting  on  a  tripod  and  covered  as  indicated 
in  the  photograph  with  a  sheet  iron  or  asbestos  hood, 
G,  and  on  top  of  this  a  clay  chimney,  H,  so  as  to 
distribute  the  heat  uniformly  during  the  process. 
the  upper  part  of  the  apparatus  hot  at  the  be- 
ginning, a  large  \  r  a  few  minutes 
and  then  lowered:  the  distillation  should  be  uniform 
and  at  the  rate  of  i  cc.  per  minute.  The  long  exit 
pipe  should  be  kept  comparatively  cool  with  water- 
soaked  waste  in  case  a  condenser  is  not  used.  At  the 
end  of  the  distillation,  the  flame  is  raised  gradually 
to  make  the  bottom  and  lower  part  of  the  apparatus 


The  water  and  hydrochloric  acid  solutions  are  uni- 
ted and  examined  qualitatively  or  quantitatively, 
as  the  case  may  require,  for  impurities  such  as  iron, 
alumina,  lime,  sulphuric  acid  and  soda.  (Some  petro- 
leum lubricating  oils  an-  compounded  with  lead,  alumi- 
num, zinc,  lime  or  magnesium oleates,  held  either  in  solu- 
tion or  suspension,  or  both;  before  making  tin-  above- 
test  it  is  well  to  ascertain  first  if  any  of  these  com- 
pounds an-  present,  i 

Impurities  in 

Carbon  residue  carbon  residue. 

lVr  out  Per  cent. 

Turbini   oil.  None 

i     Gas  engine  oil                                 0.53  o   1  2i,  \.,,so, 

2    Gas  i  ngine  oil                                 0   71  0.103  X;oSo, 

J.   Air  compressor  oil                          I  0.092 

4.   Motor  oil                                          0.78  0  059  Na«Sl  I, 

Sulphur  determination  in  No.  i  gas  engine  oil  gave, 
ace  irdins  to  Ci  >nrads<  >h's  method  : 
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In   products  of  combustion   (lamp)   0.08  per   cent,      enters  through  A  and  E  into  X.      By  closing  D  with 
sulphur. 

I11   wick    from   the  oil    (0.074   per  cent.   SO,)   0.131 
per  eent .  Na,S(  >,. 


('.AM    f A  SlGNAl    OlL  COMPANY, 

Frank]  i\.  Pa. 


A  SELF-FILLING  MEASURING  WASH  BOTTLE. 

By  O.  C.  Smith. 

Received  July  17,  1912. 

[f  one  wishes  to  wash  a  precipitate  or  residue  with  a 
eei  tain  volume  of  liquid,  this  apparatus  is  very  con- 
venient. By  using  a  small  necked  Mask  for  the  smaller 
<»ne,  this  arrangement  will  discharge  to  within  a  couple 
of  drops  of  a  given  amount.  In  tact  this  apparatus 
will  fill  a  100  cc.  flask  to  within  one  drop  by  exercising 
a   little  care. 

The  large  flask  is  placed  on  the  hack  of  the  desk- 
out  of  the  way.  The  rubber  tube  F  is  used  to  supply 
air.  This  ends  in  a  tube,  15,  in  which  there  is  a  slit  to 
serve  as  a  valve.  By  blowing  n  F  water  is  forced 
through  C  and  E  into  X  and  when  this  is  full,  out 
through  D.  By  moving  I)  the  capacity  oi  the  flask  can 
he    changed.      The    stopcock    is    now    turned    and    air 


AUTOMATIC  SE-LT  riLUnO,  nZHSURING  WfiSM  BOTTLE 
the  thumb  X  is  converted  into  an  ordinary  wash-bottle 

Missouri  Agricultural  Experiment  Station. 
Coi  I  mm  A 
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A    PLAN    FOR    ORGANIZED    RESEARCH  AND  ANALYTICAL 

CHEMISTRY  IN  SUCCESSFUL  CHEMICAL 

MANUFACTURING.1 

By    Wll  1. 1AM    C.    Pi  RGUSl  e. 
[INTRODUCTORY. 

The  constant  growth  in  efficiency  in  Manufacturing 
Chemistry  is  largely  the  result  of  organization  that 
insures  the  orderly  use  of  every  varied  talent  required; 
and  occupying  a  very  important  place  in  such  organi- 
zation is  the  fullest  use  of  a  research  staff  and  of  ana- 
lytical chemistry. 

When  it  is  realized  that  these  departments  should 
investigate  all  new  processes,  constantly  improve 
existing  ones,  correct  and  explain  irregularities  ..I 
current  operations,  uncut  new  processes;  that  they 
should  determine  the  valuation  and  exact  composition 
of  all  raw  materials  and  finished  products,  the  fixing 
of  yields,  the  nccessarv  control,  of  different  stages  of 
many  processes,  etc.,  etc..  it  becomes  clear  that  if 
these  constructive  forces  are  t<>  be  Used  to  the  fullest 
it  must  he  through  the  creation  of  an  organization 
that  will  automatically  cause  every  department  in  the 
organization  to  cooperate  with  the  Research  and 
Analytical  branches. 

The  methods  to  he  described  for  accomplishing  this 
are  the  result  of  the  writer's  experience  for  many 
years  in  charge  i  >f  t  he  research  wi  irk  i  '1  i  me  i  >f  t  he  la  i 
chemical  works  in  America,  with  many  plants  in  dil 
ferent  localities,  and  also  in  charge  oi  I  he  research 
work  of  the  largest  electrolytic  copper  refinery  in 
America. 

I:  I  si    VRCH     DEPARTMENT. 

This    department     should    investigate    irregularities 

i  Paper   presented    al    tin     Eighth    Internationa]   Congress   •  •!     Applied 
Chemistry,  New   Vork    : -.  pti  mbi  r,  1912. 


m  current  manufacturing;  seek  constantly  to  improve 
existing  methods,  and  carefully  consider  new  methods 
i  li    pn  imise  as  they   arise. 

Its  duties  should  comprise:  Investigating  cheaper 
raw  materials,  new  uses  for  products  manufactured, 
new  products,  increased  yields,  greater  purity  of  prod- 
ucts manufactured,  utilization  of  wastes,  more  efficient 
Structural    material,    apparatus,   etc..   etc. 

Great  care  should  he  exercised  in  the  selection  of 
the  research  stall  which  should  embody  all  the  varied 
talent  and  knowledge  required  in  a  wide  held,  and  it 
is  imperative  here  that  only  the  very  fit  be  retained 
as  the  achievements  of  this  department  will  largely 
depend  upon  two  factors  a  highly  efficient  stalk 
and  an  organization  that  will  invite',  from  every 
other  department  of  the  corporation,  an  automatic 
presentation   of   all    questions   requiring   investigation 

The  collective  talent  of  this  department  should 
embrace  thorough  scientific  education,  especially  in 
the  principles  of  physics  and  chemistry;  the  power 
to  imagine  new  processes,  or  causes  of  various  irregu- 
larities oi  current  manufacturing,  combined  with  the 
abilitj  to  submit  such  ideas  to  the  test  of  experimental 
proof;  the  habit  oi  accurate  observation  and  the  skill 
to  deduce  from  such  observat  ion  the  o  rrred  conclusion; 
and  the  quality  oi  seeing  right  through  all  the  un- 
essentials  to  the  one  vital  thing  that  counts.  All  ol 
these  qualities,  diligently  applied,  together  with  a 
knowledge  ol  manufacturing  that  will  make  all  con 
form  t*>  practical  conditions,  are  essential. 

The  department    should    have  a    manager   with   office 
inization    and    a    properly   equipped    research    lab- 
el   itory  with  furnaces,   filter  presses,  etc.,  where  work 
can    be   carried   on    from   a    test    tube   scale   to   manulac- 
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turing  in  a  large  enough  way  to  test  practical  difli- 
culties  and  costs.  There  should  be  a  Research  Com- 
mittee composed  of  the  ablest  technical  minds  of  the 
organization,  meeting  regularly  to  consider  and  advise 
upon  all  important  investigations. 

Many  questions  presented  to  this  department 
would  be  settled  in  debate  negatively,  but  if  experi- 
mental work  be  decided  upon  then,  if  the  subject  is 
new,  the  journal  and  patent  literature  bearing  upon 
it  should  be  abstracted  and  experiments  usually  begun 
upon  a  very  small  scale,  increasing  in  size  as  warranted. 

Each  investigation  should  be  made  by  a  man 
selected  on  account  of  particular  fitness  and  this  man 
made  responsible,  but  he  should  consult  right  along 
with  other  members  of  the  staff  whose  knowledge  or 
skill  would  be  helpful,  and  progress  made  and  difficulties 
encountered  should  be  presented  to  the  Research  Com- 
mittee at  its  regular  meetings  so  that  it  could  advise 
when  necessary.  At  the  conclusion  of  each  investi- 
gation a  detailed  report  should  be  made  to  the  depart- 
ment. Exact  estimate  of  cost  should  be  made  of  each 
investigation  in  order  to  know  the  profit  or  loss  in  each 
particular  case  and  also  to  estimate  the  value  of  the  de- 
partment as  a  whole. 

The  organization  of  this  department  should  include: 

(i)  Systematic  abstracting  from  the  principal  for- 
eign and  American  journals  and  patents  of  all  subjects 
of  interest  to  the  corporation;  copies  of  these  abstracts 
should  go  weekly  to  all  who  can  use  them,  with  in- 
structions to  study  them  carefully  and  to  immediately 
advise  the  department  of  any  subjects  that  seem  to 
warrant  investigation. 

(2)  Thorough  abstracting  from  the  literature  in 
the  case  of  new  work  undertaken,  thus  becoming 
familiar  with  all  that  has  been  published  relating  to 
the  subject.  Repetition  of  the  work  of  others  is  thus 
saved,  valuable  suggestions  received,  and  general 
knowledge  of  the  subject  enlarged. 

(3)  Systematic  information  should  be  constantly 
and  promptly  obtained  of  all  records  of  imports  and 
exports  and  duties  on  all  finished  products  and  raw 
materials  that  would  interest  the  corporation  in  con- 
nection with  its  current  business  or  as  suggesting  new 
articles  of  manufacture. 

(4)  Pamphlets  describing  machinery,  structural  ma- 
terial, etc.,  are  many  years  in  advance  of  books  upon 
identical  subjects.  A  pamphlet  library  should  be 
maintained  in  cooperation  with  the  engineering  de- 
partment. 

All  of  the  above  work  of  translating,  abstracting, 
etc.,  should  be  in  charge  of  one  competent  man,  with 
assistants  if  necessary. 

(5)  The  superintendent  should  make  monthly  re- 
ports for  the  Research  department  embodying  all 
ideas  of  their  own  or  their  assistants  that  might  in 
any  way  warrant  investigation.  There  is  no  doubt 
that  valuable  suggestions  would  be  made  through 
such  a  system  thoroughly  carried  out  that  might 
otherwise  be  lost,  and  also  that  the  plan  would  stimu- 
late closer  thought  and  observation  concerning  all  the 
details  in  manufacturing. 

(6)  Members  of  the  Research  staff  should  visit  all 


possible  outside  manufacturing  plants  with  the  object 
of  acquiring  knowledge  that  could  be  applied  by  the 
1  orporation  to  its  own  processes  or  organization, 

(7)  There  should  be,  through  proper  connections, 
systematic  prompt  advices  of  all  improvements  in 
European  practice  that  would  be  of  value  to  the 
corporation. 

(8)  Salesmen  should  seek  to  understand  the  dil 
processes  and  the  various  ways  in  which  the  com 
pany's  products  are  used  and  also  know  what  sub- 
stitutes are  used  for  the  company's  products  and  such 
information  should  be  reported  to  the  Research  De- 
partment by  the  Sales  Department  as  deemed  neces- 
sary. 

(9)  Certain  research  work  might  be  undertaken  by 
candidates  for  the  degree  of  Ph.D.  in  universities,  thus 
making  these  institutions  of  learning  take  a  coopera- 
tive part  in  developing  practical  questions  being 
considered  by  manufacturers.  This  can  be  done  and 
the  work  be  as  strictly  scientific  as  in  the  case  of  pure 
research  and  will  also  place  certain  students  in  contact 
with  possible  future  employers. 

ANALYTICAL    DEPARTMENT. 

The  Analytical  Department,  under  the  Chief  Ana- 
lytical Chemist,  should  control  all  work  relating  to 
sampling  and  analysis.  So  much  depends  upon 
prompt  and  accurate  analyses  that  this  department 
should  occupy  a  high  place  in  a  rational  organization. 
Its  duties  should  comprise: 

The  analysis  and  sampling  of  all  raw  materials  and 
finished  products  as  well  as  such  analyses  as  are 
necessary  in  the  intermediate  steps  of  some  processes 
in  order  to  insure  proper  control.  It  should  furnish 
figures  used  to  calculate  yields  and  perform  all  the 
analytical  work  in  connection  with  investigations, 
which  often  involves  the  necessity  of  inventing  new 
methods.  It  should  do  all  analytical  work  that  will 
aid  the  Manufacturing,  Sales,  Purchasing,  and  Con- 
struction Departments,  and  cooperate  with  the  Sales 
Department  in  investigating  complaints.  It  should 
also  pay  strict  attention  to  investigating  and  adopting 
better  methods. 

If  a  corporation  has  more  than  one  laboratory, 
uniform  methods  of  sampling  and  analysis  should  be 
used  throughout.  The  selection  of  standard  methods 
and  the  very  complete  written  description  of  each 
should  be  under  the  immediate  supervision  of  the 
Chief  Analytical  Chemist.  Their  accuracy  should  be 
proved  always  by  analyzing  mixtures  of  known  com- 
position. The  various  precautions  to  be  observed 
should  be  specifically  and  prominently  outlined  at 
the  end  of  each  scheme,  together  with  the  experi- 
mental data  and  all  equations  involved  proving  its 
accuracy. 

These  methods  should  be  issued  to  the  different 
laboratories  and  all  chemists  of  the  company  required 
to  strictly  adhere  to  them,  otherwise  uniform  methods 
with  all  their  advantages,  would  be  impossible. 

The  staff  of  the  head  laboratory  should  be  organized 
into  an  analytical  council  holding  weekly  meetings, 
discussing  at  alternate  meetings  the  company's  stand- 
ard methods  of  analysis  and  abstracts  of  promising 
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analytical  methods  from  the  current  chemical  litera- 
ture. These  abstracts  should  be  incorporated  in  the 
minutes  of  the  meetings,  copies  of  which  go  to  each  of 
the  laboratories  of  the  company.  This  system  would 
automatically  inform  the  company's  chemists  of  the 
atest  developments  in  analytical  chemistry.  All  the 
important  chemical  journals  should  be  promptly  and 
systematically  abstracted.  These  condensed  abstracts 
should  be  typewritten  on  cards  and  filed  under  sub- 
ject indices.  They  would  prove  of  great  value  in 
investigating  methods  of  analysis.  All  investigations 
work  along  analytical  lines  should  be  carefully  written 
up,  whether  results  are  favorable  or  otherwise,  and 
these  reports  sent  to  other  laboratories  of  the  com- 
pany when  desired.  Any  new  methods  suggested 
through  the  literature  or  by  any  of  the  chemists  of 
the  company  should  be  tried  and,  where  an  improve- 
ment is  found,  incorporated  in  the  standard  methods. 

The  policy  of  the  analytical  department  should  be 
to  give  its  members  a  broad  acquaintance  with  all 
the  work  of  the  department  by  having  a  system  of 
rotation,  regularly  changing  the  work  of  each  so  that, 
as  far  as  possible,  every  man  could  take  part  in  the 
great  variety  of  determinations  made.  This  would 
have  the  further  advantage  of  protecting  the  com- 
pany from  any  constant  error  into  which  one  man 
might  fall;  and  as  an  added  protection,  all  the  work 
should  be  systematically  and  independently  checked 
by  more  exact  or  by  different  methods  than  those  in 
daily  use.  Each  man  should  be  held  strictly  re- 
sponsible for  the  work  entrusted  to  him,  his  advance- 
ment depending  upon  himself,  and  he  should  be  en- 
couraged to  become  thoroughly  familiar,  through 
study  and  inquiry,  with  the  theory  and  reasons  in- 
volved. 

As  far  as  possible  foremen  and  assistant  foremen 
should  make  simple  factory  analyses  and  tests  in- 
volving control  of  processes  under  them.  Often  a 
test  can  be  made  in  less  time  than  it  takes  to  send  the 
sample  to  the  laboratory;  of  course  such  work  should 
be  systematically  checked  by  the  laboratory. 

In  order  to  estimate  each  man's  capacity  and  to 
charge  up  the  analytical  work  properly,  the  following 
system  should  be  used:  An  analytical  order  should 
be  made  for  each  sample  which  comes  to  the  laboratory 
and  on  the  back  of  this  order  is  recorded  the  amount 
of  time  spent  by  each  chemist  in  making  the  analysis. 
When  completed  these  orders  should  be  filed  under 
the  various  departments  for  which  the  work  is  done, 
and  from  them  calculated  a  monthly  statement  of 
analytical  charges,  the  material  used  being  based  upon 
the  cost  for  the  previous  year.  This  system  would 
make  it  a  simple  matter  to  note  the  progress  of  the 
analysis  and  the  amount  of  work  carried  on  by  the 
different  analysts. 

The  laboratories  of  the  separate  works  should  be 
strictly  subordinate  to  the  superintendents,  except 
that  all  standard  methods  of  sampling  and  analysis 
be  standard  methods  of  the  company,  and  superin- 
tendents and  chemists  should  cooperate  for  their 
strict  enforcement. 

Salaries  of  chemists  in  this  department  should  be 


standardized  as  far  as  possible,  and  promotions  made 
to  the  following  positions  according  to  kind  of  talent: 
Works  Chemist,  Assistant  Superintendent,  Research 
Department  as  Research  Chemist,  the  Head  Labora- 
tory as  Chief  or  First  Assistant.  All  men  engaged 
should  be  informed  of  this  system,  hired  on  a  month's 
trial,  and  only  really  promising  men  retained. 

The  following  methods  of  advancing  the  efficiency 
of  the  department  should  be  employed. 

(1)  Systematic  visits  to  the  different  laboratories 
of  the  company  by  the  Chief  Analytical  Chemist  in 
order  to  see  that  the  standard  methods  are  being 
properly  used  and  to  pass  on  the  general  efficiency  of 
all  the  company's  laboratories. 

(2)  Occasional  visits  by  the  Chief  Analytical  Chemist 
to  laboratories  of  other  industries,  in  order  to  incor- 
porate in  the  organization  favorable  developments 
made  by  others. 

(3)  Periodical  meetings  of  the  analytical  chemists 
to  promote  cordial  cooperation  and  to  discuss  specific 
subjects. 

(4)  The  automatic  exchange  of  chemists  between 
the  different  laboratories  to  broaden  the  experience 
of  the  company's  chemists. 

(5)  Monthly  reports  should  be  made  by  each 
laboratory  of  the  company  to  the  Chief  Analytical 
Chemist,  explaining  all  difficulties  encountered  in 
general  work  and  also  making  suggestions  for  im- 
provements in  existing  methods.  This  plan  would 
make  it  possible  for  all  the  company's  chemists  to 
constantly  and  systematically  cooperate  and  increase 
efficiency. 

The  organization  of  each  of  the  laboratories  of  the 
company  should  conform  to  that  of  the  head  laboratory. 

All  laboratory  buildings  should  be  roomy,  light, 
well  ventilated,  and  equipped  with  all  facilities  re- 
quired for  accurate  work.  The  efficiency  and  future 
of  men  is  seriously  impaired  by  unhealthful,  dis- 
couraging surroundings. 

The  Head  Laboratory  and  Office  should  have  an 
extensive  library  and  subscribe  to  all  important 
periodicals.  All  works  laboratories  should  have  at 
least  standard  works  of  reference. 

It  would  be  important  to  have  the  Research  and 
Head  Analytical  Laboratories  in  the  same  building, 
with  the  economy  of  having  a  library  in  common,  and 
cooperation  in  many  ways.  This  building  should  be 
located  in  one  of  the  large  works  of  the  corporation, 
thus  making  available  its  mechanics  for  the  various 
construction  and  repair  work  always  necessary,  to- 
gether with  the  advantage  of  advice  upon  many 
practical  matters  from  the  works  superintendents; 
there  would  result  also  the  greater  facility  for  con- 
sultation among  members  of  the  chemical  staff. 

The  accuracy  of  balances  and  weights,  of  measuring 
apparatus,  thermometers  and  hydrometers,  should 
not  be  taken  for  granted  but  proved  to  be  accurate 
by  comparison  with  standards  of  known  accuracy 
as  often  as  required.  All  standard  solutions  should 
be  checked  by  the  head  of  the  laboratory  or  his  fust 
assistant.  All  important  determinations  should  be 
made  in  duplicate. 
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All  clerical  work  and  calculations  should  be  che<  k<  d 
"^Systems   oi    weighing,    manipulation,    etc.,    d 
to   prevenl    errors,    should    be   employed    and    rigidly 
adhered  to,  even  in  the  simplest  determinations. 

CONCLUSION. 

The  forms  ol  organization  described  above  should 
never  be  allowed  to  fall  into  the  rut  of  dull  routine, 
bul  the  personnel  of  the  men  engaged  in  this  work 
maintained  at  the  very  highest  standard,  and  all  the 
necessary  plans  as  described  carried  ou1  with  en- 
thusiasm, earnestness,  and  thoroughness.  The  per- 
sonal cooperation  of  the  men  of  this  department  with 
members  of  other  branches  of  the  organization  would 
prove  an  important  aid  in  maintaining  interest  in  the 
work,  and  be  mutually  educating. 

These  departments  should  lead  the  way  so  strikingly 

as  to  be  apparent  to  all;  if  mediocrity  were  tolerated. 

then  this  branch  of  the  organization  would  be  indeed 

far  from  the  ideal  that  should  be  its  governing  spirit. 

Laurel  Hill,  N.  Y. 


THE  ELECTRICAL   PRECIPITATION    OF   SUSPENDED  PAR- 
TICLES BY  THE  COTTRELL  PROCESSES.1 

By   I. inn  Bradley. 

In  previous  articles  which  have  been  published 
in  Tins  Journal,  I,  686,  2,  372  and  3,  542  and  else- 
where, Dr.  Cottrell  has  explained  the  original  work 
on  these  processes  ami  has  also  described  the  general 
operation  of  several  installations,  more  particularly 
in  the  metallurgical  fields.  The  application  of  the 
same  to  the  Portland  Cement  Industry  forms  the 
subject  of  another  paper  by  Mr.  Walter  A.  Schmidt 
(This  Journal,  4,. 719). 

The  problem  of  removing  suspended  particles  from 
gases  becomes  a  serious  one  when  the  volume  of  gases 
is  very  large,  or  the  temperatures  high,  or  when  the 
gases  contain  materials  which  exert  a  corrosive  action 
upon  lines,  chambers  and  apparatus. 

The  variety  oi  problems  and  conditions  is  very 
large,  but  they  ma}-  In'  divided  into  three  general 
classes  as  follows: 

First. — Where  the  composition  of  the  gases  is  such 
that  the}-  are  the  cause  ol  complaint  on  the  ground 
of  nuisance  and  damage  to  property. 

Second.-  Where  the  values  contained  in  the  gases 
render  their  recovery  quite  necessary  on  the  ground 
of   economy,    but    where    the  gases   do   not    constitute   a 

nuisance. 

Third. — Where  the  gases  ma}-  In-  considered  suffi- 
cient cause  lor  complaint,  and  yet  contain  values 
which  should  In-  recovered. 

In  the  first  class,  and  as  a  further  illustration  of  the 
rig  range  of  application  of  these  processes,  may 
be  mentioned  the  black  smoke,  ashes  and  cinders 
coming  from  the  stacks  of  some  of  the  large  power 
plants  where  the  boilers  are  being  forced.  In  some  ol 
these  plants  the  operating  departments  have  endeav- 
ored in  various  ways  to  purify  their  gases,  so  as  to 
avoid  any  complaints.  In  a  small  plant,  with  proper 
arrangement   oi   boilers,  arches,  sellings  and  lines,  the 

1  Paper   presented   at    the    Eighth    International   Congress   oi   Applied 

Chemistry,  New  \  ork.  September,  I'M.' 


slack-  gases  seldom  give  rise  to  complaint.  Un- 
doubtedly the  proper  method  oi  attacking  this  prob- 
lem is  to  endeavor  to  obtain  proper  combustion, 
er,  there  are  a  great,  man}-  instances  where 
complete  combustion  is  not  desired,  and  in  such  cases 
these  processes  may  prove  to  be  of  value  in  over- 
coming  the   nuisance   due   to   black   smoke   or  other 

suspended  particles.  Among  its  other  activities  the 
Research  Corporation  is  at  present  engaged  in  dem- 
onstrating  the    removal    of    such    suspended    particles 

by  the  electrical  precipitation  processes  at  the  New 
York  Edison  Company's  Waterside  No.  2  Station,  one 
of  the  largest  power  plants  in  the  city  of  New  York 
In  this  plant  there  are  nearly  one  hundred  I 
connected  to  four  smoke  stacks,  approximately  three 
hundred  feet  high  by  twenty-two  feet  in  diai 
The  average  velocity  of  the  gases  through  these  stacks 
is  estimated  at  thirty-eight  linear  feet  per  < 
During  the  evening,  when  the  peak  load  is  on  the 
station,  it  is  necessary  to  force  the  boilers,  so  that  they 
are  delivering  perhaps  100-150  per  cent,  in  excess  of 
their  rated  capacity.  Automatic  stokers  are  used, 
but  even  with  the  greatest  care,  considerable  ashes 
and  cinders  are  caught  up  by  the  draft  and  carried 
toward  the  stacks.  The  cross  flues  have  been  enlarged 
in  order  to  reduce  the  velocity  of  the  gases,  but  al- 
though some  of  the  heavier  particles  are  deposited 
in  these  chambers,  the  exit  gases  carry  a  fairly  large 
amount  of  cinders  and  ashes.  Experiments  upon 
this  particular  material  indicate  that  the  greater 
portion  of  the  large  particles  can  be  caught  if  the 
velocity  in  the  liue  is  reduced  sufficiently  and  ample 
time  is  allowed  for  the  particles  to  settle  out  of  the 
dra It  by  gravity;  but  flues  large  enough  to  produce 
this  result  would  be  prohibitive.  Some  particles  are 
so  light  that  a  slight  movement  of  the  gas  easily 
keeps  them  in  suspension.  If  we  endeavor  to  in- 
crease their  weight  by  water  sprays  or  similar  means, 
we  interfere  with  the  draft,  and  may  not  find  our 
efforts  successful,  because  some  particles  resist  mois- 
ture and  are  extremely  difficult  to  remove  by  this 
method.  If  we  are  able  to  construct  an  apparatus, 
which  will  not  be  prohibitive  in  size,  and  does  not 
seriously  interfere  with  the  draft,  whereby  we  can 
overcome  the  buoyancy  of  the  particle  in  the  gas  and 
remove  it  from  the  influence  of  the  draft,  we  shall  suc- 
ceed in  cleaning  the  gas  of  the  suspended  particles. 
The  actual  net  amount  of  energy  necessary  to  with- 
draw these  particles  from  the  moving  gas  is  very 
small  indeed.  The  problem  is  to  design  and  construct 
such  an  apparatus,  then  to  place  the  electrical  charge 
upon  I  he  particle  and  introduce  sufficient  energy  to 
compel  1  he  particle  to  migrate  to  some  point  away 
from  tlie  rapidly  moving  gas.  This  ma}-  be  accom- 
plished by  the  use  of  high-tension  direct  current, 
either  intermittent  or  continuous.  Discharge  elec- 
trodes and  collecting  electrodes  are  placed  in  a  cham- 
ber and  the  gas  containing  the  particles  passed  between 
them.  The  gas  is  ionized  ami  some  of  the  ions  collect 
up' hi  1  lie  particles,  thereby  charging  them  electrically. 
Inasmuch  as  the  charged  particles  are  within  a  strong 
electric   field  oi   constant  polarity,  they  are  driven  to 
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the  collecting  electrodes.  The  construction  ol  these 
electrodes  may  be  varied  considerably,  to  suit  the 
special  conditions  of  each  particular  problem.  In 
most  instances,  the  collecting  electrodes  arc  grounded. 
To  meel  different  conditions,  various  forms  of  elec- 
trodes arc  use].  The  voltages  used  range  from 
15,000  up  In  as  high  as  50,000  or  more,  depending 
upon  the  size  ol  installation  and.  conditions  ol  the  gases 
iii  be  treated.  Ii  will  be  realized  that  it  is  desirable 
t<>  operate  on  gases  at  a  high  velocity  and  during  a 
short  period  of  time,  in  order  that  the  installation  may 
be  made  as  small  as  possible.  Results  at  present  in 
hand  indicate  the  feasibility  of  removing  the  cinders, 
ashes  and  black  smoke  from  these  power-house  gases 
at  a  reasonably  high  velocity  and  without,  any  serious 
interference  with  the  drai  I . 

Much  more  mighl  be  said  about  this  problem,  but 
it  may  be  more  to  the  point,  in  this  general  survey, 
to  mention  some  phases  of  the  work  bearing  upon 
other  industries. 

Shortly  alter  the'  organization  of  the  Research 
Corporation,  last  February,  investigations  were  under- 
taken for  the  Raritan  Copper  Works,  Perth  Amboy, 
X.  J.,  on  the  gases  arising  from  the  smelting  <>|  the 
slimes  obtained  in  electrolytic  copper  refining.  The 
copper,  as  received  at  the  electrolytic  refinery,  gener- 
ally contains  some  gold,  silver  and  other  -precious 
metals,  as  well  as  arsenic,  selenium,  tellurium  and 
many  other  elements,  in  small  quantities.  During 
the  purification  of  the  copper  by  electrolysis,  most 
of  these  impurities  settle  out  from  the  electrolyte. 
This  sediment,  called  electrolytic  slimes,  is  then 
treated  in  another  department,  primarily  lor  the 
recovery  of  the  gold  and  silver.  It  is  common  practice 
in  some  refineries  to  dry  this  slime  and  then  give  it  a 
furnace  treatment.  The  volatile  elements  are  driven 
off  in  the  gaseous  state  and  subsequently  condensed 
in  the  Hue.  During  the  furnace  treatment,  consid- 
erable silver  is  vaporized,  some  of  which  condenses 
quite  near  the  furnace  exit.  At  this  point  in  the 
Hue.  dust  may  be  found  assaying  very  high  in  silver. 
Considerable  gold  may  also  be  found  at  this  point. 
probably  having  been  carried  over  mechanically. 
Further  along  the  flue,  arsenic,  antimony,  selenium 
and  other  elements,  or  their  compounds,  condense, 
thus  forming  a  thick  chemical  fume.  It  is  interesting 
to  note  the  tendencies  of  the  various  compounds  to 
deposit.  For  instance,  some  of  the  silver  compounds 
or  metallic  particles,  are  very  light  and  finely  divided, 
and  it  is  extremely  difficult  to  vl'\cc\  a  satisfl 
recovery  by  settling  chambers,  centrifugal  dust 
apparatus  or  by  water  sprays  and  scrubbers.  Gold 
has  been  found  a  long  distance  from  the  furnace, 
but  as  a  rule  it  is  the  first  to  deposit.  'fhe  influence 
of  one  or  several  volatile  metals  upon  the  volatility 
ol  other  metals,  especially  at  various  temperatures, 
has  not  been  studied  very  extensively,  but  most 
authorities  state  that  the  loss  of  silver  is  increased  in 
the  presence  of  1.  ad  or  zinc.  Probably  arsenic  or 
antimony  also  exert  an  influence  upon  silver.  It 
would  be  interesting  and  of  considerable  value  to  be 
able  to  consult  curves  ol  vapor  tensions  of  these  various 


elements    under    the    varying    conditions    ol    thesi     r< 
finery  gases.      Samples  ol  t  his  kind  ol  dust  from  various 
refineries  show  it  to  have  a  range  ol  at  least  from  100 
2000    oz.    of   silver   per   ton.       'fhe  gold    content    is   not 
apt  to  vary  so  greatly.      Fume  has  been  collected  after 
passing    through    water    scrubbers    (so    arranged    thai 
the   gas    was   saturated    and    carried    water   particles    in 
suspension)   and    found    to   still  contain  large  amount 
ol    precious    metals      'fhe  character  ol    the   fume    wall 
depend,  ol  course,  upon  the  composition  of  the  copper 
received  at  the  refinery,  as  well  as  upon  the  operations 
of    the   refining    furnaces.      It    is   almost    impossible    to 
filler    this    gas,    because    ol     its    corrosive    action    upon 
the    filtering    medium,    and    its    tendency    to   elog    tin 
Same.       Results  obtained   upon   these  gases  lead    to   the 
conclusion    that     practically    all    of    the    values    can    be 
readily   recovered   by   the  electrical   precipitation   pro 
cesses,   thereby   insuring  a  greater  net   profit    in   these 
if  part  incuts.     The  problem  of  recovering  the   values 

from  the  dust  collected  is  receiving  considerable  at- 
tention. If  all  the  collected  dust  is  \n\  back  into 
the  furnace,  the  highly  volatile  elements  will  again 
be  driven  off,  subsequently  condensed  and,  in  turn, 
collected.  This  will  permit  the  impurities  to  con 
centrate  and  increase  to  such  a  point  as  to  be  objee 
tionable.  Experiments  are  now  being  conducted 
with  a  view  to  facilitating  the  recovery  of  the 
precious  metals  in  a  pure  state  from  this  precipitated 
fume.  The  proposed  method  may  open  up  an  op- 
portunity for  improvements  in  the  present  practice 
of  treating  these  electrolytic  slimes. 

Arrangements  have   also  been   made   to   install    the 
processes  upon   the  ,^ases  from  the  copper  converters 
at  the  Garfield  (Utah)  Smelter  of  the  American  Smelting 
atnl  Refining  Co!     'fhe  fume  contains  considerable  lead 
and  small  amounts  of  silver  and  other  elements.     App.i 
rat  us  has  been  installed  to  treat   the  gases  In  >m  1  me  ci  m 
verter,  and  this  will  be  placed  in  operation  in  the   very 
11  are. 

'fhe  electrical  precipitation  processes  have  been  in 
steady  use  for  the  collection  of  sulphuric  acid  1111st 
from  parting  kettles  in  one  silver  refinery  for  a  num 
ber  of  years,  and  have  given  excellent  results.  Another 
application  recently  developed  is  the  equipment  of 
acid  concentration  stills,  so  as  to  recover  the  small 
aim  nun  of  sulphuric  acid  being  carried  away  by  the 
gas.  'fhe  installation  is  very  compact,  the  power 
consumption  small,  and  very  lit  tie  at  tent  ion  is  required. 
For  installations  of  this  character  special  devices  for 
overcoming  insulation  difficulties  and  promoting  the 
ionization  by  the  discharge  have  had  to  be  worked  out 
Thi'  pubescent  electrodes  arc  one  of  the  most  im- 
portant features  in  installations  of  this  type. 

'fhe  Ohio  and  Colorado  Smelting  and  Refining 
Company  at  Salida,  Colorado  one  ol  the  large  lead 
smelters  in  the  western  portion  of  the  United  States 
is  installing  the  processes  on  their  roaster  stack. 
Godfrey  machines  and  Dwight-Lloyd  sintering  ma- 
chines arc  employed,  delivering  their  yases  to  a  com- 
mon line.  This  Hue  has  a  cross  section  of  such  size 
that  tin  average  velocity  ol  the  gases  is  about  500 
lineal    feel    per  minute.      A   large  amount    of   the   very 
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are  deposited  in  the  first  200  feet  of 
flue,  lmt  the  tunic  is  being  discharged  from  the  stack. 
after  having  traveled  a  much  greater  distance.  Pre 
liminary  tests  were  made  on  these  gases  at  a  point 
about  1  ^o  feel  from  the  stack  base.  The  tempera- 
tures varied  from  ioo°  C.  to  1500  C.  During  these 
preliminary  tests,  the  ore  charges  upon  the  sintering 
machines  were  varied  and  checked  against  the  assays 
of  the  dust  recovered  electrically,  during  the  day,  in 
order  to  ascertain  how  the  different  charges  influenced 
the  loss  of  lead.  Assays  of  recovered  dust  varied  from 
jo  per  cent,  to  45  per  cent,  lead  during  this  period. 
Even  at  this  distance  from  the  roasters,  considerable 
silver  and  an  appreciable  amount  of  gold  were  found 
in  each  sample.  The  dust  recovered  was  dry  and  could 
easily  he  handled,  as  it  was  so  dense  and  compact 
that  a  little  draft  did  not  blow  it  away.  The  smelter 
is  now  proceeding  with  an  installation  on  a  larger 
scale  and  it  is  expected  that  considerable  values  will 
he  recovered.  Furthermore,  this  installation  may 
make  it  possible  to  push  the  roaster  department  to 
a  greater  tonnage,  due  to  the  ability  to  collect  any 
materials  carried  in  suspension  by  the  gases.  In 
some  roasters,  a  fairly  large  percentage  of  sulphur 
trioxide  is  produced.  Apparatus  can  easily  be  de- 
signed to  handle  this  character  of  gas  successfully, 
without  undue  deterioration. 

Another  recent  application  of  these  processes  is  in 
the  removal  of  tar  and  suspended  carbon  from  illumi- 
nating gas.  Mr.  Walter  A.  Schmidt  has  directed  the 
work  upon  the  gas  manufactured  from  crude  petroleum 
at  one  of  the  gas  plants  near  San  Francisco.  A 
complete  clearance  of  all  visible  particles  was  ob- 
tained. In  the  eastern  part  of  the  United  States,  the 
work  of  Prof.  A.  H.  White,  of  the  University  of  Michi- 
gan, should  be  mentioned.  Under  the  auspices  of 
the  Michigan  Gas  Association,  Prof.  White  has  con- 
ducted extensive  investigations,  primarily  upon  the 
removal  of  tar  from  gas  manufactured  from  soft  coal. 
The  results  were  so  gratifying  that  negotiations  have 
been  instituted  for  a  larger  installation,  for  this  pur- 
pose. The  tar  is  collected  upon  the  collecting  elec- 
trodes and  runs  off  into  sealed  chambers.  This  field 
promises  to  be  a  very  wide  one. 

Several  months  ago,  prior  to  the  organization  of  the 
Research  Corporation,  Dr.  F.  G.  Cottrell  made  ar- 
rangements with  Prof.  R.  K.  Duncan,  of  the  Uni- 
versity of  Pittsburgh,  whereby  the  latter  arranged  to 
use  the  Cottrell  processes  for  conducting  investiga- 
tions upon  the  smoke  problem  of  the  city  of  Pittsburgh. 
Dr.  Strong,  Dr.  Benner  and  others  have  been  of  assist- 
ance in  this  important  problem. 

Many  other  problems  of  a  nature  similar  to  some  of 
those  mentioned  above  have  been  brought  before  us 
and  an  effort  will  be  made  to  adapt  the  processes  to 
them  at  the  earliest  possible  date.  There  are  many 
places  adjacent  to  Xew  York  City  wherein  considerable 
values  may  be  recovered  and  at  the  same  time,  im- 
prove the  atmosphere,  at  least  in  so  far  as  suspended 
particles  and  obnoxious  fumes  are  concerned. 

Much  more  of  the  details  of  the  processes  them- 
selves or  their  application  to  specific  problems  might 


he  given,  hut  it  would  prolong  this  paper  tiimecessaril  v 

I  sincerely  trust,  that  the  ab<  ral  survey  > 

of   value  as   well  as  interest  to  the  chemists  and   1  Qgi 

neers. 

Note. — Mr.    Bradley  explained    in   detail    tin    con 
struction  of  the  small  apparatus  prepared  for  demon- 
strating   the    Cottrell    processes.       The     first    test    was 
upoil    the    precipitation    of    cement    dust,    which    was 
blown  through  a  pipe  6  inches  in  diameter.     Thi 
of  the  high  tension  current  was  to  collect  all  of  the  dust 
within   the   pipe.      A   test   was   next   made   upon   some 
chemical   fumes.      Compressed   air  was  blown   through 
bottles    containing    concentrated    ammonia    and    eon 
centrated     hydrochloric     acid,     separately,     and     the 
chemically  laden  gases  mixed  in  a  chamber  just  prior 
to  being  introduced  into  the  electric  treater.      Dense 
fumes  of  ammonium  chloride  were  thus  obtained  and 
the  effect  of  turning  the  current  on  and  off  was  denn  >n 
strated.     Samples  of  the  various  materials,  which  wen 
collected   by  the  processes   in  large  scale  operations, 
were  upon  the  desk  for  inspection. 


THE  CONTROL  OF  TEMPERATURE  IN  THE  OPERATIONS  OF 

ANALYTICAL  CHEMISTRY.1 

By  Theodore  W.   Richards. 

The  control  of  temperature  is  a  very  important 
question  in  the  work  of  the  analytical  chemist.  The 
reason  is  at  least  three-fold.  In  the  first  place,  tem- 
perature affects  greatly  the  speed  of  all  chemical  re- 
actions which  are  generally  accelerated  to  extents 
varying  perhaps  seven  to  twelve  per  cent,  by  each 
degree's  rise  in  temperature.  In  the  second  place, 
temperature  affects  the  final  equilibrium  attained 
by  many  reacting  systems  and  therefore  influences 
both  the  yield  and  the  composition  of  the  products 
dealt  with  by  the  analyst.  In  the  third  place,  ac- 
curate physical  measurements,  to  which  the  quanti- 
tative experimenter  must  frequently  resort — such  as 
weighing  the  measurement  of  the  volumes  of  gases 
and  liquids,  and  the  determinations  of  calorimetric 
or  electrical  magnitudes — demand  considerable  con- 
trol of  temperature  if  any  accuracy  is  sought. 

Clearly,  the  subject  is  too  large  for  the  brief  ten  min- 
utes to  be  devoted  to  it;  but  a  few  words  may  be  able 
to  point  out  the  more  vital  features. 

Let  us  begin  with  the  control  of  temperatures 
near  that  of  the  room.  In  the  first  place,  it  is  clear 
that  every  chemical  laboratory  may  advantageously 
have  a  thermostat  attachment  to  its  heating  arrange- 
ments. For  years  I  have  used  a  commercial  con- 
trivance which,  when  operating  properly,  has  kept  my 
laboratory  at  20  °  C.  within  half  a  degree,  greatly  to  my 
satisfaction.  In  order  to  attain  any  such  constancy, 
the  air  of  the  room  must  be  efficiently  agitated  by 
means  of  an  electric  fan;  just  as  any  other  form  of 
thermostat  should  be  adequately  stirred.  Of  course, 
when  an  operation  affected  by  currents  of  air  is  under- 
taken, the  fan  must  be  temporarily  stopped. 

Entirely  within  this  room,  surrounded  by  glass 
walls   and   without   any   outside   windows,    is   built   a 

1  Paper   prcsented^at'ithe, Eighth    International    Congress   of   Applied 
Chemistry,  New  York,  September,  1912.    w  »  , 
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balance-room,  which  resembles  a  huge  balance  case; 
and  this  remains  constant  for  long  periods  within 
one-  or  two-tenths  of  a  degree,  because  the  somewhat 
larger  fluctuations  of  the  outer  room  do  not  quickly 
pass  through  the  glass  walls.  The  plan  has  worked 
so  excellently  that  all  balance-rooms  in  the  new  Wol- 
cott  Gibbs  Memorial  Laboratory  at  Harvard  are  to 
be  built  in  this  way  entirely  within  other  rooms. 

A  very  suitable,  sensitive,  and  easily  constructed 
thermostat  attachment  for  regulating  the  tempera- 
ture of  a  room  is  the  sealed  hydrogen  manometer,  with 
electrical  contact.1  This  consists  of  a  large  sealed 
bulb  containing  hydrogen,  which  gas  is  arranged 
to  support  a  column  of  mercury  having  an  electrical 
contact  at  its  upper  end — the  affair  is  a  combination 
of  a  gas  thermometer  and  a  barometer.  The  rapid 
heat  conduction  in  hydrogen  makes  this  gas  especially 
suitable  for  the  purpose.  We  have  used  the  device 
for  many  years  with  great  profit,  and  by  its  aid  have 
been  able  to  keep  a  cellar  laboratory,  which  is  pro- 
tected by  double  windows,  within  o.  1  degree  for  weeks 
at  a  time.  The  electrical  current,  made  and  broken 
at  the  mercury  surface  in  the  top  of  the  manometer 
by  the  fluctuations-  of  the  expanding  or  contracting 
hvdrogen,  may  be  made  to  operate  a  relay  which  in 
turn  regulates  the  heating  apparatus,  whether  this 
uses  steam,  hot  air,  gas  or  electricity.  A  form  in  which 
the  current  running  through  the  mercury  in  the 
manometer  itself  is  used  for  heating  has  recently  been 
described,2  but  I  should  be  afraid  that  this  might  not 
be  able  to  maintain  quite  as  accurate  a  constancy  as 
an  apparatus  using  a  weaker  current  in  its  regulating 
manometer. 

Often  the  yet  more  accurate  regulation  of  the  tem- 
perature of  small  objects  is  needed;  of  course  the 
Ostwald  toluene  regulator  in  a  bath  of  water  or  oil 
gives  the  most  convenient  thermostat  for  such  pur- 
poses. Of  late  we  have  used,  on  account  of  its  cleanli- 
ness and  safety,  only  electricity  as  a  means  of  sup- 
plying heat  to  this  bath;  the  regulator  is  arranged  so 
as  to  make  and  break  a  feeble  electrical  circuit  which 
operates  a  relay  through  which  in  turn  runs  the  stronger 
heating  current.  The  chief,  probably  the  only  dis- 
advantage of  electrical  heating,  is  the  possible  leakage 
of  electricitv.  If  it  is  used  for  electrochemical  work, 
one  must  guard  against  stray  electromotive  forces 
by  efficiently  grounding  the  thermostat.  The  de- 
scription of  an  arrangement  of  this  kind  making  pos- 
sible the  maintenance  of  the  temperature  within 
0.0010  or  0.00 20  for  days  is  perhaps  not  out  of  place. 
This  has  been  used  at  Harvard  for  many  years;  it 
was  briefly  described  several  years  ago  and  has  been 
used  independently  by  others.' 

The  thermostat  consists  of  a  large  can  which  may- 
be as  large  as  70  centimeters  in  diameter  and  70  or 
more  high.  The  can  is  covered  on  the  outside  with 
felt  and  may  have  its  surface  protected  with  oil  if 
evaporation  is  to  be  prevented.  Within  this  can  is 
immersed  a  regulator  similar  in  principle  to  the  toluene 
thermostat     regulator     of     Ostwald.      The     receptacle 

1  Regand   and    I'onillard.    Z.    wits.    Mihroscop..   20,    138    (1903)     also 
Richards  and  Mark.  Proc.  Am.  Acad.,  41,   119  (1905). 
- '  Bonstield.  Chem.  News,   105,    13   (1912 
3  Richards,  Carnegie  Inst.  Washington.  Pub.  56,  221  1906  I   76,  9  (, 1907). 


for  the  toluene  is  made  with  five  large  fingers  having 
walls  of  moderately  thin  glass,  and  is  arranged  to 
have  a  capacity  of  over  half  a  liter.  The  mercury 
column,  raised  and  lowered  by  the  expansion  or  con- 
traction of  this  toluene,  "makes"  and  "breaks"  a 
feeble  electrical  circuit  which  governs  through  a  re- 
lay the  stronger  current  used  for  heating.  The  latter 
current  passes  through  the  relay  and  through  a  large 
insulated  heating  coil  immersed  deeply  in  the  water 
of  the  thermostat. 

The  "making"  and  "breaking"  happen  advan- 
tageously in  a  somewhat  narrow  tube,  perhaps  two 
millimeters  in  diameter,  and  the  mercury  in  this  tube 
should  be  protected  from  the  laboratory  air  by  an  at- 
mosphere of  pure  hydrogen,  supplied  by  a  very  small 
automatic  hydrogen  generator  attached  to  the  ap- 
paratus. This  device  is  very  important  if  great  con- 
stancy is  sought;  it  constitutes  the  only  unusual 
feature  of  our  apparatus. 

The  efficiency  of  this  regulator,  or  indeed  of  any 
other,  as  a  means  of  keeping  the  temperature  con- 
stant depends  greatly  upon  the  agitation  of  the  water 
in  the  thermostat.  This  should  be  violently  stirred 
by  means  of  a  rather  powerful  motor  in  order  to  keep 
the  temperature  constant  throughout  and  to  effect  a 
rapid  exchange  of  heat  between  the  bath  and  the  tol- 
uene regulator.  The  degree  of  agitation  usually  em- 
ployed is  entirely  inadequate.  The  temperature  is 
obviously  much  more  constant  if  the  room  contain- 
ing the  thermostat  is  allowed  to  vary  but  little  in 
temperature ;  it  is  advantageously  kept  perhaps  a 
degree  below  the  temperature  of  the  bath.  By  run- 
ning a  thin  pipe  containing  cool  water  around  the 
inner  circumference  of  the  top  of  the  bath,  compensa- 
tion for  a  higher  temperature  may  be  easily  obtained. 
If  care  is  taken  and  the  glass  toluene  receptacle  is 
sufficiently  large,  and  is  well  seasoned  so  that  it  has 
assumed  a  reasonably  constant  volume,  the  thermo- 
stat will  keep  constant  within  one-  or  two-thousandths 
of  a  degree  for  weeks. 

This  arrangement  makes  no  pretense  to  novelty  in 
principle,  but  in  efficiency  it  probably  exceeds  most 
other  forms  because  of  the  details  needed  in  its  con- 
struction. A  very  similar  apparatus  has  been  more 
recently  described  by  Hulett.1  but  he  does  not  seem 
to  have  sought  or  attained  quite  the  degree  of  pre- 
cision which  we  have  successfully  employed. 

Very  satisfactory  thermostats  may  be  made  from 
baths  filled  with  pure  salts  in  the  act  of  transition 
from  a  state  of  greater  to  a  state  of  less  hydration. 
Such  mixtures  keep  a  striking  degree  of  constancy 
for  a  long  time.  Sodium  sulphate  is  the  best  sub- 
stance for  this  purpose.  For  details  a  paper  by  K. 
L  Mark  and  the  present  author  in  Vol.  38  of  the 
Proceedings  of  the  American  Academy  of  Arts  and 
Sciences  should  be  consulted. 

The  control  of  low  temperatures  and  of  high  tem- 
peratures has  received  so  much  general  notice  re- 
cently that  this  expert  audience  needs  no  detailed  ex- 
position of  these  topics.  The  employment  of  pure 
ice  for  maintaining  a  definite  degree  of  coolness  is 
known  to  every  one.  but  the  almost  equally  serviceable 

1  Physical  Review,  32,  277  (1911). 
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Ked  with  solutions  of  definite  concentra- 
tions for  inert  Iness  is  perhaps  less  generally 
recognized. ' 

For  example,  ice  mixed  with  dilute  hydrochloric 
acid  containing  2S.19  grams  of  hydrogen  chloride 
per  liter  gives  a  perfectly  constant  temperature  of 
— 3.00V  Of  course,  if  heat  is  added,  some  of  the 
iee  melts,  the  solution  becomes  more  dilute,  and  the 
temperature  rises.  This,  however,  may  be  easily 
prevented  by  enclosing  the  constant-temperature 
bath  by  another  bath  containing  a  mixture  having 
the  same  freezing  point.  If  an  air  space  (or  still  bet- 
ter, the  evacuated  space  of  a  Dewar  vessel)  is  placed 
between  the  two  baths,  the  inner  one  will  maintain 
an  amazing  degree  of  constancy  for  long  periods  of 
time,  particularly  if  more  dissolved  substance  from 
time  to  time  is  added  to  the  outer  vessel  as  its  ice 
melts.  The  lower  limits  of  the  temperature  attained 
in  this  way  are  of  course  the  cryohydric  temperatures 
of  the  more  soluble  substances. 

Lower  temperatures  are  customarily  obtained  by 
means  of  solid  carbon  dioxide  with  alcohol  or  ether, 
and  still  lower  ones  by  liquid  air  and  hydrogen.  By 
boiling  the  liquefied  gases  under  reduced  pressure 
their  temperature-range  may  be  extended  considera- 
bly. The  details  of  working  with  these  now  familiar 
substances  need  hardly  find  a  place  in  this  brief  re- 
view. Acquaintance  with  the  necessary  technique 
is  becoming  more  and  more  an  essential  part  of  the 
complete  chemist's  outfit,  although  analytical  opera- 
tions rarely  demand  low  temperatures. 

Turning  now  to  higher  temperatures  more  fre- 
quently employed  by  analytical  chemists,  wide  limits 
must  receive  consideration.  Open  steam  baths  are 
essential,  and  are  too  well  know^n  to  need  discussion. 
Thermostats  of  concentrated  salt  solutions  or  oil  or 
paraffin,  or  of  fused  mixed  sodium  and  potassium 
nitrate,  may  be  used  at  fairly  high  temperatures,  if 
proper  regulating  devices  are  employed.  For  most 
purposes,  however,  air  baths  regulated  either  by 
thermostat  control  or  by  approximately  constant 
steam,  gas,  or  electrical  heating  are  more  commonly 
employed.  If  steam  under  constant  pressure  is  avail- 
able, it  forms  a  very  usual  and  convenient  means  of 
maintaining  constant  temperatures  somewhat  above 
ioo°  of  the  needed  in  analytical  laboratories.  Gas, 
or  more  recently,  electrical  heating  is  more  commonly 
used ;  the  latter  has  the  great  advantage  of  cleanliness. 
Other  vapors  also,  such  as  toluene  (no°),  the  xylenes 
(i4o°±),  and  aniline  (184°)  are  often  used  with  ad- 
vantage. Air  baths  without  thermostat  attachments 
are  usually  arranged  to  maintain  only  a  certain  differ- 
ence between  the  room  temperature  and  the  higher 
temperature  sought.  This  is  all  very  well  if  the  room 
remains  constant  in  temperature,  but  sometimes 
laboratories  change  as  much  as  10  °  or  15°  during  the 
day,  and  this  change  may  have  serious  effects  in  some 
delicate  operations  when  it  reappears  in  the  heated 
air  bath.  For  such  operations  a  thermostat  regu- 
lation of  the  temperature  of  the  bath  is  almost  essential. 
The  forms  of  air  bath  which  have  been  proposed 

1  This  was  suggested  by  Roloff.  Z.  phys.  Chem.,  18,  572  (1895). 
-  Richards  and  Jackson,  Proc.  Am.  Acad.,  41,  473  (1906). 


are  countless,      Mi>st   of   them   lack   the  needful   requi- 
sites of  resistance  to  corrosion  and  therefore  of  cleanli- 

The  utensils  containing  the  substai. 
heated  usually  needs  to  be  protected  by  some  form 
of  shelter  or  roof,  such  as  a  watch  glass,  to  keep  out 
particles  of  impurity  from  the  corroded  walls  of  the 
oven.  This  is  altogether  unfortunate;  the  air-bath 
used  by  analysts  should  be  free  from  such  defects, 
therefore  it  should  be  made  of  glass  or  porcelain."  It 
is  almost  needless  to  point  out  that  for  many  pur- 
poses the  products  of  combustion  also  should  be 
rigidly  excluded  from  the  inside  of  the  oven  if  gas  is  to 
be  used  as  a  source  of  heat.  Moreover,  the  air  of  the 
laboratory  is  often  injurious  to  sensitive  substances; 
such  material  should  be  heated  in  boats  within  tubes, 
even  if  only  dried  at  ioo°.  The  well  known  "bottling 
apparatus,"  so  much  used  at  Harvard,  makes  this 
precaution  easy.2 

For  higher  temperatures  burners  of  various  shapes 
are  available,  and  more  and  more  use  is  being  made 
of  the  yet  greater  possibilities  of  electrical  heating. 

Most  of  the  gas  burners  are  either  modifications  of 
the  Bunsen  burner  or  the  blast  lamp,  and  some  of 
the  former,  especially  the  Meker  burner,  have  been 
made  of  such  efficiency  as  to  replace  for  many  pur- 
poses the  use  of  air  under  pressure.  To  obtain  a 
constant  temperature  with  these  burners,  it  is  neces- 
sary usually  to  attach  to  the  gas  supply  a  contrivance 
for  giving  it  constant  pressure;  otherwise  the  fluctua- 
tions are  considerable.  It  is  needless  to  point  out 
that  contrivances  for  preventing  radiation,  such  as 
clay  cylinders  and  other  forms  of  furnaces,  greatly 
promote  the  constancy  of  temperature  attained. 

Turning  now  to  electric  heating,  wre  have  not  only 
the  electric  furnace  so  much  used  in  technical  work, 
but  also,  more  suitable  for  analysts,  a  sort  of  electric 
muffle,  a  porcelain  or  other  refractory  tube  wound 
with  resistance  wire,  capable  of  producing  and  with- 
standing the  high  temperatures  needed.  For  tem- 
peratures up  to  iooo°  the  alloy  called  "nichrome" 
works  very  well  as  the  material  of  the  resistance  wire; 
for  higher  temperatures  platinum  is  necessary,  but 
even  that  is  less  refractory  than  one  might  w'ish. 
We  have  obtained  excellent  results  with  the  type  of 
furnace  made  in  this  fashion  with  tubes  of  pure  silica 
as  core.  The  maintenance  of  constant  voltage  and 
even  conditions  of  radiation  provides  the  operator 
with  a  very  fairly  constant  temperature,  which  is 
most  conveniently  estimated  by  the  platinum-rhodium 
thermopile. 

In  summing  up,  it  may  be  said  that  attention  has 
been  called  to  the  relative  advantages  and  fields  of 
usefulness  of  some  of  the  more  important  methods  of 
controlling  temperatures  between  3000  °  and  — 2500. 
A  few  of  the  most  essential  details  of  execution  have 
been  suggested  and  emphasis  has  been  placed  upon 
the  frequent  importance  of  constancy  of  temperature 
and  of  the  exclusion  of  outside  impurity. 

Harvard  University, 
Cambridge.  Mass. 

1  A  simple,  clean,  and  inexpensive  electric  oven  is  described  in  Am. 
Chen    Jour.,  22,  45  H899>. 

2  See.  for  example,  the  Faraday  lecture  of  191 1,  Jour.  Chem.  Soc.  Trans.. 
99,  1203  (London). 
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CURRENT  INDUSTRIAL  NEWS 


By  \V.  A.   HAMOR. 


"VITREOSIL"  IN  THE  NITRIC  ACID  INDUSTRY. 

"Vitrcosil"  has  not  been  so  extensively  used  in  the  manu- 
facture of  nitric  acid  as  in  the  sulphuric  acid  industry'.  This  is 
attributable  to  the  difficulties  encountered  in  manipulating 
molten  quartz  and  to  the  fact  that  retorts,  receivers,  etc.,  used 
in  the  manufacture  of  nitric  acid  are  larger  than  could  be  made 
until  recently.  However,  smaller  forms  of  apparatus  intended 
for  such  a  purpose,  as  conduits  and  still-heads  for  the  Valentiner 
apparatus,  still-heads  for  the  Guttmann  system,  and  built-up 
pipe  ranges  and  condensers,  have  been  on  the  market  for  some 
time,  and  recently  "vitreosil"  denitrating  towers  have  been 
announced. 

"Vitreosil"  denitrating  towers  are  an  improvement  over 
those   of  earthenware,   as   they  allow   the   use  of  superheated 


steam;  as  is  well-known,  stoneware  has  the  disadvantage  of 
liability  to  break  through  temperature  changes.  The  whole 
apparatus  illustrated  herewith  is  constructed  of  "vitreosil." 
The  usual  size  of  the  tower  T,  is  250  mm.  in  diameter  and  2290 
mm.  in  height,  and  it  consists  of  three  tubes,  each  about  760 
mm.  in  length.  When  a  tower  of  this  size  is  heated  with  steam 
at  2000  C,  and  the  nitric  acid  present  amounts  to  5  per  cent., 
8  tons  of  mixed  acids  may  be  denitrated  per  24  hours.  The 
superheated  steam  enters  through  a  tube  in  the  center  of  the 
base,  and  the  tube  is  so  formed  that  the  steam  can  only  move 
upwards.  The  nitric  acid  vapors  are  conducted  from  the  upper 
part  of  the  tower  T,  to  an  air-condenser  which  is  composed  of 
five  "vitreosil"  condensation  vessels  (V)  of  75  liters  content. 
The  exit  gases  are  led  into  an  end-tower  (scrubber)  T2  which  is 
packed  with  pieces  of  quartz.     The  whole  apparatus  is  compact. 


DEVELOPMENT  OF  THE  SULPHITE  INDUSTRY. 
In  a  recent  lecture  before  the  Austro-Hungarian  Cellulose  and 
Paper-Stuff  Association,  an  interesting  resume  of  the  beginnings 
and  progress  of  the  sulphite  pulp  industry  was  given  by  E. 
Spiro,  from  which  the  following  is  extracted  by  Paper,  o,  No.  7, 
25- 


B.  Tilghmann,  of  America,  took  out  an  English  patent  in 
1866  for  a  process  of  obtaining  cellulose  from  wood.  The 
essential  feature  of  his  method  was  boiling  the  wood  with  solu- 
tions of  bisulphites  of  the  alkalies  or  alkaline  earths.  Tilgh- 
mann's  patent  was  a  failure,  and  it  was  not  till  more  than  ten 
years  later  that  Mitscherlich,  Kellner,  and  Kkman  put  the  manu- 
facture of  sulphite  pulp  on  a  commercial  basis. 

The  manufacture  of  sulphite  pulps  consists  of  four  stages: 

1 .  The  mechanical  preparation  of  the  wood. 

2.  The  preparation  of  the  lyes. 
3,.  The  boiling. 

4.  The  breaking  up  of  the  boiled  wood,  and  the  rinsing,  sorting 
and  drying  of  the  separated  fibers. 

In  the  time  of  Mitscherlich  the  knots  were  drilled  out  and  the 
wood  then  cut  up  with  circular  saws  into  lengths  of  about  an 
inch  and  a  quarter.  This  procedure  had  several  disadvantages. 
It  was  expensive  and  tedious,  and,  like  every  other  process 
involving  the  use  of  the  circular  saw,  very  dangerous  to  the 
work  people.  Accidents  were  constantly  occurring.  Again, 
the  thick  discs  of  wood  required  long  boiling  in  very  strong  lye. 
Against  all  this,  however,  we  have  the  fact  that  the  cellulose 
obtained  was  stronger  than  has  since  been  got  by  more  modern 
processes.  The  sawdust  was  boiled  up  with  the  discs  for 
economy's  sake,  and  inevitably  contained  portions  of  the  knots. 
These  impurities  caused  numerous  dark  specks  in  the  finished 
pulp.  Dark  specks  also  often  appeared  in  the  pulp  for  another 
reason:  the  high  temperature  prevailing  during  the  boiling 
under  a  pressure  of  several  atmospheres,  reached  the  interior 
of  the  discs  before  the  lye  and  actually  charred  the  still  dry  wood. 

Cutting  the  discs  thinner  was,  of  course,  a  remedy,  but  in- 
volved the  expenditure  of  more  money  and  time  in  the  sawmill. 

Ritter,  Kellner,  Ekman,  Flodquist,  and  Francke  used  re- 
volving chopping  machines,  and  so  reduced  the  waste  that  it 
could  be  neglected  and  did  not  have  to  be  boiled  up  with  the 
lye.  When  the  sawmill  was  used,  so  much  sawdust  was  pro- 
duced that  it  was  imperative  to  work  it  into  cellulose  as  well  as 
the  discs. 

Kellner  was  the  first  to  see  that  the  wood  had  to  be  divided  into 
smaller  pieces.  Hence  he  originated  the  application  of  a  grind- 
ing process  to  the  chips.  His  grinding  apparatus  consisted  of 
a  series  of  conical  cast-iron  grinders  revolving  on  a  vertical  axle. 
These  grinders  were  ribbed,  as  was  the  interior  of  the  chamber 
in  which  they  revolved.  The  chamber  was,  of  course,  provided 
with  a  hopper  above  for  feeding  in  the  chips  and  with  an  outlet 
below  for  the  ground  stuff.  The  wood  was  divided  in  this  mill 
parallel  to  the  direction  of  the  fiber,  and  the  previous  removal 
of  the  knots  was  supposed  to  be  avoided.  As  a  matter  of  fact, 
the  reverse  was  the  case.  The  grinding  simply  broke  up  the 
knots  so  small  that  the  impurities  were  widely  distributed 
through  the  pulp.  He  was,  therefore,  obliged  to  return  to  the 
method  of  removing  the  knots  before  grinding.  This  he  did 
with  special  machines,  comprising  very  small  circular  saws 
revolving  at  a  very  high  speed.  At  the  same  time,  he  found 
that  a  specially  constructed  chopping  machine  was  necessary 
to  get  pieces  small  enough  to  be  properly  ground  in  the  mill. 

The  use  of  this  machinery  was  found  to  entail  considerable 
danger  to  the  workmen,  with  its  attendant  consequences  of 
actions  for  damages  and  demands  for  higher  wages.  Hence 
the  introduction  of  the  centrifugal  mill  with  an  axle  armed  by 
steel  spikes  revolving  in  a  chamber  from  the  inner  walls  of  which 
similar  spikes  project.  F.ven  with  the  mills  it  was  impossible 
to  prevent  the  occurrence  of  knot  debris  in  the  pulp,  and  this 
hat!  to  be  sorted  out  by  perforated  drums,  similar  to  those  used 
for  sorting  broken  stone.     These  imperfections  have  led  to  the 
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introduction  of  the  present  roller-disintegrators.  Another 
application  oi  the  centrifugal  principle  is  in  sorting  the  chips. 

11  the  chopped  wood  is  rvntrifugari  in  a  suitable  machine,  the 
heaviest  and  largest  pieces  are  separated  from  the  lightest  and 
smallest  fragments. 

Mitscherlich's  tower  plant,  although  it  lias  been  altered  in 
details,  is  still  largely  used.  His  original  towers  were  built  up 
of  casks  with  the  heads  and  bottoms  lenocked  out.  They  are 
now  usually  made  of  granite. 

The  sulphurous  acid  is  made  by  roasting  iron  pyrites  in  ovens 
such  as  arc  used  in  the  manufacture  of  sulphuric  acid.  The 
hot  gases  pass  from  the  owns  through  brick  channels  into  cast- 
iron  pipes,  which  lead  them  into  a  set  of  vertical  pipes,  having 
about  two-thirds  of  the  height  of  the  tower.  From  this  set 
they  travel  downwards  through  another  set  of  vertical  pipes  of 
the  same  height  so  that  they  enter  the  tower  at  the  bottom. 
The  object  of  passing  the  gases  through  the  two  sets  of  vertical 
pipes  is  to  cool  them,  and  also  to  increase  the  current  passing 
into  the  tower.  The  descent  of  the  cooler  gases  in  the  second 
set  of  vertical  pipes  exerts  a  kind  of  suction  which  draws  the 
hotter  gases  up  the  pipes  of  the  first  set.  At  the  same  time,  the 
current  of  gas  varies  with  the  weather,  being  quicker  in  cold 
weather  than  in  hot,  and  slower  with  a  high  than  with  a  low 
barometer.  The  tower  itself  is,  of  course,  filled  with  limestone 
to  absorb  the  sulphur  dioxide  and  form  the  bisulphite  for  the 
treatment  of  the  wood.  This  is  delivered  in  the  form  of  solution 
ready  for  use  at  the  bottom  of  the  tower,  water  being  continually 
sprinkled  over  the  carbonate  of  lime  from  the  top  of  the  tower. 

Kellner's  attempts  at  improving  this  plant  were  not  very 
successful.  They  were  directed  chiefly  to  "making  the  working 
of  the  tower  uniform,  or,  in  other  words,  independent  of  those 
atmospheric  influences  just  mentioned.  The  only  practical 
result  took  the  shape  of  introducing  intermittent  artificial 
draught,  used,  of  course,  when  the  atmospheric  conditions  were 
adverse  to  the  free  passage  of  the  gases.  Another  idea  of  his 
was  to  substitute,  for  the  single  lofty  Mitscherlich  tower,  several 
lower  ones.  In  this  type  of  plant  the  water  is  supplied  to  the 
last  tower  only,  and  the  weak  lye  from  the  bottom  of  it  is  pumped 
to  the  top  of  the  last  tower  but  one.  It  arrives  at  the  bottom 
rather  stronger,  and  is  straightway  pumped  to  the  top  of  the 
last  tower  but  two,  and  so  on.  This  necessarily  demands 
several  acid-resisting  pumps  and  much  power. 

PROBLEMS  IN  PAPERMAKING. 

Schwalbe  calls  attention  (Paper,  9,  No.  5,  23)  to  the  chemical 
problems  which  abound  in  the  paper  mill.  There  is  the  question 
of  the  influence  of  chemicals  on  the  "beating"  process.  Cellulose 
is  a  colloid,  and,  as  such,  should  be  responsive  in  a  physical 
sense  to  the  action  of  very  small  quantities  of  chemicals  in  solu- 
tion. The  bleaching  problem  has  been  very  little  studied  on 
the  chemical  side;  it  is  not  known  what  is  the  exact  nature  of 
the  substances  removed  from  the  pulp  by  bleaching  nor  in  what 
form  they  are  eliminated. 

The  problem  of  sizing  remains  full  of  unsolved  points  and 
chemists  are  not  agreed  even  on  the  simplest  question  of  the 
chemical  reactions,  while  the  physical  reactions  are  still  more 
obscure.  The  fixation  of  the  loading  materials  is  a  physico- 
chemical  problem  which  should  repay  systematic  investigation. 
All  mineral  loadings,  especially  clay,  are  colloidal  and  readily 
influenced  by  traces  of  soluble  salts. 

The  question  of  new  sizing  agents  is  waiting  solution  and  the 
utilization  of  waste  resins  from  the  rubber  industry  appears 
to  be  within  sight.  Under  certain  conditions  engine-sized  paper 
loses  its  resistance  to  ink  after  storage,  and  the  chemical  causes 
of  this  loss  are  still  unknown. 

In  dyeing  the  pulp,  the  chemical  relations  of  the  dyestuff 
have  to  be  studied,  not  merely  towards  the  fiber,  but  also  to- 
wards   the   mineral    loading    materials.     Finally,    there    is    the 


problem  of  the  clarification  of  the  machine  waste  waters  and 

the  recovery  of  useful  matetial  from  them;  there  is  every  proba 

bility    thai     the    mechanical    process    of    clariiieat  ion    might     be 
materially   assisted   by   suitable   chemical   additions 


THE  AUTUMN  MEETING  OF  THE  INSTITUTE  OF  METALS. 

The  autumn  meeting  of  the  British  Institute  of  Metals  took 
place  at  the  Institution  of  Electrical  Engineers,  in  London,  on 
September  25  and  26,  1912,  and  a  numbei  of  interesting  papers 
were  presented.  The  report  which  follows  was  taken  from 
Nature,  go,  No.  2242,  199-201. 

Two  papers  dealt  with  the  joining  of  non-ferrous  metals  and 
alloys.  In  these  Carnevali  and  Tucker  discussed  the  question 
of  autogenous  welding.  Owing  to  the  great  extension  of  autog- 
enous welding  by  means  of  oxygen  and  acetylene,  the  question 
as  to  how  far  the  results  of  this  process  can  be  depended  upon 
is  an  important  one.  Tucker  appeared  to  regard  a  weld  as 
satisfactory  if  it  is  found  on  testing  it  to  destruction  that  the 
fracture  occurs  away  from  the  weld  itself;  but  Carnevali  pointed 
out  that  the  weakest  portion  of  a  welded  joint  is  not  the  weld 
itself,  but  the  region  of  injured  metal  on  cither  side  of  it.  Ac- 
cording to  Carnevali,  the  strength  of  welds  in  copper  and  its 
principal  alloys  can  not  be  depended  upon,  and  this  conclusion 
agrees  with  the  views  on  autogenous  welds  in  iron  and  steel 
recently  expressed  by  Fremont  and  others.  With  regard  to 
pure  aluminum,  however,  Carnevali  found  the  method  to  give 
satisfactory  results,  but  the  efficiency  of  a  weld  was  much  re- 
duced as  soon  as  it  was  applied  to  one  of  the  stronger  light  alloys 
of  aluminum.  To  quote  Nature:  "Broadly  speaking,  these 
papers  lead  one  to  view  the  rapid  development  of  autogenous 
welding  practice  with  some  suspicion." 

A  paper  by  Law  dealt  with  oxygen  and  oxides  as  deleterious 
impurities  in  alloys.  He  took  the  view  that  progress  in  non- 
ferrous  alloys  was  largely  a  question  of  the  better  elimination 
of  oxides,  and  this  opinion  was  supported  in  the  discussion  by 
Rosenhain.  Turner  appealed  to  chemists  to  devise  a  satis- 
factory method  for  the  determination  of  oxygen  in  brass.  John- 
son dealt  with  the  effect  of  impurities,  chiefly  antimony,  on  the 
properties  of  tough-pitch  copper,  and  here  again  the  discussion 
centered  around  the  part  played  by  oxygen.  The  lenient  view- 
as  to  the  deleterious  effects  of  antimony  put  forward  by  Johnson 
was  vigorously  opposed  by  those  who  have  to  deal  with  copper 
on  the  large  scale. 

Carpenter  contributed  two  papers  dealing  in  minute  detail 
with  the  inversion  which  he  has  discovered  in  a  certain  range 
of  copper-zinc  (brass)  alloys  at  a  temperature  of  470 °  C.  In 
one  of  these  papers  he  dealt  with  the  effect  of  impurities  on  this 
inversion  and  found  that  any  addition  of  a  third  metal  to  these 
alloys  tends  to  facilitate  rather  than  to  inhibit  the  transformation 
in  question;  since  the  change  renders  the  metal  weak  and  more 
brittle,  it  is  evident  that  the  use  of  the  purest  copper  and  zinc 
is  desirable  in  the  manufacture  of  those  varieties  of  brass  con- 
taining the  constituent. 

Rosenhain  and  Ewen  presented  a  paper  on  the  intercrystalline 
cohesion  of  metals.  They  advanced  the  view  that  the  crystals 
of  a  pure  metal  are  held  together  by  the  action  of  a  thin  layer 
of  metal  in  the  amorphous  condition  forming  a  kind  of  cement 
between  the  crystals.  The  conception  of  the  existence  of  such 
a  cement,  we  may  note,  had  already  been  put  forward  by  Ben- 
gough  and  by  Osmond,  but  Rosenhain  and  Ewen  claimed  to 
have  used  it  as  a  working  hypothesis  in  their  own  laboratory 
before  others  had  published  their  views. 

Beilby  discussed  the  phenomena  of  the  solidification  of  metals 
from  the  liquid  state  in  reference  to  the  "foam-cell"  theory  of 
Quincke.  The  fundamental  question,  which  goes  beyond 
Quincke's  hypothesis,  is,  whether  the  metal  in  a  liquid  state 
undergoes  any  changes  or  separations  before  actual  solidification 
commences,  and,  if  so,  whether  there  is  really  any  formation  of 


Dec,   1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


91S 


foam  cells  or  analogous  structures  governing  the  crystallization 
of  the  metal.  Heilby  evidently  finds  the  "foam  cell"  theory 
less  attractive  after  close  consideration.  It  is  likely  that  an 
exhaustive  report  on  our  present  knowledge  of  the  passage 
from  the  liquid  to  one  solid  state  in  metals,  will  be  prepared 
under  the  auspices  of  a  committee  of  the  Institute  of  Metals; 
this  will  certainly  be  very  welcome  to  metallurgists  and  chemists. 


SOLID  OIL  AS  A  MARINE  FUEL. 
The  question  of  a  solid  fuel  for  ocean  liners  in  the  shape  of 
solidified  petroleum  is  being  taken  up  in  Europe,  and  the  out- 
look for  this  kind  of  fuel  seems  promising  according  to  the 
Scientific  American,  107,  326.  Tests  have  been  made  in  many 
countries  with  spray  fuel  burners,  but  when  it  came  to  actually 
applying  these  on  shipboard  an  obstacle  arose,  as  the  new 
method  would  lead  to  a  radical  transformation  of  the  existing 
apparatus.  Besides,  great  storage  tanks  are  needed  for  the 
liquid,  and  the  action  of  the  latter  upon  the  walls  of  the  tanks 
would  be  strongly  felt  when  the  vessel  is  rolling  at  sea.  It  was 
decided  quite  recently  at  a  meeting  of  ship  owners  at  London 
to  go  into  the  production  of  solidified  petroleum  brickets  on  a 
large  scale.  These  are  obtained  as  follows:  The  crude  oil  is 
boiled  and  to  it  is  added  a  certain  amount  of  stearic  acid  with 
an  alcoholic  solution  of  caustic  soda.  Upon  cooling,  there  is 
obtained  a  transparent  mass  somewhat  resembling  glycerine 
soap,  and  it  has  sufficient  cohesion  to  allow  of  making  it  into 
square-shaped  brickets.  Such  blocks  have  a  slow  and  very- 
regular  combustion  owing  to  their  uniformity  of  structure. 
The  weather  does  not  seem  to  affect  them,  and  they  always  re- 
main clear.  The  heat  production  from  them  is  such  that  a  ton 
of  solidified  petroleum  serves  instead  of  21/.,  tons  of  coal.  The 
great  saving  of  space  on  shipboard  is  evident,  and  another  point 
is  the  great  all-round  economy  realized  for  producing  an  equal 
amount  of  steam.  Some  British  naval  engineers  studied  the 
question  and  concluded  that  for  a  single  trip  of  a  Cunard  liner 
from  England  to  New  York  and  return  the  lowest  figure  for 
the  saving  would  be  $60,000.  They  also  reported  the  following 
points  in  favor  of  the  new  fuel:  1.  No  appreciable  modification 
of  the  furnaces  or  bunkers  is  needed.  2.  The  brickets  burn 
very  well  in  open  furnaces.  3.  They  have  a  very  high  calorific 
power.  4.  No  inflammable  gas  is  given  off  under  the  action  of 
heat  in  the  furnace.  5.  They  burn  slowly  without  running  of 
liquid,  nor  is  there  any  crackling  or  explosion.  No  ash  is  left. 
6.  Their  regular  shape  facilitates  storing,  and  there  is  no 
space  lost.  7.  The  brickets  harden  with  time  and  reach  a  great 
crushing  resistance.  8.  The  range  of  the  vessel  will  be  much 
increased,  which  is  a  capital  point  for  war  vessels.  From 
another  point  of  view,  it  is  held  that  the  navigation  companies 
will  be  more  inclined  to  increase  the  speed  of  the  ocean  liners, 
since  they  are  able  to  obtain  high  steam  pressure  at  a  much  less 
cost  for  fuel  than  before. 


HIGH-PRESSURE  GAS  LIGHTING. 

At  a  meeting  of  the  New  York  Section  of  the  Illuminating 
Engineering  Society,  held  on  October  10,  1912,  G.  S.  Barrows 
presented  for  the  authors,  F.  W.  Goodenough,  Oscar  Klatte 
and  R.  N.  Zeek,  papers  relating  to  high-pressure  gas  lighting. 

High-pressure  gas  lighting  has  been  employed  in  Germany 
for  the  past  ten  years  and  has  reached  a  high  stage  of  develop- 
ment. The  lamps  employed  have  from  one  to  five  mantles 
and  vary  in  candle-power  from  500  to  4000.  An  indication  of 
the  growth  of  this  kind  of  lighting  is  found  in  the  city  of  Berlin, 
where,  up  to  1905,  about  15  miles  of  street  were  lighted  with 
electric  arc  lamps.  From  1905  to  191 1  a  mile  of  electric  lighting 
was  added.  In  1905  about  4  miles  were  lighted  with  high- 
pressure  gas,  but,  during  the  period  from  1905  to  1911,  32  miles 
of  high-pressure  gas  lighting  were  added,  and  a  further  extrusion 
of  42  miles  is  contemplated.     There  are  several  high-pressure 


gas-lighting  installations  in  America,  but  thus  far  they  have- 
not  passed  beyond  die  experimental  stage. 

Norman  Macbeth  claimed  that  the  rapid  development  of  gas 
lighting  in  Europe  as  compared  with  America  represents  an 
indictment  either  of  electric  men  abroad  or  of  the  gas  men  here. 
He  claimed  that  the  gas  manufacturers  in  this  country  do  not 
appreciate  the  opportunities  that  exist  in  their  own  field. 

H.  T.  Owens  called  attention  to  the  increasing  interest  aroused 
in  high-pressure  lighting,  which  doubles  the  efficiency  as  com- 
pared with  the  methods  in  common  use  to-day. 

In  closing  the  discussion,  Mr.  Harrows  remarked  that  while 
the  lite  of  the  incandescent  mantles  as  first  used  for  high-pressure 
lighting  in  this  country  was  about  ten  days,  improvements  in 
mantles  have  caused  an  increase  in  life  to  about  fifty  days. 

THE  PROPERTIES  OF  MOTOR  FUELS. 
Romberg   (Ding.  poly.    /.,  327,  616)  gives  the  properties  of 

the  motor  oils  on  the  German  market  as  follows: 


Sett 

ing  point 

Title. 

Density. 

B.  p.,  C. 

C. 

t'SK. 

Galician  gas  oil 

0  868 

300°-380° 

4-.    1 

Diesel  motors 

American  gas  oil 

0  858 

300 "-380° 

—  10 

Motor  benzine 

0.705/15 

60°-120° 

—20 

Automobile  and 
small  motors 

"  Veloxin1' 

0.69/70 

50°-110° 

—20 

Motor  benzine  1 1 

0.75/76 

90°-160° 

—20 

Automobile  benzine 

0.69/70 

60°-100° 

Motor  benzine  I 

0.715/25 

70°-120° 

Motor  benzine  II 

0.75/77 

100°-140° 

Automobile  benzine 

0.692/98 

40°-110° 

—70 

Motor  benzine  I 

0   704    15 

40°-120° 

—70 

Motor  benzine 

"Heraklin" 

0   734   74 

75°-135° 

—70 

Motor  benzine  II 

0.751/58 

70°-150° 

—40 

Gas  oil 

0.864/88 

174°-360° 

0 

Diesel  motors 

Gas  oil  I 

0.863 

190°-300° 

Austrian  gas  oil 

0.860 

Petroleum 

0  80 

100°-300° 

Petroleum 

motors 

THE  CONSUMPTION  OF  OXYGEN. 

Following  the  increase  in  the  employment  of  oxygen  in  the 
welding  of  metals  (oxy-acetylene  and  oxy-hydrogen  welding), 
etc.,  the  consumption  of  the  commodity  has  grown  greatly  in 
recent  years. 

The  Chemiker  Zeitung,  36,  No.  117,  1128,  gives  the  consump- 
tion of  oxygen  for  191 1  in  1000  cubic  meters  as  follows: 

Number  of  oxygen  works. 

Lique-  Electro- 
Amount  faction  lytic 
Country.  used.  of  air.  processes. 

Germany 4,000  39  3 

Prance 2,000  9  6 

England 1,100  8  2 

tinted  States  and  Canada 1,100  9  8 

Austria  Hungary 600  9  1 

Italy 600  4  1 

Belgium  and  Holland 500  5  4 

Russia 250  8  1 

South  America 230  6  1 

Spam  and  Portugal 100  3  1 

Scandinavia 100  6 

Switzerland 80  4  1 

China  and  Japan 40  4 

Balkans 20  3  1 

Total 10,720  117  30 

Altogether  145  factories  arc  engaged  in  the  manufacture  of 
oxygen  from  the  air,  by  means  of  condensation  and  distillation, 
and  by  the  electrolysis  of  water.  There  are,  in  addition,  a  num- 
ber of  plants  employing  other  processes,  but  the  oxygen  is  in- 
tended mainly  for  medicinal  purposes.     In  France,  the  average 
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price  foi   i  cubic  meter  ol  the  compressed  gas  is  from  [.50  to 
50  1 1. iius.  and  in  German)  from 0.80  to  r.6o  me 


"PLUMBOXAN." 

Ai  the  meeting  oi  Section  8  of  the  Convention  "Deutscher 
Naturforscher  und  Aerate  in  Minister  i.  W.,"  in  September,  1912, 
G.  KassiuT  presented  a  paper  on  "A  New  Method  for  tin-  Pro- 
duction of  Oxygen  by  Chemical  Menus." 

Tessie  du  Montay  showed  that  alkali  manganates  become  soft 
on  heating  ami  that,  on  treating  with  steam,  they  decompose 
with  the  separation  of  alkali  hydroxides.  On  mixing  sodium 
manganate  with  sodium-m-plumbate  in  molecular  proportions, 
K, issuer  obtained  a  smaragdine  green  compound,  or  solid 
solution,  which  he  calls  "plumboxan."  When  steam  is  allowed 
to  act  upon  this  compound  at  an  elevated  temperature,  oxygen  is 
given  off;  upon  passing  air  over  the  de-oxygenated  "plumb- 
oxan," oxygen  is  replaced  in  a  very  short  time.  Again,  "plumb- 
oxan" can  stand  higher  temperatures  without  becoming  soft 
and  losing  its  porosity  than  alkali  manganates.  It  is  a  stable 
compound  and  forms  a  very  good  means  for  the  production  of 
oxygen.  It  is  necessary  that  all  traces  of  carbon  dioxide,  as 
well  as  dust,  etc.,  be  removed  from  the  air  before  it  is  passed 
over  the  "plumboxan."  The  reaction  occurs  according  to  the 
following  equations: 

Na2Pb03.Na2Mn04  =  Na,Pb04  +  MnO,  +  0; 

Na.PbO,  +  Mn02  +  Aii(0  +  4N)  =  Na2Pb03.Na2Mn01  +  4N. 


ALUMINUM   ALLOYS. 

In  the  Engineering  Section  of  the  British  Association  meeting 
at  Dundee,  Ernest  Wilson  presented  a  report  on  "Exposure 
Tests  of  Light  Aluminum  Alloys."  Investigations  made  during 
the  last  ten  years  have  shown  that  alloys  of  commercial  alumi- 
num with  copper  only  were  not  satisfactory.  Wilson  investi- 
gated alloys  in  the  form  of  wire,  0.126  inch  in  diameter,  to  ascer- 
tain the  effect  of  exposure  on  electrical  conductivity.  The 
addition  of  iron,  nickel  and  manganese  to  the  low-copper  alloys 
was  found  to  increase  both  the  tensile  strength  and  the  resistance 
to  deterioration.  With  specimens  containing,  respectively, 
1. 16  per  cent,  of  iron,  2.25  per  cent,  of  nickel,  and  1.78  per  cent. 
of  manganese,  the  electrical  resistance  had  only  increased  about 
9  per  cent,  in  eleven  years.  "Duralumin"  was  a  copper-man- 
ganese-aluminum alloy,  plus  about  0.5  per  cent,  of  magnesium, 
and  after  an  exposure  of  one  year  a  specimen  80  feet  long  had 
increased  5.15  per  cent,  in  electrical  resistance.  Wilson  asked, 
was  this  due  to  the  comparatively  high  percentage  of  copper 
or  was  the  manganese  too  low?  This  alloy  could,  by  suitable 
treatment,  be  obtained  with  a  very  high  breaking  load,  but  its 
specific  resistance  was  about  twice  that  of  commercial  aluminum. 

In  the  discussion,  Lupton  pointed  out  the  well  known  destruc- 
tive action  of  salt  on  aluminum  and  its  alloys.  Petavel  called 
attention  to  the  fact  that  "duralumin"  at  its  best  might  have 
the  lightness  of  aluminum  with  the  strength  of  steel,  but,  un 
fortunately,  it  was  extremely  sensitive  to  heat  treatment. 

In  this  connection,  see  W.  Roberts-Austen,  Third  Report  of 
the  Alloys  Research  Committee,  wherein  the  melting  points  of 
the  iron-aluminum  alloys  are  given;  and  E.  F.  Law-,  Faraday 
Society,  June,  19 10. 

METALLURGIE. 

Beginning  with  the  October  number,  the  German  journal 
Metallurgie  was  divided  into  two  independent  publications. 
One,  Metall.  und  Erz,  is  to  deal  with  the  mining,  concentration 
and  metallurgy  of  ores,  with  the  exception  of  those  of  iron,  and 
will  be  edited  by  the  Gesellschaft  Deutscher  Metallhutten-  und 
Bergleute;  the  other,  Ferrum,  will  deal  with  the  metallurgy  of 
iron  and  steel,  mechanical  testing,  metallography,  etc.  Ferrum 
is    edited    by    Dr.    Wiist,    of    Aachen.     Metallurgie   attained    a 


ition  m  technical  literature,  and  it  is  to  be  expected 
thai   the   two  new   journals  will  covet    theii    respective    fields 

c prehensively  and  will  prove  of  more  direel    to  their 

m.i.i.  1  who  are  specialists  iii  the  metallurgy  of  the  ferriferous 
and  non  lei  1  iferous 

A  NEW  TYPE  OF  CONTINUOUS  FURNACE. 
Tin   oil  fired  furnace  illustrated  herewith  is  the  invention  of 
P.  [.  Gordon  and  R.  T.  Prall;  it  is  being  used  at  the  Ybungstown, 

Ohio,  plant  of  the  Republic  Iron  and  .Steel  Co.,  foi  heating  rods 
in  the  manufacture  of  railroad  spikes,  but  the  idea  may  be  capa- 
ble of  extension  to  glass  and  sintering  furnaces. 


In  principle,  the  construction  consists  in  having  a  number  of 
reverberatory  hearths  in  tandem.  The  furnace  at  Youngstown 
is  9V2  inches  wide,  12.  inches  high  at  the  burners,  and  5  inches 
high  at  the  "verbs."  Either  gas  or  liquid  fuel  may  be  used,  and, 
when  fired,  the  furnace  has  the  appearance  of  an  incandescent 
tube. 

ARTIFICIAL  SILKS. 

Artificial  silk  is  fast  coming  to  be  a  very  important  textile 
material  and  is  being  used  in  ever-increasing  quantities  by  the 
trade.  It  is  employed  as  an  adjunct  not  only  to  the  silk  in- 
dustry itself  but  is  also  being  used  in  connection  with  wool  and 
cotton  in  the  preparation  of  a  great  variety  of  fabrics.  It  is 
even  being  used  largely  in  knot  goods  and  hosiery  in  combination 
with  cotton  and  mercerized  cotton. 

The  dyer,  therefore,  is  meeting  more  and  more  with  this  product, 
and  as  there  are  three  different  kinds  of  artificial  silks  in  general 
use  and  as  these  different  varieties  possess  certain  differences  in 
structure  and  quality,  it  really  becomes  a  question  of  consider- 
able importance  to  the  dyer  to  know  one  variety  from  another. 
This  is  more  especially  important  because  one  silk  may  stand  a 
treatment  which  would  be  fatal  to  another. 

The  three  artificial  silks  now  to  be  met  with  on  the  market  are 
described  in  a  recent  issue  of  the  Wool  and  Cotton  Reporter  as 
follows : 

1.  Collodion  silk,  known  also  as  Chardonnet,  or  nitrosilk.  It 
is  prepared  from  nitrated  cotton. 

2.  Cuprate  silk,  known  also  as  Glanzstoff,  Pauly,  Elberfeld 
silk.  It  is  prepared  from  a  solution  of  cellulose  in  euprammon- 
ium  solution. 

3.  Viscose  silk.  This  is  prepared  from  a  solution  of  cellulose  in 
a  mixture  of  caustic  soda  and  carbon  disulphide. 

In  their  outward  appearance  the  three  forms  of  artificial  silk 
are  so  nearly  alike  that  it  would  not  be  possible  to  distinguish 
between  them.  Even  a  microscopic  examination  by  an  ex- 
perienced observer  does  not  lead  to  any  positive  conclusion  as 
to  kind  of  silk. 

A  fairly  simple  test,  however,  and  one  which  may  be  easily 
carried  out  by  the  average  dyer  is  the  following:  A  sample  of 
the  silk  to  be  tested  is  placed  in  a  small  porcelain  dish,  and  con- 
centrated sulphuric  acid  is  poured  over  the  fibers.  If  the  sample 
consists  of  collodion  silk  no  coloration  appears  until  about  an 
hour  has  elapsed,  when  the  acid  solution  will  acquire  a  pale 
yellow  color. 

In  the  case  of  cuprate  silk  the  acid  becomes  yellow  imme- 
diately and  the  color  becomes  deeper  on  standing.  In  the  case 
of  viscose  silk  the  acid  immediately  develops  a  reddish  brown 
color,  deepening  to  a  rusty  brown  after  standing  for  an  hour. 
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NOTES  AND  CORRESPONDENCE 


OBITUARY     THOMAS  PRICE. 

Professor  Thomas  Price,  a  member  of  the  American  Chemical 
Society,  died  in  San  Francisco,  on  October  13th,  at  the  age  of 
77  years. 

Professor  Price  came  to  San  Francisco  in  1862  from  Swansea, 
Wales,  of  which  principality  he  was  a  native.  He  had  been 
professor  of  chemistry  in  the  Normal  College  of  Swansea,  suc- 
ceeding Greville  Williams,  whose  assistant,  pupil  and  friend 
he  had  been,  and  it  is  interesting,  at  this  time,  to  recall  that  he 
■worked  with  Williams  on  his  classic  separation  of  isoprene. 
Professor  Price  also  studied  at  the  Royal  School  of  Mines  in 
London  where  Hofmann  was  then  professor  of  chemistry,  and 
Percy  the  professor  of  metallurgy. 

In  San  Francisco,  Professor  Price  was  for  some  years  professor 
of  chemistry  and  toxicology  in  the  Toland  Medical  College, 
where  he  also  took  the  degree  of  M.D.  With  Dr.  Lane  and  Dr. 
Gibbons,  Sr.,  he  started  what  is  now  the  Cooper  Medical  College, 
the  medical  department  of  Leland  Stanford,  Jr.,  University. 

The  mineral  priceite  was  so  named  by  Professor  Silliman,  of 
Yale,  in  honor  of  Professor  Price,  whose  work,  subsequently 
confirmed  by  Silliman  and  Dana,  had  shown  it  to  be  a  hitherto 
unknown  borate  of  lime. 

Professor  Price  was  always  most  active  in  his  profession, 
almost  to  the  end  of  his  long  useful  career,  and  no  name  was 
better  known  to  the  profession  and  the  laity  than  his.  Few 
men  anywhere  have  been  so  generally  called  upon  as  an  expert 
witness  in  important  cases  involving  toxicological  or  general 
chemical  questions  as  was  Prof.  Price. 

He  was  of  a  most  genial  and  lovable  disposition,  a  ripe  scholar 
and  a  deep  student,  and  profoundly  modest  withal. 

Professor  Price  is  survived  by  a  son  and  three  daughters. 

Arthur  F.  Price. 


A   SUGGESTION   REGARDING  THE   GRADUATION    OF   HY- 
DROMETERS. 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  hydrometers,  which  are  at  present  in  general  use,  are 
the  Baume,  the  Twaddle,  and  the  normal  hydrometer.  The 
Baume  is  used  especially  among  practical  men,  but  it  has  no 
scientific  standard  and  shows  many  inconveniences.  It  has 
two  kinds  of  units  of  graduation  for  the  heavier  and  the  lighter 
liquids,  and  each  1  degree  has  a  different  magnitude  of  specific 
gravity;  for  example: 

Degree.  Sp.  gr.  Difference. 

Heavier  liquid 1-2  1.0000-1.0066  0.0066 

Heavier  liquid 50-51  14902-14951  0.0049 

Lighter  liquid 10-11  10000-0.9932  0.0068 

Lighter  liquid 50-51  0  7849-0.7808  0  0042 

The  Twaddle  is  from  the  scientific  view  point  much  belter 
than  the  Baume,  but  it  lacks  that  for  the  lighter  liquid.  The 
normal  hydrometer  is  scientifically  the  most  rational,  but  its 
use  is  limited  to  scientific  workers.  In  m\  opinion  it  has  also 
some  faults,  which  make  it  unsuitable  for  practical  men. 

(i)  It  gives  only  absolute  numbers,  which  are  rarely  used 
among  practical  men.  When  it  is  said  that  sulphuric  acid  has 
a  sp.  gr.  of  i. 710,  the  number  is  absolute,  it  is  much  clearer  to 
say  60  degrees. 

(2)  The  numbers  have  many  decimal  figures,  which  are  very 
inconvenient  to  read  and  to  remember.  When  it  is  said  that 
the  specific  gravity  is  1.710  or  0.807,  we  have  three  decimal 
figures.     It  is  much  easier  to  say  60  or  45  degrees. 

Hence,  as  I  think,  the  normal  hydrometer  did  not  come  into 
general  use  among  the  practical  men.  and  other  various  hydrom- 
eters are  used  which  make  things  very  complex. 


Therefore,  I  wish  to  propose  a  hydrometer  for  industrial  and 
commercial  use,  which  will  be  graduated  to  have  1/100  part 
of  the  weight  of  water  at  40  C.  as  a  unit,  i.  e.,  water  as  ioo°. 
With  this  hydrometer  the  following  conveniences  would  result: 

(1)  Its  degrees  would  have  a  simple  relation  to  the  real 
specific  gravity,  and  would  be  scientifically  much  more  correct 
than  the  Baume  and  Twaddle  systems. 

(2)  The  unit  of  graduation  will  have  a  name  1  degree  1.  which 
is  among  practical  men  more  convenient  than  an  absolute  num- 
ber. 

(3)  The  number  indicating  the  degrees  would  have  fewer 
decimal  figures  and  be  very  convenient  to  remember. 

When  a  liquid  has  a  sp.  gr.  1.2345.  the  number  has  four  decimal  figures. 
It  \v,,uld  be  much  easier  to  read  and  to  remember,  if  it  is  written  123.45. 

j  For  the  lighter  liquids,  the  figures  will  become  le^s.  be- 
cause we  can  write  23.45  instead  of  0.2  viv 

(5)  The  same  systems  can  be  used  throughout  the  heavier 
and  lighter  liquids. 

Examples  of  Various  Graduations. 


Substance 

Usual  hydrom. 

Sp.  gr. 

X'ew  hydrom 

Benzene 

0.87907 

87.907° 

Petroleum 

Baume  45  ° 

0.806 

80.6° 

Sulphuric  acid 

Baume  45° 

1  .455 

145  5° 

Bromine 

3.1872 

318.72° 

Acetic  acid 

Tw.  9° 

1.045 

318.72° 

Alcohol 

(Vol    %  5) 

0.9335 

93.35  ' 

Ammonia  water 

U5.4%) 

0  942 

94.2  = 

Tokio  University,  Japan. 
September  18,  1912. 


T.   Kamoi. 


THE  EFFECT  OF  "LIME-SULPHUR"  SPRAY  MANUFACTURE 

ON  THE  EYESIGHT.— A  NOTE. 
Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

I  have  read,  with  a  great  deal  of  interest,  the  article  in  This 
Journal,  October,  1912,  by  Mr.  James  R.  Withrow  on  "The 
Effect  of  Lime-sulphur  Spray  Manufacture  on  the  Eyesight." 

In  making  small  batches  of  lime-sulphur  spray  in  an  uncovered 
kettle  in  the  open  air,  we  have  experienced  symptoms  very  similar 
to  the  ones  noted,  although  no  permanent  blurring  of  the  vision 
resulted.  The  eyelids,  however,  became  very  red  and  were 
badly  swollen. 

Since  the  trouble  with  the  eyesight  came  only  near  the  end 
of  the  "cook,"  and  was  very  similar  to  the  smarting  sensation 
produced  by  getting  the  diluted  spray  in  the  eye,  we  supposed 
the  disagreeable  effects  were  caused  by  particles  of  solid  material 
carried  out  with  the  escaping  steam.  No  experiments  were 
undertaken  to  prove  this  point. 

The  danger  of  permanent  injury  to  the  eyesight  by  the  poly- 
sulphides  of  hydrogen — in  case  Mr.  Withrow  has  at  hand  data 
to  prove  their  existence  in  the  escaping  steam — should  be  clearly 
pointed  out  for  the  benefit  of  small  fruit  growers  who  make 
up  their  own  lime  sulphur  spray  in  uncovered  kettles  in  batches 
ranging  from  one  to  five  barrels.  Archie    T    Weith. 

Department  of  Industrial   RESEARCH, 
University  <>i    k  ujs  is, 
Lawrence. 

THE  ANDREW  CARNEGIE  RESEARCH  SCHOLARSHIP. 

A  Research  Scholarship  or  Scholarships,  of  such  value  as 
may  appear  expedient  to  the  Council  of  the  Iron  and  Steel 
Institute  from  time  to  time,  founded  by  Mr.  Andrew  Carnegie 
(Past-President  1.  who  has  presented  to  the  Iron  and  Steel  Insti- 
tute the  sum  of  one  hundred  thousand  dollars  for  the  purpose, 
will  be  awarded  annually,  irrespective  of  sex  or  nationality,  on 
the  recommendation  of  the  Council  of  the  Institute.  Candi- 
dates, who  must  be  under  thirty-five   years  of  age,  must  apply 
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on  a  special  form  before  the  end  of  February  to  the  Secretary 
>.i  the  fnstitute 

The  object  of  iliis  scheme  of  Scholarships  is  nol  to  facilitate 
ordinary  collegiate  studies,  bul  to  enable  students,  who  have 
passed  through  a  college  curriculum  or  have  been  trained  in 
1u1lusi1i.1i  establishments,  to  conduct  researches  in  the  metal 
lurgj  "i  iron  and  Bteel  and  allied  subjects,  with  the  view  of 
aiding  its  advance  or  its  application  to  industry.  There  is  n<> 
restriction  as  to  the  place  of  research  which  may  be  selected, 
whether  university,  technical  school,  or  works,  provided  it  be 
properly  equipped  for  the  prosecution  of  metallurgical  inves- 
tigations. 

The  appointment  to  a  Scholarship  shall  be  for  one  year,  but 
the  Council  may  at  their  discretion  renew  the  Scholarship  for 
a  further  period  instead  of  proceeding  to  a  new  election.  The 
results  of  the  research  shall  be  communicated  to  the  Iron  and 
Steel  Institute  in  the  form  of  a  Paper  to  he  submitted  to  the 
Annual  General  .Meeting  of  members,  and  if  the  Council  con- 
sider the  Paper  to  he  of  sufficient  merit,  the  Andrew  Carnegie 
Gold  Medal  shall  be  awarded  to  its  author.  Should  the  Paper 
in  any  year  not  he  of  sufficient  merit,  the  Medal  will  not  be 
awarded  in  that  year. 

By  Order  of  the  Council, 

C.  C.  Lloyd,  Secretary. 


AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS. 

FIFTH  ANNUAL  MEETING. 

The  Annual  Meeting  of  the  Institute  was  held  in  Detroit, 
Michigan,  December  4th  to  7th,  with  headquarters  at  the  Hotel 
Cadillac.  In  addition  to  routine  business,  the  following  program 
was  presented: 

Presidential  Address:   "Protection  of  Intellectual  Property 
in  Relation  to  Chemical  Industry,"  Dr.  L.  H.  Baekeland. 

"Changing  Rate  of  Setting  Portland  Cement,"  Prof.  E.  E. 
Ware. 

"Industrial  Efficiency,"  Wm.  M.  Booth. 

"Technical   Accounting    and    Chemical    Control    in    Sugar 
Manufacture,"  David  L.  Davoll,  Jr. 

"Availability  of  Blast  Furnace  Slag  as  a  Material  for  Making 
Brick,"  Prof.  A.  E.  White. 

"The  Chemical  Engineering  Laboratory  of  Columbia  Uni- 
versity," Prof.  M.  C.  Whitakcr. 

'^Industrial  Fellowships,"  Prof.  Robert  K.  Duncan. 

"Tests  on  the  Opacity  and   Hiding  Power  of  Pigments," 
G.  W.  Thompson. 

"Composition  of  Glucose  and  Starch  Sugars,"  Dr.  Edward 
Gudemau. 

"Solvents  for  Acetylene,"  Prof.  J.  H.  James. 

"Rotary  Kiln  Lining  for  Burning  Portland  Cement  Clinker 
of  Unusual  Composition,"  Chas.  A.  Newhall. 

"The  Bituminous  Rocks  of  the  United  States  and  their  Use 
for  Street  Surfaces,"  S.  F.  Peckham. 

Excursions  were  arranged  to  a  number  of  chemical  engineering 


plants  and   institutions  in  and  around    Detroit,  including  the 

follow  ing: 

Parke  Davis  &  Co. ;    \.  nn    Wliit.    Lead  and  Color  Co.,  Ford 

Motor  Co.;   Pennsylvania  Salt    Manufacturing    Co.;     Laboratories 

and  Buildings  of  the  University  of  Michigan  (a  complimentary 
luncheon  was  served  at  the  University) ;  Kerry  Bros,  Ltd.;  De 
troit  Sulphite'  Fibre  Co.;   Detroit  Copper  and  Brass  Rolling  Mills; 

Michigan   Malleable  Co. 

A  Subscription  Dinner  was  served  at   the  Hotel  Cadillac,  at 

-.1  o  I'M.,  Friday,  December  Oth. 

THE  CHEMICAL  SOCIETIES  IN  NEW  YORK  CITY. 

PROGRAM   OF   MEETINGS   t'OK   Tin;    SEASON    IQI2     1913. 

At  a  joint  conference  of  the  Chairmen  and  Secretaries  of  the 
New  York  Sections  of  the  American  Chemical  Society,  the 
American  Electro-Chemical  Society  and  the  Society  of  Chemical 
Industry,  a  schedule  of  meetings  was  worked  out  for  th. 
1912-1913.  This  schedule  includes,  in  addition  to  the  regular 
monthly  meetings,  three  joint  meetings,  one  to  be  held  under 
the  auspices  of  each  of  the  societies  represented.  The  program 
as  adopted  is  as  follows: 

American  Chemical  Society,  October  11,  1912. 

Society  of  Chemical  Industry,  October  25,  1912. 

American  Chemical  Society,  November  8,  1912. 

Society  of  Chemical  Industry,  November  22,  19 12. 

Joint  meeting,  American  Chemical  Society,  December  13,  191 2. 

American  Chemical  Society,  January  10,  1913. 

Society  of  Chemical  Industry  (Perkin  Medal),  January  24,  191  3. 

Joint  meeting,  American  Electro-Chemical  Society,   February 

7.  IQI3- 

American  Chemical  Society,  March  7,  19 13. 

Society  of  Chemical  Industry,  March  28,  1913. 

Joint  meeting,  Society  of  Chemical  Industry,  April  25,   1913. 

American  Chemical  Society,  May  9,  1913. 

Society  of  Chemical  Industry,  May  23,  1913. 

American  Chemical  Society,  June  6,  1913. 


ON  THE  STARCH  OF  GLUTINOUS  RICE  AND  ITS    HYDROL- 
YSIS BY  DIASTASE.— A  CORRECTION. 

In  my  article  printed  under  the  above  title  in  This  Journal, 
4,  578,  the  second  table  on  page  580  should  read  as  follows: 

Minimum 
quantity 
of  baryta 
Solu-        water  to 
tion      precipitate 
taken,     the  earbo 
Carbohydrate  solution.  cc.      hydrate,  cc. 

1  per  cent,  potato  starch  solution,  100  cc.  ) 
1  per  cent,  soluble  starch  solution,  1.0  cc.  j 
1  per  cent,  glutinous  rice  starch  solution,  100  cc  )  A 

1  per  cent,  erythrodextrin  solution,  1.0  cc )  " 

1  per  cent,  glutinous  rice  starch  solution,  100  cc  ) 

1  per  cent,  erythrodextrin  solution,  2.0  cc )  " 

1  per  cent,  glutinous  rice  starch  solution,  100  cc  ) 
1  per  cent,  erythrodextrin  solution,  5.0  cc ) 

Yoshio  Tanaka. 


BOOK  REVIEWS 


Paper  Pulps  from  Various  Forest  Woods.  Experimental  Data 
and  Specimens  of  Soda  and  Sulphite  Pulps.  Compiled  by 
Henry  E.  SURFACE,  Chemical  Engineer  in  Forest  Products. 
Forest  Products  Laboratory  Series.  U.  S.  Department  of 
Agriculture,  Forest  Service,  Washington,  191 2. 
This  little  publication  consists  of  some  twenty-three  pages  of 

tabulated  data  with  descriptive  matter  and   fifty-five  samples 


of  sheeted  pulp  inserted  as  leaves  in  the  booklet.  On  this  ac- 
count the  edition  was  very  limited  and  its  distribution  confined 
almost  exclusively  to  the  pulp  and  paper  industry.  "The 
purpose  of  the  report  is  to  show  specimens  of  paper  pulps  made 
from  a  number  of  different  woods,  and  to  give  the  experimental 
data  connected  with  their  production."  It  is  recognized  that 
further  work  must  be  done  before  the  availability  and  suitability 
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of  a  given  pulp  can  be  definitely  shown  "The  report  does  show 
the  yields,  qualities,  and  general  characters  of  the  pulps  and  the 
cooking  conditions  used  to  obtain  these-  results."  It  seems  ap- 
parent already,  however,  that  a  number  of  the  woods  can  be 
used  commercially  under  suitable  conditions.  The  report 
covers  some  woods  now  used  commercially  to  a  slight  extent. 
While  the  difficulty  of  reproducing  real  industrial  conditions 
on  a  srrall  scale  is  believed  by  the  compiler  to  have  mitigated 
against  a  favorable  quality  of  pulp  in  some  cases,  yet  it  is  very 
apparent  that  the  results  obtained  are  sufficiently  interesting 
to  completely  justify  the  trouble  of  conducting  these  experi- 
ments for  the  last  half  dozen  years  or  more.  It  seems  to  the 
reviewer  that  this  at  least  is  one  government  industrial  chemical 
project  which  is  of  real  service  to  the  country  as  a  whole  as  we.ll 
as  a  given  industry  and  at  the  same  time  can  hardly  be  said 
to  be  unfair  competition  with  existing  consulting  chemists  on  the 
one  hand  or  guilty  (as  in  some  bureaus)  of  carrying  on  at  the 
public  expense  investigation  work  which  should  properly  be 
done  by  an  abundantly  able  but  "Tom  Sawyer"  like  industry. 
This  laboratory  is  to  be  congratulated  also  in  avoiding  the  in- 
dustrial criticism  of  not  having  shown  avenues  of  profitable 
pulp  manufacture  or  of  having  been  too  precipitate  in  so  doing. 
With  ample  and  tempting  results  in  hand  it  has,  instead .  modestly 
but  clearly  stated  results,  furnished  the  data  of  the  work  as  far 
as  conducted  and  supplied  samples  of  the  product,  and  wisely 
indicated  that  definite  statement  of  the  probably  profitable 
pulping  woods  must  be  withheld  until  at  least  more  detailed 
investigation  is  had.  The  work,  so  far,  is  the  first  necessary- 
step,  namely  possibility  of  pulping,  yield  and  character  of  the 
pulp  from  a  wide  variety  of  possible  sources 

The  results  are  in  the  hands  of  those  who  are  most  likely 
to  utilize  them  and  so  secure  the  result--  desired  by  the  Forest 
Service.  One  point  might  be  worth  mentioning,  namely,  the 
case  of  pulps  40  and  41  made  from  longleaf  pine.  It  has  long 
been  my  expectation  that  this  source  is  to  be  one  of  great  im- 
portance in  the  future.  Now  that  difficulties  in  details  of  the 
application  of  the  soda  process  to  this  wood  have  been  success- 
fully overcome  by  proper  modifications,  there  should  be  a  growing 
tendency  for  the  pulp  industry  to  center  in  the  south. 

James  R.  Withrow. 

The  Metallography    of   Iron  and   Steel.     By  Albert   SauvEi  k 

71/,  X   io'/2  in.     425  pp.     Illustrated.     Sauveur  and   Bolys- 

ton,  Cambridge.  Mass  ,   191  2.      Price.  $6.00  postpaid. 

In  the  preface,  the  author  offers  this  book   to  those  seeking 

self-instruction  in  the  metallography  of  iron  and  steel ;  to  teachers 

and  students  as  a  textbook:  to  manufacturers  and  users  of  iron 

and   steel  —  having  given  due   weight   to   the   practical   side — to 

the  general  reader  interested  in  the  scientific  or  practical  features 

of  the  subject,  as  the  language  is  simple;  to  experts,  hoping  they 

will  find  something  original  and  suggestive 

It  is  divided  into  twenty-four  lessons  which  have  been  very 
carefully  arranged  and  show  much  thought  and  study  as  to  the 
correct  way  to  present. the  subject  to  beginners.  For  anyone 
starting  out  to  learn  the  practical  metallography  of  iron  and 
steel,  this  book  will  be  an  enormous  help  To  those  who  have- 
already  obtained  some  skill  in  metallographic  work  it  will  serve 
as  a  guide  for  methods  and  for  future  studies  And  still  the 
book  will  be  found  of  deep  interest  to  those  already  proficient 
in  metallography,  because  it  contains  new  ideas,  old  ideas  m 
new  form,  and  a  certain  amount  of  matter,  the  theory  of  which 
is  still  open  to  debate. 

The  arrangement  of  subject  matter  is  good  and  starting  with 
apparatus  used  by  the  author,  it  deals  with  pure  metals,  their 
structure  and  the  effects  of  mechanical  and  heat  treatment; 
wrought  iron;  low  carbon  steel,  medium  high  and  high  carbon 
steel;  impurities  in  steel.  Xext  it  takes  up  the  thermal  critual 
points,  their  occurrence,  causes  and  effects,  cast  steel ;  the  mechan- 


ical treatment  of  Steel,  annealing,  hardening  and  tempering; 
theories  eii'  hardening,  cementation  anil  case-  hardening;  special 
steels,  constitution,  properties,  treatment  and  uses;  east  iron; 
malleable  east  iron.  Then,  iii  brief.  s(is  forth  tin-  constitution 
of  metallic  alloys;  the-  equilibrium  eliagram  of  iron-carbon 
alloys  and  ends  with  the  phase  rule-.  There-  are  two  appendices, 
one-  dealing  with  manipulation  and  apparatus,  embracing  polish- 
ing anel  development  of  structure;  mounting,  and  microscopes 
used  by  other  workers;  the  other  on  the  nomenclature  of  the 
microscopic  constituents,  covering  the  reports  of  Committee  i; 
of  the-  International  Association  for  Testing  Materials.  e>f  which 
Professor  Sauveur  was  a  most  efficient  secretary. 

One  or  two  criticisms  can  be  made.  The  first  is  in  reference 
to  the'  pages;  each  section  is  a  lesson  with  separate  pages  anel 
hence  it  is  difficult  to  refer  to  any  particular  topic,  for  first 
the  lesson  has  tei  be  femnel  and  then  the-  page.  The  section  on 
"apparatus  for  the  metalle)graphic  laboratory"  and  the  first 
appendix  em  "manipulations  and  apparatus"  ought  to  base 
been  combined  and  perhaps  somewhat  shortened  by  direct  refer- 
ence to  traele  catalogues.  In  regard  to  the  illustrations,  most 
of  the  micrographs  are  excellent,  but  rnic  e>r  two  might  be  omit tc<I 
or  replaced  by  better  ones  in  a  second  edition,  especially  some 
which  arc  not  photomicrographs,  but  drawings.  Again,  some 
of  the  photemiicrographs  are  reproductions  of  cuts  and  not  of 
the  eiriginal  photographs  and  as  such  have  in  many  cases  lost 
much  detail 

In  regard  to  certain  thee>ries  it  would  be  useless  to  expect 
everyone  to  agree.  Ewing  and  Rosenhain's  theory  of  growth 
of  grains  in  metals;  that  crystals  grenv  freim  the  freezing  point 
te>  the  critical  range;  that  undisturbed  cooling  is  a  cemdition 
necessary  for  the  ready  growth  of  crystals;  that  in  slow  cooling 
austenite  passes  through  the  stages  of  martenite,  troostite, 
sorbite  into  pearlite  and  se>  on;  these  are  matters  em  which 
there  is  still  a  diversity  of  opinion. 

In  the-  section  on  metallic  alh>ys,  the  omission  of  the  second 
diagram  showing  limited  solubility  in  the  soliel  state-  is  to  lie 
noted.  Several  sections  stand  out  clearly,  such  as  those  on 
the  theories  of  hardening,  on  tempering,  on  case-  hardening  and 
on  alloy  steels;  particularly  that  dealing  with  the  heat  treatment, 
all  of  which  are  exceptionally  well  written  anel  wonderfully 
clear.  It  is  very  clearly  shown  that  the  stibcarbiele  theory  of 
Arnold  is  "scientifically  untenable  anel  lacks  experimental 
support." 

The  book  is  a  good  one.  will  supply  a  decided  want,  and  will 
be-  undoubtedly  welcomed  by  all  those  interested  in  irein  and 
steel  either  fre>m  the-  practical  or  theoretical  standpoint. 

William  Campbell. 

Analysis  of  Metallurgical  and  Engineering  Materials.  By  Henry 
W\>e>K,  B.S.  L.  svo  .  pp.  82.  The  Chemical  Publishing  Co., 
Baston,  Pa,      Price,  $2.(  o. 

This  work  is  intended  for  the  use-  of  students  in  chemical 
laboratories,  and  consists  of  the  description  of  methods  of  anal- 
v  sis  of  the  various  materials  and  products  of  metallurgical  pro- 
cesses. To  facilitate-  the-  making  and  preservation  of  neites  on 
the  various  operations,  the  alternate  pages  are  blank.  The 
descriptions  are  clear  anel  in  sufficient  eletail  for  the  ordinary 
Student.      The    methods  given   are,   as  a   rule,   vve-11   selected,   but 

there-  are  several  exceptions:  for  instance  the  Bismutbate  method 
lor  manganese  is  not  described,  nor  is  the-  direct  combustion 
method  for  carbon  in  steel  given.  On  page-  52  the  use-  of  1  5 
normal  sulphuric  acid  is  advised  f < >r  determining  the  alkalinity 
of  watei  For  ordinary  waters  the  1  [  00  normal  is  much  better. 
On  page  04  i>  given  a  description  eif  the  determination  of  the 
B.  T  U.'s  in  coal  by  the  I'arr  Calorimeter  which  is  not  usually 
considered  as  accurate  as  the  Mahler  Bomb  Calorimeter. 

The  use  ol  the  hook  will  probably  save  the  time-  e.f  the-  instrue-- 
tor  and  some  labor  011  the  part  eif  the  student. 

Andrew  A.  Blair. 
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Journal  of   the   American   Chemical  Society,  Vol.  34,    1912,   Xo.    11,  pp. 

1440-1448. 
Surface  Combustion,  Photographing  a  Diaphragm.     By  Carleton 

Ellis.      American  Gas  Light  Journal,  Vol.  97,  1912,  No.  17,  pp.  257-258. 
Gas  Engine  Plant,  Blast  Furnace,  A  60,000  Horse-Power.     By  C  A. 

Tupper.     Scientific    American   Supplement.    Vol.    74,    1912,    No.    1921, 

pp.  264-266. 
Tar   Products   for   Heating,    Power   and   Illuminating   Purposes, 

Progress  and  Experiences  in  the  Technical  Uses  of.     By  Alex- 
ander Dahni.     Zeitschrift  fuer  angewandte  Chemie,  Vol.  25,  1912,  No.  40, 

pp.  2049-2058. 

Textiles,  Some  Observations  on  the  Action  of  Metallic  Chlorids 
and  Other  Substances  in  Sizing  Cotton  Yarns.  By  T.  W.  Fox, 
J.  Huebner  and  E.  Knecht.  Textile  Institute  Journal,  Vol.  3.  1912, 
Xo.  1.  pp.  27-42. 

Vacuum  Boiling  and  Crystallization  Installation  for  a  Cane  Sugar 
Factory,  Calculations  Relating  to.  By  Marius  Maxwell.  In- 
ternational i^ugar  Journal,  Yol.  14,  1912,  No.  166.  pp.  564-570. 

Welding  of  High  Pressure  Pipe  Lines.  By  Leon  B.  Jones.  American 
Gas  Light  Journal,  Vol.  97.  1912,  Xo.  17,  pp.  260-263. 
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RE.CLNT  INVENTIONS 


Reported  by  C.  L.  Parker,  Solicitor  of  Chemical  Patents.  McGill  Building,  Washington,  I) 

PROCESS  OF  REFINING  COPPER. 
U.  S.  Patent  No.  1,037,538,  to  Walter    S.   Rockey  and   Hilliary 
Eldridge,  assignors  to  Metallurgical  Research  Company. 
The  copper  is  first  fused  by  exposing  it  to  the  direct  heat  of 
a  furnace  so  as  to  melt  the  copper  as  rapidly  as  possible,  regard- 
less of  its  contamination  by  the  furnace  gases  and  the  atmos- 


phere,  the  contamination  being  afterward  removed  by  flow- 
ing the  copper,  before  casting,  into  intimate  contact  with  car- 
bon, and  preferably,  first  into  contact  with  carbon  and  then 
into  and  through  and  under  a  flux,  such  as  a  flux  of  anhydrous 
boron  trioxid  (B203)  or  one  containing  anhydrous  boron  tri- 
oxid,  and  afterward  leading  the  copper  into  suitable  molds  or 
a  ladle. 

PROCESS  OF  MAKING  NITRATES  AND  NITRIC  ACID. 

U.   S.   Patent  No.    1,039,325,  to   Otto  Schonherr  and  Johannes 

Brode,  assignors,  to  Norsk  Hydro-Elektrisk   Kvaelstofaktie- 

selskab,  of  Christiania,  Norway. 
The  patentees  produce  commercially  pure  nitrates  from  ni- 
trites in  a  more  advantageous  manner  by  acting  on  such  ni- 
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trites  with  nitric  acid,  then  adding  to  the  gases  which  are  evolved 
so  much  oxygen  that  the  atomic  proportion  of  total  oxygen 


~Jr*c~iH,JO*  %,* 


present  is  to  the  quantity  of  combined  nitrogen,  as  5  is  to  2, 
or  thereabout,  and  then  subjecting  these  gases  to  the  absorb- 
ing action  of  water,  or  absorbing  agent  containing  water  but 
containing  no  basic  compound.  In  this  way  nitric  acid  is 
obtained  and  can  be  used  in  the  further  treatment  of  a  fresh 
quantity  of  nitrite.  The  gases  which  are  obtained  by  treat- 
ing nitrites  with  nitric  acid,  on  being  mixed  with  such  quanti- 
ties of  oxygen,  or  oxygen-containing  gases  contain  such  pro- 
portion of  the  higher  oxids  of  nitrogen  that  their  absorption 
requires  comparatively  small  apparatus. 

PROCESS  OF  ABSORBING  NITROUS  GASES. 

U.  S.  Patent  No.   1,037,977,  to  Harry  Pauling,  assignor  to  Sal- 
petersaure-Industrie-Gesellschaft,  of  Gelsenkirchen,  Germany. 

In  the  manufacture  of  nitric  acid  it  is  not  possible  to  quanti- 
tatively absorb  nitrogen  oxides  in  water,  a  part  of  the  NO, 
being  decomposed  in  the 
absorption  process  into  NO, 
which  is  only  slightly  soluble 
in  water. 

The  patentee  has  discovered 
that  nitrous  gases  can  be 
quantitatively  absorbed  to 
form  nitric  acid  if  the  unab- 
sorbed  nitrous  gases  which 
leave  the  wet  absorbing  ap- 
paratus proper,  after  being 
suitably  oxidized,  are  taken 
up  by  sulphuric  acid. 

In  the  apparatus  illus- 
trated ,  nitrous  gases  produced 
in  the  apparatus  o,  an  elec- 
tric furnace  for  example,  de- 
liver the  greater  part  of  their 
heat  to  the  boiler  b  and 
enter  at  a  temperature  of 
400  °  C.  or  more  into  the  acid- 
proof  tower  c.  Here  the  gases 
absorb  moisture  from  dilute  sulphuric  acid  moving  in  a  coun- 
tercurrent, so  that  they  become  strongly  charged  with  mois- 
ture. It  is  necessary  to  remove  this  moisture  from  the  gases 
and  this  is  partially  done  in  the  condensing  or  cooling  plant  d 
connected  with  the  tower  c.  The  gases  are  then  further  dried 
in  the  drying  tower  e.  In  this  tower  the  gases  are  brought 
into  intimate  contact  with  concentrated  sulphuric  acid  mov- 
ing in  a  countercurrent  so  that  they  are  dried,  whereupon  they 
are  first  oxidized  in  the  tower  /  as  by  treatment  with  air  or 
otherwise,  and  are  then  subjected  in  the  towers  g  to  a  wet  ab- 
sorption. The  remaining  nitrogen  oxids  in  the  gases  issuing 
from  the  towers  g  are  entirely  absorbed  by  highly  concentrated 
sulphuric  acid  in  the  tower  h. 

The  sulphuric  acid  leaving  the  lower  end  of  the  tower  h  in 
which  the  remaining  oxids  are  absorbed  by  highly  concentra- 
ted sulphuric  acid  contains  compounds  of  nitrogen  oxids  with 
sulphuric  acid,  such  as  nitrosyl  sulphuric  acid,  and  is  conducted 
by  the  pipe  i  to  the  drying  tower  e,  where  it  takes  up  the  mois- 
ture contained  in  the  gases  moving  in  a  countercurrent  thereto 
and  is  consequently  diluted  and  more  or  less  completely  deni- 
t rated.  From  there  the  dilute  sulphuric  acid  may  pass  through 
a  small  denitration  plant,  k,  to  the  concentrating  tower  c,  in  which 
it  is  concentrated  and  then  conducted  back  by  the  pipe  i  to  the 
tower  h,  where  the  circulation  begins  again. 
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AVERAGE   WHOLESALE  PRICES  OF 
ORGANIC   CHEMICALS. 

Aoitanilid Lb. 

Acr iiMie  (drums) Lb. 

Alcohol,  grain  (188  proof) Gal. 

Alcohol,  wood  (95  per  cent.) Gal. 

Alcohol,  denatured  (180  proof) Gal. 

Arnyl  Acetate Gal. 

Acetic  Acid  (28  per  cent.) C. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Carbon  Bisulphide Lb. 

Chloroform Lb. 

Carbolic  Acid  (drums) Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Camphor  (refined  in  bulk) Lb. 

Dextrine  (imported  potato) Lb. 

Dextrine  (corn). C. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid  crystals Lb. 

INORGANIC  CHEMICALS 

Acetate  of  Lime  (gray) C. 

Acetate  of  Lead  (brown,  broken) Lb. 

Alum  (lump) C. 

Ammonium  Carbonate,  domestic Lb.  8 

Ammonium  Chloride,  gray Lb.  5 'A 

Aluminum  Sulphate C.  90 

Aqua  Ammonia  (drums)  160 Lb.  21/, 

Arsenic,  white Lb.  5 

Brimstone  (crude,  domestic) Ton  22  .00 

Barium  Chloride C.        1 .  40 

Barium  Nitrate Lb.  43A 

Borax,  crystals  (bags) Lb.  3'  4 

Boric  Acid,  crystals  (powd.) Lb.  7 

Bromine,  bulk Lb.         25 

Bleaching  Powder  (35  per  cent.) C.        130 

Barytes  (prime  white,  foreign) Ton  18.50       1 

Blue  Vitriol Lb.  51/., 

Calcium  Chloride C.  65 

Chalk  (light  precipitated) Lb.  4 

China  Clay  (imported) Ton  1 1 .  50 

Feldspar Ton    7.00 

Fuller's  Earth,  powdered C.  80 

Green  Vitriol  (bulk) C.  55 

Hydrochloric  Acid  (18  °) C.        1.15 

Iodine  (resublimed) Lb.     3 . 05 

Lead  Nitrate Lb.  8\  ,  1 

Lithium  Carbonate Lb.         65       1 

Magnesite  (raw) Ton    7  .  50       1 

Nitric  Acid,  360 Lb.  37/8  ' 

Phosphorus Lb.         35       1 

Phosphoric  Acid,  sp.  gr.  1.75 Lb.         22       1 

Plaster  of  Paris Bbl.    1 .50       1 

Potassium  Bromide Lb.         35       1 

Potassium  Permanganate  (bulk) Lb.  g3/,  ( 

Potassium  Cyanide  (bulk)  98-99%.  ..  .Lb.         19       1 

Potassium  Iodide  (bulk) Lb.     2  .  60       1 

Potassium  Chlorate,  crystals Lb.  8'/.,  1 

Potassium  Nitrate  (crude) Lb.  5       ( 

Potassium  Bichromate,  500 Lb.  67/s  I 


STANDARD    CHEMICALS,    ETC.,    FOR    MONTH    OF    NOVBMBBR. 

Quicksilver,  Flask 41 

23  Salt  Cake  (glass-makers') C. 

'.'  Silver  Nitrate Oz. 

•57  Soapstonc  in  bags Ton  10 

52  Sodium  Acetate Lb. 

42  Sodium  Chlorate Lb. 

■  85  Sodium  Bicarbonate  (English) Lb. 

•  :5  Sodium  Bichromate Lb. 

1 '  A  Sodium  Hydroxide,  60  per  cent C.        1 

27  Sodium  Hyposulfite C.       1 

11  Sodium  Nitrate,  95  per  cent.,  spot C.        2 

12  Sodium  Silicate  (liquid) C. 

30  Strontium  Nitrate Lb. 

>5  Sulphur,  Roll C.        1 

39  Sulphur,  Flowers  (sublimed). . . .' C.        2 

—  Sulphuric  Acid,  6o°  B C. 

7  Talc  (American) Ton  15 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (500) Lb. 

Tin  Oxide Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Sulphate Lb. 

OILS,  WAXES.  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C.       5 

Cottonseed  Oil  (crude),  f.  o.  b.  mill. . .  .Gal. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (double-boiled) Gal. 

Paraffine  Oil  (high  viscosity) Gal. 

Parafnne  (crude  120  &  122  m.  p.) Lb. 

Rosin  Oil  (first  run) Gal. 

Spindle  Oil,  No.  1 Gal. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

METALS. 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb.     2 . 

Copper  (electrolytic) Lb.   17  . 

Copper  (lake) Lb. 

Lead,  N.  Y Lb.     4.75 

Nickel Lb.         50 

Platinum  (refined) Oz.  46 .  35 

Silver ......   Oz.         62s 

Tin Lb.         50 

Zinc Lb.     7  .  40 
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FERTILIZER  MATERIALS. 

Ammonium  Sulphate C.       3.18 

Fish  Scrap,  domestic,  dried Unit  2.75 

Blood,  dried Unit  2.70 

Tankage,  high  grade Unit  2  .  65 

Bone,  4'A  and  50,  ground,  raw Ton  28  .50 

Potassium,  "muriate,"  basis  80% Ton  38.55 

Phosphate,  acid,  16  per  cent Ton    6.75 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton    3 .  70 

Tennessee,  68-72  per  cent Ton    4.25 

Pyrites,  furnace  size,  imported Unit  o.  131/, 

Castor  meal Unit  2  .  60 

Mowrah  meal Ton    8 .  50 


@ 

— 

@ 

7.00 

@ 

3  80 

@ 

4  50 

@ 

0.13 

@ 

— 

@ 

9.00 

AUTHOR  INDEX 

THL    JOURNAL    OF    INDUSTRIAL    AND    LNGINLLRING    CHEMISTRY 

VOL.  IV,  1912 


ACHBSON,  E   S      Deflocculation.     Address  62 

Adams,  A.  B.     The  Distillation  of  Alcohol  8 

Adams,  A.  B.  and  J.  M.  DoRAN.      Some  Data  on  the  Manufacture  of 

Smoking  Opium  and  its  Chemical  Composition  429 

Adams.   G.   O.   and   II.    W.   Clark.     The   Influence  of  Carbon   upon 

Nitrification 272 

Allen.    I     C.    and    \V.    A.    Jacobs.      An    Electric    Still    Adapted    for 

Difficult  Distillations  118 

Almy.  C  ,  Jr.  and  W.  K.  Lewis.      Factors  Determining  the  Capacity  of 

a  Filter  Press 528 

Archibald,   E.   H.   and  J.   N".   Lawrence.     The   Determination   of 

Moisture  in  Coals .  .      258 

Arthur.  \V.  and  W.  H.  Walker.     Galvanized  Structure  of  Iron  J97 


BAEKELAND.  L.  H.     Morris  Loeb   (Ed.) 

Baekeland.  L.   H.      Phenol  Formaldehyde  Condensation  Products 
Baekeland.    L.    H.      Phenol-Formaldehyde    Condensation    Products: 

A  Correction 

Baekeland,    L.    H.      The    Abuses    of    our    Patent    System    .Patent 

Symposium  i 

Baekeland,   L.    H.     The   Incongruities   of    American    Patent  I.itiga 

tion  (Ed.) 

Bailey.  E.  G.      Introduction  to  the  .Study  of  Fuel,  by  F.  J    Brislee 

(Book  Review") 

Bancroft,  W.  D.      Physical  Industrial  Chemistry   (Ed,  ' 

Barr.  W    M.  and  R    E    Buchanan.     The  Production  of  Excessive 

Hydrogen    Sultid    in    Sewage    Disposal    Plants    and    Consequent 

Disintegration  of  the  Concrete 
Baskervilli:.   C.      Extraction  of  Thoria 

Baskerville.    C.     Morris    Loeb    (Obituary)  

Baskervilli:.     C.     and     W.     A.     HAMOR.      The  Chemistry  of   Anaes 

thetics.    IV:      Chloroform  212.    278,    362,   422.   499. 

Baskervilli;.    C.    and    H.    S.     RjEDERER.      The  Chlorides  of  Carbon 

as  Solvents.  I:      Carbon  Tetrachloride 

Bassett.    \V.    II.     Need    of    Special    Alloys    for    Special    Purposes 

(Mineral  Wastes  Symposium) 
Bassett.  W.  H.      Zinc  Losses  (Mineral  Wastes  Symposium) 
Beattie.  J.  H.  and  J.  J.  Skinner.      An  Examination  of  City  Street 

Sweepings 
Bennek.   R    C.     An   Electric   Laboratory   Furnace 

Benner,  R.  C.      The  Need  of  Chemical  Control  in  Furnace  Operation 
Benson,  II    K       Design  and  Equipment  of  the  Clieinic.il  Engineering 

Laboratory  at  the  University  of  Washington 
Berntiisen.  II.  A.     Synthetic  Ammonia 
Berolzbeiher,   D.   D.      New  Publications 

70,156,234,314.391.474,551,628.700,779,859, 
Berolzheimer,    D.    D.     Papers   of    Special    Interest    to    industrial 

Chemists  and  Chemical  Engineers  from  the  Proceedings    ■  )   the 

Eighth  International  Congress  of  Applied  Chemistry. 
Berolzheimer,  D.  D.      Recent  Journal  Articles  (Classified  List 

71,   156,  235.  .114.  392.  474.  55  1.  <,2<>,  701.  781.    859, 

Berolzhbimbr,    D.    D.     Transactions  of  the   American   Institute  of 

Chemical  Engineers,  Vol    ill  (1910)    Hook  Review 
Bidtel,  E      Valuation  of  Fluorspar 
lliiuii,,    E       Valuation    of    Fluorspar        \    Correction 
Blair.  A.  A       Analysis  ol   Metallurgical  and  Engineering  Materials. 

by  Henrj   \\  ysoi  I  Hook  Re\  iew 
Blasdale,  W.  C.     An  Improved  Extraction    apparatus 
Blbininger,  A.  Y.     The  Relation  of  ihe  Silicate  Industries  to  Con 

servation  (Mineral  Wastes  Symposium) 
Boeck.  P,  a      Notes  on   i  New  Form  of  Extraction  Thimble 
Boeck,   i'     \    and   M     A    Williamson      A   New    fype  of  Inorganic 

Filter  for  Laboratory  Purposes 
Bogert.  M    T.     American  Commission  on  Organic  Nomi  n     ituri 
Borrowman,  G.     Some  Observations  on  the  Disintegration  ol 

crete  Cinder 

Boswbli    M   C    and  I    I    G ibrham      The  Composition  ol  FuselOil 

from  Heel    Molasses 

Bowser,    L     T      Carbon    Dioxide      Its    Volumetric  Determination 
Bowser    L,  T,     On  the  Determination  of  Carbon  Dioxide  in  Soils 
Boylb,  I    I       Determination  of  Manganese  in  Steel 
Bradley.  C.  E.  and  H    V   T\ri\k      A  Comparative  Study  of  Methods 

for  the  Determination  of  Hard  and  Total  Soft  Resins  in  the  Hop 
Bradley,  C.  E   and  11.  V.  Tartar,     The  Ripening  of  Hops 
Bradley.  L.     The  Electrical  Precipitation  of  Suspended  Partii  I 

the  Cottrell  Processes 


784 


564 
821 
846 

571 

645 

167 
164 

604 

43 

691 

609 

760 


31  I 
201 
548 

919 

0 


265 

!0 

591 


Brady.  U'si       Metallurgy  of  Iron  and  Steel,  by  B.  Stoughton  (Book 

Review)       390 

Breckenridoe,  .1    E.     Committee  on  Potash,   Fertilizer    Division..     224 

Breckenkidoe.     I.     E      Division    of    Forty  fifth    Meeting    A.    C.    S. 

Fertilizer  Chemists 151 

Breckenridoe,  J.  E.      The  Manufacture  of  Chemical  Manure,  by  J, 

Fritsch  (Book  Review  I 233 

BROBMAN,  I".  C.      Method  for  Determining  Fat  in  Sugared  Evaporated 

Milk   672 

BROGDON,  J.  S.     The  Analyst   vs.  the  Chemist 684 

Browne.   C.   A.     Cocoa  and  Chocolate,   their  Chemistry  and   Mann 

facturc.  by  R-  Whymper  (Book  Review) 473 

Browne.  C.  A.  Handbock  ten  Dienste  van  de  Suikerrietcultur  en 
de  Reitsuikerfabricage  op  Java,  by  Geerligs.  C.  P.  (Book  Re- 
view)        69 

Browne,   C.   A.     The   Chemistry  of    Breadmaking,   by  James  ('.rant 

(Book  Review) 550 

Browne,  C.  A.     The  Technology  of  Bread-making,  etc.,  by  W.  Jago 

and  W.  C.  Jago  (Book  Review) 313 

BROWNE,  C.   A.      Vinegars  and  Catsup.  Interpretation  of  Standards. 

Analyses.  Etc.,  by  R.  O.  Brooks  (Book  Review  i    628 

Browne,  L.  A.     An  Improved  Method  of  Assay  for  Aromatic  Sulfuric 

Acid 512 

Brown,  o.  W.  and  A.  R.  N'ees.      A  Study  of  the  Variations  of  the 

Physical  and  Chemical  Properties  of  Red  Lead 867 

Brubaker.  H.  W.     A  New  Apparatus  for  the  Volumetric  Determina 

tion  of  Carbon  Dioxide 599 

Buchanan.  R.  E.  and  W.  M.  Barr  The  Production  of  Excessive 
Hydrogen  Sulfid  in  Sewage  Disposal  Plants  and  Consequent  Dis- 
integration of  the  Concrete 564 

Burrell.  G.  A.      Natural  Gas  Investigations  of  the  Bureau  of  Mines     614 

Burrell.  G.  A.      New  Forms  of  Gas  Analysis  Apparatus  297 

BURRELL,  ('..  A  The  Composition  of  Some  Mine  Gases  and  a  De- 
scription of  a  Simple  Methane  Apparatus 96 


CABOT,  S.      The  Phenomenon  of  the  Apparent  Disappearance  of  the 

Higher  Boiling  Phenols  in  Creosoted  Wood  and  its  Explanation  .  .      266 

Cabot.   S.      The   Value  of   the    Higher    Phenols   in    Wood-Preserving 

i  ..Is  206 

Cain,  J.  R.      The  Determination  of  Chromium  and  its  Separation  from 

Vanadium  in  Steels 17 

CAIN,  J.  R.  and  D.  J.  DemoRBST.  A  New  Method  for  the  Determina- 
tion of  Vanadium:    An  Explanation 256 

Cain.  J.  R.  and  J.  C.  Hostetter.  A  Rapid  Method  for  the  De- 
termination of  Vanadium  m  Steels,  i  ires,  etc  .  Based  on  its  (Juan 
titative   Inclusion  by  the  PhOSphomolvbdate  Precipitate 250 

Cameron,  F    K      Potash  from  the  Pacific  Kelps  (Ed.) 76 

CAMERON,   F.  K       Seaweed.  Potash  and  Iodine 690 

I         I  kon,    F,    K.      Waste  and  Conservation  of   Phosphoric  Acid  and 

Potash  (Mineral  Wastes  Symposium)  ...      169 

CAMPBELL,     W.      The    Metallography    of     Iron    and    Steel,    l>\     Albert 

Sauveur  (Book  Review)  919 

Carpenter,  F.  B.     Committee  on  Fertilizer   Legislation        Division 

Report  223 

Carpenter,  F.  B.      Fertilizer  and  Fertilizer  Hints,  by  I    E    Halligan 

Ho,,k  Review  .472 

Carpenter,  F.  B.     Plant  Food       its  Sources,  Conservation,  Prepara- 

,i.l   Application,  bj  W    K.  Bowker  (Book  Review)  ...     234 

I      and   G.    Rigg.     The  Stormer  Viscosimeter  and  the 
Value  ol  Viscositj    Determinations  bj   us  I  sc  901 

Cars  Curr,  11.    I      The  Underwriters'   Laboratories  Extraction   Ap 

paratus  .      535 

Chandi  i  i     i     )        Presentation  Address     Perkin  Medal  Award  152 

Chapin,  H    C        1  Modified  Victor  Meyei    Apparatus  684 

Chapin,  11    C      Two  Pieces  of  Laboratory  Apparatus  453 

I      H    and  ( '.    \V    PATTERSON       I  ontact  Sulphuric  Acid  from 
Brimstone  723 

I  i  ii  i      ii     w    and  G    O     Vdams      The   Influence  of  Carbon   upon 

\ni  ifii  all.  ,n  272 

Clarkson,  P,  S.  The  Development  of  rlydrosulphites  in  their  Re 
l.o  ion  to  Modern  Dyestuffs 

ii  ,.  i     G    V\     and    \    S   Cushman      The  Production  of  Avail 
roin  the  Natural  Situ  ates 


0-M 


THE  JOURNAL  OF  INDU    TRIAL  AND  ENGINEERING  CHEMISTRY. 


1912 


Collins,  \    i       I  Method  lor  Assaying  Spirits  of  Camphor  514 

Coluson,    u     v.'      Inorganic    Phosphorus   in    riant   Substances,     A 

Method  ol  Estimation         f>06 

Colwbll,  J.  V   V,     Frederick  J.  Mayer  (Obituary) 777 

Conkadson,    P.    11      Apparatus   sad  Method  for  Carbon  Test   and 

\sh  Residue  in  Petroleum    I  ubricatlng  nils 903 

ComtADSONi  P.  li.     Apparatus  and  Method  for  Sulfur  Determination 

In  Petroleum  Illuminating  and  Lubricating  Oils 842 

Conkadson,  P.  11.  Apparatus  for  the  Examination  and  Stud)  ol 
the  Behavior  of  Valve  and  Cylinder  and  other  Petroleum  Lub 
netting  (ids.  in  Saturated  and  Superheated  Steam,  Carbon 
Dioxide,  Air  and  Other  Cases 744 

Coolidge,    W.    D.     Some   Applications   of   Wrought   Tungsten   and 

Molybdenum  (Ed.) 2 

Cottreix.  F.  G.      Mineral  Losses  in  Gases  and  Fumes  (Mineral  Wastes 
Symposium) 182 

Cottrell.  F.  G.  The  Research  Corporation,  an  Experiment  in  Pub- 
lic Administration  of  Patent  Rights  (Ed.) 864 

Crossley.  T.  L.     A  Simple  Form  of  Laboratory  Support 846 

Crvess.    W.    V.     The    Effect    of   Sulfurous   Acid   on   Fermentation 

Organisms 581 

Curry.  B.  E.  and  T.  O.  Smith.  A  Short  Method  for  the  Determina- 
tion of  Soluble  Arsenic  in  Commercial  Lead  Arsenates 198 

Cushman,  A.  S.     Notes  on  a  Study  of  the  Temperature  Gradients  of 

Setting  Portland  Cement 728 

Cushman,  A.  S.  and  G.  W.  Coggeshall.  The  Production  of  Avail- 
able Potash  from  the  Natural  Silicates 821 

Cutler.  D.  A.     Organization  of  Rubber  Section.  American  Chemical 

Society 547 

DAVIS,  L.  and  A.  G.  Woodman,  The  Determination  of  Benzaldehyde 

in  Maraschino  Cherries  and  Maraschino  Liqueur 588 

Day,  A.  L.  and  R.  B.  Sosman.      The  Expansion  Coefficient  of  Graphite     490 

Demorest,  D.  J.     A  New  Method  for  the  Determination  of  Vanadium     249 

Demorest,  D.  J.     The  Bismuthate  Method  for  Manganese 19 

Demorest,  D.  J.     The  Determination  of  Chromium  and  Vanadium  in 

Steel 895 

Demorest,  D.  J.  and  J.  R.  Cain.  A  New  Method  for  the  Determina- 
tion of  Vanadium:     An  Explanation 256 

Denis,  W.  and  O.  Folin.  A  New  Colorimetric  Method  for  the  De- 
termination of  Vanillin  in  Flavoring  Extracts 670 

Dennis.  L.  M.     A  New  Form  of  Orsat  Apparatus 898 

Dennis,  L.  M.  and  W.  J.  O'Brien.  The  Determination  of  Phos- 
phorus in  Commercial  Acetylene 834 

Dewey,  F.  P.     The  Business  Aspect  of  the  Kelp  Proposition 311 

Dewey,    F.    P.     The    Direct    Determination   of   Small   Amounts   of 

Platinum  in  Ores  and  Bullion 257 

Dickson.   W.   S.   and   C.   H.   Herty.     The   Resenes  of   Resins   and 

Oleoresins 495 

Dodge.  F.  D.     The  Determination  of  Eucalyptol  (Cineol)  in  Essential 

Oils 592 

Doran,  J.  M.     A  Simple  Test  for  the  Determination  of  Butter  Fat 

in  Butter 841 

Doran,  J.  M.  and  A.  B.  Adams.     Some  Data  on  the  Manufacture  of 

Smoking  Opium  and  its  Chemical  Composition 429 

Dowzard,  E.     A  Laboratory  Generator  for  Hydrochloric  Acid  Gas.  .      452 

Ducca,  W.   A.     Testing  Methods  of  Rubber  Contents  in  Raw  and 

Vulcanized  Rubber 372 

Duisberg,  Carl.     The  Latest  Achievements    and    Problems    of   the 

Chemical   Industry 749 

Day'.  A.  L.  and  R.  B.  Sosman.     The  Expansion  Coefficient  of  Graphite     490 

ELDRED,    F.  R.    Division      of     Pharmaceutical  Chemistry,  Forty- 

efth  Meeting  A.  C.  S 150 

Eldred,  F.  R.     The  Scope  of  Pharmaceutical  Chemistry 396 

Emerson,  H.  W.  and  E.  R.  Weidlein.     Jamaica  Camphor 33 

Emery,  W.  O.     The  Volatile  Acidity  of  Gum  Tragacanth  Compared 

with  that  of  Indian  Gum 374 

Ernst.  W.  A.     A  Substitute  for  the  Blast  Lamp 221 

Evans.  W.  W.     The  Chemistry  of  Rubber  Industry,  by  H.  E.  Potts 

(Book  Review) 627 

Eyde,  Samuel.  Oxidation  of  Atmospheric  Nitrogen  and  Develop- 
ment of  Resulting  Industries  in  Norway.      Address 771 

FAIRCHILD,    J.    G.     The  Accurate  Volumetric    Determination   of 

Phosphoric  acid  in  Phosphate  Rock 520 

Fairlie,  D.  M.  and  J.  N.  Pring.     The  Synthesis  of  Hydrocarbons  at 

High  Temperatures  and  Pressures 812 

Feldstein,  L.      The  Refractive  Index  of  Beeswax 498 

Ferguson,  W.   C.     A  Plan  for  Organized  Research  and  Analytical 

Chemistry  in  Successful  Chemical  Manufacturing 905 

Fink,  C.  G.      Die  Metallurgie  des  Wolframs  mit  besonderer  Berueck 

sichtigung  der  Elektrometallurgie.  by  Mennicke.  Dr.   Hans 70 

Fleming.  R.  S.      Notes  on  the  Composition  and  Analysis  of  Desiccated 

Milk  and  Cream 543 


Fleming,    W.    R.     Corrosion  of  Iron  in   Pure  Water   and   Air   Coin 

Iniied.      The  Electrolytic  Theory  Again  Confirmed 480 

Folin,  ().  and  W.  Denis.      A  New  Colorimetric  Method  for  the  Dl 

termination  Ol  Vanillin  in  Flavoring  Extracts 670 

Foote.   H.   W.  and  S.   R.  Sciioles.     The  Extraction  of  Potash  and 

Alumina  from  Feldspar 377 

I-'okiii  s,  E.  11.     Alundum  not  Constant  in  Weight 544 

Fox,  C.  P.     Apocynum  or  Indian    Hemp  Rubber .  387 

Fox,  C.  P.     Perilla  Oil 229 

Fraps,  G.  S.      Relation  of  Active  Potash  to  Pot  Experiments. 525 

Fkascii,  Herman.     Address  of  Acceptance  (I'erkin  Medal  Award  i.  .  .  134 

Frericiis.  F.  W.     A  Note 69 

Frericiis.  F.  W.     Manufacture  and  Testing  of  Shipping  Cylinders  for 

Anhydrous  Ammonia  (Address) 80 

Frericiis,  F.  W.     The   Manufacture  of  Chloroform   from   Bleaching 

Powder  and  Ethyl  Alcohol 345.  406 


GAINES.  R.  II.     Monel  Metal 

Gaitiier,  E.  W.  A  New  Apparatus  for  the  Determination  of  Carbon 
Dioxide 

Gallagher,  F.  E.  Division  of  Industrial  Chemists  and  Chem- 
ical Engineers,  Forty-fifth  Meeting  A.  C.  S 

Garratt,  F.     The  Rapid  Determination  of  Vanadium  in  Steel 

Geer.  W.  C.      Rubber,  by  P.  Schidrowitz  (Book  Review) 

Geerligs,  C.  P.  Handboek  ten  Dienste  van  de  Suikerrietcultur  en 
de  Reitsuikerfabricage  op  Java,  by  C.  A.  Browne  (Book  Review) 

Gooderham,  J.  L.  and  M.  C.  Boswell.  The  Composition  of  Fusel 
Oil  from  Beet  Molasses 

Gortner,  R.  A.  and  C.  O.  Rost.  The  Determination  of  Total  Man- 
ganese in  Soils 

Grosvenor,  W.  M.     The  U.  S.  Patent  System  (Ed.) 


HADLOCK,  W.  L.  An  Improvement  on  the  Kjeldahl  Distilling  Ap- 
paratus  

Hall.  E  J.  A  Manual  of  Fire  Assaying,  by  C.  H.  Fulton  (Book  Re- 
view)  • 

Hall.  W.  E.  Addresses  to  Engineering  Students  by  various  speakers 
(Book  Review) 

Hamor,  W.  A.     Current  Industrial  News 

307,  382,  459.  539.  619    686,  774,  849, 

Hamur,  W.  A.     The  Purification  and  Softening  of  Water  by  Permutite 


(Ed.). 


Hamor,  W.  A.  Technologic  Papers  of  the  Bureau  of  Standards  No. 
3  ;  Tests  of  the  Absorptive  and  Permeable  Properties  of  Portland 
Cement  Mortars  and  Concretes,  together  with  Tests  of  Damp- 
proofing  and  Waterproofing  Compounds  and  Materials,  by  Wig 
and  Bates  (Book  Review) 

Hamor,  W.  A.      The  Third  International  Rubber  Exhibition 

Hamor.  W.  A.  and  C.  Baskerville.  The  Chemistry  of  Anaesthetics, 
IV;  Chloroform 212,  278.  362.  422,  499, 

Hanson,  H.     Maine  Section  of  the  American  Chemical  Society 

Harding.  E.  P.  and  L.  L.  Nye.  A  Rapid  Control  Method  for  the  De- 
termination of  Oil  in  Grains 

Hart,  E.     Alumina,  Silica  and  Potash  from  Feldspar 

Hart,  E.  Laboratory  Generator  for  Hydrochloric  Acid  Gas.  A 
Note 

Hart.  E.     Potash,  Silica  and  Alumina  from  Feldspar 

Hartwell,  B.  L.  and  F.  R.  Pember  The  Effect  of  the  "Wet  Process" 
on  the  Availability  of  Low-grade  Nitrogenous  Materials 

Hawley,  L.  F.  and  R.  C.  Palmer.  Distillation  of  Resinous  Wood 
by  Saturated  Steam 

Heath,  G.  L.  The  Estimation  of  Oxygen  and  Occluded  Gases  in  Cop- 
per. Etc.  (Author's  Note) 

Heath.  G.  L.  The  Estimation  of  Oxygen  and  Occluded  Gases  in 
Copper  and  a  Correction  to  the  Electrolytic  Assay  in  the  Com- 
plete Analysis  of  Copper 

Hellman,  C.  G.  A  Colorimetric  Method  for  the  Determination  of 
Carbon  in  Iron  and  Steel.     A  Note 

Herstein,  B.  Patents  and  Chemical  Industry  in  the  Uniied  States 
(Patent  Symposium) 

Hbrty.  C.  H.  and  W.  S.  Dickson.  The  Resenes  of  Resins  and 
Oleoresins 

Hillebrand,  W.  F.  Snap  Commercial  Analysis,  by  F.  W.  Babing- 
ton  (Book  Review) : 

Hirsch,  A.  The  Preparation  and  Properties  of  Metallic  Cerium. 
A  Correction 

Hirsch.  A.     The  Production  of  Ethyl  Alcohol  from  Waste  Products 


(Ed. 


Hirst,  C.  T.  and  R  Stewart.  Comparative  Value  of  Irrigated  and 
Dry-farming  Wheat  for  Flour  Production 

Holmes,  J.  A.     Carbon  Wastes  (Mineral  Wastes  Symposium) 

Horne,  W.  D.     Temperature  Corrections  in  Raw  Sugar  Polarizations 

Hostbtter.  J.  C  and  J.  R.  Cain.  A  Rapid  Method  for  the  Deter- 
mination of  Vanadium  in  Steels,  Ores,  Etc.,  Based  on  its  Quan- 
titative Inclusion  by  the  Phosphomolybdate  Precipitate 


148 
256 
389 

69 

667 

522 
318 

222 
473 
155 
913 
240 


549 
855 

571 

546 

895 
827 

626 
827 

441 

789 

691 

402 

548 

328 

495 

700 

65 

478 

270 
160 


Dec. 


191: 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


925 


Hubbard,    W.    S.     Difficulties    in    the    Colorimetric    Estimation    of 

Vanillin 669 

Hughes,  L.  S.     A  Method  for  the  Utilization  of  Lead  Furnace  Fume     262 

JACKSON,  C.  L.     Wolcott  Gibbs  (Letter  to  Editor) 51 

Jacobs.  W.  A.  and  I.  C.  Allen.  An  Electric  Still  Adapted  for  Diffi- 
cult Distillations 118 

Jaggard,  B.  P.-    Chemistry  and  the  Lithographic  Industry 470 

Jesse,  R.  H..  Jr.     Some  Tests  on  a  New  Calorimeter 748 

Jones,    C.    H.     Activity   of  Organic   Nitrogen   as  Measured   by   the 

Alkaline  Permanganate  Method 438 

KAMOI.  T.     The  Graduation  of  Hydrometers  (A  Note) 917 

Kelley,  \V.  P.  and  W.  McGeorge.     The  Determination    of   Humus 

in  Hawaiian  Soil 664 

Kennedy.  C.  A  Modification  of  the  Sweeney  Method  for  Crude  Fiber  600 
Kichline,   F    O.     The  Determination  of  Carbon  in  Steel  by  Direct 

Combustion  in  the  Newest  Form  of  Shimer  Crucible,  with  the 

Aid  of  a  Perforated  Clay  Disc 683 

Kiefer,  H.  E      Free  Lime  in  Portland  Cement 358 

Kneff,  C.  W.     Sampling  Cone 682 

Knote,  J.  M.  and  W.  R.  Work.     A  Modification  of  the  Frary  Elec- 

trodynamic  Stirring  Device 534 

Knudsen,  H.     Seaweed.  Potash  and  Iodine.     A    Criticism 623 

Kobayashi,    K.     The  Kambara  Earth.     A  Decolorizing  Material  for 

Mineral  Oils,  Etc 891 

Koe.nig,  W.  A.     Carbon  Dioxide  Absorption  Bottle 844 

Kohman,    H.    A.     Salt   Rising   Bread   and  Some  Comparisons  with 

Bread  made  with  Yeast 20,   100 

Kohout,   J.    F.     A   Colorimetric   Method  for  the   Determination  of 

Carbon  in  Iron  and  Steel 378 

Krauss.  V.  P.     Cobalt  Driers 731 

Kress,   O.     Casein,    Its   Preparation   and   Technical   Utilization,   by 

Robert  Scherer  (Book  Review).    .    391 

Kress,  O.     Researches  in  Cellulose,    Vol.    Ill,   by  Cross   and   Bevan 

(Book  Review) 858 

LANDRUM,  R.  D.     Enamels  for  Sheet  Steel 561 

Langmuir,  A.  C.  Committee  on  Professional  Code  of  Ethics,  In- 
dustrial Division 226 

Lawrence,    J.    N.    and   E.   H.   Archibald.     The   Determination   of 

Moisture  in  Coals 258 

Lbavitt,  S.     Studies  on  Soil  Humus 601 

Lbffmann,  H.     Detection  of  Formaldehyde  in  Foods 626 

Lenher,  V.       Analyse    der    seltenen    Erden    und    der    Erdsauren, 

Die,  by  Meyer  and  Hauser  (Book  Review) 858 

Lenher.  V.     Contamination  of  Laboratory  Samples  by  Iron  Derived 

from  Crushing  Machinery 471 

Lbvtnson,  S.     Some  Practical  Methods  for  Testing  and  Identifying 

Colors  for  Printing  Inks  and  Similar  Pigments 661 

Lewis,  W.  K.  and  C.  Almy,  Jr.     Factors  Determining  the  Capacity  of 

a  Filter  Press 528 

Linder.  W.  V.     Soy  Bean  Cheese 897 

Lipman,   C.  B.     The  Effect  of  Ignition  on    the    Solubility    of    Soil 

Phosphates 663 

Little.  A.  D.     The  Abuse  of  Brand  (Mineral  Wastes  Symposium) ....      178 

Lomanitz,  S.     The  Oil  of  Pochote 625 

Longmans,  Green  &  Co.  Dictionary  of  Applied  Chemistry.  A  Cor- 
rection, by  E.  Thorpe  (Book  Review) 698 

Lloyd,  C.  C.  Research  Scholarship,  The  Andrew  Carnegie  Announce- 
ment        917 

Lucas,  Capt.  A.  F.     Geology  of  the  Sulphur  and  Sulphur  Oil  De- 
posits of  the  Coastal  Plain  (Perkin  Medal  Award)  (Address).  . . .      140 
Lucke.  C.  E.     Fuel  Economy  in  Factories  (Address) 58 

MACNIDER,  G.  M.  A  Method  for  Determining  the  Value  of  Com- 
mercial Starches  for  Use  in  Cotton  Mills 417 

Marrs,  L.  E.  Annual  .Tables  of  Constants  and  Numerical  Data. 
Chemical,  Physical  and  Technological,  by  International  Com- 
mission of  Seventh  International  Congress  (Book  Review) 627 

Mason  C.  D.  Ordinary  Writing  Fluid  for  Marking  Porcelain  Cruci- 
bles.    A  Note 691 

Mason,     G      F.     Division    of     Food     and     Agricultural    Chemistry, 

Forty-fifth  Annual  Meeting  A.  C    S 149 

May,  C.  E.  and  C.  P.  Sherwin.     Concerning  the  Sugar  Content  of 

Watermelons 585 

Maywald,     F.     J.      Meeting     of     the     Rubher     Section.     Forty-fifth 

Meeting  A.  C.  S 152 

McGeorge  W.     The  Occurrence  of  Efflorescence  on  Lava  Bricks....      559 

McGeorge  W.  and  W.  P.  Kelley.     The  Determination  of  Humus  in 

Hawaiian  Soil 664 

McIlhiney,  P.  C      A  Method  of  Examining  China  Wood  Oil 496 

McIlhiney,  P.  C.     Die  Chemie  der  trocknenden   Oele,  by  W.  Fahrion 

(Book  Review) 313 

McIlhiney.  P.  C.     German  Varnish  Making,  by  Max  Bottler  (Book 

Review) 628 


McKee,  R.  H.      A  Still  for  Absolute  Alcohol 46 

McKenna,     C.      F.      Hardness     of     Plasters     and    Cements,    and    a 

Simple  Chronographic  Apparatus  for  Recording  Set 110 

McKenna.  C  F  Portland  Cement,  by  R.  K.  Meade  (Book  Re- 
view)       698 

Meade,    R.    K.     The    Distribution    of    Power    in    Portland    Cement 

Manufacture 378 

Mersereau,    G.      Die  Polarimetric  der  Erdole.   by  M.    A.    Rakusin 

(Book  Review) 155 

Messel,  R.     Progress  in  Industrial  Chemistry 767 

Metzcer,  F.  J.     Technical    Methods    of   Chemical    Analysis,    by    G. 

Lunge  (Book  Review) 472 

Metzger.  F.  J.  and  F.  W.  Zons.  A  Volumetric  Method  for  the  De- 
termination of  Thorium  in  the  Presence  of  Other  Rare  Earths. 

The  Analysis  of  Monazite  Sand 493 

Milford,    L.   R.      Modified  Bunsen   Valve 845 

Milford,  L.  R.      Recent  Analyses  of  the  Saratoga  Mineral  Waters.     .      593 

Milford.  L.  R.     The  Determination  of  Lithium 595 

Mills,  H.  P.     A  Punch  for  Straight  Rubber  Test  Pieces 452 

Minor.  J.  C,  Jr.     The  Manufacture  and  Testing  of  Carbonic  Acid 

Cylinders 88 

Mitchell.  T.  A.     Automatic  Filter  Feed 613 

Moore,  H.  C.     Calculation  of  Sulfuric  Acid  Stock  by  Approximate 

Vs.  Accurate  Methods.     A  Special  Slide 677 

Mork,  H.  S.     Die  Chemie  der  Cellulose  with  Particular  Reference  to 

the  Textile  and  Cellulose  Industries,  by  C.  G.  Schwalbe 472 

Mcnroe,  C.  E.     Address  at  the  Unveiling  of  the  Bust  of  Wolcott 

Gibbs 48 

Munroe,  C.  E.  Note  on  the  Production  of  Mercury  Ful- 
minate       152 

Munroe.  C.  E.     Report  of  the  Delegate  to  the  Joint  Conference  on 

the  Patent  System 466 

Munroe,  C.  E.  The  Present  Status  of  Gas  Industry  and  its  Out- 
look       536 

NEHS.  A.  R.  and  O.  W.  Brown.    A  Study  of  the  Variations  of  the 

Physical  and  Chemical  Properties  of  Red  Lead 867 

Nitchie,  C.  C.     A  Rapid  Determination  of  Sulfur  in  Roasted  Blende  30 

Norton,  T.  H.     Chemical  Industries  in  Sweden  (Consular  Note'.  ...  51 

Norton,  T.  H.    Chemical  Industries  of  Norway  (Consular  Note) 691 

Norton,  T.  H.     Improved  Sulfuric  Acid  Chambers. (Consular    Note)  532 

Nowak,  C.  A.     A  Simple  and  Inexpensive  Conductivity  Cell 679 

Nye.  L.  L.  and  E.  P.  Harding.     A  Rapid  Control  Method  for  the 

Determination  of  Oil  in  Grains 895 

O'BRIEN,  W.  J.  and  L.  M.  Dennis.  The  Determination  of  Phos- 
phorus in  Commercial  Acetylene 834 

Olson,  Geo.  A.     Composition  of  Dry  Gluten  and  its  Relation  to  the 

Protein  Content  of  Flour 206 

O'Neill,  J.  G.     The  Continuous  Purification  of  Coal  Gas  with  Weak 

Ammonia  Liquor 876 

Ovrrz,  F.  K.  and  Horace  C.  Porter.     Deterioration  and  Spontaneous 

Heating  of  Coal  in  Storage 5 

PALMER,  R.  C.  and  L.  F   Hawley.    Distillation  of  Resinous  Wood 

by  Saturated  Steam "89 

Parker,   C.    L.     Recent  Inventions 

72,  157,  236,  315,  393,  475,  552.  629,  701. .  860.  921 

Parr,  S.  W.     A  New  Alloy  with  Acid  Resisting  Properties 844 

Parr.  S.  W.     A  New  Calorimeter  Bomb  with  Special  Advantages  as 

to  Material  of  Construction  and  Method  of  Operation 746 

Parr,  S.  W.  The  Causes  for  Variations  in  Volatile  Matter  Deter- 
minations       352 

Parsons,    C.     L.       Miscellaneous    Mineral    Wastes  (Mineral  Wastes 

Symposium). .    185 

Parsons,    C.     L.       Mineral     Wastes:    The    Chemists'     Opportunity      125 

Patch,  J.  B.     The  End  of  the  Cooperative  Glass  Factories  in  Italy . . .      548 

Patrick,  W.  A.  and  W.  H.  Walker.     The  Determination  of  Oxygen 

in  Iron  and  Steel  by  Reduction  in  an  Electric  Vacuum  Furnace .  .      799 

Patrick,  W.  W.  and  G.  C.  Wilsnack.     A  New  Volumetric  Method  for 

Tin 597 

Patten,  A.  J.   and  C.   S.   Robinson.     Neutral  Ammonium  Citrate 

Solution 443 

Patterson,  G.  W.  and  L.  B.  Cheney.     Contact  Sulfuric  Acid  from 

Brimstone 723 

Pegram.  G.  B.     The  Chemistry  of  the  Radio  Elements,  by  F.  Soddy 

(Book   Review)    627 

Pbmbbr,  F  R.  and  B  L.  Hartwell.  The  Effect  of  the  "Wet  Pro- 
cess" on  the  Availability  of  Low  Gride  Nitrogenous  Materials    .      441 

Pence,  C.  M.  The  Bromine  and  Iod  imetric  Methods  for  the  Volu- 
metric Determination  of  Cresol 518 

Pennock,  John  D.     Losses  of  Combined  Nitrogen  ^Mineral  Wastes 

Symposium) 172 

Peter,  A    M.     Committee  on   !  hosphate  Rock.  Fertilizer  Division    .      225 


,)  •  (, 


////■    /el  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


D(  i 


Pilkinoton,   ii    .Mid  ii    v    Tartar      Thi    i  Heel  ol   Kiln  Drying  .11 

I4S     I     on  the  Composition  ol  the  Hop  839 

Poi  rscaxi     I'm  i       The  Chlorine  t~. <i>tt-nt  ol  Milk  ,ih 

Porter,  P    it.     \  Method  for  Testing  out  Problemi  In  Acid  Phos 

phate  Manufacture  ■<  i 

Iv.kiik.   ll     C    and    F     K     Ovitz      Deterioration   and  Spontaneous 

Heating  ol  Coal  in  Storage  s 

POUOH,     F      II.      Sulfur    Mines    of    the    Union    Sulphur    C pain     in 

Louisiana  (Perkin  Medal  Award)  (Address)  143 

Pratt,   D    S      a   New   Melting  Point   Apparatus  47 

Price,  \.  F.  Thomas  Price  (Obituary)  917 
\     B       i  in-  Technical  Analysis  of  Brass  and  the  Non  ferrous 

Allow,  by  Price  and  Meade  (Author's  Note  on  Book  Review  169 
Prino,  J.  N    and  D   M    Fairlie.     The  Synthesis  of  Hydrocarbons  at 

nigh  Temperatures  and  Pressures  812 

Pritchard,  T.  W.  Some  Recent  Developments  in  Wood  Distillation  338 
l'i  ii    E    B.     Micro  Chemical  Tests  for  the  Identification  of  Sonic  of 

the  Alkaloids                  508 

R.AFSKY,  II    R.  and    E.  Sutbrmbister.    On  the  Quantitative    Bs 

timation  of  Sodium  Hydroxide  in  Black  Liquor  568 

RautenstraUCH.    W.      Strength    Of    Materials,   by  Slocum   and     Man 

cock  i  Book  Review),  . ...  471 

REDMAN  L.  V.  and  E.  <>.  Rhodes.      Rapid  and  Accurate  Methods  tor 

Determining  Phenol  655 

REDMOND,  N.  G.      A  Modification  of  the  Babcock  Test  as  Applied  to 

the  Estimation  of  Fat  in  Desiccated  Milk 544 

REMINGTON,  ]     P.      Progress  of  the  Work  on  the  Revision  of  the  u.  s. 

Pharmacopoeia 457 

Rhodes.  E.  O.  and  L.  V.  Redman.      Rapid  and  Accurate  Methods  for 

Determining  Phenol 655 

Rhodes.  F.  H.      The  Detection  and  Determination   of   Cyanogen  and 

Hydrogen  Cyanide 652 

Rice,  E.  W.      Laboratory  Preparation  of  Litmus  Paper 229 

Rice,  G.  S.      Description  of  the  Explosion  Test  at  the  Experimental 

>Iine  of  the  U.  S.  Bureau  of  Mines,  Feb    24,  1912 488 

Richards.  T.  W.      The  Control  of  Temperature  in  the  Operations  of 

Analytical  Chemistry. .      910 

Richardson.    C.     Committee    on     Definition    of    Industrial    Terms. 

Industrial  Division  Report 226 

Richardson.   \Y.   D.     Chemiker  Kalender.      By   Rudolf  Biedermann 

(Book  Review) 472 

Richardson.  \V.  D.     The  Meker  Burner 66 

Richardson,  W.  D.  and  E.  F.  Scherubel      A  Modified  Wiley  Ex 

traction  Apparatus 220 

Riederer    H.    S.    and    C.    Baskerville.     The  Chlorides  of  Carbon 

as  Solvents.  I     Carbon  Tetrachloride 645 

Rico.   G.    and    I.    L.  Carpenter.      The  Stormcr  Viscosimeter  and  the 

Value  of  Viscosity  Determinations  by  its  Use 901 

Rippbtob,    J.    R.      A    Note   on   the    Determination   of   the    Digestive 

Value  of  Papain 517 

Robinson,    C    S.    and   A.   J.    Patten.      Xeutral   Ammonium   Citrate 

Si  ilution 443 

Rogers,  Allen.      Industrial  Organic  Chemistry.       By    S.    P.    Sadtler 

(Book  Review  ) 628 

Rogers,    W.    F.      The    Inventor,    the    Public    and   the    Law    (Patent 

Symposium  320 

Rost,  C.  ().  and  R.  A.  Gortner.  The  Determination  of  Total  Man- 
ganese in  Soils 522 

Rudnick,  P.      Committee  on  Nitrogen.  Fertilizer  Division 225 

RUDNICK,  P.      Fertilizer  Chemistry — A  Report  of  Progress 304 

SABI.V,  A.  H.     The  Manufacture  of  Varnishes  and  Kindred  Industries. 

by  J.  G.  Mcintosh  (Book  Review) 472 

Sabin,  A.  H.      The  Paint  and  Varnish  Industry  (A  Note)     .  .      387 

Sadtler.  S.  P.     Chemicals.  Oils  and  Paints  by  Tariff  Board  (Book 

Review  1 390 

Sadtler,    S.    S.     Methods  of  Organic   Analysis,    by    H.   C.   Sherman 

Hook  Review  858 

SAMMIS,  J.  L.     A  Simple  Method  for  Purifying  Drinking  Water  .      681 

Savage,   G.    H.     The    Underwriters'   Laboratories  Extraction   Appa 

ratus:  A  Note 856 

Schaeffer,  J.  A.     The  Colorimetric  Determination  of  Iron  in  Lead 

and  its  Oxides 659 

Schaeffer,  J.  A.  The  Determination  of  Lead  Sulphate  and  the  Ulti- 
mate Estimation  of  Sublimed  White  Lead  in  Rubber 836 

Scherubel,  E.  F.  and  W  D.  Richardson.  A  Modified  Wiley  Ex- 
traction Apparatus  220 

Schmidt,   A.    H.      Analyses  of  Some    Fats  of   the   American   Buffalo 

(Bison) 592 

Schmidt.  W.  A.     Control  of  Dust  in  Portland  Cement  Manufacture  by 

the  Cottrell  Precipitation  Processes 719 

Scholes,  S.  R.     A  Laboratory  Glass  Furnace 683 

Scholes.  S.  R.      Arsenic  in  Glass .16 

Scholes.  S.   R.   and   M     W.    FOOTB.      The  Extraction  of  Potash  and 

Alumina  from  Feldspar .  .  ,      377 


SCHOLLBNBBROBR,      l         I         I  le  Icrniinat I       Total      I'olassiuui      in 

Minerals  1  ■>'. 

Schwarz,  i<       \  Rapid  Microscopical  Method  for  tin    Determination 

oi    \i  ,  in,   ai  1  'i "i  -  bellai  660 

F    1       The  Detection  ol  Pormv   Acid  in  Fruit  Products  526 

Sh\kwi W    1       \  Note  on  Sampling 

Shbppard,  E   J       Pure  Linseed  Oil  14 
1         11    !         Lllei                      ial  Organic  Analysis,  by  Davis  and 

I  1  Hook  Review  I  550 

II  i        Food  and  Drugs,  by  Ernest  J   Parry  (Book  Review        ssh 
Sherman,  m     C      Pure  Foods      Their  Adulteration.  Nutritive  Value 

and   Cost,  by  I    C.  Olsen  (Book   Review)  234 

SHBRWIN,   C     1'    and   C     E     MAY,      Concerning  the  Sugar  Content   of 

Watc  rmelons  5H.S 

SHRBVE,    R.    N.      Suggested    Modifications    to    the    U.    S.    I'.    Assay    of 

'  ipiiini  .514 

Sn.vi  km  \\\    A       Glass  Formulas     A  Criticism    818 

SlNDALL,  II     E.      Commercial  Cinnamon  and  Cassia  590 

SKINNER,    ll.   J.      Committee  on  Standard  Specifications  and  Methods 

of  Analysis,      Industrial  Division  Report 225 

Skinner,  .[.  .1    and  .1.  M    Beattie.     An  Examination  of  City  Street 

Sweepings  604 

Slade,  \V    C.      A  .New  Method  for  Testing  Paint  Films  and  Preserva 

tive  Coatings  for  Iron  and  Steel 189 

Smali.ey.  F.  N.      Investigation  of  the  Methods  for  the  Determinations 

of  Total  Fatty  Acids  in  Cotton  Seed    Foots 893 

SMITH,   A       Some  Chemical  Problems  of  To-day,  by  R.   K.   Duncan 

(Book  Review  233 

Smith.    L     H.      Altering   the  Composition   of   Indian   Corn,    by  Seed 

Selection 524 

Smith.  < ).  C.      A  Self-Filling  Measuring  Wash  Bottle 905 

Smith,  T.  O.     An  Automatic  Pipette 47 

Smith,  T.  O.  and  B.  E.  Curry.  A  Short  Method  for  the  Determi- 
nation of  Soluble  Arsenic  in  Commercial  Lead   Arsenates 198 

Smith.  W.  B.      The  Index  of  Refraccion  of  the  Mixed  Acids  of  Fatty 

r>ils 36 

Snelling.  W.  O.      Xote  on  Protectors  for  Glass  Stopcocks 613 

Sosman,  R.    B.    and    A.     L.     Day.     The    Expansion    Coefficient    of 

Graphite ' 490 

Spear.    E.   B.   and  S.   S.   Strahan.      The  Determination  of  Zinc  by 

Electroanalysis  889 

Spence,  D.  and  J.  Young.  Comparison  of  some  Meihods  for  the 
Estimation  of  Sulfur  in  Vulcanized  Rubber  with  Especial  Refer- 
ence to  Electrolytic  Oxidation 413 

Spencer,  G.  L.     Alundum  Crucibles  in  Gravimetric  Analysis 614 

Stewart,  J.      A  Plan  for  the  Support  of  Chemical  Research  and  for 

the  Better  Teaching  of  Industrial  Chemistry 616 

Stewart.  R    and  C.  T.  Hirst.     Comparative  Value  of  Irrigated  and 

I  >ry  farming  Wheat  for  Flour  Production 270 

Stone    G.  C.      The  Technical  Analysis  of  Brass  and  the  Xon  ferrous 

Alloys,  by  Price  and  Meade  (Book  Review) 233 

Strahan,   S    S.   and  E.   B.   Spear.      The  Determination  of  Zinc,   by 

Electroanalysis 889 

Street.  J.   P.      Xote  on  the  Xeutral   Permanganate  Method  for  the 

Availability  of  Organic  Xitrogen 437 

Sutermeister,  E.  and  H.  R.  Rafsky.  On  the  Quantitative  Estima- 
tion of  Sodium  Hydroxide  in  Black  Liquor 568 

Swanson.  C.  O.      Acidity  in  Wheat  Flour:   Its  Relation  to  Phosphorus 

and  to  Other  Constituents 274 

Sweetland,  Ernst  J.      Recent  Improvements  in  Filtration  Methods.      114 

Sy.  A    P      Apparatus  for  Fumeless  Kjeldahl  Xitrogen  Digestion      .  .      680 

TALBOT.  H.  P.      Practical   Chemistry  for  Engineering  Students,  by 

Arthur  J.  Hale  1  Book  Review  < 699 

Tanaka,  Y.     On  the  Starch  of  Glutinons  Rice  and  its  Hydrolysis  by 

Diastase  578 

Tanaka.  Y.     On  the  Starch  of  Glutinous  Rice  and  its  Hydrolysis  by 

Diastase     A  Correction 918 

Tartar.  H.  V   and  C.  E.  Bradley.     A  Comparative  Study  of  Methods 

for  the  Determination  of  Hard  and  Total  Soft  Resins  in  the  Hop.     209 

Tartar.  H.  V.  and  C.  E.  Bradley.      The  Ripening  of  Hops 591 

Tartar.   H    V.   and  B.   Pilktngton.      The  Effect  of  Kiln-Drying  at 

145°  F.  on  the  Composition  of  the  Hop. . 839 

Taylor,  E    R.      The  Manufacture  of  Carbon  Bisulphide 557 

Taylor.  F.  <  ).      Report  of  Committee  on  Quantitative  Methods 467 

Thiele.  L.  A.      The  Manufacture  of  Gelatine 446 

Thomas,  A  and  G  F  White  Studies  on  Fish  Oils.  III.  Proper- 
ties of  Fish  and  Vegetable  Oil  Mixtures  878 

Thompson.  W    G.      <  Iccupational  Poisoning  in  Chemical  Trades 454 

Tillotson.  E.  W  .  Jr.      <>n  the  Density  of  some  Borate  and  Silicate 

Glasses  820 

Tillotson    E.  \V       'in   the  Surface    Tension    of    Silicate  and  Boro- 

silicate  ('.lasses  651 

Tillotson.  E.  \V  .  .Ik.      The  Relation  of  the  Refractive  Index  of  Soda- 

and  Soda  Lime  Glasses  to  their  Chemical  Composition    .      882 


Dec. 


191 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


927 


Tillotson,  E.  W  .  Ik.  The  Relation  of  the  Refractive  Index  of  Soda- 
Lime  Glasses  to  their  Chemical  Composition 246 

Toch,   M.      Paint  Technology   and   Tests,    by    II     A.  Gardner   (Hook 

Review ) 389 

Toch,  m.     The  Faint  and  Varnish  Industry  of  the  United  States  (Ed  1     241 

Turrentine,   J.    YV.      A    N'otc   on   the   Determination  of   Iodides  by 

Direct  Titration 435 

Turrentine.  J.  \V.     Composition  of  the  Salines  of  the  United  States. 

I.  Rock  Salt,  Artificial  Brines  and  Mother  Liquors  from  Artificial 
Brines 828 

Turrentine,  J.  YV.      Composition  of  the  Salines  of  the  United  States 

II.  Natural    (Subterranean  1    Brines    and    Mother    Liquors   from 
Natural  Brines 88S 

Turrentine,  J.  W      The  Composition  of  the  Pacific  Kelps 431 

UEHLING,  E.  A.    The  Carbon  Dioxide  Recorder  as  a  Factor  in  Fuel 

Economy 1 23 

Uhlig,  E.  C.     Occupational  Diseases  (Ed.) 480 

VAN  HISE,  C.  R.     Conservation  (Ed.) 160 


^VAHL,  R.      Barleys  Exhibited  at  the  Second  International  Barley 

and  Hop  Prize  Exhibit 

Walker,  W.  II.      Corrosion  of  Iron  and  Steel,  by  J.  X    Friend  (Book 

Review) 

Walker.  W.   H.      The  Relative  Corrosion  of  Iron  and  Steel  Pipe  as 

Found  in  Service 

Walker.  W.  H.  and  W.  Arthur.      Structure  of  Galvani7ed  Iron 
Walker,  W.  H.  and  W.  A.  Patrick.      The  Determination  of  Oxygen 

in  Iron  and  Steel  by  Reduction  in  an  Electric  Vacuum  Furnace.. 
Walters,  H.  E.      Determination  of  Manganese  in  Steel.      A  Note 
Watkins.  W.  H.      The  Fellow  Who  Doesn't  Know  Any  Better  (Ed.) 

Weidlein,  E.  R.      Epinephrin  from  the  Whale 

Weidlein.  E.  R.  and  H.  W.  Emerson.     Jamaica  Camphor 

Weith,  A    J.      The  Effect  of  "Lime-Sulphur"  Spray  Manufacture  on 

the  Eyesight.      A  .Vote 

Wertheimer.  H.  F.      The  German  Patent  System 

Wesson,  David.     The  Chemist  and  the  Cotton  Seed  Oil  Industry  in 

America  I  Address) 

West,  F.     The  Detection  of  Prussian  Blue  in  Tea 

Westby,  G.  C.      Smelter  Smoke  Conservation 

Wheeler,  F.  G.     The  Adaptation  of  the  Centrifugal  Pump  to  Chemi- 
cal Problems 

Whitaker.  M.  C.     A  Dictionary  of  Applied  Chemistry,  Vol    I.    by  E. 

Thorpe  (Book  Review) 

Whitaker,  M.  C.      Dictionary  of  Applied  Chemistry.   Vol.   II.  by  E. 

Thorpe  (Book  Review) 

Whitaker,  M.  C.      Industrial  Chemistry,  by  Allen  Rogers  and  A    B. 

Aubert  (Book  Review) 

Whitaker,  M.  C.      Introduction  (Perkin  Medal  Award) 


230 
549 


486 
397 


917 
464 


528 
725 

288 

550 

698 

857 
131 


Whitaker,  M.  C  The  Manufacture  of  Sulfuric  Acid  and  Alkali,  by 
('..  Ldnge  I  Hook  Review)    

White,  G    P.     A  Study  of  the  Viscosity  of  Pish  Oils   

WHITE.  G  F.  The  Fluidity  of  Fish  Oil  Mixtures  as  an  Additive 
Property 

White,  G.  F.  and  A.  Thomas,  studies  on  Fish  oils  in.  Proper- 
ties of  Fish  and  Vegetable  Oil  Mixtures 

Whitney,    W.    R       American    Electrochemical    Society    Research 

Fund    

WHITNEY,  W.  R.     Carbon  Brushes 

Whitney,  W.  R.  New  Uses  to  Reduce  Abuses  in  Conservation  (Min- 
eral Wastes  Symposium) 

Willy.  S.  W.      Unique  Water  Bath 

W11.KE.  W.  Combination  of  the  Contact  Process  with  the  Ordi- 
nary Lead  Chamber  or  Tower  Systems ;  An  Improvement  in 
the  Manufacture  of  Sulfuric  Acid 

Williams,  F.  M.      New  Forms  of  Apparatus  for  Gas  Analysis 

Williams,  H.      Paint  and  Varnish  111  the  U.  S.  Navy.     A  Note 

Williamson,  C.  S..  Jr.     A  Convenient  Filtering  Apparatus 

Williamson.  C.  S..  Jr.  A  Convenient  Filtering  Apparatus.  Correc- 
tion  

Williamson.  M.  A.  and  P.  A.  Boeck.  A  New  Type  of  Inorganic 
Filter  for  Laboratory  Purposes 

Wn. snack,  G.  C.  and  W.  W.  Patrick.  A  New  Volumetric  Method 
for  Tin 

Wise.  L.  E.      On  the  Indices  of  Refraction  of  China  Wood  Oil 

Withrow,  J.  R.  Paper  Pulps  from  Various  Forest  Woods,  by  H.  E. 
Surface  (Book  Review) 

Withrow,  J.  R.  The  Effect  of  "Lime-Sulphur"  Spray  Manufacture 
on  the  Eyesight 

Wood,  E.  E.  A  Colorimetric  Method  for  the  Determination  of  Carbon 
in  Iron  and  Steel.      A  Note  of  Protest 

Woodman,  A.  G.  The  Determination  of  Benzaldchyde  in  Maraschino 
Cherries  and  Maraschino  Liqueur.      A  Correction 

Woodman,  A.  G.  and  L.  Davis  The  Determination  of  Benzaldehyde 
in  Maraschino  Cherries  and  Maraschino  Liqueur 

Work.  W.  R.  and  J.  M.  Knote.  A  Modification  of  the  Frary  Electro- 
dynamic  Stirring  Device 


106 

267 

878 

546 
242 

182 
454 

840 
380 
547 
222 

310 

672 

597 
497 

918 

735 

547 

856 

588 

534 


YERBY,  W.  J.      Nigerian  Tin  Developments.      (Consular  Note) 624 

Yoder,  P.  A.     Marking  Porcelain  and  Silica  Crucibles,  etc 567 

Young,  J.  and  D.  Spence.  Comparison  of  some  Methods  for  the 
Estimation  of  Sulfur  in  Vulcanized  Rubber  with  Especial  Refer- 
ence to  Electrolytic  ( )xidation 413 

ZlMMERMANN,  A.      Laboratory  Studies  of  Rennin 506 

Zons,  F.  W.  and  F.  J.  Metzger.  A  Volumetric  Method  for  the  De- 
termination of  Thorium  in  the  Presence  of  Other  Rare  Earths. 
The  Analysis  of  Monazite  Sand 493 


Till.    JOURNAL    OF 


5UBJLCT  INDLX 

INDUSTRIAL   AND   LNGINLLRING   CHEMISTRY 
.     VOL.  IV,  1912 


Ai'i{  i'u'  Anhydride,  Importations  •>!      \  Note 

Acetylene,  Commercial.  Tin-  Determination  of  Phosphorus  in.      L.  M. 

Dennis  And  \\    I   O'Brien 

Iddresaea 48,  125, ,  304, .  454,  536.  614,  684.  749.  

Agriculture  and  Food  Chemistry,  Division  of  Forty-fifth  Meeting  A. 
C.  S,     O.  F.  Mason,  Sec 

Alcohol.  Absolute,  A  Still  for.      R.  II.  McKee 

Alcohol,  Ktiiyl,  The  Production  of.  from  Waste  Products.  Editorial. 
A.  Hirsch „ 

Alcohol.  The  Denaturation  of.  with  Pyridine.     W.  A.  Hamor 

Alcohol.  The  Distillation  of.     A.  B.  Adams 

Alkali  Industry  in  Great  Britain  during  191 1,  The.     W.  A.  Hamor.  .  . 

Alkaline  Liquids.  A  New  Filtering  Material  for.     W.  A.  Hamor 

Alkaloids.  Micro-Chemical  Tests  for  the  Identification  of  Some  of  the. 
E.  B.  Putt 

Alloy.  A  New,  with  Acid  Resisting  Properties.     S.  W.  Parr 

Alloys.  Acid-Resisting.     W.  A.  Hamor 

Alloys,  Aluminum.     W.  A.  Hamor 

Alloys,  Increasing  the  Resistance  of,  to  Chemical  Action.  W.  A. 
Hamor 

Alloys,  Magnesium,  The  Casting  of.     W.  A.  Hamor 

Alloys,  Need  of  Special,  for  Special  Purposes.  Mineral  Wastes 
Symposium.     W.  H.  Bassett 

Alloys.  Recent  Investigations  on.     W.  A.  Hamor 

Alloys,  Some  New  "Non-Corrosive."     W.  A.  Hamor 

Alumina.  Silica  and  Potash  from  Feldspar.     E.  Hart 

Aluminum  Alloys.     W.  A.  Hamor 

Aluminum  Foil.  The  Manufacture  of.     W.  A.  Hamor 

Aluminum,  Uses  of.     W.  A.  Hamor 

Alundum  Crucibles  in  Gravimetric  Analysis.     G.  L.  Spencer 

Alundum  not  Constant  in  Weight.      E.  B.  Forbes 

American  Chemical  Society,  Forty-fifth  Annual  Meeting.  Program  of 
Papers 

American  Chemical  Society,  Maine  Section  of  the.     H.  Hanson.  .  .  . 

American  Chemical  Society,  Organization  of  Rubber  Section.  D.  A. 
Cutler 

American  Electrochemical  Society  Research  Fund.     W.  R.  Whitney.  . 

American  Electrochemical  Society,  Twenty-first  General  Meeting, 
Boston,  April  18th  to  20th.     Program 

American  Institute  of  Chemical  Engineers,  Fifth  Annual  Meeting, 
Detroit,  Michigan 

Ammonia  Evaporation  and  Transformation  in  Soils.     W.  A.  Hamor. . 

Ammonia,  Manufacture  and  Testing  of  Shipping  Cylinders  for  An- 
hydrous.    F.  W.  Frerichs 

Ammonia,  Synthetic.     H.  A.  Bernthsen.      Address 

Ammonium  Citrate  Solution,  Neutral.  A.  J.  Patten  and  C.  S.  Robin- 
son  

Anaesthetics,  The  Chemistry  of,  IV:  Chloroform.  C.  Baskerville  and 
W.  A.   Hamor 212,   278.   362,   422.  499, 

Analyst  versus  the  Chemist,  The.     J.  S.  Brogdon.     Address 

Antimony  Market,  The  State  of  the.     W.  A.  Hamor 

Apparatus,  Laboratory,  Two  Pieces  of.     H.  C.  Chapin 

"Argilite."     W.  A.  Hamor 

Arsenic,  as  Orpiment,  in  Shellac.  A  Rapid  Microscopical  Method  for 
the  Determination  of.     R.  Schwarz 

Arsenic,  A  Short  Method  for  the  Determination  of  Soluble,  in  Com- 
mercial Lead  Arsenates.     T.  O.  Smith  and  B.  E.  Curry 

Arsenic  in  Glass.     S.  R.  Scholes 

Arsenic,  The  Wide  Use  of.     W.  A.  Hamor 

BABBITT  Metal.  Vanadium.     W.  A.  Hamor 

Bakelite  Company,  General,  Starts  Infringement  Suits.     A  Note.  .  .  . 

Barleys  Exhibited  at  the  Second  International  Barley  and  Hop  Prize 
Exhibit.     R.  Wahl 

Beeswax,  The  Refractive  Index  of.     L.  Feldstein 

Benzaldehyde  in  Maraschino  Cherries  and  Maraschino  Liqueur,  The 
Determination  of.     A.  G.  Woodman  and  L.  Davis 

Benzaldehyde  in  Maraschino  Cherries  and  Maraschino  Liqueur.  The 
Determination  of.     A  Correction.     A.  G.  Woodman 

"Black  Liquor,"  On  the  Quantitative  Estimation  of  Sodium  Hy- 
droxide in.     E.  Sutermeister  and  H.  R.  Rafsky 

Blast  Lamp,  A  Substitute  for  the.     W.  A.  Ernst 

Bleaching  Agent,  "Persil"  as  a.     W.  A.  Hamor 

Bleaching  of  Linen.  The.     W.  A.  Hamor 

Bleaching  Powder  as  a  Soap  Substitute.     W.  A.  Hamor 


834 
905 

149 
46 

478 
850 
8 
851 
385 

508 
844 
852 
916 

851 

777 

167 
307 
463 
827 
916 
463 
620 
614 
544 

147 
546 

547 
546 

309 

918 


443 

571 
684 
853 
453 
688 

660 

198 

16 

696 

622 
548 

230 
498 


568 
221 
776 
621 
461 


Boilen    1 1"   I       of  Graphite  in.     W.  A.  Hamor 

Book  Reviews,  69,   155.  233,  313,  389,  471,  549,  626.  698.  ,  857. 

Addresses  to  Engineering  Students,  by  various  speakers.      W.  E. 


Hall. 


Allen's  Commercial  Organic  Analysis,  by  Davis  and  Sadtler.     H. 

C.  Sherman 

American  Institute  of  Chemical  Engineers.  Transactions  of  the. 

Vol.  Ill  (1910).     D.  D.  Berolzheimer 

Analyse  der  seltenen  Erden  und  der  Erdsauren,  Die,  by  Meyer 

and  Hauser.     V.  Lenher 

Annual   Tables   of   Constants   and    Numerical   Data    (Chemical, 

Physical  and  Technological),  International  Commission.  .  .  . 
Annual    Tables   of   Constants   and    Numerical    Data,    Chemical, 

Physical  and  Technological,  by  International  Commission  of 

Seventh  International  Congress.     L.  E.  Marrs 

Assaying.  A  Manual  of  Fire,  By  C.  H.  Fulton.     E.  J.  Hall 

Brass  and  the  Non-ferrous  Alloys,   The  Technical  Analysis  of, 

by  Price  and  Meade.     Author's  Note  on  Book  Review.     W. 

B.  Price 

Brass  and  the  Non-ferrous  Alloys,   The  Technical  Analysis  of, 

by  Price  and  Meade.     G.  C.  Stone 

Breadmaking,    The    Chemistry    of,    by    James    Grant.     C.    A. 

Browne 

Bread-making,  The  Technology  of,  etc.,  by  W.  Jago  and  W.  C. 

Jago.     C.  A.  Browne 

Casein,    Its   Preparation   and   Technical    Utilization,    by   Robert 

Scherer.     O.  Kress 

Cellulose,    Die   Chemie   der,    with   Particular   Reference   to   the 

Textile  and  Cellulose  Industries,  by  C.  G.  Schwalbe.     H.  S. 

Mork 

Cellulose.  Researches  in,  Vol.  Ill,  by  Cross  and  Bevan.  O.  Kress 
Cement   Industry   in    1911,    The.     Advance  Chapter  from  U.  S. 

Geological  Survey  Publication 

Cement,  Portland,  by  R.  K.  Meade.     C.  F.  McKenna 

Chemical   Problems   of   To-day,   Some,   by   R.  K.  Duncan.     A. 

Smith 

Chemicals.  Oils  and  Paints,  by  Tariff  Board.     S.  P.  Sadtler 

Chemiker  Kalender.  by  Rudolf  Biedermann.  W.  D.  Richardson 
Cocoa  and  Chocolate,  Their  Chemistry  and  Manufacture,  by  R. 

Whymper.     C.  A.  Browne 

Corrosion  of  Iron  and  Steel,  by  J.  N.  Friend.  W.  H.  Walker.  .  .  . 
Dictionary  of  Applied  Chemistry,  A.  by  E.  Thorpe,  A  Correction. 

Longmans,  Green  &  Co 

Dictionary    of    Applied    Chemistry,    A,    Vol.    I,   by    E.    Thorpe. 

M.  C.  Whitaker 

Dictionary    of   Applied   Chemistry,  A,  Vol.  II.  by    E.  Thorpe. 

M.  C.  Whitaker   

Fertilizer  and  Fertilizer  Hints,  by  J.  E.  Halligan.  F.  B.  Car- 
penter  

Food  and  Drugs,  by  Ernest  J.  Parry.     H.  C.  Sherman 

Foods,  Pure.    Their  Adulteration,  Nutritive  Value  and  Cost,  by 

J.  C.  Olsen.     H.  C.  Sherman 

Fuel,   Introduction  to  the  Study   of,    by   F.   J.   Brislee.     E.  G. 

Bailey 

Gas,    Circular   on   Regulations   for   Illuminating,    by   Bureau   of 

Standards.     W.  F.  Hillebrand 

Handboek  ten  Dienste  van  de  Suikerrietcultur  en  de  Reitsuiker- 

fabricage  op  Java,  by  H.  C.  P.  Geerligs.  C.  A.  Browne.  .  .  . 
Industrial  Chemistry,  by  Allen  Rogers  and  A.  B.  Aubert.     M.  C. 

Whitaker 

Industrial  Organic  Chemistry,  by  S.  P.  Sadtler.  Allen  Rogers.  . 
Laboratory  Apparatus  Blue  Book,  The,  by  the  Scientific  Materials 

Co 

Manures,   The  Manufacture  of  Chemical,  by  J.  Fritsch.     J.  E. 

Breckenridge 

Metallography  of  Iron  and  Steel,  The,  by  Albert  Sauveur.  Wil- 
liam Campbell 


855 
918 

155 

550 

313 

858 

70 

627 
473 

469 
233 
550 
313 
391 

472 
858 

698 
698 

233 
390 
472 

473 
549 

698 

550 

698 

472 
858 

234 

626 

390 

69 

857 
628 

550 

233 

9  19 


Dec,   1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


929 


Metallurgical  and  Engineering  Materials,  Analysis  of,  l>y  Henry 

Wysor.      A.  A.  Blair 919 

Metallurgie  des  Wolframs  mit  besonderei  Bcruecksiehtigung  der 
Hlcktrometallurgie,    Die,    by    Dr.    Hans    Mennicke.     C.    (',. 

Fink 70 

Metallurgy  of  Iron  and  Steel,  by  B.  Stoughton.     Win,  Brady.    .  .      390 
Oele,  Die  Chemie  der  trocknenden.  by  W.  Fahrion.      P.  C.  Mc- 

Ilhiney 313 

Organic  Analysis,  Methods  of,  by  H.  C.  Sherman.      S.  S   Sadtler.  .      858 

Paint  Technology  and  Tests,  by  H.  A.  Gardner.      M.  Toch 389 

Paper  Pulps  from  Various  Forest  Woods,  by  H    E.  Surface.     J. 

R.  Withrow 918 

Plant  Food.  Its  Sources,  Conservation,  Preparation  and  Applica- 
tion, by  W.  K.  Bowker.     F.  B.  Carpenter 234 

Polarimetric  der  Erdole,  Die,  by  M.  A.  Rakusin.     G.  Mersereau      155 
Practical  Chemistry  for  Engineering  Students,  by  Arthur  J.  Hale. 

H.  P.  Talbot 699 

Radio   Elements,   The   Chemistry  of  the,   by   F.   Soddy.     G.   B. 

Pegram 627 

Rubber,  by  P.  Schidrowitz.     W.  C.  Geer 389 

Rubber  Industry,  The  Chemistry  of,  by  H.   E.  Potts.     W.  W. 

Evans 627 

Snap  Commercial  Analysis,  by  F.  W.  Babington.     W.  F.  Hille- 

brand 700 

Strength  of  Materials,    by   Slocum    and    Hancock.     W.  Rauten- 

strauch 471 

Sulfuric  Acid  and  Alkali,  The  Manufacture  of,  by  George  Lunge. 

M.  C.  Whitaker 70 

Technical    Methods    of    Chemical    Analysis,    by    George    Lunge. 

F.  J.  Metzger 472 

Technologie  Papers  of  the  Bureau  of  Standards,  No.  3:  Tests  of 
the  Absorptive  and  Permeable  Properties  of  Portland  Cement 
Mortars  and  Concretes,  together  with  Tests  of  Damp- 
proofing  and  Waterproofing  Compounds  and  Materials,   by 

Wig  and  Bates.     W.  A.  Hamor 549 

Varnishes.  The  Manufacture  of,  and  Kindred  Industries,  by  J.  G. 

Mcintosh.      A.  H.  Sabin 472 

Varnish-making,  German,  by  Max  Bottler.      P.  C.  Mcllhiney 628 

Vinegars    and   Catsup,     Interpretation   of    Standards,    Analyses, 

etc.,  by  R.  O.  Brooks.     C.  A.  Browne 628 

Boron,  A  New  Use  for.     W.  A.  Hamor 622 

Brand,  The  Abuse  of.      Mineral   Wastes  Symposium.      A.  D.  Little..      178 
Bread,  Salt-Rising,  and  Some  Comparisons    with    Bread   Made    with 

Yeast.      H.   A.  Kohman 20,  100 

Bricks,  Lava,  The  Occurrence  of  Efflorescence  on.      W.  McGeorge.  .  .      559 

Briquetting  Metallic  Waste.     W    A.  Hamor 620 

Bronze,  Chrome-Nickel.     W.  A.  Hamor 542 

Bronze-Powder  Industry.  German.      Trade  Note 231 

Bronze,  The  Influence  of  Additions  to.      W.  A.  Hamor 384 

Brushes,  Carbon.     W.  R.  Whitney 242 

Bureau  of  Mines.     Appropriations.     Note 69 

Bureau  of  Mines.  Natural  gas  Investigations  of  the.       G.  A.  Burrell     614 
Bureau  of  Mines,  U.  S.,  Description  of  the  Explosion  Test  at  the  Ex- 
perimental Mine  of  the,  Feb.  24,  1912.     G.  S.  Rice 488 

Bureau  of  Standards  Analyzed  Samples.     Note 388,  856 

CALORIMETER  Bomb,  A  New,  Some  Tests  on.     R.  H.  Jesse,  Jr.  .  748 
Calorimeter  Bomb,  A  New,  with  Special  Advantages  as  to  Material 

of  Construction  and  Method  of  Operation.     S.  W.  Parr 746 

Camphor,  A  Method  for  Assaying  Spirits  of.      A.  T.  Collins 514 

Camphor,  Jamaica.     H.  W.  Emerson  and  E.  R.  Weidlein 33 

Carbon  Bisulphide,  The  Manufacture  of.     E.  R.  Taylor 557 

Carbon  Dioxide  Absorption  Bottle.     W.  A.  Koenig 844 

Carbon  Dioxide,  A  New  Apparatus  for  the  Determination  of.     E.  W. 

Gaither 611 

Carbon  Dioxide,  A  New  Apparatus  for  the  Volumetric  Determina- 
tion of.     H.  W.  Brubaker 599 

Carbon  Dioxide  in  Soils,  On  the  Determination  of.      L.  T.  Bowser. .  .  265 

Carbon  Dioxide:   Its  Volumetric  Determination.      L.    T.  Bowser.  .  .  .  203 
Carbon  Dioxide  Recorder,  The,  as  a  Factor  in  Fuel  Economy.     E.  A. 

Uehling 123 

Carbon  Disulphide,  Italian  Shipments  of.      W.  A.  Hamor 687 

Carbonic  Acid  Cylinders,   The  Manufacture   and   Testing  of.     J.   C. 

Minor,  Jr 88 

Carbon  in  Iron  and  Steel,  A  Colorimetric  Method  for  the  Determina- 
tion of.     J.  F.  Kohout 378 

Carbon  in  Iron  and  Steel.  A  Colorimetric  Method  for  the  Determina- 
tion of.     A  Note.     C.  G.  Hellman 548 


Carbon  in  Iron  and  Steel,  A  Colorimetric  Method  for  the  Determina- 
tion of .     A  Note  of  Protest.      E.  E.  Wood 547 

Carbon  in  Steel,  The  Determination  of,  by  Direct  Combustion  in  the 
Newest  Form  of  Shinier  Crucible,  with  the  Aid  of  a  Perforated 

Clay  Disc.     F.  O.  Kichline 683 

Carbon  Tetrachloride,  The  Chlorides     of     Carbon     as     Solvents,      I. 

C.  Baskerville  and  H.  S.  Riederer 645 

Carbon  Wastes.      Mineral  Wastes  Symposium.     J.  A.  Holmes 160 

Cassia  and  Cinnamon,  Commercial.     H.   E.  Sindall 590 

Cell.  A  Simple  and  Inexpensive  Conductivity.      C.  A.  Nowak 679 

Cement  Companies.  Amalgamation  of  British.     Consular  Note 232 

Cement,  free  Lime  in  Portland.     H.  E.  Kiefcr 358 

Cement  Manufacture,   Portland,  Control  of  Dust  in.  by  the~Cottrell 

Precipitation  Processes.     W.  A.  Schmidt 719 

Cement  Manufacture,  Portland,  The  Distribution  of  Power  in.      R.  K. 

Meade 378 

Cement,  Natural  vs.  Portland.     Geological  Survey  Note 388 

Cement,  Portland.     W.  A.  Hamor 461 

Cement  Production  and  Trade  of  the  Far  East.     Consular  Note 694 

Cement  Production  to  1910.     Note 67 

Cements  and  Plasters,  Hardness  of,  and  a  Simple  Chronographic  Ap- 
paratus for  Recording  Set.     C.  F.  McKenna 110 

Cement,   Setting   Portland,   Notes  on   a  Study  of  the   Temperature 

Gradients  of.     A.  S.  Cushman 728 

Cerium,  The  Preparation  and  Properties  of  Metallic.     A  Correction. 

Alcan  Hirsch 65 

Charcoal,  The  Spontaneous  Combustion  of.     W.  A.  Hamor 541 

Cheese,  Soy  Bean.     W.  V.  Linder 897 

Chemical  Industries  in  Sweden.     Consular  Report.      T.  H.  Norton.  .  .  51 

Chemical  Industries  of  France  in  1911,  The.     W.  A  Hamor 849 

Chemical  Industries  of  Norway.     Consular  Report.      T.  H.  Norton. .  .  691 

Chemical  Industry  of  Germany.     Consular  Note 695 

Chemical  Industry,  The  Latest  Achievements  and  Problems  of  the. 

C.  Duisberg .      Address 749  " 

Chemicals.  Imports  and  Exports  of.     W.  A.  Hamor 852 

Chemical  Societies  in  New  York  City.     Program   of   Meetings.    1912- 

1913 918 

Chlorine,  The  Cost  of.     W.  A.  Hamor 463 

Chloroform  from  Bleaching  Powder  and  Ethyl  Alcohol,   The  Manu- 
facture of.     Address.      F.  W.  Frerichs 345,  406 

Chloroform,   The  Chemistry  of  Anaesthetics,  IV.     C.  Baskerville  and 

W.  A.  Hamor 212,  278,  362,  422,  499,  571 

Chromium   and   Vanadium   in   Steel,    The   Determination   of.     D.   J. 

Demorest 895 

Chromium,  The  Determination  of,  and  its  Separation  from  Vanadium 

in  Steels.     J.  R.  Cain 17 

Cinnamon  and  Cassia,  Commercial.     H.  E.  Sindall 590 

Civil  Service  Examination.     Announcement 69 

Clay  Products  in  1910.     Geological  Survey  Note 153 

Coal,  Deterioration  and  Spontaneous  Heating  of,   in  Storage.     H.  \;. 

Porter  and  F.  K.  Ovitz 5 

Coal  Exports  in  1910.     Geological  Survey  Note 68 

Coal  Exports  in  191 1.     Geological  Survey  Note 698 

Coal  Production,  Illinois.      Note 68 

Coal    Production,  Nation's.     Geological  Survey  Note 68 

Coal  Situation,  Swedish.     Consular  Note 312 

Coals,  The  Determination  of  Moisture  in.     E.  H.  Archibald  and  J.  N. 

Lawrence 258 

Coal,  World's  Production  of.     Note 67 

Cobalt  Driers.     V.  P.  Krauss 731 

Coke  Making,  Waste  in.     Geological  Survey  Note 697 

Colors  for  Printing  Inks  and  Similar  Pigments,  Some  Practical  Methods 

for  Testing  and  Identifying.      S.  Levinson 661 

Combustion,  Surface.      Editorial 77 

Committee  Reports 223,  467 

Concrete.  Cinder,   Some  Observations  on  the  Disintegration  of.     G. 

Borrowman 405 

Concrete,  The  Destructive  Action  of  Acids  on.     W.  A.  Hamor 621 

Concrete,   The  Production  of  Excessive  Hydrogen  Sulfid  in  Sewage 
Disposal  Plants  and  Conseciuent  Disintegration  of  the.     W.  M. 

Barr  and  R.  E.  Buchanan 564 

Conservation.     Editorial.     C.  R.  Van  Hise 160 

Conservation,    New    Uses  to  Reduce    Abuses    in.      Mineral    Wastes 

Symposium.      W.  K    Whitney 182 

Consular  and  Trade  Notes 

66,  154,  231,  312,  388,  ,  ,  624,  691.  ,  •,  

Copper,  The  Estimation  of  Oxygen  and  Occluded  Gases  in,  and  a  Correc- 
tion to  the  Electrolytic  Assay  in  the  Complete  Analysis  of.     G.  L. 

Heath 402 

Copper,    The    F:stimation    of    Oxygen    and    Occluded  Gases  in,    etc. 

Author's  Note.     G.  L.  Heath 691 

Copper  Tools,  "Tempered."      W.  A.  Hamor 542 

Cork  Trade  of  the  U.  S.     Consular  Note 312 

Corn,  Indian,  Altering  the  Composition  of,  by  Seed  Selection.     I..  11. 

Smith 524 


93° 


THE    JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Di  i 


I  <;  I  2 


Corrosion  ol  Iron  and  Steel  Pipe  as  Pound  in  Service,  The  Relative 

W.  ll    Walker.  4H<, 

Corrosion  of  iron  and  Steel,  The.  W.  A  Hamoi  619 
Corrosion  ol  iron  In  Pure  Water  and  Air  Combined    The  Electrolytic 

Theory  Again  Confirmed.     W.  R.  Fleming  -»so 

Corrosion.  The  Prevention  of  iron  and  Steel,  W.  A  llamor  383 
Cotton  Mills,  A  Method  for  Determining  the  Value  of  Commercial 

Starches  for  I'm-  in.     G.  M   MacNider 417 

Cotton  Seed  oil  Industry  in  America,  The  Chemist  and  the       Address. 

David  Wesson 64 

Cottrell  Precipitation  Processes,  Control  of  Dust  in  Portland  Cement 

Manufacture  by  the.      W.  A.  .Schmidt 719 

Cottrell  Processes.  The  Electrical  Precipitation  of  Suspended  Particles 

by  the.      L.  Bradley 908 

Cream  of  Tartar.  Pure,  The  Rapid  Production  of  W.  A  Hamor.  .  687 
Cresol,    The   Bromine    and    lodometric    Methods   for   the    Volumetric 

Determination  of.     C.  M.  Pence 518 

Crucibles,  Porcelain.  Ordinary  Writing  Fluid  for  Marking.     A  Note. 

C.  D.  Mason 691 

Crucibles.  Porcelain.  Silica,  etc..  Marking.      P.  A.  Yoder 567 

Crude  Fiber,  A  Modification  of  the  Sweeney  Method  for.     C.  Kennedy  600 

Current  Industrial  News.     W.  A.  Hamor 

307,  382,  459,   539.   619,   686,   774,    849,  913 

Customs  Duties  in  Bolivia,  Increased.      Trade  Note 154 

Cyanogen  and  Hydrogen  Cyanide,  The  Detection  and  Determination 

of.      F.  H.  Rhodes 652 

Cylinders.    Manufacture    and    Testing    of    Shipping,    for    Anhydrous 

Ammonia.     Address.      F.  W.  F"rerichs 80 

Cylinders,  The  Manufacture    and    Testing    of    Carbonic    Acid.     J.  C. 

Minor.  Jr 88 

DEFLOCCULATION.      E.  G.  Acheson 62 

Diastafor  in  the  Textile  Industry.     W.  A.   Hamor 385 

Discussion.  Carbon  Wastes.     Mineral  Wastes  Symposium 162 

Discussion,  Losses  of  Combined  Nitrogen.  Mineral  Wastes  Sym- 
posium    177 

Discussion.    Need    of   Special    Alloys    for  Special  Purposes.     Mineral 

Wastes  Symposium 169 

Discussion,  The  Abuse  of  Brand      Mineral  Wastes  Symposium 179 

Discussion,  The  Relation  of  the  Silicate  Industries    to    Conservation. 

Mineral  Wastes  Symposium 181 

Discussion,  Waste  and  Conservation  of  Potash  and  Phosphoric  Acid. 

Mineral  Wastes  Symposium 171 

Discussion.  Zinc  Losses.    Mineral  Wastes  Symposium 165 

Distilling    Apparatus,    An    Improvement    on    the    Kjeldahl.     W.    L. 

Hadlock 222 

Driers,  Cobalt.     V.  P.  Krauss 731 

"Duriron."     W.  A.  Hamor 688 

Dyes.   Synthetic   Organic,    and   Patents   for  the   Manufacture   of  the 

Same,  1907-'ll.     W.  A.  Hamor 463 

Dyestuffs.    Modern,    The    Development    of    Hydrosulphites    in    their 

Relation  to.      P.  S.  Clarkson 733 

EARTHENWARE  Manufacture,     Scientific     Methods    in.     W.     A. 

Hamor 383 

Editorials 2,  76,   160.  240.  318,  396.  478.  556,  634,   706.  784.  864 

Electrical  Precipitation  of  Suspended  Particles  by  the  Cottrell  Pro- 
cesses. The.      L.  Bradley 908 

Electric  Installations,  A  Dry  Fire  Extinguisher  for.     W.  A.  Hamor...  386 

Electro-Zincing,  A  New  Process  for.     W.  A.  Hamor 621 

Enamels  for  Sheet  Steel.      R.  D.  Landrum 561 

Engine.  A  New  Crude  Oil.     W.  A.  Hamor 689 

Engines.  Heavy  Oil.     W.  A.  Hamor 540 

Epinephrin  from  the  Whale.     E.  R.  Weidlein 636 

"Eponite."  The  Decolorization  of  Sugar  Juice  with.  W.  A.  Hamor.  .  383 
Explosion  Test,  Description  of  the,  at  the  Experimental  Mine  of  the 

U.  S.  Bureau  of  Mines,  Feb.  24,  1912.     G.  S.  Rice 488 

Extraction  Apparatus,  A  Modified  Wiley.     W.   D.    Richardson    and 

E.  F.  Scherubel    220 

Extraction  Apparatus.  An  Improved.     W.  C.  Blasdale 302 

Extraction     Apparatus,     The     Underwriters'     Laboratories.      H.     J. 

Cary-Curr 535 

Extraction  Apparatus,  The  Underwriters'  Laboratories.     A  Note.     G. 

H.  Savage 856 

Extraction  Thimble,  Notes  on  a  New  Form  of.      P.  A.  Boeck 303 

FACTORY  Inspection.     W.  A.  Hamor 686 

Factory  Statistics,  Swiss.     Trade  Note 697 

Factory  Ventilation.     W.  A.  Hamor 686 

Farmers'  Materials.  Imports  and  Exports  of.      Note 66 

Fat,  Butter,  A  Simple  Test  for  the  Determination  of.  in  Butter.     J. 

M.  Doran 841 

Fat  in  Desiccated  Milk,  A  Modification  of  the  Babcock  Test  as  Ap- 
plied to  the  Estimation  of.      N.  G.  Redmond 544 


l.it    in    Sugared    Evaporated    Milk.    Method    for    Determining.      F    c 

Broeman  072 
Pats  ol   tin    American   Buffalo   (Bison),   Analyses  of  Some,    a     ii 

Schmidt                                        593 

Patty     Icids,     rotal,    in    Cotton-Seed    Foots,    Investigation    of    the 

Methods  for  the  Determinations  of.     P,  \'   Smalley 893 

Fellow.  The,  Who  Doesn't  Know  Any  Better,     Editorial      w   n   w.it 

kins                                               4 

Fermentation.  Organisms,  The  F^ffect  of  Sulfurous  Acid  on.      \V     \ 

Cruesa  581 

l'erro  Tungsten,    Electric    Production    of.      Note 388 

"  Perrozincing"  or  "Ironizing."     W.  A.  Hamor 621 

Fertilizer  Chemistry.  A  Report  of  Progress.      P.  Rudnick 304 

Fertilizer  Chemists.   Division  of  Forty-fifth  Meeting  A.  C.  S.     J.   E. 

Ureckcnridge.  Sec |5i 

Fertilizer  Division.  Committee  on  Nitrogen.  P.  Rudnick,  Chairman  225 
Fertilizer    Division,    Committee   on   Phosphate    Rock.     A.    M.    Peter. 

Chairman 225 

Fertilizer    Division,    Committee    on     Potash.     J.     E.    Breckenridgc, 

Chairman 224 

Fertilizer  Legislation.  Committee  on.  Division  Report.  F.  B.  Car- 
penter. Chairman 223 

Filter  Feed.  Automatic.     T.  A.  Mitchell 613 

Filtering  Apparatus,  A  Convenient.     C.  S.  Williamson,  Jr 222 

Filtering  Apparatus.  A  Convenient.     Correction.     C.  S.  Williamson. 

Jr 310 

Filtering  Material.  A  New,  for  Alkaline  Liquids.  W.  A.  Hamor.  .  .  .  385 
Filter.  Inorganic,  for  Laboratory  Purposes,  A  New  Type  of.     M.  A. 

Williamson  and  P.  A.  Boeck 672 

Filter  Press,  Factors  Determining  the  Capacity  of  a.     C.  Almy.  Jr.,  and 

W.  K.  Lewis 528 

Filtration  Methods.  Recent  Improvements  in.      E.  J.  Sweetland 114 

Fire  Bricks,  The  Melting  Points  of.     W.  A.  Hamor 776 

Fire  Extinction.     W.  A.  Hamor 309 

Fire  Extinguisher,  A  Dry',  for  Electric  Installations.     W.  A.  Hamor.  .  386 

Fluorspar.  Valuation  of.      E.  Bidtel 201 

Fluorspar,  Valuation  of.     A  Correction.     E.  Bidtel 548 

Food    and    Agricultural    Chemistry.    Division    of    Forty-fifth    Annual 

Meeting  A.  C.  S.     G.  F.  Mason,  Sec 149 

Food  and  Drug  Law,  Pure,  in  Montana.     A  Note 69 

Formaldehyde  in  Foods.  Detection  of.     H.  Leffmann 626 

Formaldehyde-Phenol  Condensation  Products.      L.  H.  Baekeland.  .  .  .  737 

Formic  Acid  in  Fruit  Products.  The  Detection  of.      F.  L.  Shannon .  .  .  526 

Fortoline.     W.  A.  Hamor 462 

Frary  Electrodynamic  Stirring  Device,  A  Modification  of  the.     J.  M. 

Knote  and  W.  R.  Work 534 

Freezing  Mixtures,  Non.     W.  A.  Hamor 460 

Frerichs.  Dr.  F.  W.     A  Note 69 

Fuel  Economy  in  Factories.     Address.     C.  E.  Lucke. 58 

Fuel  Economy,  The  Carbon  Dioxide  Recorder  as  a  Factor  in.     E.  A. 

Uehling 123 

Fuels.  Motor,  The  Properties  of.     W.  A.  Hamor 915 

Fumes  and  Gases,  Mineral   Losses  in.     Mineral    Wastes    Symposium. 

F.  G.  Cottrell 182 

Fungicides.  Copper.     W.  A.  Hamor 384 

Furnace.   An   Electric   Laboratory.     R.    C.  Benner 43 

Furnace.  A  New  Type  of  Continuous.     W.  A.  Hamor 916 

Furnace  Operation.  The  Need  of  Chemical  Control  in.      R.  C.  Benner  691 

Furnace.  The  Parkinson  Patent.     W.  A.  Hamor 854 

Fusel  Oil  from  Beet  Molasses,  The  Composition  of.     J.  L.  Gooderham 

and  M.  C.  Boswell 667 

Fussy  Administration.      Editorial 634 

GAS  Analysis  Apparatus.  New  Forms  of.     G.  A.  Burrell 297 

Gas  Analysis.  New  Forms  of  Apparatus  for.      F.  M.  Williams 380 

Gas,    Coal.    The    Continuous    Purification    of.    with   Weak    Ammonia 

Liquor.     J.  G    O'Neill 876 

Gas,  Coke-Oven.  The  Use  of.     W.  A.  Hamor 542 

Gases  and  Fumes.  Mineral  Losses  in.     Mineral  Wastes  Symposium. 

F.  G.  Cottrell 182 

Gas  Industry.  The  Present  Status  of,  and  its  Outlook.      C.  E.  Munroe  536 

Gas  Lighting.  High  Pressure.     W.  A.  Hamor 915 

Gas  Liquor.  Spent,  The  Pollution  of  Streams  by.     W.  A.  Hamor 776 

Gas,   Natural.     Bureau  of  Mines  Technical  Paper.      Note 388 

Gas.  Natural,  Investigations  of  the  Bureau  of  Mines.     G.  A.  Burrell    .  614 

Gas  Production  and  Consumption  in  England.      Trade  Note 232 

Gas.  The  Centenary  of  the  Introduction  of.     Abstracts  of  Addresses.  545 

Gas,  The  Centenary  of  the  Introduction  of.      Program 309 

Gas.  Utilization  of  Natural,  in  Hungary.     Consular  Note 312 

Gas  Works.  English  Municipal.     Consular  Note 312 

Gauge.  A  New  Vacuum.      W.  A.  Hamor 622 

Gelatine.  The  Manufacture  of.      L.  A.  Thiele 446 

Geologist,  Chief  Geological  Survey.     Geological  Survey  Note 68 


Dec.   1912  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


93 ! 


Gibbs,  Wolcott.  Address  at  the  Unveiling  of  the  Bust  of.      C.  B.  Mun 

roe 

Gibbs.  Wolcott       Letter  from  C.  L.  Jackson 

Glass,  Arsenic  in.      S.  R.  Scholes 

Glass,  "Durobax."      \V.  A.  Hamor 

Glasses.  Borate  and  Silicate.  On  the  Density  of  some.      E.  W.  Tillot- 

son.  Jr 

Glasses.  Silicate  and  Borosilicate.  on  the  Surface  Tension  of.      K     W. 

Tillotson.  Jr 

Glasses.  Soda-Barium  and  Soda  Lime,  The  Relation  of  the  Refractive 

Index  of.  to  their  Chemical  Composition       E    W.  Tillotson,  Jr... 
Glasses.  Soda  Lime.  The  Relation  of  the  Refractive  Index  of.  to  their 

Chemical  Composition.      E.  W.  Tillotson.  Jr 

Glass  Factories  in  Italy.  The  End  of  the  Cooperative.     J.  B.  Patch.  . 

Glass   Formulas.      A   Criticism.      A.    Silverman 

Glass  Furnace,  A  Laboratory.     S.  R.  Scholes 

Glass  Paving  Blocks  in  France.     Consular  Note 

Glass,  Selenium.      W.  A.  Hamor 

Glass.  "Triplex ."      \V.   A.  Hamor 

Gluten,  Composition  of  Dry.  and  its  Relation  to  the  Protein  Content 

of  Flour.     G.  A.  Olson 

"Granacit."      W    A    Hamor 

Graphite  in  Boilers.  The  L"se  of.     W.  A.  Hamor 

Graphite.  The  Expansion  Coefficient  of.      A.  L.  Day  and  R.  B.  Sos- 

man 

Guano  Shipments  to  United  States.  Norwegian.     Consular  Note.  .  .  . 
Gum   Tragacanth.   The  Volatile  Acidity   of.   Compared   with   that  of 

Indian  Gum.     W.  O.  Emery 


246 
548 
818 
683 
154 
539 
852 

206 
621 
855 

490 
154 


HOP.  A  Comparative  Study  of  Methods  for  the  Determination  of  Hard 

and  Total  Soft  Resins  in  the       H.  V.  Tartar  and  C.  E.  Bradley .  .  .      209 
Hop.  The  Effect  of  Kiln-Drying  at  145°  F.  on  the  Composition  of  the. 

H    V.  Tartar  and  B.  Pilkington 839 

Hops.  The  Ripening  of.      H.  V.  Tartar  and  C.  E.  Bradley 591 

Humus.  Soil,  Studies  on.     S.   Leavitt 601 

Humus  in  Hawaiian  Soil.  The  Determination  of.     W.  P.  Kelley  and 

W.  McGeorge 664 

Hydrocarbons.   The  Synthesis  of.   at   High   Temperatures   and   Pres- 
sures.    J.  N.  Pring  and  D.  M.  Fairlie 812 

Hydrochloric  Acid  Gas.  A  Laboratory  Generator  for.      E.  Dowzard    .      452 
Hydrochloric    Acid    Gas,    Laboratory    Generator    for.     A    Note.      E. 

Hart 626 

Hydrogen-Supply  for  Dirigible  Balloons.  A.     W.  A.  Hamor 852 

Hydrometers.  The  Graduation  of.     A  Note.     T.  Kamoi 917 

Hydrosulphites.   The   Development  of,   in  their  Relation  to  Modern 

Dyestuffs.      P.  S.  Clarkson 733 

INDUSTRIAL  Chemistry,  A  Plan  for  the  Support  of  Chemical  Re- 
search and  for  the  Better  Teaching  of.     J.  Stewart 616 

Industrial  Chemistry.  Physical.      Editorial.      \V.    D.Bancroft 79 

Industrial  Chemistry.  Progress  in.      R.  Messel       Address 767 

Industrial  Chemists  and  Chemical  Engineers.  Division  of  Forty-fifth 

Meeting  ACS.      F.  E.  Gallagher.  Sec 148 

Industrial  Diseases,  Organization  of  Committees  for  Study  of 547 

Industrial     Division.     Committee     on    Standard     Specifications     and 

Methods  of  Analysis.      Report.      H.  J.  Skinner,  Chairman 225 

Industrial  Division  Report,  Committee  on  Professional  Code  of  Ethics. 

A.  C.  Langmuir.  Chairman 226 

Industrial  Terms.  Committee  on  Definition  of.  Industrial  Division  Re- 
port.     C.  Richardson,  Chairman 226 

Institute  of  Metals,   The  Autumn  Meeting  of  the   (British).      W.   A. 

Hamor 914 

International   Barley   and   Hop   Prize  Exhibit,   Second,   Barleys  Ex- 
hibited at  the.      R.  Wahl 230 

International  Congress  Notes,  Eighth 230 

International    Congress    of    Applied    Chemistry.      Announcement    by 

Section  I,  Analytical  Chemistry 548 

International  Congress  of  Applied  Chemistry.      Editorial 706 

International   Congress  of  Applied  Chemistry.    Eighth.     Abstract  of 

Announcement  No.  3 310 

International  Congress  of  Applied  Chemistry,  Factory  Visits  and  Ex- 
cursions.     Editorial "15 

International  Congress  of  Applied  Chemistry      Our  diets      Editorial     634 
International  Congress  of  Applied  Chemistry.      Papers  of  Special  In- 
terest to  Industrial  Chemists  and  Chemical  Engineers  from  the 

Proceedings  of  the  Eighth       D    D.  Berolzheimer 779 

'nternalional   Congress  of   Applied   Chemistry,    The   Closing   Session. 

Editorial  715 

International  Congress  of  Applied  Chemistry.  The  Eighth       Editorial     556 
International  Congress  of  Applied  Chemistry.  The  Inaugural  Meeting 

at  Washington.      Editorial 707 

International  Congress  of  Applied  Chemistry.  The  International  Lec- 
tures.     Editorial 712 


International  Congress  of  Applied  Chemistry,  The  New  York  Meeting. 

Editorial 711 

International    Congress    of    Applied    Chemistry.    The    Sectional    Ad- 
dresses.     Editorial 712 

International  Congress  of  Applied  Chemistry.  The  Sectional  Meetings. 

Editorial 713 

International  Congress  of  Applied  Chemistry,  The  Social  Features  of 

the  Congress.      Editorial 713 

International   Congress  of  Applied   Chemistry,   The  Societies   at   the 

Congress.      Editorial  716 

International  Petroleum  Commission  in  Vienna.     Announcement.  ...        69 

International  Rubber  Conference.  Third.      A  Note 778 

International  Rubber  Exhibition,  The  Third.     W.  A.  Hamor 855 

Inventions.  Originality  of.      Anon 465 

Inventor.  The,  the  Public  and  the  Law.      Patent  Symposium.      W.  F. 

Rogers 320 

Iodides  by  Direct  Titration,  A  Note  on  the  Determination  of.     J.  \V. 

Turrentine 435 

Iron  and  Steel,  A  Colorimetric  Method  for  the  Determination  of  Carbon 

in.     J.  F.  Kohout 378 

Iron  and  Steel.  A  New  Method  for  Testing  Paint  Films  and  Preserva- 
tive Coatings  for.     W.  C.  Slade 189 

Iron  and  Steel  Pipe.  The  Relative  Corrosion  of.  as  found  in  Service. 

YV.  H .  Walker 486 

Iron  and  Steel.  The  Determination  of  Oxygen  in.  by  Reduction  in  an 

Electric  Vacuum  Furnace.      W.  H.  Walker  and  W.  A.  Patrick.    .      799 
Iron.  Corrosion  of.  in  Pure  Water  and  Air  Combined,  the  Electrolytic 

Theory  Again  Confirmed.     W.  R.  Fleming. .      480 

Iron  Furnace  Blast.  Oxygen  Additions  to.     W.  A.  Hamor 622 

Iron,  Galvanized.  Structure  of      W.  Arthur  and  W.  H    Walker 397 

Iron  in  Lead  and  its  Oxides.  The  Colorimetric  Determination  of.     J. 

A.  Schaeffer 659 

"Ironizing"  or  "Ferrozincing."     W.  A.  Hamor 621 

Iron  Ore  Production.  Cuba.      Note 68 

Iron,  Pig.  the  Commercial  Sampling  and  Analysis  of.  Methods  of  the 
United  States  Steel  Corporation  for.     The  Chemists'   Committee 

of  the  U.  S.  Steel  Corporation 801 

Iron  Producing  Region.  Greatest  in  the  World.      Note 68 

JOINT  for  Steel  Pipe.  A  New.     W.  A.  Hamor 623 


KAMBARA  Earth.  The,  A  Decolorizing  Material  for  Mineral  Oils,  Etc. 

K.  Kobayashi 891 

Kelp  Industry.  The  Revival  of  the.     W.  A.  Hamor 620 

Kelp  Proposition,  The  Business  Aspect  of  the.      F.  P.  Dewey 311 

Kelps.  Potash  from  the  Pacific.      Editorial.      F.  K.  Cameron 76 

Kelps,  The  Composition  of  the  Pacific.     J.  W.  Turrentine 431 

Kupronizing.     W.  A.  Hamor 463 

Laboratory  and  Plant 

,.  .  .43,  110.  220.  288.  378.  446,  528,  609,  672,  744.  840.  898 

Laboratory  Support,  A  Simple  Form  of.     T.  L.  Crossley 846 

Lead  and  its  Oxides.  Iron  in.  The  Colorimetric  Determination  of.     J. 

A.  Schaeffer 659 

Lead  Arsenates.  A  Short  Method  for  the  Determination  of  Soluble 

Arsenic  in  Commercial.     B.  E.  Curry  and  T.  O.  Smith 198 

Lead  for  Calking  Joints.     W.  A.  Hamor 688 

Lead  Furnace  Fume.  A  Method  for  the  Utilization  of.      L.  S.  Hughes  262 

Lead  Industry  in  1910.     Geological  Survey  Note. 153 

Lead.  Red.  A  Study  of  the  Variations  of  the  Physical  and  Chemical 

Properties  of.     O.  W.  Brown  and  A.  R.  Nees 867 

Lime.  Free,  in  Portland  Cement.      H.  E    Kiefer 358 

"Lime  Sulphur"  Spray  Manufacture,  the  Effect  of.  on  the  Eyesight 

J.  R.  Withrow 735 

"Lime  Sulphur"  Spray  Manufacture,  the  Effect  of.  on  the  Eyesight. 

A  Note.      A.  J.  Weith 917 

Lithium.  The  Determination  of.      L.  R.  Milford 595 

Lithographic  Industry.  Chemistry  and  the.      B.  P.  Jaggard 470 

Lithopone,  The  Manufacture  of.      W.  A.  Hamor    775 

Litmus  Paper.  Laboratory  Preparation  of.      E.  W    Rice 229 

Loeb,    Morris.      Editorial.      I..    II.    Baekeland 784 

Loeb.  Morris.  Obituary".  C.  Baskcrville  ...  846 
Loeb,  Morris    Resolutions  Passed  by  the  Various  Chemical  Societies 

on  the  Death  of.     Chemists'  Club  of  New  York  City.  American 

Chemical  Society.  Society  of  Chemical  Industry 848 

Lohmannizing.     W.  A.  Hamor 384 

Lubrication.  Air  Compressor.      W    A    Hamor 774 

MAGNESIUM  Alloys,  The  Casting  of.     W.  A.  Hamor 777 

Manganese  in  Steel.  Determination  of.      J    J.  Boyle 202 

Manganese  in  Steel.  Determination  of.     A  Note.      H.  E.  Walters.     .  .  387 

Manganese.  The  Bismuthate  Method  for.      D.  J.  Demorest 19 

Manganese.  Total  in  Soils.  The  Determination  of.      R.  A.  Gortner  and 

C.  O.  Rost 522 


Q32 


THE  JOURh  \I.  OF  INDUSTR1  1 /.  AND  ENGINEERING  <  HEMISTRY. 


Dec. 


1912 


Market   Report        .74,  158,  238,  316,  394,  476,  554.  632,  704.  782,  862,  922 

M.itMM.   1)1     Naoldchi.     Obituary,     Translation 230 

Mayer,  Frederick   1.     Obituary,     J.  V.  V.  ColweU 777 

M.kri   Burner,  The.     w.  I).  Richardson   66 

Melting  Point    Apparatus,  a  Mew.     i>.  S.  Pratt 47 

\i,  reury  Pulntinate,  Note  on  the  Production  of.     C.  B.  Munroe 152 

Metallizing  Process,  The  Schoop,     W.  A.  Ilamor 853 

Metallurgie.     \v.  A,  11  amor 916 

Metala,  M<  w  Composite  Sheet.     \V.  A.  Hamor 622 

Metals,  Porous      \v.  A.  Hamor 853 

Metals,  The  Purity  of  Commercial.     W.  A.  1 1  amor 462 

Methane  Apparatus,  A  Description  of  a  Simple,  and  the  Composition 

of  Some  Mine  Gases.     G.  A.  Burrcll 96 

hemical  Tests  for  the  Identification  of  Some  of  the  Alkaloids. 

i;.  B.  Putt 508 

Milk,  A  Modification  "f  the  Babcoek  Test  as  Applied  to  the  Estimation 

of  Pat  in  Desiccated.      N.  O.  Redmond 544 

Milk  and  Cream.  Desiccated,  Notes  on  the  Composition  and  Analysis 

of.      R.  S.  Fleming 543 

Milk,  Sugared  Evaporated,  Method  for  Determining  Fat  in.     F.  C. 

Broeman 672 

Milk,  The  Chlorine  Content  of.     P.  Poetschke 38 

Mine  Gases.  The  Composition  of  Some,  and  a  Description  of  a  Simple 

Methane  Apparatus.     G.  A.  Burrell 96 

Mineral   Losses  in  Gases  and  Fumes.     Mineral  Wastes  Symposium. 

F.  G.  Cottrell 182 

Mineral  Production  in  North  Carolina  during  1908-'10,  The 68 

Mineral    Wastes,    Miscellaneous.     Mineral    Wastes     Symposium.     C. 

L.  Parsons 185 

Mineral  Wastes  Symposium 160 

Mineral  Wastes.  The  Chemists'  Opportunity.     C.  L.  Parsons 125 

Miners'  Diseases,  Combating.     Bureau  of  Mines  Note 471 

Mixer.  A  New  Liquid.     W.  A.  Hamor 460 

Molybdenum,  Some  Applications  of  Wrought  Tungsten  and  Molyb- 
denum.    W.  D.  Coolidge.     Editorial 2 

Monazite  Sand,  The  Analysis  of.    A  Volumetric  Method  for  the  Deter- 
mination of  Thorium  in  the  Presence  of  other  Rare  Earths.     F.  J. 

Metzger  and  F.  W.  Zons 493 

Monel  Metal.      R.  H.  Gaines 354 

NAPHTHALENE,  Extraction  with.     W.  A.  Hamor 308 

Neon  Tubes,  Lighting  by.     W.  A.  Hamor 620 

New  Publications.      D.  D.  Berolzheimer 

70.  156.  234,  314,  391.  474,  551.  628,  700,  779.  859,  920 

Nitrates.  The  Manufacture  of,  from  the  Atmosphere.     W.  A.  Hamor. .  619 

Nitric  Acid  Industry.  "  Vitreosil"  in  the.     W.  A.  Hamor 913 

Nitrification,  The  Influence  of  Carbon  upon.      H.  W.  Clark  and  G.  O. 

Adams 272 

Nitrogen   Apparatus  for  Fumeless  Kjeldahl  Digestion.     A.  P.  Sy 680 

Nitrogen.  Atmospheric.  A  Process  for  the  Fixation  of.     W.  A.  Hamor  619 

Nitrogen,  Committee  on.      Division  Report.     P.  Rudnick,  Chairman.  .  225 

Nitrogen  Fixation,  The  Serpek  Process  of.     W.  A.  Hamor 385 

Nitrogen,    Losses  of  Combined.     Mineral   Wastes  Symposium.     J.  D. 

Pennock 172 

Nitrogen,  Organic.  Activity  of.  as  Measured  by  the  Alkaline  Perman- 
ganate Method.     C.  H.  Jones 438 

Nitrogen,   Organic,   Note  on  the  Neutral  Permanganate  Method  for 

the  Availability  of.     J.  P.  Street 437 

Nitrogeneous  Materials.  Low  Grade,  The  Effect  of  the  "Wet  Process"  on 

the  Availability  of.     B.  L.  Hartwell  and  F.  R.  Pember 441 

Nitrogen,  Oxidation  of  Atmospheric,   and  Development  of  Resulting 

Industries  in  Norway.     S.  Eyde.      Address 771 

Nomenclature.  American  Commission  on  Organic.     M.  T.  Bogert  309 

Notes  and  Correspondence 

65.  152,  227,  309.  386,  464.  543,  623,  690,  777,  855,  917 

Nozzles.  Spray,  A  New  Pattern  in.     W.  A.  Hamor 386 


Obituaries 230,  777,  846, 

Occupational  Diseases.     Editorial.     E.  C.  Ublig 

Oil,  China  Wood,  A  Method  of  Examining.      P.  C.  McIIhiney 

Oil,  China  Wood,  On  the  Indices  of  Refraction  of.      L.  E.  Wise 

Oil  Engine,  A  New  Crude.     W.  A.  Hamor 

Oil  from  Sunflower  Seed.     Consular  Note 

Oil  in  Alaska.     Geological  Survey  Note 

Oil  in  Grains,   A   Rapid  Control  Method  for  the   Determination  of. 

E.  P.  Harding  and  L.  L.  Nye 

Oil  Mixtures,  Fish,  The  Fluidity  of.  as  an  Additive  Property.     G.  F. 

White 

Oil  of  Pochote.  The.     S.  Lomanitz 

Oil.  Palm,  Industry  of  West  Africa.     Consular  Note 

Oil,  Perilla.     C.  P.  Fox 

Oil,  Pure  Linseed.      E.  J.  Sheppard 

Oils,  Apparatus  for  the  Examination  and  Study  of  the  Behavior  of 

Valve  and  Cylinder  and  other  Petroleum  Lubricating,  in  Saturated 

and  Superheated  Steam,  Carbon  Dioxide,  Air    and   other  Gases. 

P.  H.  Conradson 


917 
480 
496 
497 
689 
232 


267 

625 
154 
229 


1  uition  of  Kucalyptol  (Cineol)  in.      I'.  I). 

Dodge 592 

ilty,  The  Index  of  Refraction  of  the  Mixed  Acids  of.     W.  II. 

Smith 36 

1  )ils.   Pish,  A  Study  of  the  Viscosity  of.     G.  F.  White 106 

'"I       1      B,      tud HI.    Properties   of    Plata    and   Vegetable  Oil 

Mixtures.     O.  P.  White  and  A.  Thomas 878 

Oil,  Shark's  Liver,  Industry  Proposed.     Consular  Note 312 

Oils.  Mineral,  etc.,  A  Decolorizing  Material  for.     The  Kambara  Earth. 

K.  Cobayashi 891 

Oil,  Solid,  as  a  Marine  Fuel.     W.  A.  Hamor 915 

Oils.  Petroleum  Illuminating  and  Lubricating,  Apparatus  and  Method 

for  Sulphur  Determination  in.      P.  H.  Conradson 842 

Oils.    Petroleum    Lubricating,    Apparatus    and    Method    for   "Carbon 

Test"  and  Ash  Residue  in.     P.  H.  Conradson 903 

Oils,  Wood  Preserving,  The  Value  of  the  Higher  Phenols  in.  S.  Cabot  206 
Opium,  Some  Data  on  the  Manufacture  of  Smoking,  and  its  Chemical 

Composition.     A.  B.  Adams  and  J.  M.  Doran 429 

Opium,   Suggested  Modifications  to  the  U.  S.   P.   Assay  of.      R.   N. 

Shrive 514 

Organic  Nomenclature,  American  Commission  on.     A  Note 309 

Original   Papers,   5,  80,    189,   242.  338,  397,  480,   557.  636,   719.   789,  867 

Orsat  Apparatus,  A  New  Form  of.     L.  M.  Dennis 898 

Oxygen  in  Iron  and  Steel,  The  Determination  of,  by  Reduction  in 

an  Electric  Vacuum  Furnace.     W.  H.  Walker  and  W.  A.  Patrick  799 

Oxygen,  The  Consumption  of.     W.  A.  Hamor 915 

Oxygraph,  The.     W.  A.  Hamor 775 

Ozone.  The  Industrial  Uses  of.     W.  A.  Hamor 459 

Ozone,  The  Purification  of  Air  by.     W.  A.  Hamor 542 

Ozonized  Air,  Accelerating  Paint  Drying  with.     W.  A.  Hamor 687 

PACKING  in  Steam  Plants.     W.  A.  Hamor 461 

Paint  and  Varnish  in  the  U.  S.  Navy.     A  Note.     H.  Williams 547 

Paint  Drying.  Accelerating,  with  Ozonized  Air.     W.  A.  Hamor 687 

Paint  and  Varnish  Industry  of  the  United  States,  The.     Editorial. 

M.  Toch 241 

Paint  and  Varnish  Industry.  The.     A.  H.  Sabin 387 

Paint    Films    and  Preservative  Coatings  for  Iron  and  Steel,  A  New 

Method  for  Testing.     W.  C.  Slade 189 

Paint  Production  in  1911.     Geological  Survey  Note 697 

Paints.      The  Stormer  Viscosimeter  and  the  Value  of  Viscosity  Deter- 
minations by  its  Use.     G.  Rigg  and  J.  L.  Carpenter 901 

Papain,  A  Note  on  the  Determination  of  the  Digestive  Value  of.     J. 

R.  Rippetoe 517 

Papermaking,  Problems  in.     W.  A.  Hamor 914 

Papermaking.  Progress  of  the  Chemistry  of.     W.  A.  Hamor 307 

Patent  Rights,  An  Experiment  in  Public  Administration  of.     The  Re- 
search Corporation.     Editorial.     F.  G.  Cottrell 864 

Patents  and  Chemical  Industry  in  the  United  States.     Patent  Sym- 
posium.    B.    Herstein 328 

Patent   Litigation,   American,    The   Incongruities   of.     Editorial.     L. 

H.  Baekeland 785 

Patents,  English 701 

Rubber.  Attaching,  to  Metals.     Royston 701 

Silicates.  Alkali,  in  Powder  form.     Justice 701 

Patents,  United  States 

72,    157,  236,  315,  393,  475.   552,  629,   702,  ,  860,  921 

Alumina    and    Potash    from    Feldspar,    Process    for    Extracting. 

Peacock 860 

Aluminium  Nitride,  Process  of  Manufacturing.     Serpek 703 

Ammonium  Carbonate,  Method  of  Making.     Bueb 237 

Carbon-black,  Method  of  Producing.     Snee 860 

Carbon.  Method  of  Treating.     Smith 702 

Chlorids  of  Carbon,  Apparatus  for  Producing.     MacKaye 393 

Concentration  of  Mineral  Substances,  Art  of.     Hyde 552 

Copper,  Process  of  Refining.     Rockey  and  Eldridge 921 

Crystals.  Method  of  Producing.     Dow 72 

Electrolytic  Apparatus.     Seward  and  Kugelgen 315 

Electrolytic  Deposit  of  Metals,  Process  for  the.      Rodeck 236 

Fats,  Oils  and  Fish-oils,  Process  for  Converting,  into  Like  Bodies 

of  Higher  Melting  Point.     Wilbuschewitsch 630 

Fatty  Materials.  Hydrogenating.     C.  Ellis 702 

Ferric  Oxide,  Manufacture  of.     Gill 315 

Fullers'  Earth  and  Analogous  Materials,  Method  of  Separating  and 

Purifying.      Ruprecht 629 

Furnace,  Electric.     Arsem 393 

Furnace.  Induction.     Fleming 552 

Gas,  Process  of  Treating  Natural.     Knapp 553 

Hides,  Process  of  Curing.     James 629 


Dec. 


191: 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


933 


Hydrogen,   Apparatus   for   the   Separation   of,   from   a  Gaseous 

Mixture.     Carl  von  Linde 630 

Hydrogen,  Process  for  the  Production  of,  from  Gas  Mixtures  Con- 
taining Hydrogen,     von  Linde 475 

Hydrogen,  Process  of  Purifying.     Rabenalt 860 

Iron  Ore,  Method  of  Reducing.     Grondal 861 

Isoprene,  Manufacture  of.     Silberrad 553 

Lead  and  Lead  Alloys,  Process  of  Refining.     Wemple 72 

Lead  Compounds,  Production  of.      Hughes 703 

Metals  and  Alloys,  Refined,  Method  of  Producing.     Green 860 

Metals,  Apparatus  for  Melting  and  Mixing,  in  Vacuums.     Simp- 
son   475 

Metals  from  their  Ores,  Process  and  Apparatus  for  Recovering. 

Potter 63 1 

Metals,  Process  of  and  Apparatus  for  Making  Clad.     Monnot 72 

Metals,  Treatment  on.     Kelly 475 

Mineral  Substances,  Art  of  Concentration  of.      Hyde 552 

Nitrates,  Alkaline  and  Earthy-Alkaline,  Process  of  Manufacture 

of.     Guye,  Darier  and  von  Vloten 860 

Nitrates  and   Nitric  Acid,   Process  of  Making.     Schonherr  and 

Brode 921 

Nitric  Acid,  Process  of  Concentrating.     Sohlman  and  Lundholm  393 

Nitrogen  Compounds,  Method  of  Producing.     Acker 552 

Nitrogen    Compounds.     Method    of    Producing,     from    Carbids. 

Frank 73 

Nitrogenous  Compounds,  Preparing.     Summers 861 

Nitrogen,  Process  for  Conversion  of  Lower  Oxids  of,  to  Higher  Oxids 

of  Nitrogen.     Sparee 315 

Nitrogen,  Process  of  Binding  and  Utilizing  Atmospheric.     Sind- 

ing-Larsen 702 

Nitrogen,  Substantially  Pure,  from  the  Air,  Process  of  Obtaining. 

Blagburn 861 

Nitrous  Gases,  Process  of  Absorbing.      Pauling 921 

Oils,  Caoutchouc,  Resins  and  the  Like,  Process  of  Manufacturing 

Substitutes  for.      Lilienfeld 861 

Petroleum,  Treatment  of.      Dubbs 157 

Petroleum,    Utilizing    Acid    Sludge    from    Refining.     Black    and 

Chappell 703 

Phenol  Resins,  Process  of  Forming  Fusible.     Alysworth 631 

Phosphates,  Process  of  Making  Superphosphates.     Williams 157 

Potash    and    Alumina    from    Feldspar,    Process    for    Extracting. 

Peacock 860 

Rare  Gases.  Method  of  Extracting,  from  the  Air.     Claude 631 

Refractory  Article  and  Method  of  Making  it.      Hall 703 

Resin  from  Waste  Products.  Methods  of  Recovering.      Huggins.  .  553 

Rubber  Waste,  Process  for  Reclaiming  Vulcanized.      Heller 630 

Salt  Making.      Frasch 237 

Sewage  and  Water,  Process  of  Purifying.      Darnall 237 

Sludge.    Utilizing    Acid,    from    Refining    Petroleum.      Black    and 

Chappell 703 

Sodium  Cyanide,  The  Manufacture  of.     Acker 552 

Steel,  Manufacture  of.     Mackie 631 

Still,  A  Self-cleaning.      McCune 73 

Tin  Chlorid,  Method  of  Making  Anhydrous.      Baillio 552 

Water  and  Sewage,  Process  of  Purifying.      Darnall 237 

Welding  Metals,  Process  of.     Mucas 475 

White    Lead,    Continuous    Process    of   Making,    and    Apparatus 

Therefor.     Ellis 157 

Patent  Symposium 320 

Patent  System,  Report  of  the  Delegate  to  the  Joint  Conference  on 

the.      C.  E.  Munroe 466 

Patent    System,    The    Abuses   of   Our.      Patent   Symposium.      L.    11. 

Baekeland 333 

Patent  System,  The  German.      H.  F.  Wertheimer 464 

Patent  System,  The  U.  S.     Editorial.     W.  M.  Grosvenor 318 

Peat  Fuel  for  the  Production  of  Power.     W.  A.  Hamor 853 

Peat,  The  Utilization  of.     W.  A.  Hamor 689 

Perkin  Medal  Award 131 

Perkin  Medal  Award,  Address  of  Acceptance.     Herman  Frasch 134 

Perkin  Medal  Award.      Geology  of  the  Sulphur  and  Sulphur  Oil  De- 
posits of  the  Coastal  Plain.     Address.     Capt.  A.  F.  Lucas 140 

Perkin  Medal  Award,  Introduction.     M.  C.  Whitaker 131 

Perkin  Medal  Award.  Presentation  Address.     C.  F.  Chandler 132 

Perkin  Medal  Award.      Sulphur  Mines  of  the  Union  Sulphur  Company 

in  Louisiana.      Illustrated  Lecture.      F    H.  Pough 143 


Permanganate    Method,    Alkaline,    Activity    of   Organic    Nitrogen    as 

Measured  by  the.     C.  H.  Jones 438 

Permanganate  Method,  Neutral,  for  the  Availability  of  Organic  Nitro- 
gen. Note  on  the.     J.  P.  Street 437 

Permutite,    The    Purification    and    Softening    of    Water    by.     W.    A. 

Hamor.      Editorial 240 

"Persil"  as  a  Bleaching  Agent.     W.  A.  Hamor 776 

Petroleum  Commission,  The  International.      Note 69 

Petroleum  Output  of  the  World.     Trade  Note 232 

Pharmaceutical  Chemistry,  Division  of,  Forty-fifth  Meeting  A.  C.  S. 

F.  R.  Eldred,   Sec 150 

Pharmaceutical  Chemistry,  The  Scope  of.      Editorial.      F.  R.  Eldred..  396 
Pharmacopoeia,  U.  S.,  Progress  of  the  Work  on  the  Revision  of  the. 

J.  P.  Remington 457 

Phenol-Formaldehyde  Condensation  Products.      L.  H.  Baekeland 737 

Phenol  Formaldehyde  Condensation  Products,  A  Correction.     L.  H. 

Baekeland 857 

Phenol,  Rapid  and  Accurate  Methods  for  Determining.      L.  V.  Red- 
man and  E.  O.  Rhodes 655 

Phenols,    The   Phenomenon   of   the   Apparent   Disappearance   of   the 
Higher   Boiling,    in    Creosoted    Wood    and    its   Explanation.     S. 

Cabot 266 

Phenols,  The    Value    of    the    Higher,    in    Wood-Preserving    Oils.     S. 

Cabot 206 

Phosphate  Manufacture.  A  Method  for  Testing  out  Problems  in  Acid. 

F.  B.  Porter 264 

Phosphate    Rock,    Committee    on.     Division    Report.     A.    M.    Peter, 

Chairman 225 

Phosphate  Rock,  The  Accurate  Volumetric  Determination  of  Phos- 
phoric Acid  in.     J.  G.  Fairchild 520 

Phosphates,  Soil,  The  Effect  of  Ignition  on  the  Solubility  of.     C.  B. 

Lipman 663 

Phosphoric  Acid  and  Potash,  Waste  and  Conservation  of.     Mineral 

Wastes  Symposium.     F.  K.  Cameron 169 

Phosphorus  in  Commercial  Acetylene,  The  Determination  of.     L.  M. 

Dennis  and  W.  J.  O'Brien 834 

Phosphorus.  Inorganic,  in  Plant  Substances,  A  Method  of  Estimation. 

R.  C.  Collison 606 

Phosphorus  Slag  as  an  Insecticide.     W.  A.  Hamor 621 

Pipe,  Reinforced  Galvanized  Spiral.     W.  A.  Hamor 854 

Pipes,  The  Location  of  Underground.     W.  A.  Hamor 777 

Pipette,  An  Automatic.     T.  O.  Smith 47 

Plasters  and  Cements,  Hardness  of.  and  a  Simple  ChronogTaphic  Ap- 
paratus for  Recording  Set.     C.  F.  McKenna 1 10 

Platinum  Group,  Volatility  of  Metals  of  the.      Note 470 

Platinum  in  Ores  and  Bullion,   The  Direct  Determination  of  Small 

Amounts  of.      F.  P.  Dewey 257 

Platinum  Market,  The  State  of  the 850 

Platinum  Production,  Good  Increase  in.     Geological  Survey  Note    .  .  697 

Plumbism  in  New  York  City.     W.  A.  Hamor 849 

"Plumboxan."     W.  A.  Hamor 916 

Poisoning,  Mercury.     W.  A.  Hamor 686 

Poisoning,  Occupational,  in  Chemical  Trades.     W.  G.  Thompson 454 

Potash    and    Alumina    from    Feldspar,    The    Extraction    of.     H.    W. 

Foote  and  S.  R.  Scholes 377 

Potash   and  Phosphoric  Acid,   Waste  and  Conservation   of.      Mineral 

Wastes  Symposium.     F.  K.  Cameron 169 

Potash  and  Salt  Statistics,  German.     Consular  Note 696 

Potash,  Committee  on.     Division  Report.     J.  E.  Breckenridge,  Chair- 
man   224 

Potash  from  the  Pacific  Kelps.      Editorial.      F.  K.  Cameron 76 

Potash  Interests,  German.     Consular  Note 154 

Potash.  Relation  of  Active,  to  Pot  Experiments.     G.  S.  Fraps 525 

Potash,  Seaweed  and  Iodine.      F.  K.  Cameron 690 

Pot  mli.  Seaweed  and  Iodine.     A  Criticism.      H.  Knudsen 623 

Potash,  Silica  and  Alumina  from  Feldspar.      E.  Hart 827 

Potash,    The    Production   of   Available,    from    the    Natural    Silicates. 

A.  S.  Cushman  and  G.  W.  Coggeshall 821 

Potassium  Content  of  Minerals,  The  Utilization  of  the.      W.  A.  Hamor  384 

Potassium  in  Minerals,  Determination  of  Total.      C.  J.  Schollenbexger..  436 
Power,   The  Distribution  of,   in   Portland  Cement  Manufacture.     R. 

K.  Meade 378 

Price,  Thomas,  Obituary.     A.  F.  Price 917 

Professional  Code  of  Ethics,  Committee  on.  Industrial  Division.     A. 

C.  I.angmuir,  Chairman 226 

Protein  Content  of  Flour,  Composition  of  Dry  Gluten  and  its  Relation 

to  the.     G.  A.  Olson 206 

Prussian  Blue  in  Tea.  The  Detection  of.      F.  West 528 

Pump.  A  Double-oiling  System.     W.  A.  Hamor 689 

Pump.  Air.  A  New  Automatic  Water  jet.      W.  A.  Hamor 854 

Pump.  Air,  A  New  Water-Jet.     W.  A.  Hamor 854 

Pump,  Centrifugal,    The    Adaptation  of  the,  to  Chemical  Problems. 

F.  G.  Wheeler 288 

Pumps.      W.  A.  Hamor 385 


934 


THE  JOl  RNAL  OF  INDUSTRIAL  AND  ENGINEERING  <  HEMISTRY 


Qi    w  I  I  I  \  I  l\  B  Method!   Report  -i  v  .'11111 


layl 


46 


209 


387 
542 


■■R\M~-\i        t  Trap  Substituti       w    A    Hunot 
Ret  1  in  im  cations      v     1     Parker 

Uj     193     is    552    ,,.>■),  701, 
Recent  Journal  Articles     Classified  list      n    i>   Berolxheimer 

71,   156,  23S,   114.    I  sS9.  920 

Refractories,  Specifications  for      W    A    Hamor  686 

Refrigerating  Agent,  Methyl  Chloride  as  s      \\     \    Hamor 
Rennin,  Laboratory  Studies  of      A   Zimmermann  506 

Research  and  Analytical  Chemistry,   A   Plan  fur  Organized,  in  Sue 

cessful  r^heinical  Manufacturing      \v   C.  Ferguson  905 

Research,  Chemical,  A  Plan  for  the  Support  of,  and  fur  the  Better 

Teaching  of  Industrial  Chemistry      .1   Stewart  616 

Research  Corporation,  The.     An   Experiment   in  Public  Administra 

tton  of  Talent  Rights       Editorial.      IV  G.  Cottrell  .864 

Research  Fund,  American  Electrochemical  Society.     \V.  R   Whitney      546 
Research  Scholarship,  The  Andrew  Carnegie     Announcement  917 

Rcsenes   of    Resins    and    Oleoresins,    The      C.    H     llerty    and    W     S. 

1  licks,  .n  495 

Resins,   Hard  and  Total  Soft,  in  the  Hop.  A  Comparative  Study  of 

Methods   for   the   Determination  of.      C.    E.    Bradley   and   H.    V. 

Tartar 

Rivers.  What  our.  Carry.     Geological  Survey  Note 

Rubber.  Apocynum  or  Indian  Hemp.     C    1'.  Fox 

Rubber.  Artificial,  from  Seaweed.     W.  A    Hamor 

Rubber.  Comparison  of  some  Methods  for  the  Estimation  of  Sulfur 

in  Vulcanized,  with  Especial  Reference  to  Electrolytic  Oxidation. 

I)    Spence  and  J.  Young 413 

Rubber  Contents  in  Raw  and  Vulcanized  Rubber.  Testing  Methods 

of.     W.  A.  Ducca  J72 

Rubber.  Exhibition.  The  Third  International      W.  A.  Hamor 855 

Rubber  Section.  Meeting  of  the  Forty-fifth  Meeting  A.  C.  S.      F.  J. 

Maywald,  Sec 152 

Rubber.  Sublimed  White  Lead  in.   The  Determination  of  Lead  Sul- 
phate and  the  Ultimate  Estimation  of.     J.  A.  Schaeffer 836 

Rubber  Substitute.  Another.     W.  A.  Hamor  .  .      850 

Rubber  Test  Pieces.  Straight,  A  Punch  for.     H.  P.  Mills  452 

SALINES  of  the  l".  S..  Composition  of  the.      I.  Rock  Salt.  Artificial 
Brines  and  Mother-liquors  from  Artificial  Brines.     .1.  W.  Turren- 

tine 828 

Salines  of  the  L".  S..  Composition  of  the       II.   Natural  (Subterranean 
Brines  and  Mother  Liquors  from  Natural  Brines.     J.  W.  Turren- 

tine -  ■      885 

Saltpeter  Industry.  The  Condition  of  the  Chilean      W    A    Hamor     .  .      687 

Samples.  Analyzed.  Bureau  of  Standards       Note 388.  856 

Samples.  Laboratory.  Contamination  of.  by  Iron  Derived  from  Crush- 
ing Machinery.     V.  Lenher  471 

Sampling.  A  Note  on.     W.  J.  Sharwood 227 

Sampling  Cone.     C.  W.  Kneff 682 

Saratoga  Mineral  Waters.  Recent  Analyses  of  the.      L.  R.  Milford  .  .  .      593 

Scientific  Societies 147 

Sewage  Disposal  Plants.  The  Production  of  Excessive  Hydrogen  Sulfid 
in.  and  Consequent  Disintegration  of  the  Concrete.     W.  M.  Barr 

and  R.  E.  Buchanan 564 

Sewage,  Tannery  Wastes  in.     W.  A.  Hamor 382 

Shellac.    A    Rapid    Microscopical    Method   for   the    Determination    of 

Arsenic,  as  Orpiment.  in.      R.  Schwarz 660 

Silicate  Industries.   The  Relation  of  the.   to  Conservation.     Mineral 

Wastes  Symposium.     A.  V.  Bleininger 180 

Silk.  Artificial.  Industry.  The  Status  of  the.     W.  A.  Hamor 850 

Silks.  Artificial.     W.  A.  Hamor 916 

Siloxide.     W.  A.  Hamor 308 

Smelter  Smoke  Conservation.     G.  C.  Westby 725 

Smoke  Problem.  Lectures  on  the.     Announcement.     R.  C.  Benner. .  .      626 

Soaps.  The  Classification  of.     W.  A.  Hamor 541 

Soap  Substitute,  Bleaching  Powder  as  a      W.  A.  Hamor 461 

Soil  Phosphates.  The  Effect  of  Ignition  on  the  Solubility  of.     C.  B. 

Lipman 663 

Soils,  On  the  Determination  of  Carbon  Dioxide  in.     L.  T.  Bowser.  265 

Soils.    The    Determination   of   Total    Manganese    in.      R.    A.    Gortner 

and  C.  O.  Rost 522 

Solvents.    The    Chlorides    of    Carbon    as.     I.  Carbon    Tetrachloride. 

C.  Baskerville  and  H.  S.  Riederer 645 

Soy  Bean  Cheese.     W.  V.  Linder 897 

Standard    Specifications    and    Methods    of    Analysis.    Committee    on. 

Industrial  Division  Report.      H.  J.  Skinner.  Chairman 225 

Starches.  A  Method  for  Determining  the  Value  of  Commercial,   for 

Use  in  Cotton  Mills.     G.  M    MacNider 417 

Starch.  On  the,   of  Glutinous  Rice  and  its  Hydrolysis  by  Diastase. 

V.  Tanaka 5/8 

Starch.  On  the,  of  Glutinous  Rice  and  its  Hydrolysis  by  Diastase. 

A  Correction.     Y.  Tanaka  918 


m  Consumption   The  Measurement  ol      w    A    Hamor  623 

Steam  Generation    Developments  in      W    A    Hamor 

Stearii  Acid,  A  New  Process  for  Producing      \v    A    Hamor  687 

Steel   and   iron,   a   Colorimetric   Method   f.,r  tin-   Determination  of 

Carbon  in.      I    1     ECohout  \~n 

stnl  and  Iron    A  \m  Method  for  Testing  Paint  PSma  and  it, 

tivc  Coatings  t"r      w   c   Slade  \n'> 

still  and  Ir,,n  Pipe,    The  Relative  Corrosion  of,  as  Pound  in  Si  I 

W     II     Walk,  r 
Steel   and   Iron.   The   Determination  of  Oxygen  in.   by   Reduction   in 

in  Blectru  Vacuum  Furnace      \v    11    Walker  and  w   A.  Patrick     799 
Steel,    Chromium    and    Vanadium   in,    The    Determination   of       D.    J. 

Demoresl  895 

Steel    Corporation,    The    Methods   of    the    V.    S  ,    for   the   Commercial 

Sampling  and  Analysis  of  Pig  Iron.      The  Chemists  Committee  of 

the  U.  S.  Steel  Corporation   801 

Steel.  Determination  of  Manganese  in.     J.J.Boyle  202 

Stnl    Determination  of  Manganese  in.     A  Note.     H.  E.  Walters.    .  .      387 
Stills     The    Determination    of    Chromium    and    its    Separation    from 

Vanadium  in.     J.  R.  Cain 17 

Steel    The  Determination  of  Carbon  in.  by  Direct  Combustion  in  the 

Newest   Form  of  Shimer  Crucible  with  the  Aid  of  a  Perforated 

Clay  IUsc       p   1  1    Kichline 683 

Steel.  Titanium  and  Alloys  of 697 

Still.  An  Electric.  Adapted    for    Difficult  Distillations       1.    C.    Allen 

and  \V    A.  Jacobs lis 

Stirring  Device.  A  Modification  of  the  Frary  Electrodynamic.     J.  M. 

Knote  and  W    R    Work  534 

Stopcocks,  Note  on  Protectors  for  Glass.     W.  O.  Snelling 613 

Storage  Battery  Sludge,  The  L'tilization  of.      W.  A.  Hamor 462 

Strut  Sweepings.  City.  An  Examination  of.     J.  J.  Skinner  and  J    H. 

Heattie 604 

Suction  Hose.  The  Manufacture  of.     W.  A.  Hamor 688 

Sugar  Content  of  Watermelons.  Concerning  the.     C.  P.  Sherwin  and 

C.  E.  May 585 

Sugar  Juice.  The  Decolorization  of,  with  "Eponite."     W.  A.  Hamor     383 
Sugar.  Temperature  Corrections  in  Raw.  Polarizations.     W.  D.  Home       41 

Sulfite  Industry.  Development  of  the.      W.  A.  Hamor 913 

Sulfite  Liquor.  The  Utilization  of.     W.  A.  Hamor 687 

Sulfur  and  Sulfur  Oil  Deposits  of  the  Coastal    Plain.  Geology  of  the. 

Perkin  Medal  Award  Address.     Capt    A.  F    Lucas 140 

Sulfur    Determination    in    Petroleum    Illuminating    and    Lubricating 

Oils.  Apparatus  and  Method  for.     P.  H.  Conradson 842 

Sulfur  Dioxide  from  Iron  Pyrites.     W.  A.  Hamor 852 

Sulfuric  Acid.  An  Improvement  in  the  Manufacture  of.     Combination 

of   the   Contact    Process    with   the   Ordinary    Lead    Chamber   or 

Tower  System.     W.  Wilke 840 

Sulfuric  Acid.  Aromatic.  An  Improved  Method  of  Assay  for.      L.  A. 

Brown 512 

Sulfuric  Acid  Chambers.  Improved.     T.  H.  Xorton 532 

Sulfuric  Acid,  Contact,  from  Brimstone.     G.  W.  Patterson  and  L.  B. 

Cheney 723 

Sulfuric  Acid  Manufacture.  The  Contact  Process  of.     W.  A.  Hamor     462 
Sulfuric   Acid   Stock.    Calculation   of,   by  Approximate   vs.   Accurate 

Methods.     A  Special  Slide  Rule.      H.C.Moore : 677 

Sulfur,  in  Roasted  Blende.  A  Rapid  Determination  of.     C.  C.  Xitchie       30 
Sulfur  in  Vulcanized  Rubber.  Comparison  of  some  Methods  for  the 

Estimation  of.    with   Especial   Reference  to   Electrolytic  Oxida- 
tion.     D.  Spence  and  J.  Young 413 

Sulfur  Mines  in  Mexico.     Consular  Note 232 

Sulfur  Mines   of   the   L'nion   Sulfur  Company   in   Louisiana.      Perkin 

Medal  Award  Address.      F.  H.  Pough 143 

Sulfurous  Acid.  The  Effect  of,  on  Fermentation  Organisms.     W.  V. 

Cruess 581 

Sulfur,  Pyrite  and  Sulfuric  Acid.     Geological  Survey  Xote. 695 

TANNERY  Wastes  in  Sewage.     W    A.  Hamor 382 

Tea.  The  Detection  of  Prussian  Blue  in.      F.  West 528 

Temperature.  The  Control  of.  in  the  Operations  of  Analytical  Chem- 
istry-.    Address.     T.  W.   Richards 910 

Textile  Industry.  Diastafor  in  the.     W.  A.  Hamor 385 

Textilose.     W.  A.  Hamor 621 

Thoria.  Extraction  of.     C.  Baskerville 821 

Thorium.    A    Volumetric    Method    for   the    Determination   of.    in   the 
Presence  of  Other  Rare  Earths.     The  Analysis  of  Monazite  Sand. 

F.  J.  Metzger  and  F.  W.  Zons 493 

Tin,  A  New  Volumetric  Method  for.     W.  W.  Patrick  and  G.  C.  Wils- 

nack 597 

Tin  Developments.  Nigerian.     Consular  Note.      W.  J.  Yerby 624 

Tin  Exports.  Malaysian.     Consular  Note 312 

Titanium  and  Alloys  of  Steel.     Geological  Survey  Xote 697 

Trap  Substitute.  A.  "Ratisal."      W.  A.  Hamor 386 

Tungsten    Production    in    the     L'nited    States    in    1911.     Geological 

Survey  Xote 1 53 


Dec.   iqi2  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY. 


935 


Tungsten.  Some  Applications  of  Wrought  Tungsten  and  Molybdenum. 

Editorial.      W.  D.  Coolidge 2 

UNIVERSITY  of  Washington,  Design  and  Equipment  of  the  Chem- 
ical Engineering  Laboratory  at  the.      H.  K.  Benson 609 

VACUUM  Evaporator  Tubes.  Heat  Transmission  in.     W.  A   Hamor  689 

Valve  for  Gas  Cylinders.  A  New  Form  of.      W.  A.  Hamor 622 

Valve.  Modified  Hunscn       I.    R    Milford 845 

Valve,  New  Tank.     W   A.  Hamor 386 

Vanadium    and    Chromium    in   Steel.    The    Determination   of.      D.    J. 

Dem'orest 895 

Vanadium.  A  New  Method  for  the  Determination  of;  An  Explanation 

J.  R.  Cain  and  D    J.  Demorest 256 

Vanadium.  A  New  Method  for  the  Determination  of.      D.  J.  Demorest  249 
Vanadium  in  Steels.  Ores.  Etc..  A  Rapid  Method  for  the  Determination 
of,  Based  on  its  Quantitative  Inclusion  by  the  Phosphomolybdate 

Precipitate.      J.  R    Cain  and  J.  C.  Hostetter 250 

Vanadium  in  Steel.  The  Rapid  Determination  of.      1*\  Garratt    256 

Vanadium,  The  Determination  of  Chromium  and  its  Separation  from 

Vanadium  in  Steels.      J.  R.  Cain 17 

"Vanalium."      W.  A.  Hamor 688 

Vanillin,   A   New   Colorimetric   Method   for   the  Determination  of.  in 

Flavoring    Extracts.     O.    Folin    and    W.   Denis 670 

Vanillin,  Difficulties  in  the  Colorimetric  Estimation  of.     W.  S.  Hub- 
bard   ii(.'' 

Ventilator,  Air-Jet  Chimney.      W.  A.  Hamor 689 

Victor  Meyer  Apparatus.  A  Modified.      H.  C.  Chapin 684 

Viscosimeter,   The  Stormer,   and  the  Value  of  Viscosity  Determina- 
tions by  its  Use.     G.  Rigg  and  J.  L.  Carpenter 901 

Volatile  Matter  Determinations.  The  Causes  for  Variations  in.      S.  W 

Parr 352 

WASH  Bottle,  A  Self-Filling  Measuring.     O.  C.  Smith 905 

Water  Bath.  Unique.      S.  W.  Wiley 454 

Water,  Boiler-Feed,  The  Purification  of.      W.  A.  Hamor 851 


Water  Conservation   Exhibit,  Municipal,  of  the  City  of  Philadelphia. 

A  Note  ■  778 

Water,  Drinking.  A  Simple  Method  for  Purifying.     J.  1.    Sarnmia      .  .  681 

Water  Flow  Recorder.  A       \V    A     Hamor  688 

Water-Gauge  Glasses.      W.    A     Hamor  .  461 

Water,  Purification  of,  by  Forced  Oxidation.      W.  A.  Hamor 384 

Water  Purification  Process.  The  "Chloride."     W    A    Hamor 385 

Waters,   The  Disinfection  of    1'otable,   by  Chloride   of   Lime.      Kdito 

rial       W.    A.  Hamor      777 

Waters.  The  Sterilization  of  Potable      W.  A    Hamor  461 

Water  Tester.  The  Digby  and  Higgs  Dionic       W.  A.  Hamor 386 

Water,    The    Purification  and  Softening  of.  by  Permutite.      Editorial. 

W      A     Hamor  240 

Whale,  Epinephrin  from  the.      E    R    Wcidiein 636 

Wheat.  Irrigated  and  Dry  farming,  Comparative  Value  of.  for  Flour 

Production  R.  Stewart  and  C.  T.  Hirst  270 
Wheat   Flour,   Acidity  in ;  Its   Relation   to   Phosphorus  and   to  other 

Constituents       C    <>    Swanson  274 

White    Lead.   The   Manufacture  of.      W     A.    Hamor  462 

Wine  Industry.   Argentina's.     Consular   Note 232 

Wood.  Distillation  of  Resinous,  by  Saturated  Steam       L.   I-'.   Hawley 

and  R.  C.  Palmer 789 

Wood  Distillation.  Some  Recent  Developments  in.     T.  W.  Pritchard  338 

Wood  Preservative.  A  New.      W.  A.  Hamor 774 

Wood  Preserving.      W.  A.    I  lamor 385 

Wood  Preserving  Oils.    The    Value    of    the    Higher    Phenols    in.      S. 

Cabot 206 

Wood,  The  Phenomenon  of  the  Apparent  Disappearance  of  the  Higher 

Boiling    Phenols    in    Creosoted.    and   its  Explanation.      S.  Cabot  266 

Wood,  The  Preservation  of.  with  "Bellit ."      W.  A    Hamor 542 

ZlNC.  Bibliography  on  Methods  of  Estimation  of.  1890-1911.      Report 

of  Committee  on  Quantitative  Methods       F    o.  Taylor 468 

Zinc,    Electrolytic    Recovery  of.     Consular  Note  231 

Zinc  Losses      Mineral  Wastes  Symposium.     W.  H.  Bassett 164 

Zinc,  The  Determination  of.  by  Electroanalysis.      E.  B.  Spear  and  S. 

S.  Strahan 889 


BINDING  5E.CX.     AUG  1 9  UMU 


TP 

1 

113 
vA 

Engin, 


I&EG.  Industrial  and 
engineering  chemistry 


■±j0M 


rro* 


tat 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 


UNIVERSITY  OF  TORONTO  LIBRARY 


